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TEOMEXAHUKA. PA3PYLLEHWE MOPHBLIX MOPOL

VIIK 528.48:622.83:621.049 DOI: 10.21440/0536-1028-2018-6-6-17

OCOBEHHOCTW YYETA TEOOUHAMUYECKUX ®DAKTOPOB
NPWU BbIBOPE BE3OMACHbIX NOLLAAOK PASMELLEHUA
OTBETCTBEHHbIX OB bEKTOB HE[JPOMNOIIb30BAHUA

KOHOBAJIOBA 0. .!
" MiHeTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Poccus, r. Ekatepunbypr, yn. Mammuna-Cubupsika, 58)

Beeoenue. Bonpocvl bezonacnoeo pazmewjenusi u SKCRIyamayuu ocooo omeemcmeeHHblx 00beKmos
HeOPONONb308AHUS AGISIOMCSL UCKIIOUUMENbHO akmyaibHbiMu. Bezonacnoe gynkyuonuposanue 106020
00veKma 3aeucum He MmoIbKO Om €20 KOHCIMPYKMUGHbIX 0COOeHHOCmel, HO U 0m 00CMO8epHOl U 000-
CHOBANHOTUL OYEHKU SAGLEHUl, NPOUCXOOAUUX 8 cpede, 20e OH CO30aH, M. €. 8 MACCUBe 2OPHBIX NOPOO.
CogpemenHtvie ce00uHAMUYECKUE OBUNCEHUS ABNAIOMCA OOHUM U3 (AKIMOPO8, ONpedenaiouux Hanps-
arceHHo-0egpopmuposannoe cocmosnue maccuga. OOHAKO NpOGeOeHUe CReyudaibHbIX U3bICKAHUL,
HANPABNIEHHbIX HA GbIAGLEHUE U YUem 2e00UHAMULECKUX OBUICCHUT, He HAULO OONANCHO20 OMPANCEHUs
npU NPOEKMUPOBAHUU U CIPOUMENbCIEE 0C060 OMEEMCMEeHHbIX 00bekmos. Hecosepuiencmeo nopma-
MUGHOU 0asbl U CLOJNCHOCMU YYema NpPOCMPAHCMEEHHO-6PEMEHHO20 PACHpeOeleHuUs. Napamempos
2e00UHAMUYECKUX OBUIICCHUL ABTAIOMC OCHOBHBIMU NPUYUHAMU OMCYMCMEUS MEMOOUKU 2e00UHAMU-
4ecKoll OUASHOCTNUKU 20PHO20 MACCUBA, NPULOOHOU O MACCOBOU peanu3ayuu 8 NPaKmuKe uHiIceHep-
HbIX U3LICKAHUL.

Ifenvio pabomut sigisiemest ucciedosanue pacnpeoenenust degpopmayuli Kak 0CHOBHO20 Napamempa, onpe-
oenstiowe2o cocmosnue 00vbekmd, 00YCIOGLEHHbIX COBPEMEHHLIMU 2e00UHAMUYECKUMU OBUIICEHUSIMU,
6 uepapxuuecku 6104UHOM MACCUBE 2OPHBIX NOPOO HA PASHBIX NPOCMPAHCINEEHHO-BPEMEHHBIX YDOBHSIX OISl
COBEPUUEHCMBOBAHUSA MEMOOUKU YUema 2e00UHAMUYECKUX (pakmopos npu evloope 6e30naCHbIX NIOWAOOK
pasmeujeHus.

Memoouxa npogedenus ucciedosanuil. B uccnedosanusx 6viiu UCnONb306aHbl PE3YIbMAMbL 2€00e3Uye-
CKO20 MOHUMOPUH2A MPEHOOBHIX U YUKIUYHBIX KOPOMKONEPUOOHBIX 2CO00UHAMULECKUX OGUICEHULL, NOTY-
YEHHBIX HA JIOKATIbHBIX 2e00UHAMUYECKUX NOAUSOHAX HA 6A3aX Om 0ecsamKo8 Mempos 00 25 km, a maxoice
OaHHble NOCMOSHHO OCUCMBYIOWUX CIMAHYULl 2100aNIbHOU HABULAYUOHHOU CHYMHUKOBOU Cucmembvl HA
meppumopuu naowaovio 70 x 90 xkm. [na paziuunslx npocmpancmeeHHO-8PeMenHbIX 0a3 usmMepeHuil
ObLIU paccyumansl 0eopMayuonHblie NApPaMempbl 2e00UHAMUYECKUX OGUIICEHULl, OMCMPOEHbl NOJs
Oepopmayuil.

Pesynvmamet. 1o OanHbLIM NOBMOPHBIX 2€00e3UHECKUX UBMepeHUll Ha 6a3ax om 0ecsamKo8 Mempos 00
90 kM 30 8peMEHHOU UHMEPBALL OM HECKONbKUX 4acog 00 40 iem ycmanoeieHbl 3a6UCUMOCMU MOOYIISL
OmHOCUmMenbHbIX 0epopmayuti om OIuHbL peneproeo unmepsaia. Ha ocnosanuu 3agucumocmeti nony-
YeHbl MAKCUMATbHYBIE 3HAYEeHUs deghopmayuil, Komopule MO2ym OblMb UCNOAbL30BAHbI 8 KAYecmeae Kpu-
muyeckux 0epoOpMayUOHHbIX KpUMepued npu uccie008anul meppumoputl pasiuyHol niowaou u ul-
bope napamempos monumopuneosou cemu. Ilpu conocmasnenuu OepopmMayuonHblX NAPAMEMpos
MPEHO0BbIX U KOPOMKONEPUOOHBIX OBUIICEHUTI OOHUX U eX Jice Penepos HabIio0amenbHol cemu ycma-
HOBIEHA 83AUMOCE513b 8 OPUCHMAYUU 2IAGHBIX OCell MeH30p08 dehopmayuil, paccHumaHHbix N0 OAHHbIM
usmMepeHuil 3a ONUMENbHLIIL NPOMEICYMOK BPEMEHU U 3d CYMOYHBIL CeanC HEeNpepbleHbIX UMepPeHUll
¢ ouckpemnocmuio 3amepa 10—-20 mun.

Ob6nacms npumenenus pe3yibmamos. Boisigiennas 3aKOHOMePHOCTb Modicem Oblb UCHONb308AHA OISl
IKCHPecc-OUacHOCMUKY HANPSIHCEHHO-0eOPMUPOBAHHO20 COCMOSIHUSL MACCUBA 30 HENPOOOIICUMETbHOE
8peMsi N0 Pe3VibMamam UMepPeHuil HenpePblEHbIX KOPOMKONEPUOOHBIX OGUNCEHUIL.

HccnenoBanus BeimoaHEHH! B paMkax nporpammsl @HU 11.136, Tema Ne 0405-2015-0012
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Bu1600wb1. [Tonyuennvie pe3ynvmamol RO36015H0M HOBLLCUMb OOCMOEEPHOCHTL OYEHOK COCMOSIHUL MACCUBA
2OPHBIX NOPOO NO 2€00UHAMUYECKOMY (DaKmopy npu eblbope 6e30NACHbIX MeC PaMeweHuss Omeent-
CMBEHHBIX 00BEKMO8 HEOPONONb308AHUS.

Knrouesvte cnosa: cospemennvie 2e00uHamuyecKue 08UNCEHUs; OMBEMCMEeHHble 00bEKMbl HEOPONONb30-
8aMUs,; AMOMHAA CIMAHYUSL, UepapXudecKy OIOYHbLIL MACCUE, CAMOOp2aHu3ayus, degpopmayus, 2e00uHa-
Muyeckas OUaeHOCMUKA.

BBenenue. Ha coBpeMeHHOM 3Tare BOMPOCH 0e301MacHOro pa3MeIeHns 1 GyHKIIHU-
OHUPOBaHUS 0COO0 OTBETCTBEHHBIX M 3KOJOI'MYECKH ONACHBIX OOBEKTOB, TAKUX KaK
ADC, I'DC, TOL, HedTe- 1 Ta30IPOBOIBI, 3aXOPOHEHHS TOKCUYHBIX U PAIHOAKTUBHBIX
OTXO0ZI0B, TOPHOAOOBIBAIOLINE MTPEANPHSTHS, METPOIIOJIUTEHBI, COOPYKEHHSI YHUKAIIb-
HOW KOHCTPYKLHH, MTPHOOPETAIOT BCe OONBIIYIO aKTyaJbHOCTh M 3HAUMMOCTh. be3o-
nacHoe (QyHKIIHOHHUPOBaHHUE JII000T0 00bEeKTa HEAPOIIOIh30BaHHs 0a3upyeTcs Ha JIBYX
CJIOKHBIX COCTABIISIIOILMX — HA CAMOM OOBEKTE C €r0 KOHCTPYKTHUBHBIMU OCOOCHHOCTS-
MU U Ha SBJICHUSX, MPOUCXOASIINX B CPENE, [IE OH CO3MaH, T. €. B MACCHBE TOPHBIX
nopoa. OgauM u3 (HakTOpoB, ONPEAEISIOMINX HANPSHKEHHO-Ie(POPMUPOBAHHOE COCTO-
SIHA€ MacCHUBa, MPOIIECCOB U SIBICHUIN, UMEIOIINX MECTO B HEM, SIBJISIOTCS COBPEMEH-
HbIe TeoJUHAMHUYEeCKHe NBKeHHS. [1og coBpeMEeHHBIMU T€OIMHAMUYECKUMH JIBHXKE-
HUSIMH TIOHUMAIOT JIBHDKEHHS, POTEKAIOIIHE B IPUITIOBEPXHOCTHON YaCTH JIMTOC(HEPHI
1 Ha 36MHOM TIOBEPXHOCTH B HACTOSIIEE BPpEMsI M IPOTHO3UPYEMBIE Ha TIEPUOJ, CPOKA
CI1y>kObI 00beKTa HelpoToib30BaHus. Jlonroe BpeMsi COBpEMEHHBIE IBIKECHHS 36MHOM
KOPBI ¥ 36MHO MOBEPXHOCTH pacCMaTpUBAIIMChH [TIaBHBIM 00pa3oM BO B3aMMOCBSI3H C
3eMIIETPACEHUSIMU, HA OCHOBE Yero M ObUM pa3paboTaHbl METOAWKU U HOPMATHBHEIC
JIOKyMEHTBHI 110 CECMHUYECKOMY PalilOHUPOBAHUIO U CEHCMOCTOMKOMY CTPOUTEIILCTBY.
JedopmanonHbIM mporeccam, 0OyCIOBICHHBIM MEIUIEHHBIMH T'€OIMHAMUYECKUMU
JBUKCHUSIMH, TTPOSIBIIAIOIMMUCS BO BPEMEHHOM MHTEPBAJIE OT HECKOJIIBKHX CYTOK 10
JECSITKOB JIET, B HOPMaruBHON JOKYMEHTALlMH, perilaMeHTHpYIoLIeld TpeOOBaHUs 110
o0ecrieueHuIo 0e30MaCHOCTH pa3MelleHHst 00bEKTOB HEJPOIOIb30BaHus, 10 HEAaBHE-
IO BPEMEHH YAESUIOCh OYeHb Mano BHUMaHUA. OIHAaKO HAKOTUJIEHHBIH OMBIT 3KCTIEpH-
MEHTAJIbHBIX UCCIIEJOBAHNH HA T€OIMHAMHYECKHX ITOJIMTOHAX, PE3YJIbTAaThl T€0e3nde-
CKUX HaOMIOAEHUM Ha IOCTOSHHO JEHCTBYIOUIMX CTAHUMSX  INIOOAJIBHBIX
HaBUTAMOHHBIX CITyTHUKOBBIX cucteM (I'HCC) cBHIETENbCTBYIOT O IMOBCEMECTHOM
pacnpoCTPaHEHHOCTH TAKUX ABMKEHUN. VIHTEHCHBHBIE COBPEMEHHBIE IBHKEHHS 3€M-
HOH KOpBI, 001aaro1e MyJIbCallMOHHON 1 3HAKONIEPEMEHHON HAalpaBIEHHOCTHIO, 00-
Hapy>EHbI HE TOJIBKO B CEHCMUYECKH OIIACHBIX PETMOHAX, HO U B ACEHCMUYHBIX Paio-
HaX, B 30HaX, MPIJIETAlOMUX K TEKTOHWYECKUM HapyIeHusMm [1].

HccnenoBanus BAMSHUS IBH)KEHHH Ha 0OBbEKTHI HEAPOIIOIb30BaHUS IT0KA3aH, YTO
UTHOPHPOBAaHUE T€OANHAMHYECKOTO (akTopa MPH MHXKEHEPHBIX M3BICKAHUAX MOXET
CTaTh NMPUYMHOW BO3HMKHOBEHMS MX aBapUMHBIX COCTOSHWM, BIJIOTH IO paspyllie-
Hus [2—6]. OnHaKo MPOBEACHNUE CICIIHMAIBHBIX H3BICKAaHUH TI0 TCOUHAMUYECKON JTha-
THOCTHKE Ha 3Tale CTPOUTEIHCTBA HE BOIILJIO B MIPAKTHUKY JaKe 151 0CO00 OTBETCTBEH-
HBIX 00beKTOB. B konIte 1980-x—Hagane 1990-X IT. Ha TPEANTPOCKTHOM CTa MK U3bICKa-
HUI JUIsl CTPOUTENIBCTBA ATOMHBIX CTAHIUN OIEHKAa TEKTOHWYECKONM AKTHBHOCTH
3eMHOI TIOBEPXHOCTH U Pa3iOMOB MPOU3BOAMIIACH, KaK MPABUIIO, TOIBKO MO (HOHIO-
BBIM T€0JIE3UYECKUM MaTepHuajaM B KOMIUJIEKCE C TaHHBIMU [0 HEOTEKTOHHUKE U Ceiic-
MuaHOCTH [8, 9]. C BHEIpEeHNEM CITy THUKOBBIX METOIOB MCCIICAOBAHNS TEOMUHAMUIECKOM
AKTHBHOCTH OBLTH HAIPaBJICHBI HA BBIABICHNE TPEHIOBBIX JIBI)KEHHI TOJIBKO KaK Mpesi-
BECTHHUKOB 3eMIIETPACEHHUH. J[BIKEeHUs B KauecTBe (PaKTOPa HETOCPEICTBEHHOTO BIIU-
SIHUSI HA YCTOWYMBOCTD B 0€30MaCHOCTh 00BEKTOB He paccMarpuBaiuch [10]. U Tonpko
B 2000-x rr. B paborax B. H. Tarapunosa u B. H. Mopo3zosa [11] crano ynenstbcs
OoJbIIOE BHUMaHHME BOMIPOCAM pa3pabOTKU METOAWYECKHX OCHOB MPOTHO3MPOBAHUS
TOPU3OHTANBHBIX JABKCHUN U AU PepeHIINPOBAHIS 36MHON TOBEPXHOCTH 110 CKOPOCTSIM
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neopManuii Ha OCHOBE NPUMEHEHHS CITYTHHKOBBIX CHCTEM JUIsl TEOMUHAMUYECKOTO
paiiOHUPOBaHHS MIPH BEIOOPE MECT MOJ3EMHOI M30JIALUN BHICOKOAKTUBHBIX PaJIHOAK-
TUBHBIX OTXO0A0B. OIHAKO IO HACTOAIIETO BPEMEHU METOAWMKA JMAarHOCTUKU COBpE-
MEHHOW TeOIMHAMHYECKOW aKTUBHOCTH MacCHBa TOPHBIX MOPOJ, IIPUTOIHAS IS Mac-
COBOH peanu3aliil B MPaKTUKE WHKEHEPHBIX M3BICKaHWH, HEe pa3paborana. OqHa u3
[JIABHBIX MPUYMH OTCYTCTBUS TAKOH METOVKH 3aKJTFOUACTCS B CIIOXKHOCTH BBISIBIICHUS
M ydeTa MpOCTPaHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH paclpeseNeHnsl TeouHa-
MUYECKUX JIBHKCHHUI.

Lenpro paboOTHI SBISIETCS WCCIEIOBAHNE pacTpeaeneHns aedopmaiuii Kak OCHOB-
HOTO TTapaMeTpa, OTPEAEIIAIONIETO COCTOSHUE 00BEKTa, O0YCIIOBIEHHBIX COBPEMEHHBI-
MU T€OIMHAMUYECKUMHU JIBUKCHUSIMU, B UEPAPXUICCKH OJIOYHOM MaCCUBE TOPHBIX TO-
pPOA Ha pa3HBIX MNPOCTPAHCTBEHHO-BPEMEHHBIX 0a3zax Ui COBEPILIEHCTBOBAHUS
METOJUKH TEOJMHAMHYECKON AMAarHOCTHUKHU IJIOMIAZIOK pa3MEIeHUs] OTBETCTBEHHBIX
00BEKTOB.

IIpoGJiemMbl yuyeTa reoIMHAMHYECKOT0 (paKTOPa NPHU BbIOOPe 0e30IaCHBIX ILI0-
IA/I0K pa3MelneHns 00beKToB. Kak n3BecTHO, MaCCHB TOPHBIX TIOPOJ MTPEICTABIISET
co0ol nepapxuuecku OJOUHYIO Cpely, B KOTOPOW CTPYKTypHas uepapxus OJIOKOB Cy-
HIECTBYET Ha Pa3HBIX MaclITaOHBIX YpOBHsX. Kakum Obl MaibiM He ObLT MacuiTao,
B cpelie Bcerna OyayT HMPUCYTCTBOBATH CTPYKTYPHBIE HEOIHOPOIHOCTH CPaBHUMOTO
C 9THM MacIITaboM HepapXUIecKoro ypoBHs. | eomuHaMudeckne TBHKEHHSL, TIPOSBIISIO-
IIFecst Ha pa3HOM POCTPAaHCTBEHHO-BPEMEHHOM YPOBHE, BBI3BIBAIOT JECTPYKIUIO He-
papxudecku OJIOYHOTO MACCHBA, KOTOpas MPHUBOAUT K TUCKPETHOMY XapakTepy pac-
npeaeseHus: nedopManiii Ha BCEX YPOBHSIX HepapXW4yecKoil OJIOYHOCTH MacCHBA.
Hedopmaru Ha rpaHunax O1oKa BbIIIE, YeM BHYTPHU OJIOKa, a BHYTPHOJIOYHBIEC TIOJI-
BIDKKH (DOPMHPYIOTCS 3a CUET MEKOTOUHBIX IMOABIKEK OJIOKOB OoJiee HU3KOU Mepap-
xun. ['eoquHaMryeckast akTHBHOCTh CTPYKTYPHOTO HapYIIIeHHS, KaK TTOKa3bIBAIOT MHO-
TOYHCIICHHBIE MCCIIeIOBAaHNA, HE CBA3aHa C ero paHroMm. boree Toro, naxe mo camomy
HAPYIICHUIO MOXET HaOIIOaThCsl HEPABHOMEPHOCTh B PACIPE/ICIICHUH TeOMHAMUYC-
ckux napameTpoB [12]. OCHOBBIBasICh TONBKO HA TAKOM IMPEACTABICHUN O T€OMEXaHU-
YECKOW MOJIETT MacCHBa, BBIOPATh O0E30MACHYI0 W YCTOWYHMBYIO TUIOMIAAKY JOBOJIHHO
cioxHOo. OTHAKO MACCHUB SIBISICTCS OTKPHITOM HEJIMHEWHON CHCTEMOH, B KOTOPOM 101
JIEHCTBHEM TeOAMHAMUYECKUX JIBW)KEHUH B JECTPYKTYPUPOBAHHOW HEpPapXHUECKU
OJI04HON cpene MPOUCXOAUT IMPOLECC caMOOpraHu3auuu — GopMUpoBaHUE OJIOKOB,
BKITIOYAOIIUX CTPYKTYpPHBIC OJIOKU PA3IMYHBIX PAHTOB, COXPAHSIONIUX OTHOCHUTEIb-
HYIO LIEJIOCTHOCTb U CBOWCTBA, OJM3KHE K CIUIONIHOW cpeze. [ paHHIlbl TaKUX BTOPHY-
HBIX CTPYKTYp SIBJISIFOTCS 30HAMH ITOBBIIICHHON KOHIIGHTPAIlMH TI'€OJHHAMHUYECKHX
cMmemenuit u gepopmanuid. [losTomy 3amada BeIOOpa 6€30MACHBIX IIIOMIAI0OK CTPOH-
TENhCTBA CBOJUTCS K BBISBICHHIO TAKUX OJIOKOB, YTOOBI HE JOMYCTUTh pa3MeIIcHHE
00bEKTa Ha WX TPaAHMIIAX, TJI€ UMEIOT MECTO IOBBIIICHHBIC 3HAUYCHUS JehopMallmii,
BIIMSIIOLINE HA €r0 yCTOWYHBOCTb.

s BBISBICHUSI BTOPHYHOTO CTPYKTYPHOTO OJOKa HeoOXoAMMa reojnHamMHuye-
CKas TMarHOCTUKA TEPPUTOPHH 110 TEJIECKOMMIECKOMY IPHHIINITY: OT PaiiOHOB IIJI0-
IaBI0 B IECATKU-COTHH KBaIPATHBIX KHIIOMETPOB JI0 TIIOMAZ0K, COTIOCTABUMBIX IT0
pasMepy ¢ pazMeniaeMbiM 00bekTOM. Tak, HarmpumMep, s BEIOOpa MeCT Oe301acHOro
pasmemnienuss ADC B OTEUECTBEHHONW W MUPOBOH MPAKTHKE MPOBOJATCS U3bICKAHUS
peruona, pationa (100 x 150 kM), mynkra (10 x 15 kM), mromanku (3 x 5 kM) ADC,
MO3BOJISIFOIIHE 110 MEPe MPUOIMKECHHS K MECTY pa3MenieHus] 00beKTa MOBBIIIATH JIe-
TaJbHOCTh U JOCTOBEPHOCTHh 000CHOBaHMA Oe30omacHOCTH. [1oCKOIbKY mpH OnoKo-
BOI MOJIENIN CTPOCHUSI Cpeabl NedopMaliy He SBISIOTCS HHBAPUAHTHOW BEJIMYHHOM,
He0oOXOIMMBI 3HAHHS 3aKOHOMEPHOCTEHN pacipeneiaeHus neopmanuii Ha pa3IuIHbIX
0a3ax M3MepeHus U 3a pa3Hble BpeMEHHbIE HHTepBaJbl. Kpome Toro, mpu mepexose
WCCJIEeIOBAaHUHN OT OJHOTO MPOCTPaHCTBEHHO-BPEMEHHOTO YPOBHS K JPYroMy Heo0-



ISSN 0536-1028 «H36ecmusi 8y306. Topuwiii sicyprany, Ne 6, 2018 9

XOJMMBI CBOH JIe(hOPMAIIUOHHBIE KPUTEPUH, BEIMYUHBI KOTOPHIX B HOPMATHUBHBIX J0-
KyMEHTaX HE MPUBOJSATCS.
Cnez[yeT OTMETUTH, YTO HU B OAHOM HOPMATUBHOM JOKYMCHTC HC YYUTBLIBACTCH
(1)aKTOp IUKIIMYHOCTH COBPEMECHHBIX I'€OAMHAMHUYCCKUX HBHX(CHHﬁ, I/IMCIOHII/Iﬁ Bax-
HOE€ 3HAUYE€HHUE MPHU T'€OJUHAMHYECKON AUArHOCTUKE TeppuTopuil. B 3aBUCMMOCTH OT
MPOIOIKUTEIHFHOCTH CeaHCa U3MEPEHHUI M YaCTOTHI ONPOCA BBICTISIOTCS Pa3InIHbIS
LUKIIBI ABUKCHUM, B CBA3HU C YEM KX BO3MOXKHO IMOJPA3AeIUTh HA AITUHHONCPUOIHEIC
ABWXCHHA C TUKJIAaMU OT HECKOJIBKHX CYTOK 1O HECKOJIBKHX JICT, TPCHAOBLIC, KOTOPLIC
HUMCIOT OTHOCHUTCJILHO MOCTOAHHYIO CKOPOCTh W HAIlpPpaBJICHHOCTH, U KOPOTKOIICPHUOI-
HBIE C MPOAOIDKUTEIHFHOCTBIO IIUKIIOB OT HECKOJIBKUX MHHYT JI0 HECKOJBKHX YacoB.
Ha Gornpiie 1MKIIbI HAKJIaIBIBAOTCS IUKITBI MEHBINEH POIODKUTELHOCTH. TpeHIOBhIE
JIBUKEHUS SBISIOTCS CKOPEE BCETO JIBMXKCHUSMHU C OOJIBIINM TEPUOAOM KOIeOaHHIA.

33‘{aCTy10 AMITTUTYAbI HUKIINYIHBIX JBYDKCHUM MMPEBOCXOAAT IO BEJINYNHE TPCHAOBYIO
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Puc. 1. PacnipeneneHue MOyl OTHOCHTENBHBIX TOPU30HTAIBHBIX Je(hOpMalUii IPU JUTHHAX PEIEPHBIX
MHTEPBAJIOB 10 25 KM (110 JaHHBIM TPEHAOBBIX ABWXEHUH 3a mepuon 35—40 neT Ha MECTOPOKICHUAX
Poccun u Kazaxcrana)

Fig. 1. Distribution of the modulus of relative horizontal deformations at bench mark intervals lengths up
to 25 km (according to the data of trend movements for the period of 35-40 years at the deposits of Russia

and Kazakhstan)

LHUKIMYHOCTh COBPEMEHHBIX T€OIMHAMUYECKHX IBMXKEHHH MOXKET IO-PasHOMY
BIIMATH Ha 00BEKTH HEAPOMOob30BaHus. OOBEKTHI, MONAAAI0NINE Ha aKTUBHBIE TEKTO-
HUYECKUE CTPYKTYpBI C TPEHAOBBIMHU JBIDKCHHSMH, HapyIIAIOTCS, KOTAa B UX KOH-
CTPYKIIMHU JIOCTUTAIOTCS MpeJiesibHbIe e opMaliii. BosaelcTBie MUKINYHBIX IBUKE-
HHUI MOKET TPOSIBIIAITECS B HETTOCPECTBEHHOM BIMSHUN IMKIMYHBIX Jedopmaruii Ha
caM OOBEKT, KOIJIa aMIUIUTY/la 3HAKOIIEPEMEHHBIX Je(OpManuil MPEeBBICUT JOITYCTH-
Mble JedOpMali KOHCTPYKTHBHBIX 3JIEMEHTOB COOPY)KEHHS, OT IPOSBICHUS ycCTa-
nocTHBIX 3 (dexToB npu aedopMalusaX HUXKE JOIMyCTUMBIX 3HAYEHUH, a TaKKe Yepe3

M3MEHEHHE CBOMCTB MacCHBa TOPHBIX MOPOJI B PA3JIOMHBIX 30HAX O] BIUSHUEM Tepe-
MEHHBIX ITUKJIMYECKUX HarpyxeHui [13].
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BrisiBneHno IpUYMH UUKIWNYHOCTH ABMXKEHUU TOCBSILIEHO MHOTO HCCIIECAOBAHUM
[14—17]. OnHO3HAYHO JIUIIHP MOXXHO OTMETHTh, YTO OOYCJIOBJICHA OHA MHOXXECTBOM
(hakTOpPOB 3HJOTCHHOTO M K30T'€HHOTO xapaktepa. HecMoTps Ha TO YTO BOIPOCHI O
CTETIEH! BJIMSIHYS HA HaIPsHKCHHO-Ie(OPMHUPOBAHHOE COCTOSHHE TOPHOTO MacCHBa
TOTO WJIM WHOTO (pakTopa, 0OyCIIOBIMBAIONIETO MTEPEMEHHOCTh BUKEHNN, OCTAIOTCS
TOKa CITOPHBIMU U HEOTHO3HAYHBIMU, OUEBUIHO, YTO 3HAUEHUS IedopMaIuii, onpene-
JieHHbIe 0e3 yueTa MHUKJINYHOCTH JIBHXKCHH, MOTYT OBITh 3aHIKeHbl. OCOOCHHO 3TO
KacaeTcsi KOPOTKOTIEPUOIHBIX IBUKEHUH, UMEIONIUX UKl OT HECKOJIBKUX MUHYT JI0
HECKOIIbKUX YaCOB, TIOCKOJIBKY WX MPSIMOE WIIK ONIOCPEIOBAaHHOE BO3/ICHCTBIE HA O0B-
€KT HeJIPOMOIH30BAHNS MOXET OBITh CYIIECTBEHHBIM.
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Puc. 2. Pactipenenenre MOaysIsi OTHOCUTEIBHBIX TOPU3OHTAJIBHBIX Ae(OpMALIUiA IPH JUTHHAX PEIePHBIX
uHTEepBaNIOB 10 90 KM (110 JaHHBIM MOCTOSIHHO JelcTByroiux cranuuii [THCC ¢ ronoBoil neproandHo-
cThlo, paiion Jloc-AHmkeneca, CILIA)

Fig. 2. Distribution of the modulus of relative horizontal deformations at bench mark intervals lengths up
to 90 km (according to the data from continuously operating GNSS stations with annual periodicity,
region of Los-Angeles, USA)

Pe3ynbrarbl uccienoBaHusi pacnpenejieHusi JedopManuii B HepapXu4ecKu
0JIOYHOM MacCHBe HA Pa3HbIX MPOCTPAHCTBEHHO-BPEMEHHBIX YPOBHsSX. J1Jis1 muccie-
JIOBaHUS TPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH pacmperneneHus aedopma-
U, BBI3BIBAEMBIX COBPEMEHHBIMU T€OAMHAMIYECKUMH JBIDKSHUSMH, OBUIH HCIIONB30-
BaHbl PE3YJIBTaThl JUCKPETHBIX W HENPEPBIBHBIX MOHUTOPUHIOBBIX TI'€0IE€3UYECKUX
HaOmonenuit, nonyuernsie U]l YpO PAH Ha JIOKabHBIX TEOAMHAMHYECKUX TTOJIUTO-
Hax Poccun n Kazaxcrana, a Taxke JaHHBIE TTOCTOSIHHO neicTBytoux ctanmuii [ HCC.
B kadectBe nccnemyeMoro mapaMerpa BEIOpaHO 3HAYCHUE MOMYIS OTHOCHTEIBLHBIX TO-
PHU3OHTAIBHBIX AeopMannii U pa3HBIX [UTWH PETIEPHBIX HHTEPBAJIOB.

Ha puc. 1-3 npexncrasieHsl npuMepsl TPapUKOB paclpeneIeHs MOLYsl TOPU30H-
TaabHBIX Je(opMaIuii o JUIMHAM PEeNepHBIX UHTEPBAJIOB OT COTEH METPOB 110 90 kM
3a pa3Hble BPEMEHHbIE TPOMEKYTKHU.

Ha puc. 1 monydeHsl 3aBUCUMOCTH MOIYJISI OTHOCHTEIBHBIX JAe(opMaIiuii oT 1jim-
HBI PENIEPHOT0 MHTEpBaja B pe3yjibTare ONpeeieHus] TPEHIOBbIX ABUKEHUN TyHKTOB
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Ha 0azax 110 25 kM 3a nepuon 35-40 net Ha mecTopoxaeHusx Poccun u Kazaxcrana:
Kauapckom xenezopynHom, KuembaeBckoM Xpu30TUIacOECTOBOM, XPOMHUTOBBIX Me-
cropoxkaenusx Jlouckoro I'OKa (r. Xpomray), CokomoBckoM u CapOaiickoM MecTo-
poxnenusx (r. Pymmeni). CormacHo Tpaduky, cpemHuii ypoBeHb aedopmaruii 3a
40-neTHUH TEPHOA pPa3IWYeH U1 Pa3HBIX TEPPUTOPUN, HO MaKCHMAaJIbHbIC 3HAYCHUS
nedopmaruii HaxoasATcst B nuanasone ot 4 x 1075 mo 4 x 1074,
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Puc. 3. PacnipenesieHne MO/l OTHOCHTEIBHBIX TOPU30OHTANIBHBIX Je(opMalyil py AJIMHAX PENepPHBIX
HHTEPBAIOB O 5 KM (10 JaHHBIM KOPOTKOIEPHOJHBIX [BMKCHHH HA I€ONMHAMHYECKHX ITOJIMIOHAX
Vpana n Kazaxcrana)

Fig. 3. Distribution of the modulus of relative horizontal deformations at bench mark intervals lengths up
to 5 km (according to the data of short-period movements at geodynamic polygons of the Urals and
Kazakhstan)

[Ipumep pacnpenenenus nedopmaiuii ¢ TOAOBOM MEPHOTUYHOCTHIO TIONYYEH B pe-
3yabTare 00pabOTKH TAHHBIX MOCTOSHHO neiicTBytommx crannuii ' HCC na tepputopun
miomanso 70 x 90 kM B patione Jloc-Anmkeneca (CILIA) mpu qymHaX penepHbIX HHTEP-
BaJIoB OT 2 10 90 kM (puc. 2). 3a roqoBoO# Meproj Ha JaHHBIX 0a3aX W3MEPEHHsI MaKCH-
MaJIbHbIE 3HaUCHUsI 1eopMariii HaxoaaTes B auanasone ot 2 x 1077 o 4,5 x 10°°,

Hedopmaryuy, BbI3bIBAEMbIE KOPOTKOIEPHOIHBIMHU IBIKCHUSMH, HPEACTaBICHBI
Ul NHTEPBAJIOB HE OoJsiee 5 KM, ITOCKOJIbKY TOJIBKO Ha MaJIbIX 0a3ax JABHMKEHUS Peru-
CTPUPYIOTCS Ha JIOCTaTOYHOM YpoBHE TodHOCTH (puc. 3). Jedopmaruu paccuntanbl
MO pa3zMaxy MeXJy MaKCHMaJIbHBIM 1 MUHUMAJIbHBIM 3HAYEHUAMHU CMEILEHUI 3a BECh
ceaHc HaOmroAeHuil. M3MepeHus: KOpOTKOIIEPUOAHBIX ABMKCHUH BBIOJTHEHBI HA JIO-
KaJIbHBIX T€OJMHAMHMYECKUX MoJiMroHax Ypana u Kazaxcrana miomazasio 10 x 15 km
MIPU JUIMHAX PENepHbIX WHTEPBAJIOB OT JIECATKOB METPOB JI0 5 kM. MeTonuka onpene-
JIeHUs1 KOPOTKOIIEPUOIHBIX ABMKCHUH m3loxkeHa B padorte [18]. U3 rpaduka BugHO,
YTO 32 CyTOYHBII ceaHc HaOMIOICHUH KOPOTKOIEPHOAHAS COCTABIISIIOIIAs TCOANHAMHU-
YECKHUX JABWXECHUI MOXKET JOCTUraTh M Ja)ke MPEBBIIATh TPEHAOBYIO COCTABIIAIOIIYIO
3a JIECSITKH JIeT.

Takum 0Opa3om, Ha JTF0OOM MPOCTPAHCTBEHHO-BPEMEHHOM YPOBHE 110 Mepe YBEIIH-
YyeHus 6a3bl H3MEPEHNH MEXaHU3M J1e()OPMHUPOBAHHS MACCHBA TOPHBIX IOPOJ XapaKTe-
pHU3yeTcs IePeXoIoM OT YCIIOBUH, 0TOOPaXaeMbIX MOJEIIbIO TUCKPETHOM Cpefpl, K yc-
JIOBUSIM CIUTOITHON KBa3UyIPYToil cpefibl, KOTa KOJINYEeCTBO OJIOKOB YBEITMIHBACTCS U
B3aMMHBIC PA3HOHANPABICHHBIC MOABMXKHU CTPYKTYPHBIX OJIOKOB KOMIICHCHUPYIOTCS.
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Hcnone3ys smnupudeckue pe3yasTaThl pacipeaeieHus] OTHOCUTENbHBIX TOPU30HTAb-
HBIX AedopMaluii Ha Pa3IMYHOM MPOCTPAHCTBEHHO-BPEMEHHOM YPOBHE, MOXKHO Olle-
HHUTh UX SKCTpPEMaJIbHbIE 3HAUCHUS, KOTOPbIE MOTYT OBITh HUCIIOJb30BaHbl B KaueCTBE
KPUTHUYECKHX J1e(hOPMALMOHHBIX KPUTEPHUEB IIPH UCCIENOBAHUH TEPPUTOPUM pa3IMuHOMN
Ioaay (paioH, MyHKT, IJIOIIAAKa) 1 BEIOOpE MapaMeTpOB MOHUTOPUHIOBON CETH.
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Puc. 4. Ten3opbl ropu3oHTaIBHBIX Aedopmaruii Ha Tepputopun kapbepa AO «Open-
Oyprckue MuHepaisD 3a iepron 2006—2017 rr.

Fig. 4. Tensors of horizontal deformations at the territories of an open pit of JSC
Orenburg Minerals for the period of 2006-2017

[l yyera akTopa HUKIMYHOCTH F€OAMHAMUYECKIX JIBUKCHUN, UMEIOIIHUX ITUKIIBI
OT HECKOJIbKUX MHUHYT JI0 HECKOJIBKUX YacoB, Oblja pa3paboTaHa METOMKA, TI03BOJIS-
FOIIAs TI0 aMIUTATYAaM KOPOTKOTIEPHOAHBIX ABMKCHIH, TIPEICTABIISIONTNX CO00# pas-
HOCTh MEXJy MHUHHMAaJIbHBIM W MaKCHMalbHBIM 3HAYEHUSMHU CMEIIEHHH B HaOope
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JIUCKPETHBIX M3MEPEHUI CYTOYHOTO CeaHca HAaOIIOICHUH, U MPeo0IIaaroIuM HaIlpaB-
JICHUSIM CMEIIICHUN PEIepPOB ONPECIUTh ITapaMeTPhl TCH30POB JeopMaliuii TOpHOTO
MacCHBa U HOJIYYHUTh 10 MAKCUMAJIBHBIX Ae(OpMaInii 32 MHOIOUYaCOBOH MEPHOI.

B xome mpoBeneHHBIX UCCIe0BaHUN U AKCIIEPUMEHTOB ObIJIa YCTAaHOBIIEHA B3aHMO-
CBSI3b B OPHUEHTAIIMH TIIABHBIX OCed TeH30pa JeOopMaIlii, PACCINTAHHOTO IO JTaHHBIM

L/

a1 ad |.l' i

Puc. 5. TeHsops! ropusoHTanbHbIX Aedopmanuit Ha Tepputopun kapbepa AO «Open-
Oyprckie MUHEpaibl» 3a CYTOUHBIH CeaHC HEMPEPHIBHBIX M3MEPEHHH KOPOTKOIEPHOI-
HBIX T€OAUHAMHYECKUX TBUKECHUH
Fig. 5. Tensors of horizontal deformations at the territories of an open pit of JSC
Orenburg Minerals for the period of a day’s session of continuous measurements of
short-period geodynamic movements

JMICKPETHBIX U3MEPEHHH 3a JUTUTEIBHBIA POMEXYTOK BpeMeHH (pa3 B HECKOJIBKO JIET),
C OpUEHTAIMEeH IJIaBHBIX OCel TeH30pa AePopMallnii, OTYYSHHOrO 38 MHOI04aCOBOM
CeaHC HeMPEPHIBHBIX H3MEPEHHUH ¢ TUCKPETHOCTRIO 3amepa 1020 mun. Ha puc. 4 u 5
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NpEeACTaBIECHbl PUMEPHI ONpeieIeHUs] TEH30POB TOPU30HTAIBHBIX AedopMmanuii 3a
10-neTHUI neproa U 3a CYyTOYHBIN CEaHC HETPEPHIBHBIX U3MEPEHUIN KOPOTKOTIEPHO/-
HBIX JBHKCHHUH B OKpecTHOCTAX Kapbepa AO «OpenOyprckue MuHepasib». B o6onx
CITy4asiX U3MEPEHUs BHITIONHEHBI CITyTHUKOBBIMH METOIaMU Ha MIEHTHYHBIX TyHKTaX
OTIOPHOM MapKIIeHIEPCKOH CeTH MPH paccTOsHIIX Ha 60azax oT 200 M 1o 2 kM. Brisie-
JICHHAs! 3aKOHOMEPHOCTh MOXET OBITh MCIIOJIb30BAaHA ISl SKCIPECC-IUArHOCTHKH Ha-
NpPsDKEHHO-1e()OPMUPOBAHHOTO COCTOSHMSI MACCHBA 33 HEMTPOIOKUTEIILHOE BPeMsI 10
pe3ynbTaTaM M3MEpPEeHUH HeTPEPHIBHBIX KOPOTKOTIEPUOAHBIX JBMXKEHUI.

BobiBoasbl. Beibop 6e30macHbIX MeCT pa3MelieHns 00beKTOB HeIPOIOIb30BAHUS OC-
HOBBIBAETCS HA MCIIOJIB30BAHHH SBJICHHS] BTOPUIHOTO CTPYKTYPHUPOBAHUS UepapXude-
CKU OJIOUHOM CaMOOPTaHU3YIOMIEHUCS Cpelbl O BO3IEHCTBIEM COBPEMEHHBIX TeOIH-
HAMHUYECKUX JBWKEHHHA. [l BBISBIEGHUS BTOPUYHOTO CTPYKTYPHOro Oioka
HEOOXOIMMBI 3HAHHWS 3aKOHOMEPHOCTEH pacmpeaeneHus aedopmManuii, o0yciIoBiIeH-
HBIX 3THUMHU JBWKEHHUSIMHU, HAa PA3HOM NPOCTPAHCTBEHHO-BPEMEHHOM YpPOBHE. AHAIN3
1 0000meHne 60IbIoro 00beMa MapaMeTPOB COBPEMEHHBIX TEONMHAMUISCKUX JIBHU-
YKEHH MTO3BOJIIIIN BRISIBUTH HEKOTOPBIE OCOOCHHOCTH B UX PACIIPEICICHUN.

1. YcraHOBIEHBI MAaKCUMAIIbHO BO3MOXKHBIE 3HAUCHUS JePOPMAIIHiA [T Pa3InIHbBIX
TEppUTOpHiA Ha 0a3ax OT AeCATKOB MeTpoB 10 90 KM 3a BpeMEHHOH MHTEpBal OT He-
CKOJIBKHX 4acoB 710 3—4 necaTkoB JieT. [lomydeHHble 3HaU€HUsT MOTYT MCIOIb30BaThCs
B Ka9€CTBE KPUTHIECKUX Ie(HOPMALIMOHHBIX KPUTEPUEB MPHU NCCIIETOBAHUH TEPPUTOPHUIL
Pa3IMIHON TUTOIIAI ¥ BEIOOPE ONTUMAJIHHBIX ITAPaMETPOB MOHUTOPHHTOBOM CETH.

2. Ilpu nccnenoBaHUM KOPOTKOTIEPHOMHBIX M TPEHIOBBIX JIBH)KEHHA, HMEFOIINX I1e-
PpHOABI OT HECKOIBKHUX JIECATKOB MUHYT JIO HECKOJIBKHUX JIET, yCTAHOBJIEHO, YTO KOPOTKO-
MIEPUOIHAS COCTABIISIONIAs MOXKET JOCTUraTh U 1aXKe MPEBBIIIATh TPEHIOBYIO COCTaBIIA-
IONIYIO0 JUISl ONHUX M TeX ke 0a3 maMmepeHuid. [Ipu comocraBneHun nedopMaioHHBIX
MapaMeTPOB TPEHIOBBIX U KOPOTKONIEPHOAHBIX IBIKEHHI OJHUX U TEX e PENepOB MO-
HUTOPUHTOBOW CETH YCTaHOBJICHA B3aUMOCBS3b B OPMEHTAINH IJIABHBIX OCEH TEH30POB
JeopMaIvii, pacCCYUTaHHBIX 110 JAHHBIM U3MEPEHUH 32 JITTUTENbHBINA IPOMEKYTOK Bpe-
MEHM M 3a CYTOYHBIM CEaHC HENpPEepBIBHBIX H3MEPEHUH C AUCKPETHOCTBIO 3aMmepa
1020 muH. BrlsBieHHas 3aKOHOMEPHOCTH MO3BOJIIET OCYILECTBIATH OLIEHKY Harps-
KEHHO-TIe(OPMHUPOBAHHOTO COCTOSIHHSI MacCHBa TOPHBIX IMOPOJI 32 HEMPOAOIKUTEIb-
HBII HENPEPHIBHBIA CEaHC U3MEPEHUN KOPOTKOTIEPUOIHBIX JIBUXKEHUH.

MeTtonrka BeIOOpa U OIIEHKH BTOPHYHBIX CTPYKTYPHBIX OJOKOB Toj Oe3ormacHoe
pa3MenieHue 00bEeKTOB MO (HaKTOpy reOJMHAMUYECKUX ABHKCHUH OKHA BKITIOUATh!

— HCIOJIb30BaHUE KOMIIJIEKCHOTO MOAXOAA, T. €. U3yUE€HHE CTPYKTYPHO-TEKTOHHYE-
CKMX OCOOeHHOCTEH MaccuBa (Teo(U3UUecKrue METOIbl) U OIpeeiieHne reoe3nye-
CKMMH METOJIaMHU OCHOBHBIX ITAPaMETPOB JIBM)KEHUI: aMITUTY/IbI, YaCTOTHI (TIepHOAa)
IIUKJIOB U epopMalinii, BRI3BIBAEMBIX STHUMH JBKEHUSMHU;

— TIPOBEJICHUE UCCIIEIOBAHHI Ha Pa3IMYHBIX ITPOCTPAHCTBEHHBIX YPOBHSX, HAYMHAS
¢ Tepputopuii or 100—-150 kM 10 pa3MepoB, COIIOCTABUMBIX C pPa3MepaMu OOBEKTa,
C yYETOM 3aKOHOMEPHOCTEH pacnpeaeneHus AeopMannii Ha pa3HbIX 0a3ax H3MEpPEeHUS;

— TPOBE/IEHUE HCCIIENOBAaHUN Ha Pa3IUYHbIX BPEMEHHBIX YPOBHSX (TPEHIOBBIE U
KOPOTKOIIEPHOIHBIE TBUKECHNU);

— KOMOMHHPOBaHUE CITyTHUKOBBIX M HA3€MHBIX METOJIOB HAOIIONECHUSI.

Hcnonp3oBaHKuEe BBIABICHHBIX 3aKOHOMEPHOCTEW paclpeneieHus TeoauHaMuyde-
CKUX JIBWKEHHH MpH BBIOOpE 0€30MacHbIX MECT pa3MEelIeHUs] OTBETCTBEHHBIX O0OBEK-
TOB HEJIPOIIOJIB30BaHMsI TIO3BOJISIET CYIIECTBEHHO MOBBICUTH JIOCTOBEPHOCTH OIICHOK
aJBTEPHATUBHBIX IUIONIAIOK M TEM CaMBIM OOCCIEUNTh OE30IMacHYIO DKCIUTyaTaIHIo
3MaHui 1 coopyxeHnid. OCHOBHBIE MPUHIIMITEI, HA KOTOPHIX 0a3upyeTcsl METOANKA, He-
OJTHOKPATHO HCIOJB30BAIINCH JIJIsl TEOMMHAMUYECKON JUArHOCTUKY Pa3IUIHbIX TePPHU-
TOPHH, a pe3ynbTaThl €e MPaKTHYECKOro MPUMEHEHHS AJsl BRIOOpa IUIOMIAaI0K pa3Me-
IICHUS COOPYKEHUI aTOMHBIX CTaHIIUI M3JIOKEHBI B padoTax [19, 20].
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SOME PECULIARITIES OF TAKING INTO ACCOUNT GEODYNAMIC FACTORS WHEN
SELECTING SAFE PLACEMENT AREAS FOR IMPORTANT SUBSOIL USE FACILITIES

Konovalova Iu. P.!
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

Introduction. Problems of important subsoil use facilities safe placement and operation are extremely
topical. Safe operation of any facility depends not only on its constructive features but also on reliable and
justified estimation of effects which occur in the terrestrial environment, i.e. in the rock massif. Current
geodynamic movements are among the factors which determine stress-strained state of a massif. However,
special research aimed at determination and assessment of the geodynamic movements failed to find
proper reflection in especially important facilities design and construction. Normative base imperfection
and difficulties in taking into account space-time distribution of geodynamic movements parameters are
the main reasons for the absence of rock massif geodynamic diagnostics methodology suitable for large-
scale implementation in the practice of engineering researches.

Research aim is to investigate deformations distribution as a basic parameter determining the state of a
facility conditioned on current geodynamic movements in a hierarchically blocky rock massif at various
space-time levels to improve the methodology of taking into account geodynamic factors when selecting
safe placement areas.

Research methodology. The researches used the results of geodetic monitoring of trend and cyclic short-
period geodynamic movements obtained at the local geodynamic polygons at bases from dozens of meters
up to 25 km, as well as the data from constantly operating stations of global navigation satellite system at
the territory of 70 x 90 km. For various space-time measurement bases, geodynamic movements
deformation parameters were calculated, deformation fields were built.

Results. According to the data of repeated geodetic measurements at bases from dozens of meters up to
90 km for a time period of several hours up to 40 years, dependences of relative deformations modulus on
bench mark interval length were determined. On the basis of the dependences deformation maximum
values are obtained which can be used as critical deformation criteria when investigating the territories of
various area and selecting monitoring network parameters. When comparing deformation parameters
of trend and short-period movements of one and the same bench marks of observation networks,
the correlation in the principal tensor axes orientation was determined calculated according to the data of
measurements for an extended period of time and for a day’s session of continuous measurements with
measurement discrete time of 10-20 min.

Results application area. The determined regularity can be used for express-diagnostics of stress-strained
state of a massif in a short period of time according to the results of continuous short-period movements
measurements.

Conclusions. The acquired results make it possible to increase rock massif state assessments reliability
according to the geodynamic factor when selecting important subsoil use facilities safe placement areas.
Key words: current geodynamic movements; important subsoil use facilities; nuclear power plant;
hierarchically blocky massif; self-organization; deformation; geodynamic diagnostics.
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RESEARCH OF SURFACTANT SOLUTIONS FILTRATION
IN HARD ROCKS

LATYSHEV 0. G.!
' The Ural State Mining University
(Kuibysheva str., 30, Ekaterinburg, the Russian Federation)

Aim. Prospective means of increasing the effectiveness of mining processes is the controlled variation
of the properties of rocks with surfactants. When designing the technology of surfactants application,
important research problems are the investigation and the forecast of filtration of active solutions in the
processed rocks. The aim of the researches is the determination of regularities in surfactant solutions
filtration in hard rocks.

Research methodology includes experimental works and theoretical analysis of the processes of active
solutions filtration in hard rocks.

Research results. On the basis of experimental works the research has determined that the process of
active solutions filtration comes in three stages which differ in the mechanism of active liquids motion
in hard rocks. Analytical estimation is introduced of the parameters of the given stages of saturation.
1t has been shown, that the process of filtration possesses fractal properties and can be investigated from
the point of the percolation theory. It has been stated, that in logarithmic coordinates the dependence
between the quantity of solution penetrating into rocks on the time is described by the two linear
equations which correspond to the stages of filtration saturation and the spontaneously developing
process of two-dimensional migration of active solutions.

Application area. The obtained results are used when designing the methods and means of controlling
properties and condition of rocks and massifs.

Conclusions. The stated regularities make it possible to forecast the rock massifs saturation by active
solutions in various processes of mining. The obtained quantitative assessments (equations) are meant
to be the base for statistic modeling (Monte-Carlo method) of rock permeability as a percolation system.

Key words: rocks; surfactants; filtration mechanisms; percolation theory.

Introduction. One of the prospective means of increasing the effectiveness of
mining technology is the controlled variation of rock properties with the help
of surfactants. Action of surfactants is based on adsorption decrease of rock strength
(Rehbinder effect) [1, 2]. Permeating into the fracture process zone, active solutions
contribute to rocks softening and fracture development. It is accompanied by a range
of positive effects. It has been stated [3], that rock processing with specially selected
surfactants is good for the capacity of shafts construction processes and mineral deposits
exploitation. Analytical, laboratory, and industrial researches in conditions of the shafts
of Severouralsk bauxite deposits and Donbass Horlivka region have shown the
following. Action of surfactants, manifesting in adsorption decrease of the surface
energy of rocks, fracture growth activation, plastification of intergranular bonds, is
accompanied by the regular variation of a complex of mechanical properties of rocks:
strength reduction (from 20 to 70%), decrease of the module and limit of elasticity
(by 1.3—1.5 times on average); activation (by 1.5-7.0 times) of the processes of creep
and relaxation of stresses in a massif, etc.
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Such rock properties variation has the following effects. The use of surfactants as drilling
fluid increases mechanical drilling speed in boreholes and wells by 1.2—1.4 times, reduces
drilling tool wear and blunting by 1.2—1.4 times on average. Surfactant molecules adsorption
activity, as well as the improvement of drilling conditions reduces dust content in the mine
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atmosphere by 1.5-3.7 times. Rock weakening in surfactants is accompanied by the
lowering of specific consumption of explosives during blasting operations by 1.4 times on
average. The use of surfactants to protect from rock bumps makes it possible to increase
productivity of relieve slots and wells drilling, reduce their quantity, bring rocks into a
condition free of bump hazard, and reduce stress in the marginal massif.
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The indicated effects provide for surfactants delivery to the rock massif. That is why
the research problem of the given work is study of the kinetics of rock saturation with
active solutions.

Research results. Experimental works were performed in a laboratory environment
with the rock samples of and under solutions delivery into the rock massif. It has been
stated [4] that in conditions of solid rocks the mode of multigraded repeated surfactant
solutions delivery under low pressure head is the most efficient. In this case, the filtration
mode serves only for the delivery of active solution along the existing macro fissures in
the depth of the massif. Its further saturation with the solution is performed by means
of the mechanisms of capillary condensation and adsorption migration of active
molecules along the micro fissures and bonds of mineral grains. These mechanisms
play a pivotal role at the surfactants influence upon rocks.

According to the character of filtration processes, all the pores and fissures in a rock
massif can be classified as hypercapillary, capillary, and subcapillary pores.
In subcapillary fissures the molecules of water are tightly bound to the surface of pores
and cannot travel. Penetration and motion of fluid in capillary pores is defined by the
physics of the phenomenon of wetting. For this reason, fluid filtration in the rock massif
properly depends on the character of its macrostructure, i. e. the concentration and
geometry of hypercapillary fissures.

For the comparative analysis of filtration kinetics, apart from surfactant solutions,
the process of rock saturation with distilled water was studied. As a criteria characteristic,
humidity of rocks was measured as a relation of the mass of rocks at various stages of
saturation to the mass of the mineral matrix. As an example, fig. 1 introduces the
saturation graphs for porphyrite and limestone which significantly differ in porosity
index. Electrolyte solutions and sodium dodecyl sulphate (SDS) were used as
surfactants, showing greater effectiveness in the drilling processes.

Saturation of all the familiar rocks with the solutions of various surfactants possesses
similar character — rapid growth of humidity in the beginning of the process with further
slowdown of the rate of rock saturation with the solutions. Only graphs scales are
different. Thus, for thick homogenous limestone with the initial (natural) humidity
W, = 0.02% maximum adsorption of solutions do not exceed 0.12% (fig. 1, b). For
more porous porphyrite with W = 0.98% saturation limit is 1.5% (fig. 1, a). It will be
noted that maximum humidification of rocks exceeds their total porosity, obtained
during the experiment with dry rocks, i. e. before humidification. It is explained
by active solutions penetration along the bonds of mineral grains omitting pores, and by
the increase of porosity (rock jointing) during the actual process of saturation.

Experimentally obtained data, exhibited as points on the graphs, cannot be described
by any simple algebraic function. This is because there are three various sections, which
are clearly distinguished on the graphs of saturation, corresponding to various stages or
phases of saturation.

The first stage — filtration of solutions along the capillary channels. The given stage
is defined by free penetration of solutions along adjacent pores and fissures. Theoretical
calculations and experience are evidence of the fact that inside fissures (pores) with
opening more than 1 mm capillary forces scarcely act. On the other hand, under the use
of surfactants, the layer of adsorbed molecules of liquid with rough thickness of
8 =107 m develops on the fissures hydrophilic surface, laws of motion of the layer are
no longer defined by capillary forces, but by the mechanism of two-dimensional
migration. Thus, for surfactant solutions, fissures (pores) with the width of opening
R =1073-10"7 m should be considered capillary.
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Kinetics of solutions in this case is described by the laws of viscous flow
of fluid along the capillaries [5, 6]. As far as it penetrates the capillaries, the speed of fluid
motion decreases nonlinearly and can be described by an equation:

_ :d_h: Ry, cos®
R 2nh

where /1 — the length of the head of liquid in a capillary at the time point #; R — fissure
opening rate (capillary radius); y,, — interfacial surface tension between the liquid and
rock; ©® — contact angle; n — dynamic viscosity coefficient.

It follows from equation that
h= [RYsc0sO
2n

From general considerations it can be accepted that /# will be proportional to wetting
W of rock at the given stage of filtration.
Then

W=k,

Ry, cos ©®
N M
4yl

Calculation of proportionality factor k, at the last formula for real rocks may serve
only as approximate assessment of the process. This is conditioned by both of the
assumptions, and the fact that the indicated equations are deduced for the single
capillary with circular section with constant radius R. In real rocks there are plenty of
capillary fissures (pores), and their section is variable. That is why the value of k, should
be determined experimentally. Processing of experimental data has shown that for various
solutions the value of the coefficient varies within the limits £, = (4.9-6.5) - 107 5712,
Average value of k; = 5.6 - 1076 s71'2. At that, for surfactant solutions the capillary rate
saturation k, is significantly higher than that of the clear water. This is due to the change
by means of active molecules both of interfacial surface tension between
the liquid and the rock v, , and the contact angle ®. At the given stage of researches it is
impossible to divide the influence of these factors. Simultaneous estimation can be
fulfilled according to the formula (1) as:

where

Y,c08 © = kl—:n 2)

Accepting that in single set of experiments the alteration of parameters 1, y,, and R
is negligible, formula (2) can be reduced to the ratio:

2
COS@SJr — |:k1(SUf) :|

cos®, Ko

In particular, for limestone the addition of active molecules MgCl, increases the
cosine of the contact angle by 1.27 times.

The second stage — two-dimensional migration of active solutions. For the familiar
solid rocks determinative is the second stage of saturation connected with two-
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dimensional migration of active molecules along the surface of micro fissures and
bonds of mineral grains. There, penetration of solution into the rock is connected with
the collective action of several mechanisms. In correspondence with the theory of
surface phenomena [7] solution motion is determined by the phenomenon of wetting as
well as the active force appearing through the difference between the concentrations of
adsorbing molecules of the solution.

There, the role of surfactant molecules is most noticeable. The graphs of saturation
(fig. 1) demonstrate significant exceedance of the rock humidity in surfactant solutions
as compared to their saturation with water. This is due to the alteration affected by
active molecules of the contact angle, greater adsorption capacity of surfactants, as well
as inclusion of solvate liquid layers into the fissures by a moving monomolecular layer
of surfactant molecules.

Analysis of the deduced functions shows the following. For semi-porous limestones
the given stage finishes within first 6 hours of the samples exposition in a solution, and
for porphyrite which are more porous, 6 days. Rate of saturation for the second stage is
described by the equation:

W, =k, Int.

Correlation coefficients of logarithmic function in all cases exceed 0.9 which testifies
to their statistic significance.

Angular coefficients k, can be considered as the rock saturation rate with various
solutions. For the familiar rocks its value changes significantly. For porphyrite under
water saturation k, = 0.109, under saturation with the solution AICl, k, = 0.124, 1. e.
there occurs increase by 14%. For limestones this value is significantly lower (0.011
and 0.026 correspondingly), but the relative intensity of saturation with the surfactant
solution is almost 2.5 times higher than that of the distilled water. It has been stated that
such difference is determined by the features of rocks mineral composition. Intergranular
bonds and fissures of limestones jointings are made of clay-like chloritized material,
content of which amounts to 5—10% of the rock volume. Greater adsorption capacity of
such material significantly activates the process of limestones saturation with surfactant
solutions.

The third stage — transport of surfactants along the developing fissures. The third
stage of saturation is observed only for surfactant solutions. Indeed, when the process
of rock saturation with water stops, humidity of samples in surfactant solutions
continues growing (fig. 1). It is connected with the development of rock jointing under
the effect of surfactants.

The moment of the beginning of the third stage is clearly recorded at saturation
graphs and corresponds to the transition of the obviously nonlinear function W = f (¢)
into the linear one. Indeed, for all the familiar rocks, the best approximation to
the experimental data is the equation of the form W, = kz. Correlation analysis of the
experimental data has shown, that for all functions the correlation coefficient is not
lower than 0.93. The parameters of the equation: for porphyrite in the solution
AICL, — W, = 1.454%; ky = 2.74 - 10-31/day, in the solution SDS — W, = 1.448 %;
ky = 2.51 - 101/day; for limestone in the solution MgCl, — W, = 0.105%;
ky=10.42 - 10*1/day; in the solution SDS — W, = 0.085%; k; = 0.35 - 10-31/day.

Thus, the deduced equations make it possible to quantitatively assess kinetics of
rock saturation with active solutions at all three stages. However, significantly different
mechanisms of saturation at these stages do not make it possible to accurately describe
the process with one equation. Additional information can be received from the
investigation of the processes of filtration as fractal time sequences.
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Investigation of the processes of permeability from the fractal positions are fulfilled
on the basis of the theory of percolation. In classical statement of the problem, the
research problem of the theory of percolation consists in the investigation of some
conventional “fluid” trickling through some random inhomogeneous medium [8]. For
the first time basic conditions and the term “percolation” itself, which can be translated
as “trickle through”, were formulated in 1957 by S. R. Broadbent and J. M. Hammersiey
in a work dedicated to the problem of gas filters clogging. In their statement, a lattice
of random geometry serves a model of percolation medium; the lattice consists of
conductive channels (pipes), intersecting in the grid points. If the fluid passes into one
of the points or channels, it freely percolates through the whole lattice with the passages
being full-open. However, in real media (rocks, for instance) such ideal situation is
admittedly impossible. Therefore, it was considered to solve the percolation problem
under the condition of random closing of channels, unknown beforehand which exactly.
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Fig. 2. Logarithmic representation of filtration process
Puc. 2. Jlorapudpmudeckoe npeacTapieHue mpouecca GUIbTpauu

Suppose each bond of the lattice can be broken with the probability ¢ = 1 — p. Then
the probability p can be considered as a fraction of overall bonds in the lattice, or a
fraction of open, i. e. intercommunicating, channels in rock. When p = 1 fluid percolates
along the whole lattice and completely fills all open pores. Under sufficiently small p
solution spreading in every direction finally meets a broken bond (closed pore channel),
and the process of filtration stops. Local domain of solution thrust ¥, when p = p, is
called percolating cluster, or cluster. In general, percolating cluster is considered to be
the system of interconnecting particles which possesses the property of scale self-
similarity within the limits R, — R, where R is the maximum size of the system at which
it still retains fractal properties; R, is a scale unit of linear measurement.

For surfactant solutions wetness index W is a key parameter, it characterizes the
degree of solution penetration into the rock. In accordance with the theory of percolation
its dimension can be expressed in terms of the probability of open conducting channels
p: W~ (p— pc)*, where pn — index characterizing the properties of percolation system;
p, — percolation threshold. The given correlation can serve as a basis for a filtration
statistical model, where the probability p is variable. When fixing the interval of
variability p the results of experimental works of the filtration process presented above
should be taken into account. Their analysis shows that surfactant solutions filtration
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features spontaneously developing process of solutions penetration, connected with the
development of conductive channels. In this case the probability p is higher than
percolation threshold p_, which is accompanied by the formation of an infinite cluster.
On the contrary, at clear water filtration p should be posed lower than percolation
threshold. At that, the area of wetting forms clusters with finite dimensions, i. €. in the
absence of the third stage of saturation the area of fluid distribution will be limited.

For well grounded use of the tools of percolation theory it should be verified that the
process of filtration possesses fractal properties. A sign for these features is the
exponential function (scaling) of saturation and time expressed by a linear graph in
binary logarithmical coordinates [9]. The analysis from the positions of the research
results listed before confirms the presence of fractal properties of filtration process. As
an example, fig. 2 introduces logarithmic functions In ' = f{In f) for porphyrite saturated
with water and SDS solution (fig. 1, a).

Fig. 2 clearly displays the inflection point of two linear sections of graphs. Slopes of
lines can be matched with the coefficient of filtration D. Fractal dimension will be
defined as d, = D + 1. For the left side of graphs characterizing the first two stages
of saturation (capillary filtration and two-dimensional migration) fractal dimension of
percolation system under rock saturation with water is dy,, = 1.08. When adding
0.16% SDS into the water the process activates and fractal dimension increases up to
dyspsy = 1.14. Filtration of water with the second stage finishes. For surfactant
solutions the third stage is observed, connected with spontaneously developing process
of conductive channels (fissures) formation. Its dimension for the presented graph is
dyysps) = 1.021.

Acquired fractal dimensions determine the rate of rock saturation with active
solutions:

W(t) ~ .

Permeability of rocks and massifs admittedly depends on the character of conductive
channels, i. e. porosity [10, 11]. Many scientists, mainly oil industry experts, research
the point in question. One of the basic indirect method of studying porosity is electrical-
conductivity measurement of rocks saturated with electrically conducting fluid. Therein
empirical equation (Archie’s law) is used [12]:

m
c=ac,D",

where 6, — conductivity of fluid; a — proportionality factor; ® — porosity as a fraction
of pores volume ¥/, in rock volume ¥ (in the given researches it is an experimentally
observable quantity of the total porosity P); m — exponent, depending on the shape of
the pore-space (oil experts call it cementation exponent).

Important characteristic here is m exponent. It reflects not only the geometry of
pores, but in this case, the character of solutions interaction with the surface of the
conductive channels. Researches of the given problem reveal that for the majority of
real hard rocks m is within the limits from 1 to 2. Researches of a wide range of effusive
rocks of the Urals, conducted by the author of this article, make it possible to specify
the given exponent. It has been stated that between the maximum water adsorption
W, ..« and total porosity P there is exponential function, the graph of which is presented
at fig. 3 in logarithmic coordinates.

Correlation analysis testifies to the statistically significant function with the
approximation validity coefficient R? = 0.97. Pore-space shape exponent m = 1.54.

The obtained correlations make it possible to assess the kinetics of rock massif
saturation with surfactant solutions. However the process of rock saturation with active
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solutions is connected with the injection equipment installation and long-term face
break, which discontinues mining technology. While it is evident that in the course of
drilling boreholes and wells with flushing using surfactant solutions, active molecules
penetrate into rocks and thus have its positive effect. Indeed, rock massif contacts with
active solution during the entire period of drilling operations. The forecast calculations
for typical conditions of tunnel driving at Severouralsk bauxite mine show, that only
over the course of drilling rock massif manages to become saturated with surfactant
solution up to 68% from the maximum possible value on average.
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Fig. 3. Correlation of rocks permeability W and their porosity P
Puc. 3. 3aBucumocts nponuaemoctyu nopox W ot ux nopucroctu P

Another important effect should be noted. Apart from adsorptive weakening in
conditions of cyclic loading typical for the process of rock breaking at drilling, screening
effect of surfactant solution is of great importance. During the unloading part of the
cycle (for example, at reverse motion of the tool) adsorption layers penetrating into the
micro fissures prevent such fissures from closing and healing of such fissures. This
effect is especially significant in the mode of fatigue rock breaking.

It is important to note that the acquired assessments are minimal, reliably indicating
the lower threshold of rock massif saturation with active solution. In real conditions a
greater effect can be expected. It is determined by the following factors. Under the
action of rock pressure in the course of drilling operations the process of fissures
spontaneous development in rock massif and the third stage of saturation connected
with it will continue. Besides, favorable for massif processing with surfactant solutions
is the interaction of boreholes and wells as a single set: their influence zones overlapping,
merging of fissures at fracture process zones, etc. Experimental industrial surfactant
solutions injections in the faces of Severouralsk bauxite mines [3] confirm the given
assessments.

Conclusions. Thus, the given investigations make it possible to assess the character
of filtration of various active solutions in hard rocks and forecast the degree of the
massif saturation in the process of drilling. Study of the kinetics of active solutions
from the fractal positions gives valuable information. The acquired correlations are the
base for the development of statistical (simulation) models of filtration on the basis of
the theory of percolation with Monte-Carlo method.
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HUCCIEJOBAHUE ®UJIBTPAIIMA PACTBOPOB ITIOBEPXHOCTHO-AKTHUBHBIX
BEHIECTB B CKAJIBHBIX IOPOJAX

Jlarbimes O. I'.!
! Vpasbckuil rocy1apcTBEHHBIH FOPHBIH yHHBEpCHTET, I. ExarepunOypr, Poccust.

Iens. IlepcnieKTUBHBIA MyTh NOBBILIEHHS 3(DGEKTUBHOCTH MPOLECCOB TOPHOTO MPOM3BOCTBA — HAIIPAB-
JICHHOE M3MEHEHHE CBOWCTB IOPO/] IIOBEPXHOCTHO-aKTUBHEIMU BemecTBamu (ITAB). ITpu npoextupoBa-
HHY TEXHOJIOTHH UCTIONb30BaHus [TAB BaskHBIMU 3a/1adaMH SBIISIOTCS HCCIISIOBAHUE U IPOTHO3 (PUIIBTPa-
I[MM aKTHBHBIX PAacTBOPOB B 00pabaThIBaeMbIX TFOpPHBIX rmoponax. Llenp uccienoBanuii — ycTaHOBIEHHE
3aKOHOMepHocTe# (unbrpanmu pactBopoB [IAB B ropHBIX Opoaax.

Memooonozua uccnedosanuil BKIFOIAET SKCIIEPUMEHTANBHOE U3yUCHUE U TEOPETUIECKUH aHalM3 Mpo-
1[eCCOB (DMIIBTPALNH aKTHBHBIX PACTBOPOB B TOPHBIX ITOPOJIAX.

Pesynvmamul uccnedosanus. B padbore Ha 6a3e 3KCIEPUMEHTAIBHBIX HCCIIEIOBAHUI YCTAaHOBICHO, YTO
nporecce (GUIBTpalMy aKTUBHBIX PACTBOPOB MPOUCXOAWT B TPU CTa[HH, OTIMYAIOIINECS MEXaHH3MOM
JBIDKEHHS] aKTHBHBIX JKHKOCTEH B TOPHBIX Mopoxaax. JlaeTcst aHaIuTHIECKast OI[eHKa apaMeTpoB JaH-
HbIX cTaaui HachimeHus. [TokasaHo, yto npouece Gpuisrpanuu odagaet ppakTaabHBIMU CBOMCTBAMH U
MOXET OBITh HCCIIEZOBAH C MO3UINI TEOPUH NEPKOIALMH. YCTAaHOBJIEHO, YTO B JIOTapH(YMHUIECKUX KOOP-
JMHATaX 3aBUCHMOCTH KOJIMYECTBA MPOHHUKAIOIIETO B OPOIBI PACTBOPA OT BPEMEHH ONUCHIBACTCS IBYMS
JIMHEWHBIMH yPaBHEHUSIMH, COOTBETCTBYIOIIUMH CTaAUSIM (PUIIBTPAI[MOHHOTO HACBIIEHUS ¥ CaMOpPa3BH-
BAIOIIErocs IpoIecca AByMEPHOH MUTPAINY aKTHBHBIX PACTBOPOB.

Oénacmo npumenenus. IlonyyeHHble pe3ynbTaThl UCIONB3YIOTCA HPH MPOEKTHPOBAHUM CIIOCOOOB U
CPEACTB yIpaBlICHUs CBOICTBAMU U COCTOSHHUEM T'OPHBIX IIOPOJ U MaCCHBOB.

Bb1600b1. YCTaHOBICHHBIE 3aKOHOMEPHOCTH O3BOJISIIOT OCYIIECTBIISTH MIPOTHO3 HACBIIEHHS MOPOIHBIX
MacCHUBOB aKTMBHBIMU pacTBOpaMHU B Pa3IMYHBIX MPOLieccax FOPHOTo Mpou3BoAcTBa. IloryueHHble Konu-
YEeCTBEHHbIE OLECHKU (YpPaBHEHUsS) MOTYT CIYXXHTh 0a30i CTaTHCTHYECKOTO MOIEIHPOBAaHHS (METOX
MounTe-Kapio) npoHHIIaeMOCTH TOPHBIX MOPOJ] KaK MEPKONISIIMOHHOM CHCTEMBI.
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3ABUCUMOCTb METAHOBBIAENEHWA OT NMPOLIECCOB
COBWXEHWX NOPOQ NPY BEOEHWW NOA3EMHbIX
FOPHbIX PABOT

LUMHKEBWY M. B."
" WHetuTyT yrns GepepanbHOro UccneaoBaTenbekoro LeHTpa yrns 1 yrnexumun CO PAH
(Poccws, r. Kemeposo, npocn. JlennHrpagckvi, 10)

Beeoenue. Ipu cospemennvix memnax ompabomxu y2onbHblX NIACHOS8 8 YCI0GUAX YECIUUUSAIOUelCs
21ny6unbl UX paspadomKu u 2a30HOCHOCMU AKMYAAUZUPYEmcs npodIeMa Memanobe3onacHoCmu y2oib-
noix waxm. Ee pewenue negozmoosicno 6e3 ahghexmusno2o ynpagienus 2a308bl0eieHueM HA 6bleMOYHBIX
yuacmkax.

Ifens pabomol — Ha OcHO8e HAYHHBIX OMKPLIMUL POCCUTICKUX YUEHBIX O COCMOSHUU Y2leMemano8020
niacma 6 ude meepoo2o y2ne2az06020 pacmeopa i 0eQhopMayUOHHO-60IHOBBIX 2COMEXAHUUECKUX NPO-
Yeccos 8 OKpecmHOCmu 8blpabomoK paccmMompems OUHAMUKY 6blOe/LeHUs. MEMAaHd Ha Oelcmeyiouem
BbLLEMOYHOM YUACTKE KAK CLeOCMEUEe 60OIHO0OPASHOU PA32PY3KU MACCUEA 20PHBIX NOPOO U pa3padanbi-
8aAEMO20 HAACMA OM 20PHO20 OABNCHUSL 8 PE3YIbIMAME OGUNCEHUSL OUUCIHO20 34005,

Memooonozus. B Hacmosuee 8pems npu onpeoeieHuu cxem 0e2a3ayuu U 2a30ynpagieHus, a maxice
npU NPOEKMUPOBAHUU GEHMUNAYUU 6bICOKONPOUZEOOUMENbHO20 BLLEMOUHO20 YUACIKA He YUUNbLEA e -
CSL 2eOMEXAHUYECKASL CUNTYayUsl, BOSHUKAIOWAsL NPU 8bleMKe YeieMemano802o naacma. Ipu ucnonvzosa-
HUU Pe3yIbmamos Ucciedo8aHull 0egpopmMayuoHHO-60IHOBbIX NPOYECCO8 8 MACCUBE 20PHBIX NOPOO NO-
AGNACMC 603MONCHOCb OYEHUMb CMENeHb UX 6030€liCMeUs HA Y2ONbHblll NIACT U NOBbLCUMb
apexmusnocmp e2o de2azayuu u NPOSEMPUSAHUSL BLLEMOUHO20 YUACKA.

Pesynomamel. B npeonacaemom 6 cmamve noOX00e 3AN0XCEHA C653b (DYHOAMEHMANTbHOU 3A0a4u UC-
CLe00BAHUSL HETUHEUHBIX 2COMEXAHUUECKUX NPOYECCO8 6nepedu ONUHHO20 OYUCIIHO20 3a005 C XapaKme-
DOM MEeMAaHOB8bLOENEHUS, KOMOPOe AGNACMC OMPANCEHUEM YKA3AHHBIX NPOYECCO8.

Bo1600b1. Hcnonvzys 0anHble 0 MEMAHOOOUTLHOCU 8bLCOKONPOU3BOOUMETbHO20 8bIEMOYHO20 YUACT-
Ka, yuumoleas YKA3amHwle NPOYeccvl, MONCHO ORpedensimb RpOoOyKMUSHOCMb CUCeM de2d3ayuu u
npednazams HAUboOLEe PAYUOHATLHBLE CXeMbl NPOGEMPUBAHUSL.

Kniroueewvie cnosa: cecomexanuxa;, Hé‘fZMHeleOCmb,' OuHamuxka MemaHoo6u,7bnocmu; B8bleMOYHDLIL yua-
CMOoK; Nn0020MOBUMENbHAS eblpa60mka; aapoeas'oeblﬁ KOHmMPpOJib, NPOCHO3, ynpaejlenue.

Beenenue. Ha maxrax Kemeposckoii oonactu (Kyzbacca) mpu coBpeMeHHBIX TeM-
nax oTpabOTKH YTOJbHBIX IJIACTOB B YCIIOBHSAX yBEIHMUUBAOIIECHCS TTyOMHBI UX pa3-
pabOTKH U Ta30HOCHOCTH aKTyaJH3UpyeTcs 3aada MOBBIIICHHUS YCTOHUYUBOCTH BBICO-
KOIIPOM3BOAUTENBHON U Oe30macHoi 100buM yrist. COBpeMEHHbIE YIIeJ00bIBAIOIIUE
KOMIIJIEKCHI 00€CIeYrBalOT CKOPOCTh MOABUTAaHMsI OYHCTHBIX 3a00eB Oomnee 20 M/cyT u
nmo0brau yrirst 1o 25 000 1/cyT, 9To B pa3bl OONbIIE STUX 3HAYSHHH B IIPEIIIECTBYIOIINE
necsituietusi. [1ocKosbKy TeMIbl BeAGHUS] TOPHBIX pabOT MMOCTOSHHO PacTyT, Cylle-
CTBEHHO CHIIKAETCS aIEKBATHOCTh OCHOBAHHBIX Ha MPEAIIECTBYIONIEM TOPHOM OIIBITE
METOJOB M CPEICTB OLECHKHM cUTyaluid. OCHOBOH 3TOr0 HECOOTBETCTBUS SIBIISETCS
WHEPLMOHHOCTh B COBEPUICHCTBOBAHMHM HOPMATHBHO-METOIMYECKON 0a3bl TOPHOMH
NPOMBINUIEHHOCTH. B TO ke BpeMms Hay4yHass OCHOBA JUISI HEOOXOIMUMOTO COBEpIIICH-
CTBOBaHHS METOJIOB M CPEICTB oOecrieueHns 6€30macHOCTH MPH TOI3eMHON 100bI4e
YISl HEYKJIOHHO Pa3BUBAETCsI OTEYECTBEHHOM U 3apyOeKHOI HayKOH BO BCeX 00JIaCTAX
3HaHmi [ 1-7].

PaGota BeimonHeHa npu ¢puHaHCOBOH mogaepxkke PODU, npoekr Ne 18-45-420001 p_a.
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Heab padorbl. Peann3oBaHHbI B HOPMATUBHO-METOJUYECKUX TOKYMEHTaX, AcH-
CTBYIOIINX B YTOJHHON MPOMBINIIIEHHOCTH, OIBIT IPEKHUX JIET HE COOTBETCTBYET pe-
aJBbHBIM TEOMEXaHMYECKUM U Ta30JMHAMUYECKUM IIpolieccaM. SIBHas HETUHEHHOCTh
3TUX MPOIECCOB, YCTAHOBIEHHAs POCCHUCKHMH ydeHbIMUA B 1990-x rT. [8§—10] 1 m0-
cTaToyHO mupoko mposeperHHas B 2000-x [11-13], sipko mposBiseT ce0s B TMHAMIKE
METaHOOOMIPHOCTH BHICOKOTIPOM3BOIUTEIHHBIX 3a00€B JJaKe TPH IMOCTOSHHBIX 3HAYEC-
HUSX CKOPOCTH X TOJIBHTAHUS U Ta30BOTO MOTEHIIMANA pa3padaThiBacMOr0 MacCHBa
Tra30HOCHBIX TOPHBIX MOpoA. MccienoBars U AeTanu3upoBaTh 0COOCHHOCTH MPOUCXO-
JUIIIMX B MACCUBE MTPOLIECCOB, MPUYEM B BO3PACTAIOIIMX MacITadax, TPaaulMOHHBIMU
METO/IaMH{ Te€OMEeXaHUKH HEBO3MOXKHO. B HacTosImee Bpems ipy OnpeAeeHIH CXeMbI
JIeTa3alny U MPOEKTHPOBAaHWU BEHTHIISIINN BBEICOKOTIPOU3BOAUTEIHHOTO BEIEMOYHOTO
y4acTKa HE YUYUTHIBACTCS T€OMEXaHWYeCKas CHUTYyallWs, BO3HUKAIOIIAS MPH BBIEMKE
YIJIEMETaHOBOTO Ir1acTa. [1o 3Tol mpuvrHEe TEeMITBl TOPHBIX paboT U TITyOMHA UX BEe-
HUS HIDKE BO3MOXKHOCTEH YTIIeTOOBIBAIONIUX TEXHOIOTHMN.

MetonoJiorus npoBeaenus uccjaegopanuii. Criennduka yroabHBIX MECTOPOXK-
JIEHUH, 3aKITI0YAIOIIAsICs] B HAJTUIUHA B TOPHOM MacCHBE Ta30HOCHBIX IIJIACTOB, AKTHB-
HO BBIICIIAIOIINX T'a3 IPU CHIDKCHUH HANPsDKEHUH, MTO3BOJISIET PACCMAaTPUBATh UX KaK
TUIACTHHBI-UHANKATOPBI Pa3BUTHSI T€OMEXaHMYECKOTO Mpolecca B 00beMax, MHOTO-
KpPaTHO MPEBBIMIAOIINX BO3MOKHOCTH TPAJUIIMOHHBIX METOAOB reoMexanuku. [Ipu
9TOM HEIPEPBHIBHO JACHCTBYIONNE CHCTEMBI Ta30BOT0 MOHUTOPHUHTA IIAXT PETUCTPHU-
PYIOT HHTEHCHBHBIE Ta30BbIE€ MPUTOKH U3 30H H3MEHEHHNI T€OMEXaHUIECKOTO COCTO-
STHHSI MIJUTMOHOB TOHH TTopo. JIFo6oe TeXHONIorndeckoe Bo3/eiicTBIE Ha OTpadaThI-
BaeMbIil yTONBHBIM IUIACT WHTECHCUPUIUPYET MPOLECcC €ro Tra30UCTOLICHUS
BCIIEJICTBHE U3MEHEHUS HAIPSHKEHHOTO COCTOSHUA B MPUKOHTYPHOM YacTH IIacTa,
T. €. TCOMEXaHNYECKUE MPOIIECCHI BIUSIIOT U Ha TA30KUHETUYCCKHUE COCTOSIHUS OTpada-
TBIBAEMOTO IIJIACTA, YTO B KOHEYHOM CUETE OTPAXKAeTCSI Ha METaHOOOUIHLHOCTH BHI-
paboTok. AHaM3 3TOH WHGOPMAITUH BO3MOXKEH METONAMH PYTHUIHOW a’dpora3oau-
HaMUKH. VIHTerpalus yka3aHHBIX METOJOB IO3BOJSET IMOJNydaTh HOBbIE Hay4YHBIE
3HAHUA JIJIs1 PEIICHUS JOCTATOYHO CIOXKHBIX 3a]1a4, YTO YCIELHO peanu3yercs B UH-
ctutyte yrst ®UL YYX CO PAH.

Ha nannbiii MOMeHT Bce miaxThl B Ky30acce oCHaIIeHBI 3JICKTPOHHBIMH CUCTEMaMU
asporazoBoro MoHUTOpHHTa. COBpEMEHHAS CHCTEMa KOHTPOJIS, KaK MPaBUiI0, CHUIMAET
JTAaHHBIE MHTEHCUBHOCTH W3MEHEHHs PETUCTPUPYEMBIX 3HAYEHHUH (KOHIICHTpAIUA Me-
TaHa, CKOPOCTH pacxofa Bo3ayxa). B pe3ynbrare B mpoliecce IpoBeIeHUs TOATOTOBH-
TENBHBIX BBIPA0OTOK Y BEJICHUS OYHMCTHBIX pa0OT HaKaruiuBaeTcs OONBIION 00beM
JIAaHHBIX, B KOTOPOM «CKpBITa» HMH()OPMAIUS O Pa3BUTUHU ra30reOMEXaHUUYECKHUX MPO-
IIECCOB TIPH BEACHUH TOPHBIX paboT. Heobxomumer pa3zpaboTka u 000CHOBAHHUE alro-
PUTMOB JJI1 HHTEPIPETAIINH STUX JaHHBIX.

Pe3yabrarsl. [lockonbky TnHAMHKa METaHOOOMIIEHOCTH BRIEMOYHOTO Y4aCTKa OT-
paXkaeT peakUIO0 BMEIIAIIIET0 MaCCHBa HAa TEXHOJIOTMUECKOe BO3IEHCTBUE, TO, IPHU-
BJICKAsl 3HAHUS O HEIMHEHHOCTH T€OMEXaHMYECKOTO Ipoliecca IPHU BhIEMKE ILIacTa,
MOXXHO 0oJiee HaJIe)KHO MPOTHO3UPOBATH TUHAMHUKY METAaHOOOWMIILHOCTH BHIEMOYHOTO
ydactka. OniepaTiBHOE OTCIIC)KUBAHUE TUHAMHKH TIPU JBKCHUN OUYUCTHOTO 32005 U
pemreHue oO6paTHOM 3a7a4u 00eceunBaeT YTOUHEHNE PEIISHIH TI0 00eCTICUEHHIO PHUT-
MUYHOCTH TTOJBUTaHus 3200s1. Hanpumep, 1o quHaMyKe METaHOOOMIILHOCTH OYHCTHO-
ro 3a00s B HaYaJbHBIA MEPHUON OTPAOOTKU BHIEMOYHOTO CTOJ0a MOXKHO ONEPaTHBHO
YTOYHHUTH BEJIMYUHY IIara IEPBUYHOTO OOPYIICHUS OCHOBHOM KPOBJIH, KOTOpAs SIBJIS-
€TCsI BAXXHBIM TEXHOJIOTHIECKUM ITapaMeTPOM.

Js 3TOTO pacCYMTHIBAIOT Ta30BbIM MOTEHIMAN OTpabaThIBAEMOTO IIacTa U OCy-
IIECTBISIOT MOHUTOPHHT OTHOCHTEIBHOTO Ta30BBIIEICHUS TI0 MEPE OTXONa JIaBhl OT
MOHT2)XHOW KaMmepbl. BenmmunHy mepBUYHOro Irara oOpyIICHWS OCHOBHON KPOBIH

L, ,» M, YCTaHABIMBAKOT 110 PACCTOSHHMIO OT MOHTAXKHOM KaMephI 10 OmmKakiel K Hel
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TOYKHM MMHMMYyMa 3Ha4€HUH ra30KHHETUYECKOTO NoKa3arens P, B KadecTBe KOTOPOTo
MPUHAMAIOT OTHOIICHHE OTHOCHTEIHHOIO T'a30BBIIICIICHHUS K Ta30BOMY IMOTCHIIUATY
mwiacta (puc.l):
L..=21,

rae | — paccrosiHue OT MOHTXXHOM KaMepbl 10 Onmwkaiineil Kk Hell TOUKM MHUHHMyMa
3HAYEeHUH ra30KMHETHYECKOTO TI0KA3aTelsl B HEHAPYIIIECHHOM MacCUBE, M.

TakuM 00pa3oM YUHTBIBAETCS BIHMSHUE MPOIlecca pa3rpy3KH U CIBHYKEHHS TOPHBIX
MTOPOJI KPOBIIM Ha Ta30BBIICTICHUE B TIPH3a00ifHOE TIpocTpaHCcTBO. CIIoco0 m03BOIISIET C

JA0CTAaTO4YHO BBICOKOI TOYHOCTBIO B ONE€PAaTUBHO ITPOTHO3UPOBATH HCpBI/I‘IHLII\/'I mar o0-
pyumeHus OCHOBHOH KpOBJIH.

06|
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Puc. 1. Onpenenenye nepBUYHOTO I1ara 00pyIIEHNs OCHOBHOI KPOBJIH
10 JUIMHE BEIEMOYHOIO cTonba L
Fig. 1. The determination of the initial caving step of the main roof
according to the length of an extraction pillar L

HNmenHo mepepacmpeneneHue HaNpsHKEHW TOCPEICTBOM HM3MEHEHHS MeTacTa-
OMIIEHBIX COCTOSTHUH yTIIEMETaHOBOTO TUIACTA MPENOTPEACIeT METAaHOBEIICTICHHE Ye-
pe3 00HaXKeHHYI0 IOBEPXHOCTH 320051, IEPETOK METaHa U3 IJIacTa Yepe3 BMEIlaloIne
MOPOABI B BBIPa0OTaHHOE MPOCTPAHCTBO M OCTATOYHYIO Ta30HOCHOCTH OTOMBaeMOii
mostockl yrist [11, 13]. OueBuaHO, METAHOBEIICTICHNE SIBIISIETCS PEAKIME MaccuBa Ha
MIPOUCXOJISIIINE B HEM MPOIIECCHI CABMXKEHUM U MepepacnpeieIeHUd HapsyKeHU.

B pa6orte [14] gansl smMmuprdeckre GpyHKINHN paciiajia yriieMeTaHa BO BpeMeHH U 3a-
BHUCHMOCTb T'a30CO/ICPIKaHUS YIVIs OT HAIPSDKEHUS, IEHCTBYOIETO Ha HETO, U3 KOTOPhIX
CJIEYeT, YTO Pacraji OCHOBHOW YacTH reoMarepuaia MPOUCXOmuT 3a 3 4. DTOT MepHojy
XapakTepHu3yeTcs: BRICOKMM CHIKEHHEM CKOPOCTH ra3oucToleHus. [Ipu ncrnonbp3oBaHum
9THX 3aBHCUMOCTEH TOSIBISIETCSI BOSMOXKHOCTD OPENEISTh Fa30KNHETHUYECKHE XapaKTe-
PHUCTHKH KaK OTOMBaeMO¥ ITOJIOCHI YIS, TAK M BCETO YTOMBHOTO TLIacTa.

Ha puc. 2 nmpuBeneHs! TaHHBIE CUCTEMBI U3MEPEHUS TaBICHS Ha CEKIIMH MEXaHH-
3UPOBAHHOM KpENW, IepECUNTaHHBIC HAa BBICOTY JCHCTBYIOIIETO CJIOS TOPHBIX MOPO,
MO3BOJISIONIME YTOUHATH MHPOPMALIMIO O HAMPSDKEHHOM COCTOSIHMU MTPpU3a00iHOM va-
ctu macta. CornacHo [13], ©3MEHEHHE 3TOTO COCTOSHUS YTOUHSICT Fra30KHHETHIECKUE
CBOHMCTBA YIJIs, OTOMBAEMOTO KOMOAWHOM H, CIIeOBATEIhHO, METaHOOOMIHLHOCTH
OYHUCTHOTO 32005 ¥ TPaHCIIOPTHBIX BHIPAOOTOK.
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OmnepaTBHOE yIpaBiIeHHE PEKUMOM JTOOBIYN YIS BO3MOXKHO ITyTEM HCIIONB30Ba-
HUSl COBPEMEHHBIX aBTOMaTH3UPOBAHHBIX CHCTEM a3pOra3oBOro KOHTPOJIs, HO HE00XO0-
JIUM TIEPEXO0]l Ha KAYeCTBCHHO HOBBIN YPOBEHB — MPOTHO3UPOBAHUE Ia30BOI 00CTaHOB-
KU ¥ YIIPaBJICHUE TEXHOJOTHUUECKUMH PEIICHUSIMU KaK Ha CTaIud TPOCKTHPOBAHUS,
TaK M Ha CTAJIUN BEIACHHUS TOPHBIX padoT. TOIBKO B 3TOM CiIydae MOKHO C JJOCTATOYHOM
CTETICHBI0 HAJIe)KHOCTH TapaHTHPOBaTh PUTMUYHYIO PabOTy BBICOKOIIPOU3BOIUTEINb-
HorO0 320051. OTHAKO JaXke HanboJIee U3BECTHRIE aBTOMATU3UPOBAHHBIE CUCTEMBI C KOM-
MBIOTEPHBIM OCHAIIEHUEM OTPaHUYCHBI MH(POPMAIMOHHO-KOHTPOIUPYIOIIUMHU (PYHK-
MMM, T. €. 00JIafal0T TEM K€ KauyeCTBEHHBIM HEIOCTATKOM, YTO U OTEYCCTBEHHEIC
CHUCTEMBI TIpeIIecTByomero mokoieHus «Meran», AKMP, AIITB u np. B xonre
1980-x rT. Ha 6a3e 3TUX cHUCTEeM OBUIM pa3paboTaHBl aBTOMATH3WPOBAHHBIC METOIBI
MIPOTHO3a 30H MOBHIIIEHHON BRIOPOCOOMACHOCTH IIPH MPOBEACHUH ITOATOTOBUTEBHBIX
BbIpa00oTOK. COBpEMEHHBIE AIEKTPOHHBIE CUCTEMBI a3pOTra30BOTO0 MOHHUTOPUHTA, 00-
naias OONBIIUMH TEXHUYSCKUMHU BO3MOXKHOCTSMU, ITO3BOJISIOT UCIOJB30BaTh pa3pa-
OoTaHHBIE TIOAXO/BI U TP OYUCTHBIX paboTax.

a o
h, m

Puc. 2. BomHoOOpa3Hble M3MEHEHUs] JaBICHHs HAa CEKIUH MEXaHM3WPOBAHHOW KpemnW MPH ABHKCHUH
OYHCTHOTO 3a0051:
a — maxta AnapiuHckast; 6 — maxra Yeprunckas-Kokcopas
Fig. 2. Undulating pressure changing at the mechanized support section at the advance of the stopping face:
a— Alardinsky mine; b — Chertinsky-Koksovy mine

AHanu3 m obcyxnenue. /laxe camble JTOCTOBEpHbIC 3HAHHS Ta30T€OMEXaHUKH
JOJDKHBI OBITh a1aNTUPOBAHBI K KOHKPETHBIM TOPHOTEXHOJIOTMYECKUM YCIIOBHUSAM, YTO
INOTCHIIUAJIbHO MOXKET O6GCHC‘{I/ITI) COBpEMCHHAA CUCTEMA PYAHUYHOTO MOHHUTOPUHTA,
COCTaBHOM YacThIO KOTOPOH SIBIISIETCSI CHCTEMa a3pora3oBoro KoHTpos. MHTerpamust
TIpeCcTaBIeHHON Ha pruc. 2 U 3 nHpOpMaNuK W SBISICTCS MTEPCIEKTUBHONH OCHOBOI
yIpaBlIeHUS METAaHOOOMILHOCTHIO OYHCTHOTO 3a00s. BepTHKANBHO pacrmoloxkeHHbIE
Ha pHC. 3 TPYNIbI TOUYEK (PaKTHUECKUX JAHHBIX, CTPEMSIINECS K MUHUMYMY, 00yCIIOB-
JICHbl OCTaHOBKaMH 3a004.

CornacHo puc. 2, 3, reoMexaHHMYeCKHUEe MPOLIECChl B MACCHUBE TOPHBIX MOPOJ He-
CKOJIBKO OTJIIMYAIOTCS OT KIIACCHYECKHX TpecTaBieHnid. UMEHHO yTouHeHne OBITYIO-
HIUX TPEJICTABICHUHN TPU U3MECHUBIINXCS TEXHOJIOTUYECKUX YCIOBHAX M C HCIONB30-
BaHMEM COBPEMEHHbBIX 3HAHUI MO3BOJUT MPOTHO3UPOBATh KAK FTEOMEXaHUYECKHE, TaK
Y Ta30AMHAMHYECKHUE CIEACTBUS BBIEMKH IUTACTOB YIJIA.

IIpumeHeHue pe3ynasTaToB, BbIBOABI. Onucanue GU3NUecKol KapTHHBI U3MEHE-
HUSI CBOMCTB M COCTOSTHUM Cp€abl BCEraa HAaMHOT'O ITOJTHES PCAIN3YyEMBIX MaTeMaru4dec-
ckux mogenei. [Ipuyem Hanboliee 3aMETHO 3TO HECOOTBETCTBHE JUISl YTOJNBHBIX ILIA-
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CTOB KaK T'a30HOCHBIX reoMarepHraioB. Tak, Ha Mojeny (TIOTy9YeHHBIE 10 TPOYHOCTHBIM
1 JeOpMallMOHHBIM XapaKTepPUCTUKAM MaTepuaa, He COAEPIKaIlero ra3) Hakja bIBa-
€TCs 3aKOHOMEPHOCTb PAaCIpPENEICHUs, HAPUMEDP JaBICHMS ra3a, YCTaHOBJIECHHas,
B JIyYIlIeM CJydae, B COOTBETCTBUH C yCIOBHSMH HEPaBHOBECHOM (pHIBTpAIMH, T. €. CO-
BEPIIEHHO UTHOPHUPYETCS y4acTUe ra30BOM KOMIIOHEHTHI CPENIbl B HAUYaJbHOU CTaquu
ne(hOpMUPOBAHHS MACCHBA.

Ha cHwxeHne 3HaYMMOCTH MONOOHBIX HEJOCTAaTKOB IPH OMHCAHMH (U3UUECKON
KapTHHBI IPOUCXOASIIUX B TOPHOM MacCHBE MPOIIECCOB OPUEHTHPOBAHBI IEPEUHCIICH-
HBIE ACIIEKTHI UCCIIEI0OBAaHUH, IPEAYCMAaTPUBAOLIUX:

— pa3pabOTKy YHUKAIbHON CXEMBI Pa3BUTHS HETMHEHHBIX T€OMEXaHNIECKUX IPO-
IIECCOB B MAaCCHBE TOPHBIX IMTOPOJT B 00JIACTH BIHSHUS OYUCTHOW BHIEMKH U HCCIIEIOBA-
HUE CBSI3Y ra30JMHAMHYECKON PEaKI[Mi MacCchBa U pa3pabaThIBaeMOro Iuiacra (QuHa-
MHUKH METaHOOOMJILHOCTH BEIEMOYHOTO yYacTKa) ¢ 3TUMH MPOLecCamMu;

— YTOYHEHHE XapaKTEPUCTHK YIVIEH, ONPEaeIAIONUX BETUUNHY Ta30KMHETHYECKUX
IIOKa3aresneil NpupogHOro reoMarepuana;

— pa3paboTKy CXeMBI Jera3alliil yIIIEBMEIIAIONIer0 MacCuBa TOPHBIX TIOPOJ C yde-
TOM CXEMBbI Pa3BUTHUS HENMHEHHBIX TEOMEXAHUUECKUX MPOLIECCOB B MAaCCHUBE TOPHBIX
MOPOJI B 00JIACTH BIIMSHUS OYMCTHOU BBHIEMKH.
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Puc. 3. ®dakTtuueckue W NPOTHO3HBIC JAHHBIE O JUHAMHKE METaHOOOMJIBHOCTH HCXOISIIEH W3
OYHMCTHOTO 320051 CTPyH I, B 3aBUCUMOCTH OT JUIMHBI BEIEMOYHOTIO cTON0A L
Fig. 3. Actual and forecasting data on the methane-bearing capacity dynamics of the outcoming jet
from the stoping face /,, according to the length of an extraction pillar L,

[Ipu pemreHny 3axad MOBBIMIEHUS 0€30MACHOCTH M 3G ()EKTHBHOCTH TOPHBIX padoT
Ha YTOJIbHBIX [IaXTaX IUIAHUPYETCS UCIIONB30BaTh KOMILIEKCHBIN MOAX0/A, OCHOBaHHBII
Ha 00BCTMHCHUH KaK KIIACCMYSCKHUX MOJIENIeH pPa3BUTHUS 30H Pa3rPy3KU U CIABUKCHUH
MaccHBa FOPHBIX MOPOJI, TAK U PE3yIETATOB COBPEMEHHBIX (DYHIaMEHTAIBHBIX UCCIIC-
JIOBAaHHMM 3TH MPOLIECCOB U HOBBIX HAYYHBIX 3HAHUH O CBOMCTBAaX U COCTOSIHUSIX ra3o-
HOCHBIX IJIaCTOB, B TOM YHCJI€ C MPUMEHEHUEM CJIeJIaHHBIX POCCUHUCKUMHU YYEHBIMHU
Hay4YHBIX OTKPBITUH O SIBICHUH 30HAIBHON IE3UHTETrPallii TOPHBIX TOPOJA BOKPYT MO~
3€MHBIX BBIPA0OTOK M O CBOMCTBE OPraHUYECKOTO BEIECTBA YIJIs 00pa30BhIBATH C Ta-
3aMH METacTa0WIbHbIC OHO(Aa3HBIC CUCTEMBI MO TUIY TBEPABIX pacTBOpoB. Heco-
MHEHHOH HOBU3HOW B IPUMEHEHUH METO/IOB PYAHHYHOMN a3pOTa30fMHAMHUKH SIBISICTCS
YCTaHOBJICHHE 3aKOHOMEPHOCTEH (hOPMHUPOBAHUS U PA3BUTHS IIPOCTPAHCTBEHHOM BOJI-
HOOOPa3HOCTH TEXHOTCHHBIX TEOMEXaHIMIECKUX TIPOIIECCOB, 00YCITaBINBAIOIINX THHA-
MUKy METaHOOOWJIEHOCTH BBIEMOYHBIX YYaCTKOB IpH yriieno0srde. Takoit moaxom oc-
HOBaH Ha EAUHCTBE NPUYMHHO-CICACTBEHHBIX CBS3€H Ta30KMHETHYECKUX U
TEOMEXaHNUECKUX MPOIECCOB, CIEICTBUS KOTOPHIX HETIPEPHIBHO OTCIICKUBAET CHUCTE-
Ma ra30BOr0 MOHUTOPHHTA MIaxThl. CJIeI0BaTEIbHO, UIMEETCS HHCTPYMEHTAILHO 00e-
CITCYCHHASI BOBMOYKHOCTh TIOTydeHHUS HHPOPMAITHH O BEChMa CIIOKHBIX M MaJIOM3ydeH-
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HBIX TIpolieccax. boiee TOro, mpu TakOM MOJXOAE YTOYHSETCSA CBS3b PEIICHUS
GbyHIaMEHTaIbHOM 33241 C €€ MPUKJIATHBIM 3HAUCHUEM.

Peanuzaius Takux MNpeACTAaBACHHN IO3BOJMT IOAYYHTh yIIyOJEHHBIC 3HAHUSA O
pasBUTHH JIe(OPMAITHIOHHO-BOTHOBBIX MPOIECCOB B MACCUBE TOPHBIX MOPOJ B OKPECT-
HOCTH TOPHOM BBIPAOOTKH MPHU JBMXKECHUH 32005. Pe3yibTarhl HCCIENOBAHUI CTAaHYT
OCHOBOM MHHOBAIIMOHHBIX Pa3pabOTOK B 00JacTH MOBBIIICHUS 3PPEeKTUBHOCTH 1 O€30-
MACHOCTH TPHU BEICHUU pa0OT HA YroJIbHBIX IIaXTax.
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METHANE EMISSION DEPENDENCE ON ROCK DISPLACEMENT PROCESSES
WHEN CONDUCTING UNDERGROUND MINING OPERATIONS

Shinkevich M. V.!
! Federal Research Center of Coal and Coal Chemistry of the Siberian Branch of RAS, Kemerovo, Russia.

Introduction. At the current rates of coal seam mining, in the conditions of increasing depth of their
development and gas content, the problem of methane safety of coal mines becomes topical. Its solution is
impossible without effective control of gas emission at the excavation sites.
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The aim of the research is to consider the dynamics of methane emission in the current excavation site as
a consequence of undulating unloading of the rock massif and the developed formation from rock pressure
as a result of stoping face advance on the basis of scientific discoveries of Russian scientists on the state of
the coal-methane formation in the form of a solid coal-gas solution and deformation-wave geomechanical
processes in the vicinity of the excavations.

Methodology. At present, when determining the degassing and gas control schemes, as well as designing
the ventilation of a high-performance excavation site, the geomechanical situation that occurs when the
carbon methane layer is removed is not taken into account. Using the research results of deformation-wave
processes in the array of rocks, it becomes possible to assess the degree of their impact on the coal seam
and improve the efficiency of its degassing and excavation site ventilation.

Results. In the approach proposed in the article a connection is made between the fundamental problem of
investigating nonlinear geomechanical processes ahead of a long stoping face and the character of methane
emission which is a reflection of the indicated processes.

Conclusions. Using the data on the methane-bearing capacity of the high-performance excavation site and
considering the indicated processes we will be able to determine the productivity of the degassing systems
and the most rational ventilation schemes.

Key words: geomechanics; non-linearity; dynamics of a methane-bearing capacity; excavation site;
development heading; aerogas control; forecast; management.
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OOHOMEPHOE ABUXEHWUE HE®TEW C BA3KO-NMNACTUYHLIMU
CBOMCTBAMM C YYETOM CKNH-OAKTOPA

ABOYNNAEB M. I.", BAOALU-3AE X. W.!
1 AsepGaikaHCKuin rocyaapCTBEHHbIA YHUBEPCUTET HEDTH 1 NPOMBILLEHHOCTH
(AsepbanpxaH, r. baky, npocn. Asaansir, 20)

Beeoenue. B cmamve paccmompen 60npoc 8usAHUA CKUH-(DAKMOPA HA 00HOMePHOe O8UdCeHe Hegmell
C 6A3KO-NAACMUYHBIMU CBOUCEAMU.

Leny cmamobu — oyenums 6rusHUe CKUH-YAKMOPA HA NPOUZEOOUMENLHOCHTb CKBAICUH C 8bICOKOBAZKOL
Heghmvio.

Memoouka npogedenusn uccied08anuil. 3azpsasHenue npusaboHol 30Hbl NIACMA U 8bICOKULL CKUH-PAK-
Mop NPUBOOAM K CHUNCEHUIO NPOU3BOOUMENbHOCIU CKBANCUH. ECau cKeasicunbl omauuaiomes 0Co6eHHo
BLICOKUMU 3HAYEHUAMU CKUH-DAKMOPA U HUSKUMU NPOOYKIMUBHBIMU B03MOHCHOCMAMU, 00YCNIO6TIEHHBIMU
SHAUUMENbHBIM 3A2PA3HeHUeM NPU3abotHOU 30Hbl ACPHaTbMO-NAPAYUHO-CMOTUCTIBIMU OMIONCEHUAMU,
HYJICHO NPO80O0UmMs 06pabomKy npuzaboiHou 30Hbl NIACA, YMoObl B0CCMAHOBUMb NePEUYHblE 3HAYe-
HUA npoHuYyaemocmu npusabotinol 301ul. Ilosmomy Heobxo0uUMo eviasneHue GIUAHUA CKUH-(PAKMopa Ha
0eOum CKeadX*CUuH, U3 KOMOpbIX 000bl6aAIOM HepMb C BA3KO-NIACMUYHBIMU CEOUCMEAMU, BbINOTHEHO
€ UCNOTL30BAHUEM MEOPEMULECKO20 AHATU3A NPOYECCO8 PUNLIMPAYUU.

Pesynomamul. Paccmompenvi Hepmu yeleHOCHOU MOMYU HUNCHe20 KapOOoHA, KOmopble OMaudarnmcs
BbICOKUM cOOepcanuem acanvmenos u cmon. Heghmo, cooeporcawas acanomeno-cmonucmole eeuje-
cmea, npedcmasiaem coooll KOLIOUOHYIO CUCIEMY, KOMmOopas no xapakmepy O1u3Ka K 653K0-niacmui-
HblM Hemam. Jucnepcroll ¢hazoil 6 smoil cucmeme AGIAOMCA YACMUYbl AcPalbmenos, OUCHePCUOH-
HOU Cpedoll — CMONbL Yenego0opo0os8 pasHuix Kiaccos. Cmabunusupylowum (Gaxkmopom & cucmeme
AGNAIOMCA CONbEAMMHbBLE COMU, BOKPYS KOMOPLIX HAKANAUBAIOMCA MANCenble KOMNOHeHmbl. Hnmencus-
HOCMb 83aUMOOEUCMBUA MeNHCOY YACMUYAMU AcPaTbMeH08 8 Hemu 3a8UcUm om Cmenenu ux colbea-
mayuu. IIpu deconveamayuu ycunueaemcs 63aumMo0eucmeue Mexicoy HuMu, Ymo 6edem, ¢ 00OHOU Cmo-
POHbI, K UX ACCOYUAUUU U YMEHbULEHUN) CMeneHu OUCHEePCHOCMU ac@aibmenos, a ¢ Opyeol —
K 803HUKHOBEHUIO CIMPYKMYPbL 8 Hemu U NOABNIEHUIO 653KO-NAACMUYHBIX C80UCMS.

Bui6oowi. Yemanosneno énusanue cKun-ghpakmopa Ha 6513K0-niacmuinvle ceoNUcmea ne@mu u na oedbum
CKBAICUHDI.

Knrouegvie cnosa: éazko-niacmuynvie C80OUCMBA; NPOHUYAEMOCMb, NAPAPUHBL, ACPHATLMENBL, CMOTbL,
CKUH-hakmop.

BBenenune. 113 MHOTOYHCIICHHBIX JINTEPATYPHBIX UCTOUHUKOB U3BECTHBI IPUIMHBI
BO3HHUKHOBCHUSA CKI/IH-(baKTOpa — T'HApPpOAMHAMHUYCCKOC HCCOBCPULICHCTBO BCKPBLITHUA
TUIAcTa, 3arpsi3HEHNE OKOJIOCKBAYXKMHHOW 30HBI, HelTMHEIHbBIE 23Q(eKThI (TypOyIieHTHOE
TeueHHeE, pa3razupoBaHue, CKATUE CKEJIETa TOPHOM OPOJIBI | T. JI.) — H €TO BIUSHUE HA
MIPOU3BOIUTENIEHOCTH KaK TOOBIBAIOIINX, TAK M HATHETATEIBHBIX CKBAXKHH.

MeTtonuueckue mogxoanl. B 1949 1. snepsrie A. F. Van Everdingen u N. Hurst s
OIICHKH COCTOSIHUSI TPU3a0OWHOM 30HBI CKBKUHBI BBEIIU MOHATHE CKUH-IDPeKxm U
yKa3alli, 4To MaJieHre 3a00HHOT0 AaBJICHUS B pe3yNbTare yXyAICHHS POHUIIAEMOCTH
OKOJIOCKBaYKMHHOH 30HBI IJIaCTa MPOIOPIHOHATBHO CKuH-3(Qdekry (1956 1) [1]. Tep-
MUH CKUH-2¢hghexm OBLT BBEIICH paHee B 00IaCTH DICKTPOTEXHHUKH, a IPUMEHHUTEIEHO
K HedTerazono0brue sl OICHKH COCTOSHHSI MPOAYKTUBHOTO TUIACTa 0OJIee TOAXO/s-
MM OBUTO OBI UCTIONIB30BaHUE MTOHITHS CKUH-pakmop. PactipocTpaneHHoe ornpenere-
Hue ckuH-(akTopa (S) Kak pe3yibpraTa HECOBEPIICHCTBA BCKPHITHS CKBaXXHHBI, TAHHOS
B pabote [2], AaneKo He MOIHOCTHIO PACKPBIBAET (PH3MUYESCKHUIA CMBICI ¥ MEXaHH3MBI
€Iro BOBHUKHOBCHH . H03TOMy o cen JC€Hb OCTAIOTCA OTKPBITBIMH U JUCKYCCHOHHBIMHA
HauboJIee MPUHINITHATBHBIE BOTIPOCHI: 00IaCTh CyIIeCTBOBAHNS 3HAYSHHH S U HIX TTPH-
HA/JIS)KHOCTh, HEOTPEAETICHHOCTh TOJIOKHUTEIBHOTO W OTPUIATEIHHOTO 3HAKOB €0
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3HAUYEHHH, OTCYTCTBHE CTpOToi Teopuu BbiBoza hopmynsl. [1o popmyne M. F. Hawkins
CKUH-(aKTOP MOXKET UMETh 3HaYeHHs OT —o0 710 0 u oT 0 70 +00 63 MPUHAJICHKHOCTH
00acTu ONpeaesieHus U CyIeCTBOBAHUSI.

CxuH-(hakTop ompenenseTcss Ha OCHOBAaHWU Pe3yNbTaTOB UCCIIEAOBAaHHH MPH yCTa-
HOBHBIIUXCS (CTallMOHAPHBIX) M HEYCTAHOBHBINWXCS (HECTAIMOHAPHBIX) PEXKHMAaX
¢unprpanuu [3]. B pabote [4] ans onleHKH CKUH-3QQEeKTa U U pacyeTa Mmois JaBiie-
HUSI McToNb30Banuch ¢pyHkuuu [puna. [lnact cunrancs 6ecCKOHEUHBIM, BCKPBITBIM Of1-
HOM CKBa)XMHOM C BEPTUKAJIBHOW TPEIIUHOM.

Teopernyeckue 1 1a0OPATOPHBIC UCCICIOBAHMS MMOKA3a/d, YTO MHOTHUE HE(TAHBIC
MecTopoxaenuss AzepOaitmkana, Poccim n CIIA coxepxar HedTh ¢ aHOMaJIbHBIMHU
cBoricTBamu. [ 1o pe3ynpraram uccie0BaHmiA, MPOBEICHHBIX 3 MOCIIETHIE TOIBI, MOYKHO
CYIIUTH O TOM, YTO 3Ta He(Th 10 PH3UKO-MEXaHUIECKHM CBOHCTBAM MOXKET paccMarpH-
BaThCsl KaK BSI3KO-TUIACTHUHAS cpefa. OunmbTpanusi CTPYKTYPHBIX KUAKOCTEH B MOpH-
CTOM cpefie OTMYaeTcs 0T QUIBTPAMK HhIOTOHOBCKHX JKUAKOCTEH. DKCIIEpUMEHTANb-
HO JTOKa3aHO, YTO Ha CTPYKTYpHBIE CBOIICTBA HE()TH OKA3bIBAIOT BIHSIHUE Mapa(HHBL,
acabTeHbl, CMOJIBI, & TAK)KE YIIIEBOIOPOAHBIA COCTaB ra30B, PACTBOPEHHBIX B HE(TH.

BiusiHne Ha M3MeHEHHe CTPYKTYPHBIX CBOHCTB HE()TH TaKUX KOMIIOHEHTOB, KaK
napauHbI U CMOJBI, & TAKXKE BO3ACHCTBHE TEMIIEPaTyphl pacCMaTpUBaIOCh MHOTUMH
aBTopamu [2, 5-9]. O BiusHUYU ac(aJbTCHOB U I'a30B, PACTBOPECHHBIX B HEPTH, CBEIC-
Hull oueHs Masio [10]. B HeKOTOpbIX paboTax MpH ONpeAeTIeHUH COCTOSHUS Pr3a00ii-
HOW 30HBI IIACTa 1O pe3yjbTaTaM THAPOAWHAMHYECKHUX HCCIEOBAHUN paccMaTpH-
BaJICsI BOTIPOC OIIPEJNeNIeHNsI CKUH-3pPeKTa Ha OCHOBAaHWU KPHUBOW BOCCTAHOBIICHUS
naBieHus. J{ns onpeneneHus CKUH-(hakTopa (C y4eTOM CXOXKIIEHHUS TIOTOKOB B TPEIIH-
HE TOPU30HTAJIBbHOW CKBaXXUHBI ¢ MHoOrocraguiHbiM ['PII u cxoXneHus MOTOKOB
K CTBOJIy TOPU30HTAIBHON CKBa)KWH) MpeAJiaraiuch pa3nuansie popmyssl [11, 12].

Wzyuennto BIUSHAS CTBOJNIA CKBAXXWHBI M ckuH-3(dekra Ha KB/l npu uccnenoa-
HUSX CKBKUH TOCBAIIEHBI padoThl ArapsBona, Anb-Xycelina nu Pemes (1970 r.) ms
ciyqas KIIJI, a Takxe padotst Mak Kunnu (1971 1) [13] mst cmygast KB/, I'puarap-
TeHa U c0aBTOpOoB — /it 00001meHHbx KB/ 1 KI1J1. Arapson ¢ coaBropamu [ 14] momy-
YHJIH pelieHne Au¢GpepeHIrnanbHOr0 ypaBHeHNs (PHIbTpaliy st Cltydast IycKa CKBa-
JKUHBI KOHEUYHOTO Pajguyca B OECKOHEYHOM IUIACTE C MOCTOSHHBIM JeoutoM. OmHaKo
aHAIMTUYECKOE MCCIIEIOBAHIE 3TOTO YPAaBHEHUS JOCTATOUYHO CIIOXKHO IS TTOTyYeHUs
MPaKTUYECKUX MOJE3HBIX BHIBOJIOB O BIMSHUHU cTBoJIa ckBakuHbl HA KBJI [15]. B pa-
oorte [15] mogpoOHO U MOCIEeI0BaTENFHO U3JIaraeTCs aHATUTHIESCKUI BEIBOA (DOPMYITHI
Ui pacueta S, pru3ndecKuil CMBICI U TeOMETPHYECKasi HHTEPIPETALUS €0 3HAYCHUSI.
AHaIUTHYECKUH BBIBOJ (OPMYJIBI S IOATBEPKAACTCS BBIBOJOM (POPMYJIbI Yepe3 UHAU-
KaTOPHBIC JIMHUHU 0eOum-yposens, 0eoum-0asieHue v 1o 3HaueHUsIM 3a00HHOT0 JaBiie-
HUS ¥ TOTEHIIHAIbHOTO Ae0nTa. OQHAKO B MIPECTABIEHHBIX paboTax HE U3yUEHO BIIH-
SIHAE CKUH-(aKTOpa Ha peaNbHbIN PacXo/ KHUIKOCTH, T. €. Ha JeOUT CKBaKHUHBI.

WnTepec npencTapisaioT HeTH YITIEHOCHOM TOJILM HIKHETO KapOOoHa, KOTOpBIE OT-
JMYAIOTCs BBICOKHM COAepkaHueM acdanbTeHOoB M cMoi. HedTs, comepkamas ac-
(asbTeHO-CMOJIUCTHIC BEIECTBA, TPEACTABISIET COOOH KOJUTOUAHYIO CUCTEMY, KOTOpast
0 XapakTepy OJu3Ka K BASKO-TUIACTHYHBIM HepTsIM. Hamo oTMeTHTB, 4TO AICTIEpCHOM
($azoif B 3TOM cHCTEME SIBISIIOTCS YacTHIBI ac(albTeHOB, MUCIIEPCHOHHON Cpemoi —
CMOJIBI YTJIEBOIOPOMIOB Pa3HBIX KiaccoB. CTaOMIM3UPYOIMUM (PAKTOPOM B CHCTEME
SIBJIIIOTCS COJIBBATHBIE COJIU, BOKPYT KOTOPBIX HAKAIUIMBAIOTCA TSKENBIE KOMIIOHEHTHI.
ConpBaTHBIE COMM 00Pa3yIOT CMOJBI, apOMaTHYecKre U HATEHOBBIE YIIECBOAOPOIbI.
WHTEeHCUBHOCTH B3aUMOICUCTBHS MEXKIY YacTUIIAMHU ac(haibTeHOB B HEPTH 3aBHCUT
OT cTeneHu uX conbBatanud. [Ipu neconpBaTanyy yCHINBaETCs B3aNMOJIEHCTBIE MEX-
Iy HAMH, 9TO BEJET, C OIHOW CTOPOHBI, K MX aCCOIHAIUN M YMEHBIIECHUIO CTETICHN
JIUCTIEPCHOCTH ac(allbTeHOB, a C JPYroil — K BOSHUKHOBEHUIO B HEPTHU CTPYKTYpHI U
MOSIBJICHUIO BSI3KO-TUIACTUYHBIX CBONCTB.
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Takum 00pa3om, uzydeHue ac(hajbTeHOB B IJIACTOBOW HE(TH JaeT BO3MOKHOCTh
YCTaHOBUTh, MPH KAKUX YCIIOBHSX MOCICHAHSS MOXET 00JaaaTh CTPYKTYPHBIMH,
T. €. BI3KO-IUTACTHIHBIMHU CBOHCTBAMH.

MHOTroYHCIeHHBIE TA00OPATOPHBIC UCCISTOBAHUS TOKA3bIBAIOT, YTO PSIII MPAKTUYC-
CKHX BOIPOCOB, KACAIOIUXCS PAIIMOHALHOM pa3paboTKH HEPTIHBIX MECTOPOXKIICHHIA,
MexaHu3Ma He(TeoTnauu, nporecca Gpuiasrparyu, 1jis c1ydyaes, Korna HedTh ooaaa-
€T CTPYKTYPHO-MEXaHUYECKUMU CBOMCTBAMU, OCTAIOTCS HEBBISCHEHHBIMHU.

OmHUM M3 TAKUX BOIIPOCOB SBJISIETCS BOIIPOC MPOLIECCOB (DUIBTPALIMA AHOMAJIbHBIX
He(Tel ¢ BA3KO-TUTACTHYHBIMHA CBOWCTBAMH C YUETOM CKUH-(aKTOpA.

W3BecTHO, UTO MPU OJHOMEPHOHN JIMHEHHOW (DUIBTPAIHH BSI3KO-TUTACTHYHBIX HE(-
TEH CKOPOCTh (PUIILTPAIIUN MOXKHO ONPEACIUTH 110 (opMyIie

P _[r., %

(ki)

rae dP/dx — rpagMeHT NaBIEHUs; | — CTPYKTYpHAas BI3KOCTh BSI3KO-TUTACTUYHOM KU~

KOCTH; k — IIPOHMILIAEMOCTb ILJIACTA 10 KMAKOCTH; k| — IPOHMIIAEMOCT ILIACTA M0 BO3-

AYXY; T, — HPeIeIbHOE HANIPSKEHHE CIIBUTa; oL — Oe3pa3sMepHBIi TapaMeTp, YUUThIBaIO-

HIMH HEHBIOTOHOBCKUE CBOWCTBA HEPTH; v — CKOPOCTH (QDUITBTPAINH KHUKOCTH.
PemyM nanHOE ypaBHEHHE OTHOCUTEIBHO PACcX0la JKUAKOCTH:

Q- XF|dP_az

wid k)

e £ — miomnane nonepeyHoro CEYeHus 1iacTa.
OrTcrona

dp = | 24 9% gy

kF ok,

s ydera ckuH-()akTOpa pacCMOTPHUM CIIEAYIOLINE YCIOBHS AJIsI IUIACTa C BSI3KO-
TUTACTHYHBIMHA CBOWCTBAMHU (HUIIBTPYIOIIEH KUIKOCTH:

Tsz %4-& de+ %4-% LJLS
Pc

kFJE kFJELS’

rzie k, — IpOHULIAEMOCTb I1J1acTa OJIMKE K Py CKBaKHH, I7Ie BOSHMKAET CKUH-(DaKTOp;
P, — naBnenue Ha KoHType; P, — naBieHue Ha 3a00€ CKBaXUHbI; L — InMHa yyacTka,
TIIe BO3HUKACT TPOIECC, YIUTHIBAOMNNA CKUH-(hakTop; L — mimmHa 0obmiero ydacTtka
MEXK/Ty KOHTYpPOM U 3a00€M CKBayKHHBI.

Pemas naHHOE ypaBHEHHE, TOTYIHM:

Y Y LN L SPY
kF L Lk,
BBezieM nonsTHe CKMH-(aKTopa:

s-5[X 2],
L (kK
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C yuetoMm ckuH-(hakTOpa mepenaj AaBiacHus Mpu (UIBTPALMU BI3KO-TIACTUYHON
JKUIKOCTH MOYKHO OTIPEACTUTh KaKk

F’k—F’C:%L(1+S)+ﬁL(1—5J.

kF \/E L

Ipu S = 0 nomyunm dopmyny axagemuka A. X. MupsampkaHsazae; eciu
T, = 0 — 0011y10 hopMyITy JUISl HEHBIOTOHOBCKHX JKHKOCTEH.
C y4eToM CKa3aHHOTO MOXKHO OIIPEJEIUTh PAcX0] HEHbIOTOHOBCKON JKHUAKOCTH:

Q:k_F Pk_Pc_mO(l_LLSJ (1+ S).

T TN Y

BoiBoabl. Kak BumHO U3 popmyInbl, CKHH-QAaKTOp BIHMSET HA BS3KO-TUIACTHYHEIC
cBoiicTBa He(pTH M Ha MeOUT CKBKUHBL. OTMETHM, YTO €CIM CKUH-(PAKTOP UMEET OT-
pHULaTeIbHOE 3HAUYCHHE, TO 100BIYa YBEIMYUBACTCS, €CIIU CKUH-(DaKTOp UMEET I10J10-
JKUTEIBbHOE 3Ha4YCHUE, TO 1eOUT yMeHbmaercs. CKHH-(QaKTOp MOXKHO ONpENesuTh Ha
OCHOBE PE3YJIbTaTOB HCCIIEJOBAHUS CKBAXKHH.
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ONE-DIMENSIONAL MOTION OF OILS WITH VISCOUS-DUCTILE PROPERTIES
WITH THE ACCOUNT OF A SKIN FACTOR

Abdullaev M. G.!, Dadash-zade Kh. 1.1
! Azerbaijan State Oil and Industry University, Baku, Azerbaijan.

Introduction. The article considers the problem of skin factor influence on the one-dimensional motion of
oils with viscous and ductile properties.

The aim of the article is to assess the influence of a skin factor on the capacity of wells with high-
viscosity oil.

Research methodology. 1t is well-known that seam borehole zone pollution and high skin factor leads to
the reduction of wells capacity. If wells are distinguished by particularly high values of a skin factor and
low productiveness conditioned on significant pollution of a borehole zone with asphalt-paraffin-resine
residue, it is necessary to fulfill seam borehole zone processing in order to reconstruct borehole zone
permeability primary values. It is therefore necessary to determine the influence of a skin factor on the
production rate of the well whereof oil with viscous and ductile properties is produced.

Results. With this purpose the lower Carbonian coal-bearing strata oils are examined which are
distinguished by high content of asphaltenes and resins. Oil which contains asphaltene-resin matters
represents colloidal system which is similar to viscous-ductile oils in its character. It should be noted that
in this system asphaltene particles are dispersed phase, while hydrocarbon resins of various classes and
resins dissolved in them are a continuous medium. Stabilizing factor in the system are solvate salts around
which heavy components are accumulated. Interaction intensity between asphaltene particles in oil depends
on the degree of their solvation. Under desolvation the interaction between them intensifies which leads to
their association and asphaltene dispersion reduction on the one hand, and generation of a structure in oil
and the occurrence of viscous-ductile properties on the other hand.

Key words: viscous-ductile properties; permeability; paraffins; asphaltenes; resins; skin factor.
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FOPHOMPOMBILNEHHASA W HEQTEFTA3OBAA
FEQNONnA, rEOeU3NKA
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BbIEOP ONTUMANBHON METOAMKN FTEO®U3NYECKOIO
KOHTPONA LLENOCTHOCTU r’MAPOU30NALUK NNOLLAAOK
KYYHOI'O BbILLENAYUBAHUA

CACbKO A. A", TPUB H. H.2, UMAEB B. C.3, TPUB I. B.2
1 000 «HeptoHrpureochnsmkan
(Pocews, Pecnybnuka Caxa (Akytus), r. Heptorpw, yn. leonoros, 41/2)
2 TexHuueckuit uHCTUTYT (chunman) Ceepo-BocTouHoro dheaepansHOro yHUBepcuTeTa
(Pocews, Pecnybnuka Caxa (Akytus), r. Heptonrpu, yn. KpasueHko, 16)
3 WHCTuTyT 3emMHoit kopbl CO PAH
(Poccews, r. UpkyTck, yn. llepmonToBa, 128)

Lenv. /[ns konmpons yenocmuocmu 2uOPOU30IAYUU RIOUAOKU KYUHO20 GbIUeNaYUBAHUS ObLIU GbINO-
HeHbl ucciedosamenvckue pabomsl no 8blOOPy 2e0PuU3UUECKUX MEeMOO08 01 OOHAPYHCEHUA NPOmeyex
2UOPOUBONAYUOHHOL0 OCHOBAHUS NOOYULKU NIOWAOKU KYUHO20 BbIUENAYUBAHU.

Memoowt uccnedosanus. Onpedener Memood, nPU2OOHbI K UCHONb308AHUIO NPU NOUCKE U JTOKATU3AYUL
BO3MOJCHBIX NPOMeEYeK 2u0pou3onayuU. B kauecmse makozo memooda 8vibpana 2eopaduonokayus ¢ an-
mennvim onokom Ab-400. Onpedenena maxdce memoouka pazbparkosku anomanuii. Bozmocuvie npo-
meuKu GblOeNAOMCS TOKANbHIMU Y2y ONeHUAMU AHOMANUL bICOKUX amnaumyo. Pas6pakoeka anoma-
AU HAOMEMOPAHHBIX U  NOOMEMOPAHHLIX CKONJEHUll HCUOKOCIU NPOU3BOOUMCA NO  pazpe3am
OUIEKMPULECKOU NPOHUYAEMOCIU, HA KOMOPBIX NPOMEUKU N00 MeMOPAHY 6bl0eNA0MCA KaK UHMeP8a-
Jibl OMHOCUMENbHO20 NOHUNCEHUS OUINEKMPUYECKOU NPOHUYAEMOCU HOPOO.

Pesynomamut uccnedosanuii. Iloxasano, umo 011 obecneyeHus blcOKOU 6epPOSMHOCINU OOHAPYHCEHUSA
npomeuex HeobX00UMa 2ycmas cemsv 2e0padUOIOKAYUOHHBIX NPOPUIEll — MUHUMYM C WLA2OM 5 M Medic-
0y npogunsamu.

Bu16oovl. Yemanosneno, umo paspewatoweii cnocobnocmu memooa snekmpomomozpaguu Hedocma-
MOYHO 015 blOENeHUsl MOHKUX 0COOeHHOCmell 8epXHell uacmu paspesa. I eopaduonoxkayuornuvie uccie-
008aHUsl, 8bINONIHEHHbIe ¢ anmeHHbIM 6n0kom ABJJT « Tpumony, nokazanu Hes(hekmusHocms mo2o
6UOA AHMEHHBIX OIOKO8 NPU peuleHul NOCMABIEeHHbIX 3a0aY.

Knrouesvie cnosa: KyuHoe sbliyeiadueanue; 2udpou30ﬂm4uﬂ; zeomeMépaHa; 26‘04)143”%661(’146 Mel’nOabl,'
eeopadumoxauwz.

Beenenue. MunepanbHO-chIpbeBas 6aza Poccuu 3a mociennee qecsTuieTie cyliie-
CTBEHHO COKpaTHiiachk. HoBble SKOHOMIUYECKHE TPEOOBAHMUS K KaueCTBY MUHEPAIBHOTO
CBIPbSL U DKOJIOTHUYECKOMY O0ECIIeueHHI0 Oe30MaCHOCTH OCBOCHHS MECTOPOXKIACHUIM
PE3KO CY3WIIH MEePEIYCHb PEHTAOCIBHBIX I OTPA0OTKH OOBEKTOB. B 3THX yCIOBHAX
NPUHLMIIMAIBHOE 3HAYEHUE UMEET CO3aHHE M OCBOEHHME TAKMX TEXHOJIOTUH 3¢ dek-
TUBHOHM JOOBIUM MOJE3HBIX UCKOMAEMBIX, KOTOphIe 00eCIeYnBatoOT MpK 0ojIee HU3KUX
pacxonax, o CpaBHEHHIO C TPATUIIMOHHBIMUA METOIaMH, YBEJIMUEHHE 00bEMOB TTOITY-
yaeMo# npoaykmuu [1].

HecomHeHHO, 9TO K TAKUM TEXHOJIOTHSAM OTHOCHUTCS Ky4HOe Bhlmenaunsanre (KB)
30J10Ta, cepedpa, Meu, ypaHa ¥ JPYTHX METAJIJIOB HE TOJIBKO U3 IIEPBUYHBIX Py, HO U
U3 TEXHOTEHHBIX OTXOAOB TOPHBIX NPOM3BOICTB (CTAPBIX OTBAIOB M XBOCTOXPAaHU-
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T, coaepkamux 3tu Metautsl [ 1]. MaTepec k KB 00bsicHIeTCS TEM, YTO 3Ta TEXHO-
JIOTUsS 00NalaeT PAIOM JTOCTOUHCTB, SBJISCTCS MPEIIOYTUTEIBHOMN 110 OTHOIICHUIO K
TPAIUITMIOHHBEIM TEXHOJIOTHSIM. MaooneparmoOHHOCTh TEXHOIOTUYECKHUX MPOIECCOB
texHojoruu KB o0yciIoBIMBaeT CymeCTBEHHOE CHIDKCHNE KaK KalMTAJIbHBIX, TaK U
OKCIUTyaTaIlMOHHBIX 3aTpar. Hapsiy ¢ JoCTOMHCTBAaMH TEXHOJIOTHUH CYIIECTBYET U P
HE/IOCTATKOB, OJJHMM M3 OCHOBHBIX SIBJISIETCS HCIIOJI30BAaHIE B PACTBOPHUTENIE IUAHHIA
(kak mpaBUIIO, B BUJIC IIMAHUCTOTO HATPUS, KA MM KalbIUs), KOTOPBIA HApSIy C
BBICOKOH 3()()eKTUBHOCTBIO ¥ N30MPATEILHOCTHIO SIBISETCS BHICOKOTOKCHYHBIM Bellle-
CTBOM, IIPU MPUMEHEHUH KOTOPOI0 TPEOYIOTCS CTPOroe COONIOACHUE TEXHUKU 0€30-
MMACHOCTH W OXpaHbI BHENTHEH Cpeibl, CO37aHe HEMPOHUIIAEMbIX OCHOBAaHUH IIJIOMIA-
ok KB, yder BeImageHnst 0CaJKOB ¥ BOSMOXKHOCTH Pa3pymIeHHs MTabess U T. [I.
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Puc. 1. CuTyaunoHHBIH IUTaH HCCIIEIOBATEIHCKUX PAOOT HA IJIOMIAAKE
KYYHOTO BbllesaqnBanust, npoduu [1P1-T1P2:
1 — OKaNBHBIA Y4aCTOK, 3aIIOJHEHHBIN BOJIOM MO/ reoMeMOpaHoii; 2 — T0Kalib-
HBIH y9aCTOK, 3aIl0JIHCHHBII BOJOM Ha ITOBEPXHOCTH reOMeMOpaHEbI
Fig. 1. Research site-plan at the heap leaching pad, profiles PR1-PR2:
1 —local site, filled with water under the geomembrane; 2 — local site, filled with
water at the geomembrane’s surface

OcHoBHOE TpeOOBaHME K IJIOMIA/IKE — OHA JOJDKHA OCTaBaThCid HETMPOHUIIAEMON B
TEYEeHHE BCETO IMePHoia IKCIUTyaTalllH ITOJIMTOHA U JOMOJHUTEIHFHOTO BPEMEHH, He-
00XOIMMOTO JIJISl «OKU3HW» MTaleNst Ha CTaJANHA ero 00e3BPEKUBAHUS XUMUYECKUMHU
croco0aMM HITM K€ 3a CUET €CTECTBEHHOTO Pa3jOKEHHUs OCTaBIICTOCS [HAHUJA.
I'uppounzonsuusa mnowanku KB npeciienyeT ase nenu: npeaoTBpaTuTh BO3MOXHBIE 110~
TEPH NPOAYKTUBHBIX PACTBOPOB IIPHU DKCILIyaTallMd W UCKIIIOYHUTH 3arpsA3HEHUE OKPY-
KaroIIe CpeIbl B ciiydae yTeUKH pacTBOPUTENEH, B OCOOCHHOCTH ONACHBIX ITHAHHTHBIX
pacTBopoB [2].

Lenbi0 q1aHHBIX HCCJIEIOBAHUI SBISUTACH Pa3pa0dOTKa METOIUKA MOHHUTOPHHTA
COCTOSIHHSI THIPOU3OJISIIAY TUIOIIAIKU KyYHOTO BEIIIEIaYMBAHUS U 00CCIICUCHHSI T€0-
JKOJIOTUYECKOH O€30MacHOCTH.

MeTtoauka mnpoBeleHUs] UcCJIe0BaAHMiA. (711 KOHTPOJS IETOCTHOCTH THAPO-
m3omsanuu iomanku KB ObumM BBIONHEHB! HAyYHO-MCCIIEAOBATEIBCKUE PabOTHI
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10 BBIOOPY reo(pr3nIeCKUX METOOB /151 OOHAPYKEHHS MPOTEUEK THAPOU30IILIIOHHOTO
OCHOBAHUS TIOAYIIKY TUIOMIAJIKA KyYHOTO BBIIICIaunBaHus. PabOThI MPOBEICHEBI B BE-
CEHHHUI NepHOJ rofia Ha YaCTUYHO TOTOBOM K 3KCIUTyaTaluy naHeu miomaaku KB.

OcHoBHas 3a/1a4a IPOEKTUPYEMOTO KOMITIIEKCa Treo(pr3NIecKuX METOIOB — HAJEK-
HOE BBISIBIIEHUE BEPOSATHBIX MPOTEUEK THAPOU3OISIIIMOHHOTO OCHOBAHUS Ha ATArle MO/-
TOTOBKH TUIOMIA/IKA K SKCTUTyaTaIlHH.

IIporpamma pabot mpemycmarpuBaia ABa BUAA reo(hU3MYSCKUX UCCICIOBAHMMA —
ANIEKTPOTOMOTpaUIo M TeOpaInOIOKAIIMOHHOE 30HINPOBAHUE.

[Ipu BBIMONHEHNN HAYYHO-HCCIENOBATENbCKIX PAa0OT IIaHUPYEMBIH K MTPOU3BOI-
CTBY KOMIUIEKC OBUT PAcIIUpEH: C IEeNBI0 CPaBHEHUS PE3yJAbTaTOB OBLIM BBHITTOTHEHBI
reopaIrnoIOKalMOHHbIE HCCIIe0BaHus ¢ aHTeHHBIM 010koM ABJIJI « Tputony.

I'eopaguonoxkannonHoe 3oHaupoBanue. [IpuHun nelcTBUs anmaparypsl HOAIO-
BEPXHOCTHOTO PAJIOJIOKAIIMOHHOTO 30HAUPOBaHHUS (B OOIICTIPHHATON TEPMUHOIOTUH —
reopasiapa) OCHOBaH Ha U3Ty4E€HHH CBEPXIINPOKOIONIOCHBIX (HAHOCEKYHAHBIX ) IMITYIIb-
COB METPOBOTO M JACHMMETPOBOTO IHana3oHa 3JIEKTPOMArHUTHBIX BOJH W TIPHEME
CUTHAJIOB, OTPaKEHHBIX OT TPAHUI] pa3/ielia CJI0EB 30HANPYEMOI Cpeibl, UMEIOIINX Pa3-
JMYHBIE AMEKTpo(U3NIecKre CBOWCTBA. TakMMHU TpaHHWIIAMH pa3zieia B MCCIeoyeMbIX
Cpenax sBISFOTCS, HAIIPUMEP, KOHTAKT MEXKTy CyXHUMH H BIIArOHACHIICHHBIMHU TPYHTaMH —
YPOBEHB TPYHTOBBIX BOJ, KOHTAKTHI MEXK/Ty TOPOAAMHU PA3THYHOTO JTUTOJIOTUYECKOTO CO-
CTaBa, MeX/y IIOPOJOH U MaTepHaIOM UCKYCCTBEHHOTO COOPYKEHHUS, MEXKITY MEP3IIBIMU
Y TAJILIMH TPYHTaMH, MY KOPEHHBIMH 1 0CaI0OYHBIMH TIOPOIaMH | T. 1. [3, 4].

Kak mpumMep BO3MOXKHOCTH BBIJISIICHUST HACHIIIEHHBIX BIAro WHTEPBAJIOB IpHBe-
JIeM JJaHHBIE TI0 3aBUCHMOCTH OTHOCUTEILHOU TUAIIEKTPHUYECKON MPOHUIIAEMOCTH Cpe-
Il OT BIIAYKHOCTH JUJISl Pa3HO3EPHUCTHIX MECKOB: MpH BIaxHOCTH 0 % AudIeKTpUue-
CKasl MPOHMIIAEMOCTh MIECKOB MMeeT 3HaueHue 3,2, npu 4 % — 5, npu 8 % — 7 u npu
16 % — 15 [5, 6]. Takum oOpa3oM, HE3HAYUTEIHPHOE U3MECHECHHE BIIAYKHOCTH BBI3BIBACT
JIOCTaTOYHO KOHTPACTHOE M3MEHEHHE AMIIEKTPUIECKIX CBONCTB MECKOB. AHAIOTHY-
Hasl CUTyalus HaOMIOaeTcs CO BCEMHU TaJIBIMU PHIXJIBIMH TTOPOJAMH.

I'eopannonokanoHHoe MPO(UIMPOBAHUE IMPOBEACHO KOMIUIEKTOM alllapaTryphbl
«OKO-2» c antennsiM 6mokom AB-400. Llentpanshas yactorta 6moka 400 mI ', rny-
OMHHOCTH JI0 5 M, pa3peliarolias crocooHocts — 70 0,15 m.

JomomHuTENFHO K OCHOBHOMY BHY paOOT NMPOBENECHBI I€0pan0IOKAIIHOHHBIE FIC-
ciaenoBanus ¢ aHTeHHBIM OnokoM ABIJI «Tputom». LlenTpanbHas gactoTa OJ0Ka
50 mI', rmy6uaHOCTH 10 18 M, paspematomas criocodHoCcTh — 0,5-2,0 M.

JsexkTporoMorpapus. DnekTporoMorpadusi — 3TO CIUIOIIHOE 3IEKTPUYECKOE
30H/IMPOBaHUE, OCHOBAaHHOE Ha MPUMEHEHUH MHOTOAJIEKTPOAHBIX JIEKTPOpa3Beoy-
HBIX KOC, TIONKIIIOYaeMbIX K armaparype, CrioCOOHOH KOMMYTHPOBATh TOKOBBIC U U3-
MEpPHTEIbHBIE IEKTPOBI Ha POU3BOIBHBIE BHIBOIBI KOCHI [7, 8].

DJeKTprudecKoe 30HIUPOBaHIE MTPOBEACHO IEKTPOPa3BEAOYHOM craHImei «Cka-
na-48». MakcuManpHBIN pa3HOC YCTAHOBKH — 235 M. DTOT pa3HOC IO3BOJIMII IPOBECTH
M3y4YCeHUE Te0JIOTHIECKOTO CTPOCHHS YYacTKOB paboT J0 TITyOHHBI TPUMEPHO 43 M.

Koncrpykuus cranunm «Ckana-48» mpegycMarpuBaeT KOHTPOJIb KauecTBa 3a3€M-
JICHWSI, UCKJTF0Yasi TaKUM 00pa3oM BO3MOKHOCTH ITONyYEHHS JIOKHOW WHGOpMauu
MIPU HEKa4eCTBEHHOM 3a3eMIICHUH (D1eKmpopazeedoyHas MHO2091eKMPOOHAs annd-
pamypa «Cxana-48». URL: http://nemfis.ru/pdf/siber 48 instruction_manual.pdf).

Lenpto reou3nUecKUX UCCIIEIOBAHUI CTAll BBIOOP METoJa OOHAPYKEHUS TPOTe-
YeK TUIPOU3OISIIMOHHOTO OCHOBAHHUS TOYIIKY IJIOMAAKH KyYHOTO BBIIIEIaYHBAHUS.

Hcxons u3 3T0ro, 66UT0 MPHUHATO PELICHNE MOIENUPOBATh CUTYAITHIO TIPOTEYKH T€0-
MeMmOpaHsL. [Ipennonaranocs BEITOTHATE NMPOGUINPOBAHNE TIPH WCXOIHBIX YCIOBHUSX,
3aTeM BBITOIIHUTH HAJIWB BOABI 10T TeOMeMOpPaHy ¥ TIOBTOPHO BEITIOHUTE MTPOQILTHPO-
BaHue. B mporiecce morcka MecT, TEXHOIIOTHYECKH ITPUTOHBIX JIJIS BHITOJTHEHUS HAJIUB-
HBIX Pa0bOT (MHTEPBAJIOB, IJIe MOXKHO OBLIO OBI IMOJIaTh BOY MO MeMOpaHy 0e3 HapyIie-
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HHS LEIOCTHOCTH CaMoii MeMOpaHsl), Obliia OOHApy»KeHa yKe TOTOBasi MOJEIIb MPOTEUKH:
TI0JT TEOMEMOPaHOM HANCH JIOKALHBIA YUaCTOK /, 3aITOTHEHHBIN BOJIOW, TIPEATIOIOKH-
TEEHO MEP3JIOTHOTO MPOUCXOKICHHUS, THaMeTPOM mpuMepHo 2 M (puc. 1). Boma Opura
ABTOXTOHHOTO IMPOMCXOXACHUS — PE3yNIbTaT TasHUS MEP3JIbIX MOPOJA OTCHINKH, Teo-
MeMOpaHa Ha IIOMAIH H3yUeHHUs Oblila HETIOBPEXK ICHHOM.

Uepes oOHapyKEHHBI Ha OCHOBAHWH TTOYIIKH 3aMIOJTHEHHBIN BOJIOW YYaCTOK C YeT-
KO JIOKQJIM30BAaHHBIMH KpasiMu ObLT 3a1aH reoduzndaeckuii mpoduisb 0. /115 moBbIIIEHUS
JIOCTOBEPHOCTH TIOTYYEHHBIX PE3yJIBTaToB MapauiensHo npoduiro 0 ¢ HHTepBaIIOM 5 M
ObUH nIpoiaeHb! Tpoduik 1 1 mpoduie 2, B KpecT 3THM poduiisiM — ipoduiib 3 (puc. 1).
Cremyer OTMETHUTD, 4TO Ha THKeTe 22,5 M npoduib O mepecek JOKaIbHBIA y4acToK 2,
3aITOJIHEHHBIA BOIOW HA MMOBEPXHOCTH TeoMeMOpaHbl. Takoe cTeueHHe OOCTOSTEILCTB
0Ka3aJI0Ch OYEHb YJa4HbIM — Ha OIHOM Ipo(uiie nMeeTcst BO3MOKHOCTD HaOI0AaTh 3¢-
(EKT OT CKOTIICHUSI )KUIKOCTH HaJl TeOMEMOPaHOM 1 oI TeoMeMOPaHO#, YTO IMO3BOITHIIO
BEIpa00TaTh PEKOMEHIAINH TTPH Pa30pakoBKe aHOMAITHH.

Pe3ynbTarel, anaau3 u odcy:xkiaenue. Ha puc. 2 npuBeeHbl paaporpaMMBl 110
npoduisim 0—2. Ha reopannosiokaiinoHHOM pa3pese 1o npoduiio 0 CKOIICHHE BOIbI
0] rTeOMeMOpaHOH BBIJIENSAETCS OJHO3HAYHO 00IaCThI0 BRICOKHX aMILTUTY] OTPaXKeH-
HOI'O CUTHAJIa Ha nukeTe 5 M. JIOKanbHBI y4acTOK BOABI HA MIOBEPXHOCTH TAKXKE BbI-
JIeJIeH, HO C Topa3o 0ojiee HU3KOM HHTEHCHUBHOCTRIO Ha mukeTe 22,5 M (puc. 2).

JanbHeilinas 06paboTka reopaauoIoKallMOHHBIX JaHHBIX POBEICHA B IPOTPaMMe
«leopanap-Oxcnept» (IIpoepamma asmomamusuposaHrol 0opabomxu 2eopacuoioKa-
yuonnvix oannvix «I EOPAIIAP-OKCIIEPT». URL: http://www.georadar-expert.ru/), (9],
B OCHOBY KOTOPOM HOJIOKEHBI METOBI IU(POBOH 00paboTKK N300paskeHHU, H3TI0KEH-
HbIe B pabote [10], pe3ynbrarbl 00pabOTKH — pa3pe3bl UAICKTPHUSCKON IPOHUIIAEMO-
CTH — TpeAcTaBieHsl Ha puc. 3. [Ipu aHanmm3e MONMYYeHHBIX pa3pe3oB CAeJaH BBIBO
0 BO3MOXXHOCTH KOHTPACTHOTO BBIJICJICHUS aHOMAJIM MPOTEYEK >KUAKOCTU MOA I'eo-
memOpany. [Ipu 5TOM MeToaHKa BBIICICHUS OCTATOYHO MPOCTa — MPH HEBO3MOXKHO-
CTH OJJHO3HAYHO BBIJIETUTH aHOMAJIUH POTEYKH 0 TIEPBUYHBIM paiaporpaMmmam, Impo-
M3BOJUTCS aHalM3 Pa3pe30B aMIUIMTYZ OTpaKEHHBIX CUTrHaIoB. Ha aTux paspesax
BO3MOKHBIE TIPOTEUKHU BBIIEISIOTCS JIOKATBHBIMY YIITyOJIICHUSIMA aHOMAITUI BHICOKHX
amruatyn. Paz6pakoBka aHOMannii HaIMEMOpPaHHBIX M TIOMEMOpPaHHBIX CKOTUIEHUH
JKUJIKOCTH TIPOU3BOIUTCS MO pa3pes3aM AMAICKTPUUECKOW MPOHUIAEMOCTH, Ha KOTO-
PBIX TIPOTEUKH TTOJ] MEMOpaHy BBIIENSIOTCS KaK HHTEPBaIbl OTHOCHTEIILHOTO ITOHUKE-
HUS TADIIEKTPUYECKOM TPOHUIIAEMOCTH 1Oopox (puc. 3).

WHTepecHsI pe3ynbsTaThl, ModydeHHbIe Ha mpodusix 1-3. Hecmotps Ha To 4TO JI0-
KaJIbHBIH Y9aCTOK CKOTUICHHS BOJBI ITOJT MEMOPaHOi OB B HEMTOCPEACTBEHHON OIM30-
ctu ot ipouneit 1 u 3 (puc. 1-3), kakux-1100 3HAYMMBIX aHOMAIHIA Ha 3TUX MPOdHU-
JsIX He BbIIBIEHO. Ha puc. 4 mpeacraBieHbl CBOAHBIC AaHHBIE 1O Tpoduiio 0,
TTO3BOJISTIONINE CJIENaTh BBIBOA O BO3MOXKHOCTH IPUMEHEHHS Te€OPaJAUONIOKAINH TIPH
00HapyXKeHUH POTEYEK TeoMeMOPaHBI.

W3 ananmu3a paHee MpUBEIEHHBIX PE3yIbTATOB CIEAYyeT: EPBOE, YTO HYKHO BbIJIE-
JUTHh Ha TEOPAJANOIIOKAIIIOHHOM pa3pe3e — reoMeMOpaHbl, KOTOpbIe OMHO3HAYHO BHI-
JEISIOTCS B BUAE HHTEHCUBHO OTpa)kalollel rpaHuIIbl Ha BCEM MPOTSHKEHUN MTPOGUILS,
nepeyBIaXHEHHbIE YYacTKH MOpoj ocHoBaHMA Iiomanaku KB (mporeuku Boawl moj
MeMOpaHy) BBLAETSIOTCS KaK HHTEPBAIBI OTHOCUTEIHFHOTO TTOHIDKEHUS AUIIEKTpHUIe-
CKOH MPOHMIIAEMOCTH Opo/. Pa3permatonias cmiocoOHOCTh aHTEHHOTO 0JIOKa TT03BOJIS-
€T BBIJICITUTD CIION MECUYaHON OTCHINKH IO IIeOHEM, YTO TaK¥Ke MPENICTABISETCS OUeHb
Ba)YXKHBIM: CyIIECTBEHHOE YMEHbBIIIEHUE MOIITHOCTH CJIOS TIOTPeOyeT 0cO00ro BHUMAaHUS
NpY aHajJu3e aHOMAaJIMii B TOM HHTEpBaJe.

ITo pe3ynsraTam mcciaeToBaHUN METOIOM 3JIEKTPOTOMOTpaQ Uy aHOMAJIBHBIX H3Me-
HEHHI 3JIEKTPUYECKOTO COMPOTHBIEHUS Ha MccienyeMbix npodunsx (0-3) He ycra-
HOBJICHO, T. €. pa3pellaroeii CtocOOHOCTH METOAa HE XBATHIIO JUIS BBIACTICHUS TOH-
KHX 0COOCHHOCTEH BEpXHEH yacTh pas3pesa.
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Fig. 3. Sections of dielectric permittivity on profiles PRO-PR2
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I'eopannonokaMoOHHbIE HCCICIOBAHNS, BBIIIOIHEHHBIE ¢ aHTCHHBIM OtokoM ABJ1J1
«Tpurony», nokazanu HeAPPESKTUBHOCTh 3TOTO BHJIA AaHTCHHBIX OJIOKOB MPU PEIICHUU
MTOCTaBJICHHBIX 3a/1a4.

BruiBoanbl. [1o pe3ynmbTaraM BEITIOTHEHHUS UCCICAOBAHUMA OMPEACIICH METO/, TIPUTO-
HBIHA K MCIIOIF30BaHUIO TIPY TTOUCKE W JIOKAJIM3AIMHA BO3MOXKHBIX TPOTEYEK THIAPON30-
JSIUMOHHOTO OCHOBAHMS MOAYLIKU TUIOLIAAKK Ky4YHOIO BBILIEIauuBaHus. B kauecTBe
TaKOTO METOJIa BBIOpaHa reopajnoiiokanus ¢ anTeHHbIM 0110koM AB-400. Onpenencna
TaK)Ke METOAMKa pa3OpakoBku aHomanuii. [TokazaHo, 4To [yist 0OeCreueHHs BEICOKOM
BEPOSATHOCTH OOHAPYKEHUS MPOTECUCK HEOOXOMUMa TycTasl CETh T€OPaJIHOIOKAIIHOH-
HBIX TpoduIeit, ¢ maroM MEHAMYM 5 M MEKAY TPOQIIIMHU C BOSMOYKHOCTBIO I€TaJIH-
3amMu B ciydae HeoOxomumocTd. [lomyTHO oTMedYeHa BO3MOXHOCTH MCIOIh30BAHUS
anTteHHoro 6moka AB-400 pu TOHKOM pacuJICHEHUH BEPXHEH YacTu pa3pesa ¢ yueToM
TOTO, YTO reoMeMOpaHa U JiexKalasi moj| Hell CYTTMHKUCTAs TIOAYIIKA SBISFOTCS XOPO-
ITUMU OTPaKAOIIMMH MapKepamHu.
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SELECTING EFFECTIVE METHODOLOGY OF GEOPHYSICAL CONTROL OVER
THE HEAP LEACHING PAD WATERPROOFING INTEGRITY
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Aim. The research works have been carried out on selecting of geophysical methods: for monitoring of
heap leaching pad waterproofing integrity; and for leak detection of waterproofing base of the heap leach
pad.

Research methodology. A method has been identified which is suitable to search and locate possible
waterproofing leaks. A ground penetrating radar with an antenna head AB-400 has been chosen as such
method. The method for anomalies rejecting has also been determined. Possible leaks are distinguished by
local depressions of high amplitude anomalies. Supramembrane and submembrane liquid accumulations
anomalies’ rejecting is performed along dielectric permeability cross-sections where leaks under the
membrane are allocated as intervals of relative decrease of rocks dielectric permeability.

Research results. 1t is shown that in order to ensure a high probability of leak detection, a dense network
of ground penetrating radar lines is necessary at least with a step of 5 meters between the lines.
Conclusions. It has been stated that electron tomography method resolution is not enough to single out
delicate peculiarities of an upper part of a section. Ground penetrating radar investigations fulfilled with an
antenna head ABDL Triton revealed inefficiency of this type of antenna heads when solving the indicated
problems.

Key words: heap leaching; waterproofing; geomembrane; geophysical methods; ground penetrating radar.
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WCCNELOBAHWUE HE®TN ME3030UCKUX OTNOXEHWUN
A3EPBAWIXAHA: MECTOPOXIOEHWUA MYPAOXAHIbI

CEMOoB B. M.!
1 AsepbaitkaHckuid rocyaapCTBEHHBIN YHUBEPCUTET HE(HTU U NPOMBILLIIEHHOCTH
(AsepbaitmxaH, r. Baky, npocn. Asaansir, 20)

Beeoenue. B npaxmuke 2eon020pazeedounvix pabom peoko Ovlearom Ciyuau, Koeod ma uiu UHAs npo-
Onema He HAXOOUM C60e20 paspeuleHus 6 meueHue 0oneux decamunemuil. FIMeHHO MAak CIyuunoch
¢ npobneMotl Heghmu Me3030UCKUX OmaodCceHull 8 Azepbatiodicarne, noouamoti 6onee 80 nem momy Hazao.
3a smom nepuod npobypeno 6onee 300 ckeaxcun ¢ npoxookou 1 man m, omkpulmo 3—4 nebonbuux me-
CMOPOINCOCHUSL C CYMMAPHBIMU 3aNACAMU RO NPOMBIUIEHHOU Kamezopuu okono 20 MaH m, onyonuKosa-
Hbl COMHU HAYYHBIX Cmameil, HeCKOIbKO 0eCsImKO8 MOHOSPAPUL, U nOYmu 80 6cex IMUX pabomax npo-
Onema Hedhmu GONBWUX ME3030UCKUX OMAONCEHUT peutaemcs: nonroxcumensro. OOHAKO NOLYyUeHHbie
Ppe3yIbmanvl 8 CMbiCie NOO20MOBKU 3aNACO8 Y2ie8000P0008 N0 NPOMBIULIEHHOU KAMe20puu OKA3ANUCH
HUDICE 0JACUOAEMBIX, U MAKOE NOL0JCEHUE OONIAHCHO OblMb YUMEHO NPU NPO8edeHul 0anbHetuux pabom.
TIpuyuna cKpoMHBIX Pe3yTbmanos pazee00uHbIX pabon HA Me3030UCKUX OMLONCEHUSAX PAOOM UCCAe)0-
samernetl 00bACHACMCS HEOOCMAMOYHOU 000CHOBAHHOCIBIO HEKOMOPIX UCXOOHBIX Kpumepues Hegme-
2A30HOCHOCMU, MAKUX KAK AHANO2USL C COCEOHUMU PELUOHAMU, NATIe02e02PAPUUECKAs U 2eOXUMULECKAs]
obcmanoska nHeghme2azoo06pazoeanus, MeKMoOHUYeCKUe YCA06Us u m. 0.

Ananus. Hecmomps Ha HeMAnbiil CPOK U3YHEHUs. ME3030UCKUX ONIONCEHUT U OMKPbIMUE HECKOTbKUX
VHUKAIbHBIX MECMOPONXCOeHUtl ¢ 3anacamu, He npegviuarowumu 20 Man m, npooiema wepmu 6onbUUX
Me3030UCKUX omaodicenutl 6 Azepbaiiddicarne He Ovlia pewena nonoxcumenvro. bvina coenana nonvimka
NPOAHATUSUPOBANDL OCHOGHBIE NPUHUHbL HEYOOBTIEMEOPUMENbHBIX PE3VIbINAMo8 NOUCKOBO-PA36€00Y-
HbIX pabom nymem OYeHKU POnU OMOENbHLIX Kpumepued ¢ aKyeHmom Ha HeoOX00UMOCmb 2yO0K020
AHANU3A HAKONLEHHO20 2€0]1020-2e0PUUUECKO20 MAMEPUANA.

Pesynomamel. B coomeemcmeuu ¢ NOIYYEHHbIMU Pe3VIbIMamamy 2e0Puuieckux u 6yposwix pazeedou-
HbIX pabom no cmeneHu nepeooyepeOHOCMU U NEPCREKMUBHOCU YKA3AHbL KOHKpenmHbie 301bl. Coznac-
HO pe3yibmamam HOGblX 2e0N1020-2e0(PU3UUECKUX UCCIe008AHUT 0O0CHOBAHO HANPABTIEHUE ANbHEUUX
pabom no omoenbHbIM PaioHAM.

Knrwuesvie cnoea: mes3o3oii; 260]1020])(138@()01”-[1)16 pa60mbz; ceoniocudecKkue Kpumepuu, OmiaodiCeHusl,;
MeCMOpO.’)IC()eHM}l; 2€01102UYeCKAsl MOOEb, paspes.

Hean padoThl — paCCMOTPETH COCTOSTHUE M3YICHHOCTH ME3030MCKIX OTIIOKCHUN B
A3zep0Oaiimkane, TIpoaHATH3UPOBATh MPUIHHBI HEJOCTATOUYHO BHICOKOH 3((hEeKTHBHO-
CTH T€0JIOTOpa3BeJOYHBIX PadOT MO MOJATOTOBKE 3aI1acoB.

MeTonuka npoBeaeHus uccjaenoBannid. [[poananu3npoBaHbl UCXOIHBIE T€OJIOTH-
YECKUE KPUTEPHH, UX MOJBEPIKAACMOCTh M YKa3aHbl HANIPABJICHUS JalIbHEHIIeH pado-
THL. B Tabmue npuBoauTcs nepedeHs Hanboliee CyImeCcTBeHHBIX KPUTEpUEB, pa3pado-
TaHHBIX ISl U3Y9YCHUS HE(TETa30HOCHOCTH ME3030MCKUX OTIOKEHHUH:

— WTaK, 4TO KacaeTcs CTATHCTUKH 10 HePTETa30HOCHOCTH ME303051, YTBEPKAAr0-
e, uro 40—60 % 3amacoB u JOOBIYM He(PTU B MUPE CBA3aHBI C 3TUMHU OTIOKCHHUSIMH,
3TOT apryMEHT UMEET JIUIIIb KOCBEHHOE OTHOIIICHUE K HAIlIEMy CIy4aro;

— aHaJIOTHUs 10 He(PTEra30HOCHOCTH ME3030s1 COCEIHUX CTPaH, B YaCTHOCTH Biimxk-
Hero Bocroka n CeBepHoro KaBkasa, BeIIBHTaIach 0€3 CPAaBHUTEIHHOTO MMAJICOTEKTO-
HUYECKOTO aHAJIN3a PETHOHOB;

— IPYTUM BaKHBIM KPUTEPHUEM IMEPCIIEKTUBHOCTH ME3030MCKHUX OTIOKEHUH A3zep-
OaifkaHa SBISUTACH BEPCHSI O TOM, YTO B CTOPOHY IOT0-BOCTOKA U FOTO-3aIaja Mmorpy-
skernst bonbiioro KaBkasza jonst ¢uumieBbeIx o0pa3oBaHUil B pa3pe3e yMEHBIIACTCS,
a KapOOHATHBIX, HA00OPOT, YBEIHMUUBACTCS;
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— KapOoHaTHBIE OTIOKEHHSI ME303051, B YaCTHOCTH BEPXHEr0 Mea, OOIbIINHCTBOM
ucclieioBaTesiell pacCMaTpUBajIuCh B KauecTBe He(TerazoreHepupyomux 1 Hedrera-
30COoepKaIInX TOJIIL;

— MO0 OOMIETPUHATOMY MHEHHIO, CTPYKTYpPBI ME3030UCKHX OTIOXKEHHUI M0 CBOUM
pasMepaM W aMIUTUTyJaM HaMHOTO OOJbIlle, YeM TNepeKpHIBAIONINEe HX ITallEOTeH-

MHUOILICHOBBIC O6pa30BaHI/I$I;

Ilepevyenb KpuTepueB 1Jis1 U3y4YeHHs HePTEra30HOCHOCTH Me3030HCKHUX OTJI0KeHU i
A list of criteriafor the investigation into oil and gas bearing capacity of Mesozoic oil

Hcxonuele kpurepuun

IMoaTBEpXAaEMOCTh KPUTEPUEB

Kpurepuu npsi-
Mble (+) win
KOCBEHHBIE (—)

CTaTHCTHKA MHPOBBIX 3aI1aCOB H
no0bran HeTH B 00beme 4060 %

AmHarorust o He)Tera3oHOCHO-
CTH C COCEJTHIMH PETHOHAMH,

B yacTHOocTH CeBepHbIM KaBka-
30M 1 bmmxanM BocTokoMm

Jonymenue 00 yBeITHUCHUH
MOIITHOCTU ¥ KapOOHAaTHOCTH
pa3pesa oT nenTpa bomipmoro
KaBkaza x nmporu6am

IlonoxwurenpHast oieHKa HETE-
ra3o00pa3oBaHuUs B ME3030¢€

Hasnuuue TpenyHHBIX KOJUIEKTO-
POB B pazpese

Hanuuue B Me3030e Goiee Kpy-
HBIX CKJIaJOK II0 CPABHEHUIO C
MEPEKPBIBAIOILIUMU KallHO3011-
CKUMU

Me3030iickoe HarpaBlieHUE
HapaBHe ¢ Pg-Miou [IT

HeBckpeiTie Me3030icKUX OTIO-
JKCHUI BO BCEX 3a710’KEHHBIX
CKBa)KMHAaX U — OTCI0/Ia — HEJIO-
CTaToOYHast HHPOPMATUBHOCTD

0 HHUX

Crabast ”HQOPMATHBHOCTD I'e0-
(hU3UIECKUX UCCIIETOBaHMIH, 0CO-
OEHHO TI0 BHYTPEHHEMY CTpOe-
HHIO Me30305

OrneHKa poJTi Ka4eCTBEHHOTO
OypeHust 1 orpoOOBaHUsI CKBa-
JKUH

OOBeKTHBHAS OIEHKA ITOJTyYeH-
HoOU MH(pOpMaLUU

— Ppe3ylnbTaTHBHOCTh W WH(OPMATHBHOCTH 3aJIOKEHHBIX Ha MeE3030i1

B Aszepbaiimxane o Me303010 Mesblie 1 %,
3aro npoxykrusHas tomma (I1T) 6onee 98 %

He 6b11a ycTaHOBIIEHA CTETICHb IPUMEHH-
MOCTH 3TOT0 Kputepus B Azepbaiimkane

B ocHOBHOM 110 foTagKaM ¥ HaJIHIUIO
00JI0MKOB KapOOHATHBIX OPOA B BEIOpOCax
TPSA3EBBIX BYJIKaHOB

Pe3ynpTaTh! 1a60paTOPHBIX UCCIEIOBAHUI
HE NOATBEep N He(hTerazoo0pa3oBaHue
B BEPXHEM Mele

YcTaHOBIIEHBI HE 110 BCEMY pa3pesy, a JIHIIb
B ONpeJIENeHHbIX YacTIX pa3pesa

Me3030iicKk1e CTPyKTYpbl B OCHOBHOM
MEHBIIIE [0 pa3MepaM, 4eM IIEPEKPbIBaIO-
1€ KOMIUIEKCBI, JIN0O OHH PaBHO3HAYHBI

TpaauioHHo B A3epOaii/pkaHe BbIIes-
JIUCh TpH IMaBHbIX Hanpasienus: I1T, Pg-
Mio u me30301

13 300 3a510KeHHBIX HA ME3030H CKBaKUH
9TH OTJIOKEHUS BCKPHITHI B 148 cKkBa)KMHAX
(00110 1 KM), YTO JaeT HEOOXOJUMYIO HH-
(hopmanuio mo Me303010

YactuyHo ymMecTHOE 3amedanue. B paspese
Me30305 €CTb pacciIoeHue, Ipu ciaboii pac-
CIIOEHHOCTH ¢ mpuMeHeHueM 3D Obina mo-
Jy4eHa HHpopManus Ha Iiomansix Mypan-
XaHJysl U Jxapnibl

Ot paKkTOpHl IMENN MECTO, HO OHU HE 0C-
HOBHBIE ¥ HE OTIpeIeIIIoNHe

ITouTn BO Bcex 000CHOBAHUAX TICPCIEKTUBBI
ME€30304 OLICHHUBAJINCH 0oJiee ONTUMHUCTHY-
HO, YEM (1)aKTI/I‘-IeCKI/Ie JaAHHBIC

Ooiee

300 cxBaykuH OBLIM OB HAMHOTO BBIIIE, €CIK ObI BCE OHU OBIIIM JOBEIEHBI 10 IIPOCKT-
HBIX ITyOHH; C JPYTOil CTOPOHBL, AaHHBIE MO Me303010 Oonee yeM 150 cKBakuH, JOBEAEH-
HBIX JI0 IPOEKTHOW TTyOWHBI (7 KM), Jal0T MUHUMAaJIbHO HEOOXOAUMYIO0 HH(POPMAIIHIO
0 paspese, JIUTOJOTHH, KOJJIEKTOPCKUX CBOMCTBaX M HEPTEra30HOCHOCTH 3TOTO KOM-
IUIEKCa OTIOKCHHIA,
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— pAIOM ucclieoBaTesieid, B yacTHOCTH B padorte [1], ocriapuBaeTcsi MHCHHE O TOM,
4TO ci1abas pe3yabTaTUBHOCTD Pa3BEIOUHBIX PA0OT IO ME303010 CBSI3aHA C HEBBICOKHM
YPOBHEM CEUCMHUYECKUX HCCIICOBAaHHN, OCOOCHHO IO U3YYCHHIO €0 BHYTPEHHETO
CTPOCHHS;

— Ha TUTOMIAJSX CO CIOKHBIMU CEHCMOTEOJIOTNYEeCKUMH YCIOBUSIMHU, B YaCTHOCTH
Ha I0T0-3alaJHOM MOTPYKeHHH MypaaxaHIMHCKOTO TOIHSATHS, HIKE CEHCMUUECKOTO
rOpu30HTa P, Ha pacCTOsTHUU 2—2,5 KM OT IOBEPXHOCTH, CEHCMHYECKUMH HAOIIOICHH-
savu 3D monmydyena nHGopManus CI0KHOTO XapaKTepa, UMEOIasl MOKa HE CTOIBKO KO-
JMYECTBEHHYIO, CKOJIbKO KaY€CTBEHHYIO 3HAYNMOCTH;

— HECMOTPS Ha yKa3aHHBIE T€OJIOTHYECKHE PE3yNbTaThl 10 ME303010, MHOTUMH HC-
CIIeIOBATEIIIMH 9TO HAIPaBJICHUE PAa3BEAKH U3YYaeTcs 0 CHX IMOp Kak OIHO U3 TJIaB-
HBIX B A3epOaiikaHe.

Mypaaxanisl Mawmennu Jlxapiist
C ITpodus Ne 850611 3 3 C Ipodums Ne 852011

W Ka-kap.
K;-Tep.
= Ki — Bynkanur vrep

Puc. 1. Bpemennoii paspes no miomaasm Mypanxaniasi—/xapibt
Fig. 1. Time section aong the horizontals of Muradkhanly—Jarly

Pe3yabrarhl. B KOHTEKCTE pe3yIbTaTHBHOCTH Pa3BEJOYHBIX PaOOT MOCIEAHNX JIET
HEOOXOMMO YUHTHIBATh JBa acleKTa. Bo-mepBbIX, Me30301CKHE OTIOKEHUS HE BE3/e
OKa3aJIMCh NCPCHCKTUBHBIMU U BBICOKOIIPOAYKTUBHBIMU, U B HaﬂbHeﬁHlHX pa60Tax 10
OTIENbHBIM PETHOHAM HEOOXOIMMO UCXOIUTD M3 ATHX peajii. Bo-BTOPBIX, OTKPHITHIE
MECTOPOXKICHHUS 10 ME303010 B IEJIOM MUMEIOT HeOOINbIINe pa3Mephl M 3amachl, U B
JaIBHEHINX UCCIENOBAHMSIX C YUETOM Ie0JI0ro-3KOHOMUYECKHX YCIOBUI HeoOXoau-
MO OILIEHUTH 11€7ecOo00pa3HOCTh Pa3BeIOYHOr0 OypeHHs Ha aHAJIOTUYHBIX IUIOIIASX.
Jlnst co3maHus ONTHMAaIbHON T€0JOrHYeCKOM MOJCIN U 000CHOBaHUS OObEKTa M Ha-
TIpaBIIEHIS TIONCKOBO-Pa3BEIOYHBIX pab0T BayKHeIIee 3HaUeHIEe HMEET YETKOE OIpe-
JeNieHHEe TPaHull NepCIeKTUBHO-He(PTEera3oHoCHBIX o0paszoBanuii. Ilo obmenpunsTo-
My MHEHHIO, OCHOBaHHOMY Ha KOMIUIEKCE TeOJIOTO-Te0(hU3NIECKUX HCCIIEIOBaHUH,
BO3pacCT BYJIKAHOI'CHHBIX ITIOPOJ HHIKE CECMHUYECKOTO TOPU30HTA P mna Iomaniax
EBnax-Armkadenuackoro mporn6a u Caatisl-1 eokqaiickoil 30HBI TaTHPYeTCs KaK BepX-
HeMeJIoBOoU. Takas TpaKTOBKa MUCTOPHYECKH 00OCHOBaHA ()aKTOM BCKPBITHS BYJIKaHO-
TeHHBIX MOPOA TOA (ayHUCTHYECKH 0XapaKTepPU30BAaHHBIMU KapOOHATHBIMH OTIIOXKE-
HUSIMH BEPXHETO MeJa, a caMOe TJIABHOE — OIpelelIeHHeM a0COJIIOTHOTO BO3pacTa
mopox Ha Iwromand MypanxaHisl B HHTepBasie 74—76 MH JeT (CaHTOH-KaMIIaH) U
93-96 miH net (TypoH-KOHBSIK) [2—4]. Ecnu 100aBUTh K CKa3aHHOMY (akT BCKPBITHS
BYJIKAaHUTOB Ha mromaasx Jxapisl 1 Cop-cop moJ HIKHEMENOBBIMU TEPPUTeHAMU U
BEpCHIO OTHeCeHUs Ha Tutoraan CaaTisl kKapboHaTHOU Tomy B mHTepBane 2830-3500
M K HIDKHEMY MeJTy-BepXHEH tope [5], TeTKo yOenuThCs B HEOJHO3HAYHOCTH HITH OIITH-
OOYHOCTH MPUMEHSIEMBIX CTpaTHU(HUKAINA B PETHOHE U HEOOXOIUMOCTH MEPecMOTpa
9TO# mpobnemMsl. He mpeTeHays Ha OMHO3HAYHOE pelleHHe, XOTeJI0Ch Obl MPOaHaTH3H-
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pOBaTh NPOOIEMY C TO3UIIUU T'EOJIOTUICCKON HHTEPIPETAIIMHA CEHCMUYECKIX JaHHBIX
1, YaCTHYHO, aHAJIN32a JAPYTUX IFe0JIOTUIECKUX (DAKTOPOB.

Kax BunmHO U3 puc. 1, ot mwiomaan Mypanxasisl K J»apiasl Ha ypoBHE celicMude-
CKOTO TOPU30HTa P M HUXE MPOCIEKUBAETCA €IUHOE CEHCMO-TeOIOTMYECKOE TEJIO.
INockonpky Ha momaasx Jxapasl u Cop-cop TOpU30HT P 3ajeraeT HUXe TepPUTreH-
HOW MMa4yKu HIKHEro Mena (ckB. 6, 10), ciemoBareabHO, HUKHEMEIOBOM BO3PACT BYII-
kaHuUTOB OeccniopeH. Ecnm 3T0 Tak, TO Ha 1uiomaagu MypaxaHibl BO3pacT TOPH30HTA
P 1 cOOTBETCTBEHHO 3aJIETAIONINX TOJT HEW BYJIKAHUTOB TaKXe JODKCH MPUHUMATHCS
KaK HIDKHEMEIIOBOH [6, 7].

TakuM 00pa3zoM, UMEIOIIHECs TeoIoro-reopu3ndeckue JaHHBIC TTO3BOJIIIOT OIpe-
JIEJIUTh BO3PACT BYJIKAHOTEHHBIX Mopoa MypanxaHibl-J[>KapIuHCKOM 30HBI U COCEN-
HUX TUTOIIACH KaK HIKHEMeNoBoH (puc. 2). J{i1st OKoHUaTeIbHOTO PENISHHUs STOU MPO-
Onmembl  TpeOyeTcsl TMPOBEICHHE JIOMOJIHUTEIBHBIX PabOT MO  ONpEeACIICHUIO
a0COJIFOTHOTO BO3pacTa 3TUX IMOPOJ, 00A3aTeNIbHO 10 SAMHON METOIUKE, C IPUBS3KON
K I€0JIOTHYECKON CUTYyaIlUH.

MypanxaHiel Cop-cop Jlxapiast CaartJibl Musbekas
Tl I N 1 e |I T TEETTTTT TR
T = 1] o Ko
ak rd i | Il W | .
x oo o | T N 1T}
IR U = B | !
Ki : | | { IKl
{ T | | | |
]

D KapOonars! [ | Teppurenst | 3 | BykaHuThI

Puc. 2. Cxema coroctaBieHHs pa3pe30B BEpXHE- U HIHKHEMENIOBBIX 00pa3oBanuii Caatibl-
I'eok4aiickoii 30HBI
Fig. 2. Comparison scheme for the sections of the Upper and Lower Cretaceous deposits in Saatly-
Goychay zone

B Hauane BepxHero mena (CCHOMaH-TypaH-CaHTOH-MAaCTPHUXT 10 a0COIFOTHOMU Te0-
XPOHOJIOTHH) IOl MypaJaxaHIUHCKOTO HOAHATHS ObLiIa 0XBaYeHA MHTCHCUBHBIMU
BYJIKAHHUECKUMHU TPOSBICHUSMHU, TPUBEIIIUMI K HAKOIUICHUIO 371eCh 3 PYy3UBHBIX
MOPOJI TUTIA aHJIE3UTOB, TPaxu0a3anbToB 1 MOPGHUPHUTOB. C AMOXH MAIEOICHA IO HUXK-
HUI MUOILICH MPOUCXOUT AaJIbHEHIIIee pacInpeHUEe KOHTYPOB OacceiiHa, B pe3yJibrare
Yero MOBEPXHOCTH 3P PY3UBHEIX 00pa30BaHU OT MOTPYKEHUH K CBOAY MEPEKPHIBACT-
cs Bce Ooree MOIOApIMU OTIOKeHUsIMU (puc. 3). [laneonieHoBbIE OTIIOKEHUS, TIPE]I-
CTaBJICHHBIC Ty(l)OFeHHI)IMI/I u KpaCHO-6ypBIMI/I TIIMHaMHU, MPOCJICKNUBAIOTCA JIMIIbL Ha
MOTPY>KEHUH FOT0-3aMaJHOTO Kpblia (ckB. 23, 17, 8, 21, 19).

DOIICHOBHIC OTJIOKEHUS TI0 JIUTOJIOTO-TIETPOrpa)uueCKOMY COCTaBYy pa3/ICisiOT Ha
TPU OTJENa: HIKHUU TPEICTaBIeH YepeloBaHUEeM TY(QOTEHHBIX U MEprellbHO-IIINHH-
CTBIX 00pa30BaHWil M OOJNEKaeT MOBEPXHOCTh 3((PY3UBOB HA IOr0O-3aMaJHOM KPBILIE;
CPEIAHUN BBIPAXKEH B TEPPUTCHHO-KApOOHATHOM JTUTO(AINN — YePEeIOBAHHUEM KPHIITO-
3epHHUCTHIX U3BECTHIKOB, MEPreJiel, TIINH, IECYaHUKOB U Ap. (MECTHOE Ha3BaHHE nX — |
MeprefibHasi Mayka); BEpXHUHA MPEICTABICH CEPhIMU IIMHAMH, 3€JICHOBATO-CEPHIMU U
IIIMHKUCTBIMU MepreisiMu. YOKpakCKUil TOPU30HT MIPEJCTABIIEH YEPEJOBAHUEM IIIIACTOB
TUIOTHBIX TIIMH, MEPrelieii, TOJIOMHUTOB U MECKOB. BepXHEMHOIIEHOBBIE OTIOKEHUS (Kapa-
TaH, KOHK, CapMaT) BBIPAXKEHBI CEPHIMU U OYpPBIMH TIIMHAMU C TPOCIOSIMH TIECUAHHUKOB,
AJIEBPOJIMTOB M — PEXkKE — IPaBEIUTOB. B HIDKHEH yacTH pa3pesa 3ajJeraroT I1acThl Mep-
rejiedl ¥ NIMHUCTBIX Mepredield. [loHTHYeckre OTIIOKEHHS Ha IIIOMAIH OTCYTCTBYIOT.

Otnoxenust npoayktuBaoi Tommu (I1T) cocTosT W3 uepenoBaHUs CepO-OyphIX
[JIMH U TecYaHuKoB. HopMallbHO 0CaIoOuHBIMU OTIIOKCHHUSIMU — TIIMHAMH, TIECKaMU U
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NecyaHUKaMH — MPEACTABICHBI TAK)KE BEPXHEIUIMOLIEHOBBIE 00pa30BaHus (aK4arblUlb-
CKUH U alIepOHCKUHN SPYChl). AHTPOIOTEHOBBIE OTIIOKEHUS COCTOAT U3 YepeOBaHUS
MECKOB, TNIMH, CyNecei, a B Bepxax pa3pe3a — W3 KOHTHHEHTAJIHHBIX 0Opa30BaHMU.
B cTpoenuy miomanu BeIAENAETCS TPH CTPYKTYPHBIX 3TaXKa: BEPXHEMEIOBOH (IIepBUY-
HOE MOJHSTHUE), AJIEOTeH-MHOLICHOBBIH (001eKaloINi KOMIUIEKC) U MJIMOLEH-aHTPO-
TIOT€HOBBIH (HE BOBJICYEHHBIN B CKJIaAYaTOCTh).

Ananu3 u o6cyxknenne. HedreHocHocTs MypaaxaHIMHCKOTO MECTOPOXKIACHUS
CBsI3aHa C TIOBEPXHOCTHIO d(PY3UBHBIX MTOPOJ, YOLECHOBBIMU M YOKPAKCKUMH OTIIOKE-
HusMH (puc. 4). 3anexs 3¢ y3uBHBIX 00pazoBaHUN MPUYpPOUEHA K MPUCBOAOBOH Ha-
CTH M CEBEPO-3aIaTHON IMepUKIHHATN MOTHATHS (CKB. 5, 10, 3, 43, 56, 58, 19 u mp.).
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Puc. 3. Ilaneoreonoruueckas Kapra HEpEKpbITUS IIO-
BepXHOCTH 3] y3uBOB:
1 — Malikorckue; 2 — S01ICHOBBIE; 3 — MaIeOLEHOBEIC; 4 — BEpX-
HEMCIIOBBIC OTJIIOKCHUA
Fig. 3. Paleogeologic map of volcanic surface overlap-
ping:
1 — Maikop; 2 — Eocene; 3 — Paleocene; 4 — Upper Cre-taceous
deposits

ITo naHHBIM 1a0OpPATOPHBIX KUCCIIEIOBAHUH, TOPUCTOCTH ITHX MOPOJ COCTABIISCT
10—-16 % ¢ mpakTUYECKU HYJICBOM MPOHUIIAEMOCThIO. [1oydueHre BEICOKUX TEOUTOB B
CKBOXHMHAX TPU YKa3aHHBIX 3HAYCHUSX MPOHUIIAEMOCTH, OUYEBUIHO, CBS3aHO C HAJH-
YHEeM TPEIIMHHBIX KOJUTEKTOpOoB [8, 9]. Ilomydenne pa3HbIX 1eOUTOB U3 CKBAKUH yKa-
3bIBaET HAa HEPABHOMEPHOE Pa3BHUTHE TPEIIMH TI0 TUIOMAAU. B pa3pese 301eHOBBIX OTII0-
JKCHUH BBISBIICHBI JIBE CAMOCTOSITENTLHBIE 3aIeku: B | MeprenbHOii mavke (ckB. 8, 17, 23);
B HaaMeprenbHOH navke (CkB. 12, 22, 33). O0e 3TH Mayku BBEPX MO BOCCTAHUIO IUIA-
CTOB BBIKJIMHUBAIOTCS, 00YCJIOBIIMBas 00pa30BaHKUE CTPATUTPaPUUSCKUX U YaCTUIHO
JUTOJIOTHICCKUX 3ajiexkei. Hu omHa M3 HUX TTOKa MOTHOCTRIO HE OKOHTypeHa. Hedre-
HOCHBIE TIACTHI 00NIaAar0T TOpUCTOCThIO 14—18 %. Takum oOpazom, ruromans Mypan-
XaHITBI SIBJISIETCS MHOTOTIACTOBBIM MECTOPOXKICHHUEM C IIATHIO BHISBICHHBIMU 3aJIexkKa-
MH, OIlHA M3 KOTOPBIX MPUYPOUYCHA K IPOJUPOBAHHON MOBEPXHOCTU 3(Pdy3uBHBIX
00pa30BaHui, JABE — K OIIEHOBBIM U IO OJHOM — K MAaKOIICKUM U YOKPAKCKUM OTJIO-
keHussMH. [0BOPS O THUIHM3AIMH 3AJICKEH, CIIENyeT OTMETUTh, YTO 3aJIekKb 3P (Py3UBOB
MOYKET OTHOCHTHCS K MAacCCHBHO-IUTACTOBOMY, a 3aJIe)Kb DOILIEHOBBIX OTIOKEHWUH —
K cTparurpauaecKoMy THITY. 3aJeKb MAHKOTICKOH CBUTHI SBISIETCS JTUTOIOTHYECKU
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OTPaHWYEHHOH, a 3aJIeb YOKPAKCKOTO TOPH30HTA — IIACTOBOW. OCHOBHBIMU HE(TE-
ra3000pa3yoIMH TOJNIIAMHU SBISIFOTCS OTJIOXKEHHUS J0IIEHa W MAaHKOIICKOW CBUTHI,
UMEIONINE IIUPOKOe pa3Butue B EBnax-ArmkabequHCKOM Iporuoe.

OO0pa3oBaBIrecs B 3TUX TOJIIAX YIIEBOIOPOIbI MUTPHUPOBAIIA BBEPX IO BOCCTA-
HUIO IU1aCTOB U HACBhIIAJIN JIOBYIIKH, OZIHOI71 N3 KOTOPLBIX ABJIACTCA MypajlxaHJ'II/IHCKaSI.
Tak kak OTIIOKEHHS J0IIeHa U MaWKOIICKOW CBHUTHI B TOJIOBHOW YaCTH TMOAHATHS 00Ie-
KaloT pa3pbIxjeHHble 3((y3uBHBIEC TOPO/IBI, HACKHIIIICHUE MOCICAHUX TPaBOMEPHO J10-
MyCTUTh 33 CYEeT OOJEKAIOIIEero IaJeOreH-MHUOIIEHOBOTO KOMIUIEKCA OTJIOKCHH.
Kak u3BecTHO, mioma s MypaaxaHiibl, B IVIaHE COBITAAAIONIAS C OJHOMMCHHBIM IPaBUTA-
IIMOHHBIM MAaKCUMYMOM, PacrojiokeHa ceBepo-BocTouHel Oopra EBnax-Armkadenun-
CKOTO TIporuba.

B ee cTrpoeHnn yuacTBYIOT Me30KaitHO30Mckre oOpa3oBanms. [Ipudaem B «cKimamga-
TOCTH» BOBJICUCHBI TOJIBKO BepXHEMeNoBble 3(Qy3UBBl U KapOOHATHI, a ITaJICOTeH-
MHOIICHOBBIC 00pa30BaHUs B BUE OOJEKAIONIETO KOMILJICKCA 3aHUMAIOT, B OCHOBHOM,
IMOTPY’KCHHBIC YaCTU TMOAHATHA. BCpXI/I MHOLICHA W IUIMOLCH-aHTPOIIOICHOBBLIC
00paszoBaHus 3aJEralT MOYTH TOPHU3OHTAIHHO M HE YYaCTBYIOT B CKJIATYaTOCTH.
[IpoMbIniuTeHHBIE TPUTOKK HE(DTH TONXYYECHBI U3 Pa3phIXJICHHOW YacTH IMOBEPXHOCTH
3¢ y3uBOB (KOpa BEIBETPUBAHMS ), 13 MEPTeIbHO-TIECYaHON TTAYKH CPETHETO J0ICHA U
U3 TIECUAaHMKOB HHM30B MaWKOIa, a B TPEX CKBAKWHAX — M3 YOKPAKCKOTO TOPH30HTA
(mepBas Mozenb).
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Puc. 4. I'eonormdeckuii mpopuiib
Fig. 4. Geological section

Hrak, mo Bropoit m HanboIee OOIMEPUHATON MoaeH (pHUC. 5, a) MpeanoIaraeTcs,
YTO B PETHOHE OCHOBHBIMH HE(TETa30T€HEPUPYIOIINMH KOMILUIEKCAMU SIBIISTFOTCS T1a-
JICOTCHOBBIC (J0IICH) M OJUTOLICH-MHUOIICHOBEIC (MaiKoI) 00pa30BaHus, HACHITUBIIINC
0OKOBOI MUTpaIlHEel TOJIOBHBIC YACTH BYJIKAHO-TEKTOHUYECKUX CTPYKTYP C TIOCIEAYIO-
HIUM TIepepaciipeenicaneM HedTr B Koiutekropax [ 10—12]. TIpu 5ToM ciopaaunyecKuii
xapakTep HedTeHachImeHus 3¢ (Gy3uBOB KOHTPOIHUPOBAJICS HEPABHOMEPHBIM pacIpe-
JISJICHUEM TPEIIMHOBATOCTH WIJIH 30H BTOPUYHOHN MTOPUCTOCTH.

ITo TpeTwselt Mogenu AOMYCKANOCh, YTO He(Tera3o00pa3yromeil TONIIeH SIBISIOTCS
KapOOHATHI BEpXHETo Mena (puc. 5, 6), 3aJeraroline MO WU HaJl «TPHOKOMY BYJIKaHU-
yeckoro sipa. [Ipeanonaranock, 4to HeTh MUTPUPOBAIIA U3 HEPTEMATEPUHCKUX Kap-
OOHATHBIX OTIIOKECHUH BEPXHETO MeJla B KOJUIEKTOPBI «KOPHI BEIBETPUBAHUS C MOCIIE-
IYIOIIIAM ITepepactpeeNIeHreM B Hel. XOTA B 3TOH KOHIICTIITUH MHOTO YSI3BUMBIX MECT
(oTCyTCTBHE CEMCMHYECKUX OTPaXKEHUW B TONIIE ME303051 — HIXKE CEHCMUYIECKOTO TO-
pHu30HTa P, OTCYTCTBHE B PU3a00iiHOI 30He TiTy0oKoi CKB. Ne 7 kKapOOHATHBIX TOPOL,
CpaBHHUTEJIBHO HHU3KOE conepxanne C . B kapOoHarax — menbie 0,4 % u zap.), oHa
TIOKa BCE XK€ Pa3elsieTcs OlpeesIeHHbIM KPyToM CIIEIHaICTOB.
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Oo6aacTh MpuUMeHEeHHUs Pe3yabTaToB. Pa3Benounbie pabOTH Ha TUIOMIATU OYAyT
MIPOMIOJIKEHBI C IIETbI0 JOOKOHTYPHUBAHUS BBISBICHHBIX 3aJekeil B 3Qy3UBHBIX 00-
pa30oBaHMSIX BEPXHETO MeJa, MPOCICKUBAHUS HEPTCHOCHOCTH TEPPUTeHHO-KapOOHAT-
HBIX OTJIIOKCHHI TaJIeoreH-MHOIICHA, a TAaK)Ke TIONCKOB HOBBIX 3QJICKEH B MOTPY>KEH-
HBIX YaCTSIX CTPYKTYPBHI.

BuiBoabI:

— M€3030ICKOe HalpaBICHUE Pa3BEIKU HE JOHKHO pacCMaTpUBAThCS HApSITY C IUTU-
OIICHOBBIMHU KaK IJIaBHOE; MAJIEOT€H-MUOIIEHOBOE U ME3030MCKOE HAIIPABICHUS JTOJIXK-
HBI OBITh OTHECEHHI K JOIMOIHUTEIFHOMY HAIPAaBICHHUIO Pa3BEIKH M B JalbHEHIIIEM
HY>KHO pYKOBOACTBOBATHCS MMEHHO 3THM IIPUHITUIIOM;

v Y . W
] |

NS 4 |

Puc. 5. Mecropoxxaenne MypaaxaHibl: MOAEIb CTPOESHUS U
MUT'paLMU YIJI€BOJIOPOI0B
Fig. 5. Muradkhanly field: hydrocarbon structure and migra-
tion model

— B CBETE HOBBIX JaHHBIX TeO(U3NUECKUX UCCIEeN0BaHUM 1 OypeHHs He0OXOAUMO
00001IaTh HAKOIJICHHBIH Marepuasl MO Me303010 C pa3paboTKOW HOBBIX KPUTEPHCEB
He()TEra30HOCHOCTH;

— ecIIM yKa3aHHas KapOOHaTHas TOJIIA IeHCTBUTENFHO IMEET HUKHEMEITIOBOH BO3-
PacT, TO OCTaeTcst OTKPBITHIM BOIIPOC, TIOYEMY Ha APYTUX IUIOIMIAAX €€ HEeT;

— OTKpBITO MEPCIEKTHBHOE HE(PTIHOE MECTOPOXKICHNE MypallXaHiibl HOBOTO IS
AzepbaiikaHa THIA, MPUYPOYCHHOE K MOBEPXHOCTH 3((y3MBHBIX 00pa3zoBaHHN
BEPXHEro MeJa;

— YUYHUTHIBas COBIIAJCHUE HA MJIAHE KOHTYPOB HE()TEHOCHOCTHU 10 BEPXHEMETIOBBIM
BYJIKAHOT'€HHBIM 00pa30BaHMAM M YOKPAKCKOMY F'OPU30HTY, OLICHKY UX HedTerazoHoc-
HOCTH LIeIec000pa3sHO COBMECTUTH C OypEHHEM OHOTO 3TaXka pa3BEIKH, a IPOCIICKHU-
BaHME 3aJICKU SOLEHOBBIX OTJIOKECHUH U IOUCKH HOBBIX 3aJIe’Kei Ha MOTPy>KEHUH F0T0-
3aIaIHOTO KPblIa OCYIIECTBIATh IPYTUM 3Ta’KOM Pa3BElKU;

— MOMYTHBIMH 33Ja4aMH Pa3BEJOYHBIX U OINEPEkKaroUIe-IKCITyaTallHOHHBIX CKBa-
JKUH SIBJISICTCS OLIEHKA He(hTEera30HOCHOCTH APYTHX CTPaTHUrpadUuIeCcKuX eANHUIL Maii-
KOTICKOW CBUTBI, BEpXHEMHOLIEHOBBIX U CPEIHE-TIOIMOIEHOBBIX OTIOKEHHH.
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TO THE PROBLEM OF MESOZOIC OIL IN AZERBAIJAN: MURADKHANLA DEPOSITS

Seidov V. M.
! Azerbaijan State University of Oil and Industry, Baku, Azerbaijan.

Introduction. In the practice of geological exploration, there are rarely cases where a particular problem
does not find its solution for many decades. This is exactly what happened to the problem of Mesozoic oil
in Azerbaijan, raised more than 80 years ago. Over this period, more than 300 wells with a penetration of
1 million m were drilled into the Mesozoic deposits, 3—4 small deposits were opened with total reserves in
the industrial category of about 20 million tons. Mesozoic published hundreds of scientific articles, several
dozen monographs, and in almost all of these works the problems of large Mesozoic oil are solved
positively. However, the results obtained in the sense of preparing hydrocarbon reserves in the industrial
category turned out to be lower than expected, and this situation should be taken into account carrying out
further work. The reason for the modest results of exploration for the Mesozoic deposits by a number of
researchers is due to the insufficient validity of some of the baseline oil and gas criteria, such as the analogy
with neighboring regions, the paleogeographical and geochemical conditions of oil and gas formation,
tectonic conditions, and etc.

Research methodology. Despite the relatively long period of study of Mesozoic deposits, the discovery of
several unique deposits with reserves not exceeding 20 million tons, the problem of large Mesozoic oil in
Azerbaijan was not positively solved. An attempt was made to analyze the main causes of unsatisfactory
results of exploration for Mesozoic deposits in Azerbaijan by assessing the role of individual criteria with
an emphasis on the need for in-depth analysis of the accumulated geological and geophysical material.
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Results. In accordance with the results of geophysical and drilling exploration work, specific zones were
specified in terms of the priority and prospects. In accordance with the results of new geological and
geophysical studies, the direction of further work on individual regions is justified.

Key words: Mesozoic; geological exploration; geological criteria; deposits; deposits; geological model;
section.
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CONTROLLED OBJECT STRUCTURAL IDENTIFICATION
IN THE PRODUCTION UNIT OPTIMAL CONTROL PROBLEM

BABENKO A. G.", KOTEGOVAE. V.
' The Ural State Mining University
(Kuibysheva Str., 30, Ekaterinburg, the Russian Federation)

Introduction. The basic way of ensuring high profitability of coal production is mining operations
concentration and intensification. Coal bed methane content, progressive mineral production flowsheets,
and highly productive longwall mining equipment lead to the increased methane content of stopes,
gassings downtimes, and significant economical wastes.

Research methodology. The given contradiction can be settled by means of optimal control over the
production unit which provides for simultaneous provision of high productivity and aerological safety.
With the use of known descriptions of aerological, technological, and geogasdynamic processes the
structure of coal production process simulation model is worked out. It is suggested to describe gas mixture
motion and methane emission out of various sources in a longwall face in discrete time and space.
The analysis is fulfilled of gas sources influence in general airgas flow. The process of forming a fluid flow
in a coal bed is examined and the possibility for the detailed description of gas desorption process is assessed.
Results. The article analyzes the model forms of gas emission out of a coal bed and out of loose coal,
and airgas flow motion in a longwall face; adequate, to the authors opinion, model structures are
suggested. The correlation between methane emissions out of various sources and process equipment
operating modes is discovered. As a result, sufficient amount of variables is determined and coal
production process parametric simulation model is formed to develop the winning machine optimal
control system.

Key words: stoping area, gas emission; methane; identification;, model.

Aim. High methane-bearing capacity of stopes defined by the methane content of
the developed coal beds, progressive coal production flowsheets, and highly productive
longwall sets of equipment is a reason for hazardous aerological situations — gassings
which lead to winning equipment downtimes and, consequently, to loss of coal
producers economic efficiency [1]. Longwall set of equipment optimal control problem
reduces to productivity maximization when excluding gassings.

Methodology. Optimal control system synthesis requires structural and parametric
identification of coal production process. Fig. 1 reveals the developed generalized model
of a production unit as a controlled object. Henceforward, if additional determination is
not given: bold type refers to vectors and matrices, normal type refers to scalars; u and
S — control and state; Q (m?/s), C (% volume fraction), M (N-m), p (Pa), v (m/s), J (kg/s),
and {x, y, z} (m) — consumption of gas mixture (I'C), concentration, moment, pressure,
velocity, productivity, and coordinates; P and T'(s) — probability density function and time
constant; superscripts “3”, “CH4” refer to the prescribed value, methane, “IT” and “P” —
shearer loader’s feed drive and cutting drive; subscripts “IIOCT” and “NCX” — intake
flow and outgoing flow, “YII”, “BII”, “JI”, and “KP” — coal bed, worked out area,
longwall face, and roof, “MK”, “K”, and “OK” — mechanized support, face conveyor, and
shearer loader, “BY”, “TOC”, and “II'C” — fan units (and equipment), gas-suction plant,
and degassing system, “COIIP” — stoping face resistance against the effect
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of a shearer loader, “HII” is a normative threshold. If not specified, all variables are time
functions and their full listing in the form of y(¢) is reduced to y.

Production unit complete optimal control system (CVY) should possess a transfer
operator in the form of [Uq, Uy, Uy, Upge, U res Upy s Uil = Gey(Sors Sy Siev Sroe
S;[rc’ Say > Sy Syp)> Where G, is a transfer operator of CV. By a state S is meant a
quantity of variables and parameters characterizing the corresponding element of
a controlled object or a process and can be controlled by CV; by a control U is meant a
quantity of controlling impacts on each element of a controlled object. However, since
many state variables are difficult for measuring, control over BY, I'OC and JI'C is
characterized by significant lag [2], MK control is connected with lightly regulated and
poorly controlled process of KP destruction, control over gas emission out of YII is
based on its properties (degassing) alternation and has long term of realization, and K
control is carried out depending on OK operating parameters, then production unit
rational control capabilities are connected with OK control channels which are
characterized by maximum operation speed and high sensitivity. In this case optimal
control problem can be formulated as follows:

JOK(UOK) - max’
P(C™™ > C*) < PP(h); (1)
Uok = UOK(‘](S)'K'SJT’SOK'SK’SYI‘I'SBY'Pg(h))'

where P(CH4 > C1*) — a probability that methane content exceeds HIT; P3 — a given
value of an acceptable exceedance probability CCH4 > CH* depending on the quantity
of gassings 4.

In order to develop CV (1) it is necessary to control, assess, and forecast the content
of methane in a longwall face, for this purpose the identification of aerogasdynamic
processes in stopes is required.

Analysis and discussion. Gas balance equation and gas mixture motion. Fig. 2
introduces a computational scheme and a stoping model. Stoping face is divided into
spatial discretes AL = L, / n, where L, — longwall face (stope) length, m; n — discretes
quantity (enumeration in the direction of I'C motion). Since there is a tendency towards
the decrease in the width of a face working space, then methane emissions out of
enclosing rock Qy;,, are neglected because of their relatively small share (0.1-0.01%
of total gas emission in a longwall face [3]) and the processes of gas emission in {x, y}
plane are further considered.

In the model, each discrete is considered as a functional block ensuring transfer and
mixing of ['C which is formed at its inlet:

QI/ICX,i = G(QI/ICX,(i—l) + le'[,i + QK,i + QBH,i )' 1< l < n, (2)

where Q = [QY2, Q©2, QCO, Q2 QNO, QNO2, . ]; N2, 02, CO, CO2, NO, NO2 -
chemical formulae of gases composing I'C; G — transfer operator describing transfer
and mixing of I'C. For the first and the last discrete correspondingly:

QMCX,(i—l) = QHOCT’ i=1; 3)
QI/ICX,n: Qroc + chx, i=n, (4)

where Qo = kroe Quex, @0d Quex = (1= kpo); Quex ,— consumption of I'C removed
by 'OV, and in the outgoing flow of a stoping area; k., — coefficient modeling the
separation of a flow coming out of a longwall face.
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Increased stope load leads to the alteration in the weights of separate sources of gas
emission into the space of a stope. Then, Qy; increases up to the value determined by
the characteristics of V1T itself Qgr, Q, increases not only in proportion to the output,
but also by means of increasing gas content of coal detached from ground, and Qg,
with proper design and correct JII'C operation, becomes indiscernible. In this connection,
under intensive recovery gas balance of the face working space will be made up of
three sources: Qpocp Qyppy and Q,. Great influence on Qg and Q, is made by the
displacement velocity of OK which carries out the recovery: because of change in the
amount of removed coal and increase in the area of a desorbing surface through which
almost all free sorbed gas comes out, coal degassing is more intense. Thus, gas emission
at production unit depends on the parameters of incoming I'C and longwall face advance
rate determined by Vi (J,), and on the time which passed from the moment of bed
stripping with OK operating body.
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Fig. 1. Generalized structure of a production unit model as a controlled object
Puc. 1. O6o01eHHas CTPYKTYpa MOJEIHU JTOOBIYHOTO y4acTKa Kak 0OBEKTa YIPaBICHUS

Operator G in (2) describes aerogasdynamics and is generally realized with
mathematical physics equations in partial derivatives of various types [4], however for
engineering purposes and in CY such approach is not applicable. In [5] mathematical
description of mine workings and their typical connections in the form of the systems
of integro-differential (differential) and algebraic equations is suggested, together with
the methods of setting up the equations of gas balance for a group of mine workings, at
inputs and outputs of which gas consumption and content is regulated. At that with the
account of a range of suppositions for a section of a mine working with the length I, m:

QI/ICX,i ()= G(S)QI/ICX,(FI)(S) = MQMCX,(H)(S): (5)

(Tes+D

where T — mixing time constant, s; ©(¢) = | / v(¢) — time of I'C displacement along the
mine working, s; v(¢) and Q(f) — I'C velocity and consumption, v(f) = Q(¢) / 60S;
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S — mine working section area, m?; ¢ = ceil(l / AL), ceil — function of mathematical
rounding; s — Laplace operator. Similar approach is described in [6].

Coal bed. Coal bed (YII) represents inhomogeneous fractured-porous sorbing media
removal of which leads to a range of acrogas and thermophysical processes generation
and development within the limits of a mining extracted area [7]: filtration and diffusion
gas transfers, interbedding combustion, and coal gasification.
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Fig. 2. Longwall face aerogasdynamics model:
a, b— scheme of I'C flowsin a stope, ¢ — structure of longwall face aerogasdynamics model
Puc. 2. AsporazonuHamuueckast MOJ€Nb JIaBbl:
a, 6 — cxema 1oTokoB I'C B OUHCTHOIT BRIPAOOTKE; 6 — CTPYKTYpa adpOra3oAnHaMUIeCKON MOIEITH JIaBbI

Fluid flow, with regard to in the impact of stoping processes on the massif, is closely
interconnected with the stresses in YII. Out of blocks which discretize a coal massif,
methane inflows to the fissures by means of diffusion. Flow of I'C (methane) along the
fissures is determined by the value of rock pressure and is described as a filtration
process with Darcy’s law [8]: vy, = QG / S, = kpyp Apy- (1 1)L, where vy, — I'C filtration
linear velocity; QS — volume flow rate of sorbed I'C in a gas bearing coal massif;
Sy, — filtration block cross section area, m?; k;;, — coal massif permeability coefficient, m?;
u —I'C dynamic viscosity, Pa - s; Ap,. — pressure drop causing filtration through porous
medium with the length A, m. Then for gas volume flow rate Q31" =Sy, k;p App- (L M) 7.
This approach supplemented with the equations of diffusion on the basis of Fick’s law
seams well grounded and its use in CY requires comprehensive information on the
properties of YII S, in {x, y, z} space. Existing technologies allow determining blocky
structure (assess Sy, and 1) and pressure gradients Ap. in VII [9] which is necessary but
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inadequate to build a model and CV based on Darcy’s law. Because of difficulty
determining k;;, and p in high-speed geodynamic and mining-technological conditions
and unavailable data on sorption capacity parameters of the coal block, diffusion
coefficient, and other methane motion characteristics which were examined at
calculations, the use and the implementation of this model of methane motion in YII
and its emission at this stage is impeded but possible if YII isotropy is accepted and
average for YII values of k;;; and p are used at calculations.

Hereafter alternative approach is used which considers only face working part
of VII with OK coverage. Researches in the field of methane emission from the surface of
VII consider general regularity between the degree of coal degasation in a massif and
increase in velocity V5, which totally corresponds to stresses alternation in YII near
the face. The highest methane emission intensity is observed at the freshly exposed YII
surface near the operating body (#,, X8x) and is defined by coal maximum volume gas
content which Qyr; (fig. 3, a) depends on.

In front of OK there is the rise of gas emission (curve I) conditioned on the
redistribution of stresses in YII in the connection with OK advance along the face
T, < 1,5 then there is a fall in the intensity of gas emission (curve 2) at the freshly
exposed surface:

Qurri exp((z-o,i - Ti)/Tl,i)’ T <Typ

Qyni = 6
Qi ep((r; —7) T (6)

T > Tyis T, = 0,
where T land T, , are V1I draining time constants typical for i discrete before and after
OK operatlng body affects YII, which depend on pr and on the coefficient of &, , coal

massif draining; 1, 7, are local time and the term the operating body of OK is in i
discrete [7], t,,, =1, +AL / v . Correlation (6) is verified in [4]. For QUf; it is possible
to write QU = Jox kyy m p!, where ky; — coefficient of methane transfer from VII
surface; m and p — porosity and density, kg/m?, of coal in a massif, then the model of
gas emission out of YII will be written as:

JocKynmp™ eXp((To,i - Ti)/Ti,i)’ T < Ty
Qyn,i = (7)

JoKynmp™ eXp((To,i -7) /T, )v T > Tois T —> .

Fig. 3, b displays emission in the neighboring discretes along the face: dotted line
refers to physical time, and bold vertical lines refer to methane emission in corresponding
discretes for this time point. At that, maximum gas emission Q,;, = QUf; at the point
T, = 1), corresponds to stoping in real time # =1, + 1, in i discrete (second from the top
graph at ﬁg 3, b).

The given approach allows to determine gas emissions out of the face of stope
within the limits of a discrete based on the YII parameters (k. v s Ps and 7, ;and T’ 2o
depending on p. and k) and the characteristics of OK operation (J;, Vi and Xop)-

Shearer loader. The base of a shearer loader model make up cutting drives and feed
drives (fig. 4); their mathematical description creates no problems under sufficient
initial information [10]. Interaction between these two drives and VYII requires
determining the moments of coal resistance against destruction which happen when OK
operating body affects YII and prevent the development of dynamic phenomenon.

One of methods is based on ¢ simultaneous solution of the equations

Feomr = 150 7 fkyp [11] and 1% — 2rR% + 28 .( Rz )* (4nviy ) 2 = 0 [12], where
Flop — cutting resistance force, N - m; f — hardness coefficient according to
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Protodyakonov’s scale; » — VII cutting depth, m; k., — coefficient of coal sloughing
characterizing YII and enclosing rock, strength, bedding angle, face advance rate,
operating body coverage width, and mine working length, kg/s2; Rx — cutting screw
radius, m; 6. — chip thickness, m; z — an average number of cutters in a cutting line.
However, all roots of the last formula are nonnegative rational numbers which
prevents from getting unambiguous solution, and because of the smallness of v, and
wox (for example, for OK Eickhoff SL 300 nominal values are: Vi = 0.618 m/s,
oo = 0.77 rad/s) the solutions lose their physical significance. Another method [13]
takes into account the equality M/, = VilK which is expected in many instances in
CY, where k| is a parameter characterizing YII capability to resist against destruction,
kg - m/s. On the basis of the presented observations transfer operator W, (fig. 4) is

further described by the equations M, = Vilk + ook, and My, = Vil k, where

k, — proportionality factor of cutting speed and cutting resistance moment, kg - m?/s - rad;
k, — proportionality factor of feeding speed and feeding resistance moment, kg - m/s.

a b

L (2

papeand jume W 4

Fig. 3. Gas emission from VYII surface:
a— general regularity of methane emission from VII surface; b — regularity for the neighboring
spatial discretes
Puc. 3. I'a3oBblaenenue ¢ nosepxuoctu YII:
a — obmas 3aBUCHMOCTb BbIJIENIEHUs] MeTaHa ¢ moBepxHocTu YII; 6 — 3aBHCUMOCTH JUIst
COCEIHMX MPOCTPAHCTBCHHBIX JUCKPET

To forecast methane emission in a longwall face it is necessary to control x, (1,,) —
OK position (spatial discrete no.), its velocity vj, and productivity, kg/s,

Jox = FHVGp, (8)

where H — thickness (bed depth) of rock layer, m [12].

Loose coal. In the result of YII destruction loose coal is loaded on the conveyor (K),
at that, its insignificant part is left at the machine runway if OK free running with
cleanup is not provided. Space-time character of external actions is defined by the coal
winning technology [14].

At the existing face output, gas emission out of loose coal is 10-30% in gas balance
of face working space [7]. With the increase of stoping face advance rate conditioned
on V., the degree of coal degassing in a massif continually declines, i. e. coal transfers
into the loosened state with growing gas content w, which leads to the rise of Q.
Specific weight of this source in gas balance increases because of the produced coal
volume increase

b
AJ Ki — J SKVKVng\V(P (AL)il dt, 9)
0
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where S — trough cross section area K, m?; v, = f'(VlJ ) — loose coal conveying speed
K, m/s; y — trough filling rate; ¢ — coefficient taking into account inclination angle
of K.

Increase in the area of gas discharging surface leads to intensive gas emission out of
coal at K. Gas content of loose coal decreases by means of diffusion flows motion
inside a coal piece directed towards gas discharging surfaces. According to [7] loose
coal desorption process is physically identical to YII degassing. Sorbed in ultra- and
micropores gas transfers into loose conditions due to the pressure decline in macropores.
Along the latter the desorbed methane comes out towards the surface of coal and enters
the atmosphere. The difference is in the number of macropores, their lateral dimensions,
and length. Loose coal possesses more macropoes, they are wider and shorter, i. e. their
resistance against gas diffusion is much lower than in conditions of a coal massif, so
desorption process abruptly intensifies. Consequently, loose coal degassing can be
described with the same correlations as a coal massif: w, = w™* exp(~t / T5), where
wmax — coal gas content at the moment of its detaching from the massif, m3/kg;
T, — degassing parameter depending on physical-chemical properties of coal.

Researchers of [15] developed the methods of calculating methane inflow out of
loose coal in the course of transportation time at on the basis of differential equation
of methane mass transfer with the account of coal granulometric composition (methane
inflows into the longwall face grow at the increase of the degree of loos coal grinding)
and technological parameters of face operation. As coal piece decomposing into
spherical particles with typical intensity of gas emission causes difficulties at measuring,
methane emission process out of loose coal at K is suggested to be described as follows:

K.mr AL J, (tp) ‘exp((t, —t) /T,), t>t,;
k= (10)

0, t<t,,

where k. — coefficient of methane transfer from the surface of loose coal at K,
1 = ky; + k; t — loosened piece of coal transportation in the longwall face by K, s;
1, — the moment of loose piece of coal loading on K, s.

Thus, in order to determine gas emission out of loose coal at the conveyor it is
necessary to know coal properties (k, p, m, T,), characteristics and parameters of OK
operation (r, Vi) and K (S, y, ¢) and shearer control law v, = f (V3 ).

Application area. Formulae (2)—(10) are the basis for the construction of the coal
production process simulation model [16] in the problem of a mining machine optimal
control system synthesis.

Conclusions. The suggested model of coal production process allows fully
considering coal production process and taking it into account with limitations and
suppositions, connecting stoping area aerogasdynamics, technological equipment
operation, and coal bed behavior.
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CTPYKTYPHAS UAEHTUOUKALIUA OFBEKTA YIIPABJIEHUS B 3ATAYE
OIITUMAJIBHOI'O YITPABJIEHUS TOBbIYHBIM YYACTKOM

Batenxo A. T.!, Korerosa E. B.!

! Vpanbckuil rocyapcTBEHHBIH TOpHBINA yHUBepcuTeT, I. EkarepunOypr, Poccus.

Bgeoenue. OCHOBHBIM ITyTeM 0O€CTIEUEHHSI BHICOKOH peHTa0eIbHOCTH JOOBIUH YIS SABIAETCS KOHIICHTpa-
1S 1 MTHTEHCU(UKAIHS TOPHBIX paboT. MeTaHOHOCHOCTH YTOJIBHOTO IIACTa, MPOTPECCUBHBIE TEXHOIOTH-
YEeCKHE CXeMBI JOOBIUN, BRICOKOIPOU3BOIUTENbHAS OUMCTHAS TEXHHUKA IPUBOAAT K POCTY METAaHOOOMIIBHO-
CTH OYHCTHBIX BBIPaOOTOK, 3ara3uPOBAHUSIM, IPOCTOSIM U 3HAYUTEIBHBIM SKOHOMHYECKUM HOTEPSIM.

Memoouxa npoeedenus ucciedosanuii. JJaHHOEC TPOTUBOPEUNE MOKET OBITH PaspelIeHo ITyTeM OITH-
MaJIbHOTO YIPaBJICHUs JOOBIYHBIM YYaCTKOM, KOTOPOE MpeayCMaTpUBaeT OJHOBPEMEHHOE oOecreueHne
BBICOKOH TIPOM3BOAUTENIFHOCTH M a3pooruueckoit 6e3onacHocTH. C HCHONB30BAaHUEM N3BECTHBIX ONUCA-
HHUH a3pOJIOTHYECKHUX, TEXHOJIOTHYECKNX M Te0ra30NHaMHYECKHX MPOIECCOB pa3paboTaHa CTPYKTypa
MMHTALMOHHON MOJIENH Ipoliecca Jo0ObIIH yIiisl. JIBIKeHHe ra30BOil CMECH U BBIZICTICHHE METaHa U3 pa3-
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JINYHBIX KCTOYHUKOB B JIABE MPEAJIOKEHO OMKMCHIBATH B JUCKPETHOM BpeMEHH U mpocTpancTie. Ocymiect-
BJICH aHAJIM3 BIMSHUS NCTOYHHKOB ra3a B 00IIeM ra30BO3AYIIHOM MOTOKe. PaccmoTpen mpouecc popmu-
poBaHHs (IIOUIHOTO TOTOKA B YTOJBHOM ILTACTE W OLCHEHA BO3MOXHOCTH JCTATBHOTO OMHCAHUS
mporecca IecopOIUy ra3oB.

Pezynvmamet. TIpoaHann3upoBaHbl BApUAHTHI MOJICTICH Ta30BBIICICHNSI U3 YTOJNBHOTO TUIACTa U U3 OTOU-
TOTO YIJISl M IBM)KEHHS Ta30BO3AYIIHON CTPYH B JIaBe M MPEAJIOKEHBI afeKBaTHbIE, 10 MHEHHUIO aBTOPA,
CTPYKTYpBI MOJielici. BhIsBIIeHa B3aMMOCBSI3b BBIJICICHHI METaHa U3 Pa3IMYHBIX HCTOYHUKOB C PEXKHMa-
MH pabOTHI TEXHOJIOTHYECKOTO 000pynoBaHus. B pesynsrare onpeneneHo J0CTaTOYHOE KOITMUECTBO Mepe-
MEHHBIX 1 c(hOpMHpOBaHA MapaMeTpUIecKas HMHTAIIMOHHAS MOJIEINb Tpoliecca TOOBIYH YISl TS pa3pa-
OOTKH CHCTEMBI ONTUMAIBFHOTO YIIPABICHHUS TOOBIYHON TOPHOI MAIIMHOM.

Knruesvie cnosa: 04MCTHON yUaCTOK; ra30BBIICICHNE; METAH; UICHTU(DUKAIINS; MOJICITH.
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MPOSABNEHWUE M PACYET BEPOATHON CUCTEMATUYECKOM
MOrPELIHOCTU PE3YINBTATOB ONPOBOBAHUA
HA OBOIATUTEJIbHbIX ®ABPUKAX

KO3WUH B. 3.', KOMJIEB A. C.", BOOOBO30B K. A.!
1'YpanbCkuil rocyaapcTBEHHbIN TOPHBIA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

Lleny pabomui. Hecmomps na mHozouucienHvle nposasieHus npu onpobosanuu pyo u npooykmos 060-
2aujenus, 6eposMHAs CUCIEMAMUYeCcKas NO2PEeUHOCb Ha NPAKMUKe He PACCHUMbIEAemcs U He onpe-
Oensemcs. Ee npossnenus uauje 6ce2co omnocam Kk cneyugpuueckum HeobvacHUMbIM dpdexmam onpo-
006anus 16O K NOSPEUHOCMAM, KOmMopsle Mo2ym Obimb YCMpanervl NPU NPaguIbHOM ONpoOO8aHUY.
Lenvtlo pabombl a6naemcs usnodiceHue 6apuarnos nposIeHUs 6ePOSAMHOU CUCMEMAMUYECKOl noepelu-
HOCIMU U 803MONCHOCME OYEHKU e€ 8eTUUUHDL.

Memoodonozun uccnedosanusn. Cywjecmsayem HECKOIbKO 8APUAHINOE NPOSBLEHUS U pACYemd 8ePOSIMHO
CUCMEMAMUYECKOU NOSPEUHOCINU. NO HeBsi3Ke MOBAPHO20 DANAHCA,; NO PACXOHCOEHUK) PACCHUMAHHBIX
1O MEXHON02UHECKOMY OANAHCY MACC YEHHBbIX KOMNOHEHMO8 U UX (PAKMUYECKOMY HATUYUIO, NO pacnpe-
OeNeHUsIM MAcco6ol 00U Pe3yNbMmamos onpodo8anUs; no NOIAM KOPPENAYUU MAcCco8bix 00nel 8 mou-
Kax onpobo6aHus; HenoCPeOCmMEeHHbIM CDAGHEHUEM Pe3VIbIMAMo8 Onpo608arUs OOHOU U MOU Jice Moy~
KU NPUHAMbBIM HA NPEONPUAMUU CHOCOOOM U CHOCOOOM, UCKTIOUAIOWUM 8EPOSAMHYIO CUCTNEMAMUYECKYIO
nozpewHocms.

Oobnacms npumenenun pezynomamos. Oyenxu 8eposMubIX CUCIEMAMUYECKUX NOSpeHoCmell npuge-
JU K 8b1800Y 0 HE06X00UMOCmu nepexooa npu onpobosanuu Ha 06ocamumenvHsix Gabpukax K Henpe-
DbIGHOMY 0mOOpY npob, umo o3navaem omoop MoUeyHvblX Npod NPuU UCHONL306AHUU CNOCODA nonepey-
HBIX ceueHUll uepe3 KOpOomKue npomexicymxu epemeru (eniomsv 00 30 c), iubo ombop npob cnocobom
NPOOONbHLIX CeYeHUll.

Bu1600vl. Oyenku 6eposmublx CUCMEMAMUYECKUX noepeutHocmetl ciedyem eKuouams 6 pacuem 0ony-
CMUMBIX 3HAYEHUT HEeBA30K MOBAPHLIX OANAHCO8 U YHUMbIEAMb NPU AHAIU3E PE3YIbMAMO8 PACYENO8
MEXHON02UYeCKUX DANAHCO8.

Knrouegwie cnosa: seposimuas cucmemamuyeckas nO2PeutHoCns, OYeHKU, Henpepuletblil 0moop npoo.

Hens padorsl. HecMoTpst Ha MHOTOYHCIICHHBIE TIPOSIBIICHUS ITPH OITPOOOBAaHUH PY[I
Y TPOIYKTOB OOOTAIlCHHS, BEPOSTHAS CHCTEMAaTHYecKas MOrPEIIHOCTh Ha MPAKTUKE
He paccuuThiBaeTcs U He onpenenserca (I OCT P UCO 5725-1,2,3,4,5,6-2002. Tou-
HOCMb (NMPABUNLHOCHb U NPEYUSUOHHOCIb) MEMO008 U Pe3YIbnamos uamepenuli).
Ee mposiBieHns dare BCETO OTHOCAT K CIENMU(DUIESCKUM HEOOBICHUMEBIM 3 deKxTam
onpoOOBaHUSA JTHOO K MOTPEITHOCTSM, KOTOPBIE MOTYT OBITH YCTPAHEHHI IIPH MIPABUIIb-
HOM orpoOoBanuu [1, 2].

Lenbro pabOTHI ABISICTCS U3JIOKCHUE BAPUAHTOB MPOSBICHUS BEPOSTHOW CUCTEMA-
TUYECKOM MOTPEITHOCTH U BOBMOXHOCTEW OLIEHKHU €€ BEJINYMHBI.

IIposiBeHHsT BEPOSTHOM CHCTEMATUYECKOW MOIPEIIHOCTH CBSI3aHBI C BHYTPEHHEU
MIPUPOIOH TeXHOJIOTHH orpodoBanus. [Ipy ompoOoBaHNM OTOUPAIOT TOUCHHBIE MPOOHI,
MOCIIe aHaN3a KOTOPhIX HAXOMAT CpeIHee 3HAaYeHHE MacCOBOW JoiU. Tak KakK 4ucio
TOYEUHBIX MPOO BCETa OTPAaHUYEHO U OOBIYHO HEBEJIHMKO, TO B HUX HE MOMAJIAI0T Pe-
KHe TIPOOBI, MACCOBAs JIOJISI KOTOPBIX 3HAYUTEIBHO OTIUYACTCS OT CPEIHETO 3HAYCHUS.
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Taxast mpakTHKa IPUBOTUT K TOMY, UTO CpEJHEE 3HAYSHHE MAacCOBOW JONU B OEIHBIX
MPOAYKTaX OKa3bIBAETCS 3aHWKECHHBIM, a B OOTaThIX — 3aBBIIICHHBIM Ha BETMYNHY Be-
POSATHON cHCcTeMaTHYeCKOH MorpemHocT. KoMIeHCHpyIoT 3T0 3aHNKEeHNE (MIIH 3aBbI-
HICHUE) TaK Ha3bIBAEMBIC YparaHHble MPOOBI, KOTOPhIC OOBIYHO PACCMAaTPHBAIOTCS KaK
MOTPEIIHOCTH OMPOOOBAHUS U UCKITFOYAIOTCS U3 PacueToB. Tak BEpOsiTHAS CUCTEMATH-
gecKasl MOTPeITHOCTh IMPEeBpaIacTCcss B CHCTEMaTHISCKyo [3, 4].

MeTononorusi mpoBeneHns uccjaenoBanuii. HeoObraHbIe IPOSIBIICHUS BEPOSTHOM
cucremarnueckoii morpemHoctd (BCII) u3Bectsr nmaBHo. Tak, eme B 1959 T
W. H. Iopmmep nucan: «Ha Kamxapanckoii gpadpuke Habmonaercs Gakt cucremaru-
YECKMX HM3JIMIIKOB MOJHMO/IEHA MPHU COCTABICHUH €XKEMECSIYHOro OanaHca METallIoB.
AHaOTHYHOE SIBICHHE WUMEET MECTO M Ha JIPYTHX MOJMUOMCHOBEIX (habpukax» [5].
U 370 He MOTrpenrHOCTH B3BEIINBAaHUS, TaK Kak B 3TOM CIyYae «...I[PH COCTaBICHUHU
OanaHca gomkeH ObUT OB 0OHAPYKUBAThCA M30BITOK U BTOPOTO MeTailia (MeIn), 9ero
B JICHICTBUTEIBHOCTH HUKOTIIA HE OBIBACTY.

Torna BO3HUKHOBEHHE TOJIOKUTEIBHON HEBA3KH TOBAPHOTO OasiaHca, 00HApYyKUBa-
eMO€ KaX/Iblil Mecsll B TeYeHHE To/la, He Hanulo o0bsicHeHus. W maxxe MHOTO TIO3KeE
OOpOTHCS ¢ MPOSBICHUEM BEPOSITHON CHCTEMAaTHYECKOW TOTPEIIHOCTH MPEIaraioch
MyTeM UCTIOIB30BaHUs TIOMPABOYHBIX KO HUITHEHTOB [6].

Taoauna 1. ToBapHoe U TEXHOJIOIHYECKOE U3BJICYCHHS H HEBI3KA
TOBAPHOIo0 fajaHca MO0 WHHKY, Yo
Table 1. Trade and technological recovery and zinc trade balance
inconsistency, %

Mecsg Eron Erex Hessizka A Hessizka Apcry
1 75,67 75,92 -0,25 -
2 83,75 73,67 +10,08 +7,58
3 85,02 75,60 +9,42 +6,92
4 80,68 72,10 +8,58 +6,08

TeopeTndeckoe 000CHOBaHHE MPOSIBIICHUS BEPOSATHON CHCTEMAaTHICCKOHW TOTPEIII-
HOCTH CYIIIECTBOBAJIO, MPSIMBIX OIIEHOK He ObL10. [locTerneHHo MosSBUIHCh TpsSMbIE U
KOCBEHHBIE OIIEHKU 3TOW CrIenU(pHUECKOI MOTPEIIHOCTH.

CymiecTByeT HECKOJIBKO BAPHAHTOB MPOSIBICHUS U PacueTa BEpOSTHOHN cUCTeMaTu-
YECKOM MOrpeIHOCTH:

— TI0 HEBSI3KE TOBAPHOTO OaaHca;

— M0 PacXOXKJICHUIO PACCUYUTAHHBIX MO0 TEXHOJOTHYECKOMY OallaHCy Macc IIeHHBIX
KOMIIOHEHTOB U UX (DaKTHUECKOMY HAJIMYHIO;

— 10 pacnpeesieHusIM MacCOBOM JI0NN pe3ybTaToB ONMPOOOBAHHUS;

— 110 TOJIAM KOppEIAINU MaCCOBBIX ;[oneﬁ B TOYKaXx OHpO6OBaHI/IH;

— HETIOCPEACTBCHHBIM CPABHEHHUEM PE3YIIBTaTOB OMPOOOBAHUS OJHOU M TOU YK€ TOU-
KM TIPUHSTHIM Ha MPENNPHUITAN CIIOCOOOM M CIIOCOO0M, HCKITIOYAIONINM BEPOSTHYIO
CHUCTEMAaTHYECKYIO TIOTPEUTHOCTb.

Oyenxa no megsazke moeapnozo oananca. akTHIecKylo HEBsI3Ky A Ha (aOpuke
MOKHO HalTH MO pa3HOCTH TOBAPHOTO U TEXHOJOTMYECKOTO U3BICUCHHIA:

A=g . —€..

Ha ¢abpuxke, oboramaromield MeTHO-IIMHKOBBIE PYABI, ITOMyYEHBI CIEIYIONIUE pe-
3ynbrathl (Tabm. 1).

CrnyuaiiHasi COCTaBIsIONIas HEBSI3KU paBHa +2,5 %. MaccoBast 10 [IMHKA B PyJIe
cocrtasinsieT 4 %.
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Toraa cocTaBisoNIast HEBA3KH 32 CUET BEPOSITHONW CUCTEMAaTHYECKOH TIOTPEITHOCTH
B CpeaHeM 3a 4eThipe Mecsia Oymet +5,1 %. CrnemnoBareibHO, 3aHIKEHHE MaCCOBOMH
JONM B pyAe 3a CUYET BEPOSTHOW CHCTEMAaTHYECKOH IIOTPEIIHOCTH COCTABUT
Aoy =-0,204 %.

OrcyTeTBre Ay B TIEPBBIN MecsI] TOIBKO IOATBEPKIAET BEPOATHBIN XapakTep ee
BO3HUKHOBCHHUSI.

BeposiTHBIE cucTeMaTHYeCKUe TIOTPELIHOCTH ONPOOOBAHUS XBOCTOB M KOHIIEHTpATa
BIIMSIFOT Ha HEBSI3KY ITPOTHUBOIOJIOKHBIM 00pa3oM U MOTYT KOMITEHCUPOBATH JIPYT JpyTa.

Oyenka no pacxoxicoeHuio paciemos mexHon02U4ecko2o 6ananca u akxmuieckomy
Haauyuro npodykmos. Macchl KOHIIEHTPATOB JI0 MX OTTPY3KH Ha (adpukax OOBITHO
OIIPEIENSIOT HEe B3BEILIUBAs, & PACUUTHIBAS TEXHOJIOIHYECKHA OaaHc o Gpopmyie

M, =M

B acyx’YB’

rie M, — cyxast Macca KOHIEHTparTa; M, — CyXas Macca Py/Ibl; Y, — BBIXOJI KOHIICHTpATa.
BiusiHie BEPOATHBIX CHCTEMATHYECKHMX IOTPEIIHOCTEH Ha BEIHYMHY Y, MOXKET

NPOSIBIIATHCS TIO-Pa3HOMY, TOCKOJIBKY pacdeT OyJeT BBIOJIHEH TaK:

(0= Adgey)— (9= A3y)
(B + ABBCH) - (8 - ASBCH)
rac 9 — MacCCoBasd JJId METajllla B XBOCTax,; ASBCH — BEpOsATHAsA CUCTEMATUICCKAA I10-

TPEUTHOCTh ONMPOOOBAHUS MAacCOBOM JIOJIHM METalIa B XBOCTAaX.
B 3aBucumocTH OT BENMYUHBI Al

Tp

ABgery ABger Vg MOXET OBITb KaK 3aBBILICH, Ta6auna 2. Usaumku (+) 1 neroctaua (-)
TaK " 3aHXkeH. [1pu 3aBBIIIEHUN OYECBHIHO MeTaJLI0B 32 Mecs, %
npeobnanaer A3y, a IPH 3aHIKCHUH — Table2. Surplglseﬁ(ﬂ and ﬁh(g;tag% (-) of
metalsin a month, %
Aoy v ABgep, UTO B uTOre H MPUBE/IET K
pa3IMyYUI0 PACCUYMTAHHON W (PAKTHUECKOU Meosin Menb ok
Macchl KoHUeHTpara [7, 8].
1 +1,40 +0,0

Tax xak HanOobplllee BIUSHUAE Ha pac-
YeT BBIXO/Ia KOHIIEHTPATa OKa3bIBAET BEPO- 2 +0,50 +8,5
STHasi CUCTEMaTU4yecKass MOTPEIIHOCTh 3 +0,01 +6,6
OTPEJICIICHHS] MaCCOBOM JTONU B Py[ie, TO Ha 4 ~0,60 +1,1
(abpukax BeposiTHEE IMOSBICHUE W3JIHII- 5 +0,40 +0,0

KOB MeTaiuioB. [IpuBeneM naHHble Mo Men-
HO-IIMHKOBOH (habpuke (Tadm. 2).

Oyenka 6eposmHbIX CUCIEMAMUYECKUX NOZPeUHOCMell N0 paAcnpedeleHUsm Mac-
cosbix Oonetl. BennunHy BEPOATHOH CHCTEMaTHYECKON MOTPEITHOCTH Al ; MOXKHO
HAWTH TPSIMBIM PAcUYeTOM TI0 PACHPEICICHUI0 MAacCOBOHM JIONHU, MOCTPOCHHOMY IO
OOJBIIIOMY YHCITY aHAJTM30B TOYEYHBIX MPOO 110 hopmyIre

Atgey =0, — 0,

e O — cpeJHee 3HaUYEHHe MacCOBOM JOMH; 0,  — MOJA.
MosxHO HalTH A0 IO TOYEYHBIM OLEHKAM PaCIPENEICHHS:

SZ

Aa =—
BCIT -
N a

T

rie S — ucnepcus pacipeielieHus; N, — 4MCII0 TOYEUHBIX PO, UCIIOB3YEMBIX IS
pacdera CpeIHero 3Ha4YeHUs IPUHATOTO KOHTPOJIBHOTO MEpUOAa.
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IIpusenemM pacrpenenenue (THCTOrpaMMy) MAacCOBOM O U pacueT Aoy 1Uis (a-
Opuku, oboraimaromiei 3010ty pyay (puc. 1).

Cpennee 3Ha4eHHe MacCOBOM nosk O = 2,06 r/T; AuCTIepCust 82 = 0,848 (r/1)%.

B cmeny orOupaeTcs mecTh TOYEUHBIX P00, Torna Ao = 0 ,07 T/T.

OTHOCHUTEIBHOE CMEIIEHHE pe3yJIbTaTa onmpoOoBaHus OT cpeanero o = 2,06 r/T Ha
BenmuunHy —0,07 r/T cocraBiser —3,4 %.

Onpedenenue 6eposmHol CUCIEMAMUYECKOU NOZPeUHOCU HYmeM CDABHEHUsL pe-
3YIbMAmMOo8 onpobo6anuUsi 08YX MOYeK MEXHONOSULECKO20 Npoyecca no oo KOppeis-
yuu. MaccoBasi 0J1 B XBOCTaX TECHO CBf3aHa C MacCOBOM Jo0Jeil B NUTaHUHU.
Ecnu moctpouTts mosie koppesiuu (puc. 2), To Ha HEM MOXKHO BBIJCIIUTE TEOPETHUC-
CKYI0 JIMHUIO perpeccur | U JOBEpPUTEIbHbIC HHTEPBAIbI CIIydyaiHON MOrPENIHOCTH 2.
IIpu 3TOM YacTh TOUEK OKAXKETCS 3a MpeieaMH JOBEPUTEIbHBIX HHTEPBAJIOB.

P
A

0,30

0,25

0,20

0,151

0,10

0,05t

| | T —

T

0 0,6 1,2 18 & 24 3,0 3,6 4,2 48 o, 1/T

Puc.1. 'mcrorpamma MaccoBoii 011 30J10Ta B pyue (298 cmeHHBIX
aHaJIM30B 3a IIATh MeCﬂHCB
Fig.1. A histogram of gold mass fraction in ore (298 interchangeable
analyses in five months)

OTKJIOHEHHE TOUEK OT BepXHEl IpaHHIIbI CITy4aiHOM MOTPEIIHOCTH MOXHO CUMTATh
MUHUMAJILHOM OIICHKON BEPOSITHOM CHCTEMAaTWYECKON MOrPEIIHOCTH MPU ONpoOoBa-
HUU PYJBL.

Crnenyet HaliTH cpeHee 3HAYCHHE IS 7 BBIXOASIIUX 32 MPEeIIbl TOUeK:

AOge = 2 A0 e / N

IIpu mocTpOeHUH MO KOPPEIALUH I poliecca (IoTalMK 30JI0TOH pyabl 00Ha-
pyXuinoch 8,7 % TodeK, BEIXOIANINX 32 BEPXHIOIO JTOBEPUTEIBHYIO TPAHUITY CITydai-
HOM MOTPEIIHOCTH, a Cpefnee 3Ha4enune Aoy = —0,28 r/.

Henocpeocmeentoe onpedenenue 8eposimHoOl CUCMEMATMUYECKOU NOSPEUHOCTIU.
Ecnu umeeTcst BO3MOXKHOCTh BBIIMOJIHUTL OTOOP MPOO OT OJJHOTO M TOTO e Onpodye-
MOTO MaccHBa CIiocoO0M MOTIEPEYHBIX CeUeHUH (HEOOIBIOe YMNCIIO TOUYSUHBIX ITPO0) U
CIocoOOM MPOMOIIEHBIX CedeHU (OONBIIOe YUCIO TOUYCUHBIX MTPO0), TO MOXKHO HEMO-
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CpCACTBCHHO OIIPEACIUTh AG‘BCH‘ PC3YJ'ILTEITLI OHpO60BaHI/IH OKa3bIBAIOTCA pa3HbIMU, U
OTIIMYar0TCd OHU UMCHHO HAa BCJIIMUYUHY AaBCH:

A(XBCI'[ = anon - anp’
ITJ€ 0, — CPeAHss MaccoBas 107 MeTallla, HalIeHHas [0 Pe3y/bTaraM OIpoOOBaHMs
CHOCOOOM MOMEPEUHBIX CEUCHUHM; O, — TO JKE COCOOOM MPOAOIBHBIX CEUCHUH.
Takoe onmpoOoBaHue OBLIO pealM30BaHO Ha OJHOH M3 METHO-IIMHKOBBIX 00OraTu-
TesnbHBIX Gadpuk. Ha oqHOM 1 TOM e mpoayKTe (XBocTax) ObLT BBIIIOIHEH 0TOOP pod
KaK cII0COO0M MONEepPEYHbIX, TaK U CII0COOOM IPOAONIbHBIX cedeHuit. I1pu orbope nmpob
crocoOoM nonepeunbix ceueHuit (1300 nmpob) 3aduKcHpoBaHO 3aHMKEHHE MAaCCOBOM
nmoau Mmeau B xBoctax Ha 0,025 % u nuaka Ha 0,06 %, 94TO COCTABIACT 3aHIKCHHUE I10
Meau Ha 8,22 % u 1o uuMHKY Ha 8,28 %.

9
A

Adipcn

L
o

Omin Olmax

Puc. 2. CBsi3b MacCOBOI JI0JIM B XBOCTaX C MacCOBO#
JloJiel B pyzie
Fig. 2. Connection between mass fraction in tailings
and mass fraction in ore

AmHayornyHasi paboTa BBIINOJIHEHA HA XBOCTAX 30J10TOpynHOM (adpuku. [Tpu orGope
npo6 cnoco0OM TONEPEUHBIX CEUCHHH KaXIIbIi Yac B TEUEHHE Mecsla MOIy4eHo, YTOo
CpeHsIs MaccoBast 10J1s 30510Ta B XBocTax paBHa 0,499 r/1, a mpu oTbope nmpobd criocodom
npoaoibHbIX ceuenuit — 0,527 1/T. 3anmxenue cocrasuio 0,028 1/, wu 5,3 %.

OreHKa BEpOSTHON CHCTEMaTHYECKOW MOTPEIIHOCTH BO3MOXKHA MPU COMOCTaBIIE-
HUH pe3yJIbTaTOB aHaJIM3a OJHUX U TeX K€ MPOAYKTOB Y MOCTABIIMKA U TIOTPEOUTEIISI.
[MocraBmukn — oboraruTenbHbie (paOpUKU — OOBIYHO UMEIOT MEHBIIIE BO3MOKHOCTEH
KaueCTBEHHO OTOOpaTh MPOOBI OT KOHIIEHTPATOB, YeM MOTpeOUTENH — 3aBosbl. Toraa,
MIPUHSB 32 ONOPHOE 3HAUYCHUE PE3YIBTAT OMPOOOBAaHUS ¥ IOTPEOUTENS (3aBO/IA), MOXK-
HO MTOJTYYHTh OIIEHKY BEPOSITHON CHCTEMaTHYECKOU MMOTPEITHOCTH Y TIOCTaBIIKKa (000-
raTuTeNIbHOM (hadpuKH).

Takoe comocTapJIeHNE BBHIOJHEHO HA MOCTaBKaX MEIHOTO KOHIEHTpAara IO TpH-
Hajauary naptusim u3 30 BaroHoB. [lomydeHo, 4To Ha (QadpuKke 3aBBIIIAIOT KAaYeCTBO
koHueHTpara mo menu Ha 0,187 % (1 % oTH.) W 3aHmwkaroT mo 300ty Ha 0,34 r/T
(1,5 %), no cepedpy — Ha 0,35 /1 (1,4 %).

Ha aroii xe (abpuke BHIIOIHEHO COMOCTABICHUE KauecTBA KOHIICHTpaTa 10 MEIH
M0 CMEHHBIM TpoOam: Ha mpousBoacTBe — 19,68 %, mpu orrpyzke — 19,04 %.
3apbllieHKE Ha pou3BoacTBe coctaBuio 0,64 % (3,4 % otH.).



74 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2018 ISSN 0536-1028

CpaBHeHHE KayecTBa IUHKOBOTO KOHIIEHTPATa, MOJYYEHHOTO OMPOOOBaHNEM KeKa
BakyyM-¢uibrpa (48,05 %) 1 Ha oTrpy3ke KoHLeHTpara (46,18 %), mokaszaio, 4To npu
OMpoOOBaHHUHU KeKa MaccoBasi JI0JIsl IIMHKA B KOHIIEHTpare 3aBbitiaeTcs Ha 1,87 %.

Pe3yabTarhl, aHaIu3 U 06cyxkaeHne. [19Ts BapraHTOB OOHAPYKEHHS TPOSBICHUS
Y OLICHOK BEPOSATHOM CHCTEMAaTHYECKON MOTPEITHOCTH, BBIIIOJIHEHHBIX HA Pa3HBIX 000-
raTUTENbHbIX (abpHKax, Jar0T OCHOBAHUS PACCMaTPUBATh ATy MOTPELIHOCTh HApaBHE
C U3BECTHBIMH CHCTEMAaTHYECKUMHU U CIIy4aliHBIMHU MOTPEIIHOCTIME OIPOOOBAHUS MU-
HEPAIBHOTO CBHIPbS. JTO MO3BOJIIUT OOBEKTUBHO OILICHUTH paboTy (Gadpuk u npu MosB-
JICHUW HEOXXHJAHHBIX PE3yJIbTaTOB, B TOM YHCIIE TPH IMOSBICHUN yparaHHbIX Mpo0
100 M3JUIIKOB IEHHBIX KOMIOHEHTOB, CHU3UTh BO3MOXKHOCTHU MOIy4YeHHUsS Opaka 1o
Ka4eCTBY KOHIIEHTPATOB M OOBSICHUTH BO3MOXKHBIC PA3HOINIACHS C TOTPEOHTENSIMH
KOHIICHTPATOB.

Oo0nacTh npuMeHeHUsi pe3yabTaToB. OLEHKH BEPOSTHBIX CUCTEMATHUYECKUX T10-
IpEeIIHOCTE TPUBENN K BBIBOAY O HEOOXOIMMOCTH TIepexo/ia IpU ONpoOOBaHUU Ha
oboraruTenpbHBIX (hadprUKax K HEMPEPHIBHOMY OTOOPY MPOO, YTO 03HAYaET OTOOP TO-
YEYHBIX MPOO TMPH HCIONB30BaHUN CIOCO0a TMOMEPEYHBIX CEYEeHHH 4Yepe3 KOPOTKHE
MPOMEKYTKH BpeMeHHu (BIUIOTh 10 30 c), m1ubo orGop mpod crmocoOOoM MPOAOIBEHBIX
ceuenuit [9-15].

O1CHKH BEPOSATHBIX CUCTEMATHUECKUX TIOIPEITHOCTEH CIIEAYET BKIIIOYATh B PacueT
JIOITyCTUMBIX 3HAYCHUU HEBSA30K TOBAPHBIX OaJaHCOB M YYHTHIBATH NPU aHAIH3E pe-
3yJIBTaTOB PACUYETOB TEXHOJIOTMIECKUX OAIaHCOB.

BriBonbl. BeposTHas cucteMarnueckast MOrPeIIHOCTb IPU ONPOOOBAaHUH MPOIYK-
TOB 00OTalIECHNUSI MOXKET UMETh 3HAUCHHS, IPEBOCXOSIIIE CITyYaiiHbIe MOTPEIHOCTH.
Bo3MokHOCTH OmnpeseieHus] BEpOsTHOW CHCTEMAaTHYECKOH MOTPEIIHOCTH OTHUM M3
TSITH H3JI0KEHHBIX CITOCOOOB MO3BOIISIOT YCTAHOBUTD €€ BIMSHUE M YUECTh ITPU aHAIIU-
3€ MOTyYaeMBIX pe3yJabTaToB ONpoOOBaHMs M pacyerax OanmaHcoB. J[is cHIXeHHS Be-
POSITHOHM CHCTEMaTH4eCKOH MOTPENIHOCTH HEOOXOIMM HEePEX0 K IIPaKTHUECKH Hetpe-
PBIBHOMY 0TOODY IpOO.
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SAMPLING RESULTS PROBABLE SYSTEMATIC INCLINATION MANIFESTATION AND
CALCULATION AT CONCENTRATING MILLS

Kozin V. Z.!, Komlev A. S.1, Vodovozov K. A.!
! Ural State Mining University, Ekaterinburg, Russia.

Research aim. Despite multiple manifestations at ores and concentration products sampling, in practice,
probable systematic inclination is not calculated and determined. Its manifestations are commonly assigned
to incomprehensible sampling effects or inclinations which can be eliminated by correct sampling.
Research aim is to state the variants of probable systematic inclination and its value estimability.
Research methodology. There are several variants of probable systematic inclination manifestation and
calculation: by inconsistency of trade balance, by divergence of valuable components masses calculated
according to the technological balance and their actual presence, by sampling results mass fraction
distribution, by mass fractions correlation functions in sampling points, by direct comparison of sampling
results of one and the same point with the method adopted at an enterprise or with the method eliminating
probable systematic inclination.

Results application area. Assessments of probable systematic inclinations have lead to the conclusion
about the necessity of transition to continuous sample collection at concentrating mills, which is point
sampling with a method of cross sections through short periods of time (up to 30 sec.) or sampling with a
method of longitudinal sections.

Conclusions. Assessments of probability systematic inclinations is to be included in trade balance
inconsistency acceptable values calculation and taken into account in technological balance calculation
results analysis.

Key words: probable systematic inclination; assessments; continuous sampling.
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CBA3b MOKA3ATENEN PEHTTEHOPAOUOMETPUYECKOW
CENAPALIUX C KPYNMHOCTbO COPTUPYEMbIX KITACCOB

UbIMMH E. ®.", EPPEMOBA T. A.2, ENIU3APOB [. 6.3, OBYUMHHUKOBA T. 10.!
1'YpanbCkil rocyaapcTBEHHbIN FOPHBINA YHUBEPCUTET
(Poccws, r. Ekatepunbypr, yn. Kyitbbiwesa, 4. 30)
2 AO «YpanmexaHo6p»
(Poccws, r. Ekatepunbypr, yn. Xoxpsikosa, 62)
3 YparbCKuiA rocyapCTBEHHbIA 3KOHOMUYECKUI YHUBEPCUTET
(Pocems, r. Ekatepunbypr, yn. 8 MapTa, 62)

IIpeomem u yenv pabomol. Memoo penmeeHOpaOUOMeMPUYECKoU cenapayuu, UCNOab3YIOWUL N08epxX-
HOCMHblE NPUSHAKU PA30eleHus, mpebyem coON00eHUs ONPedeleHHbIX MeXHOI02UYECKUX NPUEMO8 NOO-
20MOBKU CbIpbsl K pA30€LeHUIo, 6 YaACMHOCMU GblOeNeHUsl U3 UCXOOHO20 MAmepuaid CoOpmupyemoix
Knaccos. Pasnuunvie pacnpedenenusi nOKycko8020 coO0epiicanus MUHepanbHyix (as, xapakmep munepa-
JU3AYUU PA3OCTISLEMbIX KYCKOG, NPUMEHSeMAs 2eOMempPUst U3MepeHUsl PeHmMeeHO8CKUX XAPAKMEPUCMUK
KYCKO8 npu cenapayui, COOMHOWEHUs Napamempos paHyI10Mempuieckux Xapakmepucmux mamepua-
214 U NeMEeHMO8 UBMepUMenbHOU CUCmeMbl GIUAIOM HA P@OEeKmuUsHOCmb cenapayuy npu HazHaveHuu
epanuy copmupyemulx K1accog. Llenvio dannoti pabomul 1615emcst uccaed08anue 6IUsiHUS SPaHUY COpmu-
PYEMbIX KIACCO8 U KOMUYECMEAd IMUX KAACCO8 NPU PASNUYHBIX HOKYCKOBbIX PACAPEOECNEHUSIX COOepIICd-
HULl MUHEPATbHBIX ()a3 8 Cblpbe HA IPPEKMUBHOCIb PA3OETEHUSL.

Memooonozus. [{is nonyyenus o6wux 3aKOHOMEPHOCMEN O CE:35X XAPAKMEPUCTIUK CbIpbsl U mpebye-
MbIX 2DAHUY COPMUPYEMbIX KIACCO8 Oblla UCNONb308AHA UMUMAYUOHHAS MOOeb, YUUMbIEAoOWas pa-
HYLOMEMPUYECKUT COCIMAS, PACAPEOeLeHUe N0 COOEPICAHUI0 MUHEPALbHBIX (a3 8 KYCKax pyobl, XapaK-
MepUCMUKU  UO0eAIbHO20 Cenapamopd, Nno380NsI0WdAs OCYUWeCMEIsiMb NPOSHO3 MEXHON02ULEeCKUX
nokazameneil pazoeneHus..

Peszynomamel u 06nacmo npumenenus pe3yibmamos. Pezyiomamamu mooenuposanus a6na0mcs Kpu-
6ble pazoenenusi 05l PATUYHBIX COPMUPYEMBIX KAACCO8 KPYRHOCMU U NIOMHOCMEN pacnpedeienust no
CO0ePIACAHUI0 MUHEPATILHBIX (a3 8 KYCKAX pyovl. B ciyuae omuecenus peanbno2o coipbs K KAKOMY-1u60
MUNY U3 YUCIA PACCMOMPEHHBIX NPU MOOCIUPOBAHUU MO2YM ObLMb OCYUeCMEAeHbl NPOZHO3bL MEXHONO0-
2UYecKUx noxkaszamelnetl pazoeienus nPpu Pa3iuyHblX SPAHUYAX COPMUPYEMBIX KIACCO8, 8blOPaAH0 mpedy-
emoe YUCi0 COPMUPYEeMbIX KAACCO8 U UX SPAHUYbI.

Bui6oowt. Ha s¢hpexmusrnocms pazoenenusi u 603MOACHOCMb NOLYYEHUSE BEOHbLX X60CMO8 NPU PA3IUY-
HOU WUPUHE COPMUPYEeMbIX KIACCO8 GIUslem Xapakmep NOKYCKO8020 pacnpedeneHust cO0epIuCaHUtl Mu-
nepanvuvix gasz. Ilpu paspabomre cxemvi (8b100pe YUCIA U SPAHUY COPMUPYEMBIX KIACCOB) HEOOXOOUMO
VUUMBIEAMb XAPAKMEP NOKYCKOBO20 PACAPEOENeHUsl COOePICAHUL MUHEPATbHbIX (a3.

Knrwuesvie cnosa: npet)sapume]lbnoe 0602014461‘1”6,’ peHmeeHopaduomempul{ec:ca}z cenapayus, 4ucio
CoOpmupyembvlx Kiaccos, umumayuoHHas Jl/lOd@Jlb,‘ Kpuevle pasdeﬂenuﬂ.

BBenenue. [IpenBaputenpHoe oborameHue — OANH U3 COBPEMEHHBIX TPEHIOB pa3-
BUTHUSI 000raTUTEeNIbHONM TexHosoruu [1-3]. B npeaBapuTebHOM 00OTaIllEHUHd MOTYT
peumarbest pa3IuyHble TEXHOJIOTWYECKHE 3aa4d, U3 HUX HauboJee 4acTo perraeMoi
SIBIIACTCS 3a7aya TIPeIBAPUTEIILHON KOHIICHTPAIIUU, OOCCIICUHBAIONICH PST TEXHOJIO-
TMYECKHUX, SKOHOMUYECKUX U DKOJIOTMYCCKUX IIPEUMYIIECTB OJlaroapsi BEIBOAY 4aCTH
OEIHBIX KYCKOBBIX XBOCTOB, CHIKCHHMIO 3aTpar Ha TPAHCIOPTUPOBKY U TIyOOKOe 000-
raleHne, CHUKCHHIO TUTaTEKeH MPU CKIaANPOBAHUHU OTXOJIOB.

Cpeny UCToNIb3yeMBIX METOIOB 0C000€ 3HaYeHHE UMEIOT HH()OPMAIlMOHHBIE METO-
Il oboramienust [4—8], Takue Kak paguoMeTpUIECKHe, PEHTTEHOPATHOMETPUICCKUE,
PEHTTCHOIOMHUHECIIEHTHBIC, ONTHYECKHEe, (POTOMETPUUSCKUES, PEHTIEHO0a0COPOLINOH-
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HBIE, HEUTPOHHBIE, paanope3oHaHcHble. Hanbosee yHuBepcaabHBIM U BOCTPEOOBAHHBIM
ABIAETCS PEHTTCHOPaJUOMETPHUYECKHH (peHTreHO(IyopeceHTHIH) MeTon [9-12].
OTOT METOI UMEET PsiZ MPEUMYIIECTB Tepe] APYTUMU HH(POPMALMOHHBIMH METOIAMHU.
OH 1MeeT OTHOCUTEIBHO BBICOKYIO UyBCTBUTEIBHOCTD, YTO MIO3BOJISIET OCYIIECTBIATh
pasfencHue NpU MalbIX COACPKAHUAX KOMIIOHEHTOB. JIaHHBIM METON NPUMEHHUM
IUTsL KPYITHOKYCKOBBIX IPoAYKTOB (10 350—400 MM), MO3BOJISIET ONpEnensTh coaepKa-
HUsSI HECKOJIBKMX 3JIEMEHTOB OJHOBPEMEHHO M IO3TOMY HMCIOJIB30BaTh Hambolee
BBITOJIHBIE AJTOPUTMBI CENapalil MHOTOKOMIIOHEHTHBIX pPyZ C PEUIEHHEM pa3HBIX
TEXHOJIOTUYECKUX 3a/]ay.

[IpeaBapuTebHOMY OOOTAIIEHHIO C HCIIOIB30BAHHEM 3TOTO METO/AA MOABEPraioT
pa3IM4YHbIC BUIBI MUHEPATIBHOIO CHIPbs. PEeHTreHOopannoMeTpuueckas cenapanus Mo-
KeT OBITh MCIONb30BaHa JAJIS MOMYyYeHHS KOHLEHTPATOB MU AJS TpelBapUTENbHON
KOHIICHTPALUd MEIHBIX U METHO-UMHKOBBIX pyAd [13], CBUHLIOBO-LIMHKOBLIX pyA [14],
3o0J0TOCOAEpKaUX pyA [15], anmasubix [16], MapraHieBbIX, XpOMOBBIX, CHIEPUTO-
BEIX pya [17], ypaHnoBeix pyn [ 18], kBapna [19], moneBsix mmaros [20], 6okcuToB [21],
yoid [22] u ApyTUX BUAOB MUHEPATIBHOTO CHIPHS.

PenTtrenopaanomerpudeckas cemnapanus OTHOCHTCA K METOAAM, HMCIOJB3YIOIIUM
MOBEPXHOCTHBIE MPU3HAKU paszlelieHus. OTO TpeOyeT COOMIONEHHs ONpeAeICHHBIX
TEXHOJIOTUYECKUX NTPHEMOB MTOJTOTOBKH CBIPbS K pa3AeieHNIO, B YACTHOCTHU pa3Jerie-
HUS UCXOAHOIO Marepuala Ha COPTHpYyeMbIe Kilacchl. PaznuuHble pacnpeneneHus mo-
KyCKOBOTO COZAEP)KaHUS MUHEPAJbHBIX (a3, XapakTep MUHEPAJIH3aLUN Pa3AeIIeMbIX
KyCKOB, IIpUMEHsAEMAas TEOMETPUS U3MEPEHMSI PEHTITE€HOBCKUX XapaKTEPUCTUK KyCKOB
IIPU CeMnapalyy, COOTHOILEHHS TapaMeTPOB TPaHyIOMETPUUECKHUX XapaKTEPUCTHK Ma-
Tepuaia U 3JIE€MEHTOB U3MEPUTEIHLHOIN CUCTEMBI BIHSIOT Ha 3()(EKTUBHOCTD Ccenapa-
LMY NIPU Ha3HAYEHUHU TPaHMI] COPTUPYEMBIX KJIaCCOB.

Pa3znuynble BUABI MUHEPATIBHOIO CBHIPhs OTIINYAIOTCA MMOKYCKOBBIM paclpeieeHt-
€M COZIep’KaHNN KOMIIOHEHTOB IIPH OIMHAKOBBIX I'PAaHUI[AX COPTHPYEMBIX KIAcCOB U
MO3TOMY MOTYT UMETh pa3Hble ToKa3aTein pasaeneHus. OJHaKo 3TO 00CTOSTEILCTBO
HE YYUTBIBACTCS IPH pa3paboTKe CXeM PyI0COPTUPOBOYHOIO KOMIUIeKca. Llenbio naH-
HOU paboThI ABJISIETCS HCCIIEAOBAaHNUE BIMSHHS TPAHUL COPTUPYEMBIX KIJIACCOB U KOJIU-
9YeCTBA ITHX KJIACCOB IPHU Pa3IUYHbIX NOKYCKOBBIX PACIIPENENECHUAX CONEPKAaHUN MU-
HepanbHBIX (a3 B chipbe Ha A3PPEKTUBHOCTH pa3ieneHusl.

MeTtonoaorusi. MHOroo6pasue BO3MOXKHBIX COYETaHHUH, KOTOpPBIE MOTEHIHAIBHO
MOTYT BCTpEYarhCsl MPH OOOTAIICHUH PAa3IUYHBIX BUIOB CHIPBS, M3-32 OTCYTCTBHS
NPEACTAaBUTEIBHON KOJUIEKIMH MPO0 Pa3iUUHBIX BUIOB MHHEPAJIBHOTO CHIPhS HE TO-
3BOJISIET HA OCHOBE HAaTYPHBIX SKCIIEPUMEHTANIBHBIX UCCIEI0BaHUM YCTaHOBUTH CBS3U
MEXJly XapaKTepUCTHKaMU CENapHupyeMOro ChIpbs M Pa3IUYHBIMM TPAHHULIAMH Kjac-
coB. Takyto BO3MOXHOCTh J3a€T METOJl MMUTALIMOHHOTO MOJIETMPOBAHUS C 3a/laHUEM
CaMBIX Pa3HOOOpa3HBIX CUTYallUil U XapaKTEePUCTUK ChIPbs. Pe3ynsTaToM MMHUTAIINOH-
HOT'O MOJICIIMPOBAHUS MOXKET OBITH MOTY4YEeHHE OOIIMX 3aKOHOMEPHOCTEH O CBSI3SX Xa-
PaKTEPHUCTHK CHIPBS U TPeOYEeMBIX I'paHHIl COPTHPYEMBIX KiaccoB. B cimyyae oTHece-
HUSl PEaNbHOTO CBIPbSI K KakOMy-IMOO THIy M3 YHCIa PAacCMOTPEHHBIX MPH
MOAETUPOBAHIH MOTYT OBITH OCYLIECTBICHBI IIPOTHO3bI TEXHOIOTHUECKUX IOKa3are-
Jieid pa3zeNneHus Ipu Pa3INyHbIX TPaHUIaX COPTHPYEMBIX KJIACCOB, BBIOpaHO Tpedye-
MO€ YHCIIO COPTHPYEMBIX KJIACCOB M WX I'paHHIBL. Takas wH(pOpMAaLuUsl AOKHA HC-
TIOJIb30BATHCS MPU MPOEKTUPOBAHUU CXEM PYIOCOPTHUPOBOYHBIX KOMIUIEKCOB.

Hcnons3yemas B UCCIEA0BAaHUAX MOJIENb MTOCTPOEHA COMIACHO CIETYIOINM IpPHH-
LUIaMm:

— CBIPbE XapaKTepHU3yeTcsl TPaHyJIOMETPUUECKON XapaKTepUCTUKON, MOKYCKOBBIM
pacmpenencHueM CoAepKaHusl OJHON 13 MUHEPaJbHBIX (a3 o B AByx(]a3Hoii cucreme
¢ (UKCHPOBAaHHBIM COJICPKAaHUEM KOMIIOHEHTa (DJIEMEHTa) B MHUHEpalbHBIX (pazax



ISSN 0536-1028 «H36ecmusi 8y306. Topuwiii sicyprany, Ne 6, 2018 79

(B pacuerax npunaTo B = 0,3 nonwm e1.), Ipu JOIYMIEHUAX O KyOnueckoi Gpopme Beex
KYCKOB, IIOCTOSTHCTBE IDIOTHOCTH MUHEPAJIBbHBIX (a3 1 paBHOMEPHOM paclpeaeIeHHH
MHHEPAIBHBIX (a3 0 00beMy 1 IOBEPXHOCTH OTJIEIBHBIX KyCKOB;
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Puc. 1. [TonyueHHbIe TIPU MOJCTUPOBAHUN KPHUBBIE Pa3/IeNICHHs NPH Pa3HbIX MMOKYCKOBBIX paclpererie-
HUSIX MUHCPATBHOH (hasbl oL ¥ OJIMHAKOBOM CPE/IHEM pasMepe Kycka B COPTHPYEMOM Kiacce (d,, = 60 mm):
a — PaBHOMEPHOE pacipesieneHue, o, = 0,5 10/ ex.; 6 — IPaBOaACHMMETPHYHOE pacnpesenenue, o, = 0,074 gomm en.
Fig. 1. Partition curves obtained at modeling under various lump distributions of mineral phase a and

uniform average lump sizes in the sorted fraction (d_, = 60 mm):
a— uniform distribution, o, = 0.5 unit fraction; b — right asymmetrical distribution, a,, = 0.074 unit fraction

— TEOMETPHSI U3MEPEHHS PEHMEeHOBCKASL MPYOKA—KOJLIUMAMOP—KY COK—OEMEeKmop
C U3MEPCHHUEM PEHTTEHOBCKOTO U3JIYYCHHUSI B 00PaTHOM 110 OTHOIICHHUIO K IEPBUYHOMY
PEHTTE€HOBCKOMY M3JIYYCHHUIO HAMIPABICHUU C 33/[aBAEMbIMU IITUPUHON U JITMHOU KOJI-
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JMMaTopa, PaBHOM MPH MOAEIMPOBAHUU 75 MM, IIPU AOIMYIIECHUH IPOXOXKACHUS KyCcKa
Ha ITIOCTOSIHHOM PAacCTOSHUM OT PEHTICHOBCKOTO O110Ka (OT KOJUIMMATOpPa, AETEKTOpa);

— 3aBUCHMOCTHU XapaKTEePUCTUK PEHTTCHOBCKOTO M3Iy4YEHUS (XapaKTEPUCTHYECKIX
3JIEMEHTOB, PACCESIHHOTO H3JIYyYEHHs, UX CHEKTPAIbHBIX OTHOLICHHH) OT COOTHOILE-
HUsI pa3MepoB KyCKa M KOJUIMMATopa Ul KaXIOW U3 MUHEpPaJIbHBIX (a3 3aJaHbl Ha
OCHOBE TEOPETUUECKOT0 aHAIN3a U SKCIIEPUMEHTAIBHBIX JaHHBIX P JOMYLICHUH 00
AATUTHBHOCTY MPH PA3IUYHOM COIEPKAHUU MUHEPAIBHBIX (Da3 B KYCKE;

— UMHUTUPYETCS IPOXOXKAECHHE EAMHUYHOTO KyCcKa Yepe3 N3MEPUTEIbHYIO CHCTEMY
cemaparopa, XapakTepHCTHUKH KycKa IOJIy4aroT C UCIIOJIb30BaHNEM I€HEPAaTOPOB CIIy-
YaWHBIX YMCEJI VI IPAaHYJIOMETPUUECKON XapaKTEPUCTHKH UCXOAHOTO U IMOKYCKOBBIX
pacripeniefieHui colepKaHnii MUHEpaIbHBIX (a3 (mapaMeTpsl TeHepaTopoB MOTYT Me-
HATBCS), PACCUUTHIBAIOTCS XapaKTEPUCTUKU yacTULbl (Macca, o0beM, comepikaHue
KOMIIOHEHTA), CPaBHUBAETCS MOJYYCHHOE pacdeTHOE 3HAaueHHE MapamMeTpa pasmelie-
HUSI KyCKa C 3aJaHHBIM T'PaHUYHbIM 3HaYCHUEM, IPUHUMAETCS pelieHHEe 00 OTHECEHUH
KycKa B TOT MJIM MHOHM MPOIYKT, IPH 3TOM HCIIONB3YEeTCs AOMYyIIEHHE 00 HICaTbHOM
BBIJICJIEHUH KyCKa B HY>KHBIH IPOAYKT;

— OCYIIECTBIISIETCS] pacuyeT TeXHOIOTHYECKHUX MOKazaTesel pa3aeseHus (BbIXOI0B,
MAacCOBBIX JOJEH) IO MaccaM KyCKOB M MaccaM MHHEPajbHbIX (a3, MepelenX B
KOHEYHBIE TTPOIYKTHI.

Pesyabrartsl uccaenopanuii. Ha puc. 1 u 2 npeacraBieHbl pe3yabTaTbl MOIAEIUPO-
BaHUA C PAa3JIMYHBIM IIOKYCKOBBIM DAacCHpeACIeHHUEM COACpKaHUS MHHEPaJIbHOH
(hazsr .

Pesynbrare! pa3aeneHus YeThIpeX COPTUPYEMBIX KITaCCOB Pa3HOM IIMPHHBI C OAWHA-
KOBBIM 3HaYCHHEM CPEIHEro0 pasmepa Kycka (d, = 60 MM), rie conepkanne MUHepallb-
HOH (ha3bl 0l IO KyCKaM pacrpeesieHo 1o paBHOMepHOMy 3aKOHY, [I0Ka3aHbl Ha puc. 1, a.

Puc. 1, 6; 2, a u 2 6 cOOTBETCTBYIOT CIy4asM, KOrJa MUHepanbHas ¢a3a o 1Mo Ky-
CKaM pacIpezaesieHa 1o IpaBoacCUMEeTpUYHbIM 3akoHaMm. Ha puc. 1, 6 u 2, a npeacras-
JICHBI PE3yJAbTaThbl MOACTUPOBAHMS PA3ACICHHUS B YETHIPEX COPTUPYEMBIX Kiaccax pas-
HOMl IIMPHHBI C OJIMHAKOBBIM 3HAYCHHEM CPEIHEr0 pasMepa Kycka (d,, = 60 Mm) npu
PasIMYHBIX BHIAX MPaBOACUMMETPHUYHOIO paclpeneseHUs MI/IHepaJ'ILHOI/I ¢basbl .
Ha puc. 2, 6 paccMoTpeHO pa3zaeieHue B TpeX COPTUPYEMBIX KJIaccax ¢ pa3HbIM 3Ha4e-
HUEM CPEHET0 pa3Mepa KycKa W OJJMHAKOBOW MIMPUHOHN Ki1accoB (20 Mm).

O0cy:xaeHue pe3yabTaroB. lIpu paBHOMEPHOM pacHpeneneH!: A0 MUHEpalb-
HOH a3bl 0. yBEIMUYCHNUE IUPUHBI COPTUPYEMOT0 KJlacca P IMOCTOSIHHOM CpPEIHEM
pasMepe Kycka B HEM IIPUBOJUT K YMEHBILIEHHUIO BBIX0Ja XBOCTOB PU (PUKCUPOBaHHON
3aJaHHOM MacCOBOH [10JI€ AIIEeMEHTa B XBOCTax (puc. 1, a).

[Ipu mpaBoaccMMETPUYHOM IOKYCKOBOM paclpeleleHUd MHUHEpaJbHOH (a3bl o
(puc. 1, 6) c 0, = 0,074 oy ex1. Ipu Cy>KEHNHU LIMPHHBI COPTHPYEMOIO K1acca HpH-
POCT BBIXOJa XBOCTOB HEBEJIUK, IPU PABOACCUMETPUYHOM ITOKYCKOBOM pacmpeerne-
HHH CO CPEIHHUM CONEPKAHUEM KOMIIOHEHTa (dnemenTa) o, = 0,12 monu en. nabnrona-
ercst OONBIIMH NPUPOCT BBHIXOHA XBOCTOB (pucC. 2, as. [Ipu cyxenun rpaHuL
COPTUPYEMOTO KJIacCa BO3MOXHO IOJIy4YE€HHE XBOCTOB C MEHBIIEH MaccOBOH moneit
KOMITOHEHTA (2JIEMEHTA).

B cny4ae npaBoaccuMeTpHUYHOTO HOKYCKOBOTO paclpeesieHHs 101 MUHEPAIbHOMI
(haspI oL IIpH pasMepe CPETHEro KycKa HAMHOTO MEHBILIE JUTHHBI Kolummaropa (d,, = 30 mm),
OeaHbIe XBOCTHI OIYYUTh HENb3s, 10 CPABHEHUIO C YaCTULIAMHU COpaBMepHHMI/I C uIu-
Hot Kommmaropa (d, = 60 1 90 Mm) (prc. 2, 0), I KOTOPBIX MOIMyYeHHe Gonee Oes-
HBIX XBOCTOB BO3MOYKHO.

TakuMm 00pa3om, yBelIM4eHHE IUPHUHBI KJIAcCa KPYITHOCTH MIPH JIFOOOM OKYCKOBOM
pacIpefieJIeHIu COAEPKaHUsI MUHEPAJIbHOM (ha3bl 0 IPUBOIUT K YMEHBIICHHIO BBIXOAA
XBOCTOB HIpH (PUKCUPOBAHHOW 3aJaHHOM MAacCOBOW J/0Jie¢ KOMIIOHEHTa (JJIEMEHTA)
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B XBOCTax. HpI/I npaBOACCUMETPUYIHOM ITOKYCKOBOM paCIIpECACICHUN OO MUHCPAJIb-

HOM (1)33};1 0 B 4aCTUILE, €CJIN PAa3MEP 4aCTUIIbI HAMHOI'O MEHBIIEC JAJIMHBI KOJIJIMMAaTOopa,

6CZ[HI>IC XBOCTHI IMOJTYYUTh HEJIB34, a MPU pasMepax KyCKOB, COpa3MEpPHLIX C I[J'H/IHOI71
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Puc. 2. [TomyuyeHHble Y MOZEIUPOBAHUY KPUBBIE Pa3e/IcHUs IIPU OIMHAKOBOM IIOKYCKOBOM pacIIpe/ieie-
HHUH MUHEPAIBHOM (a3l o (0, = 0,12 1omu €11.) 1 PasHOM CpEZHEM PasMepe KyCKa B COPTHPYEMOM Kilacce:
a — TIpY Pa3Hoi LIMPUHE COPTUPYEMBIX KJIACCOB M OIMHAKOBOM CPEIHEM pazMepe KycKa (dCp =60 MM); 6 — ripu oz1u-
HAKOBOH IIMPHHE COPTUPYEMBIX KJIacCOB (20 MM) M pa3HBIX CPEIHUX pa3Mepax KyCKOB B HUX
Fig. 2. Partition curves obtained at modeling under uniform lump distributions of mineral phase o
(o, = 0.12 unit fraction) and various average lump sizes in the sorted fraction:
a—under various width of the sorted fractions and uniform average sizes of lumps (dCp =60 mm); b — under uniform
width of the sorted fractions (20 mm) and various average sizes of lumps

KOJJTIMAaTOpa, MOTYT OBITh MOJIyueHbI Oosiee OenHble XBOCTHL. IIpu npaBoaccumeTpuy-
HBIX TIOKYCKOBBIX pacIpelefieHUsIX MHHEPaJbHOM (a3l o MPH CYKEHUW LIMPHHEI
COPTHPYEMOTO Kilacca HaOMoaaeTcss HeOOMBILION MPUPOCT BBIXOAA XBOCTOB, IPUYEM ITO
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B OOJIbIIEH CTENEHN XapaKTEePHO AJsl pacrlpelesieHus, MOKa3aHHOTO Ha puUcC. 2, a, B
CpaBHEHMH C paclpesaeieHueM, NPUBEJeHHBIM Ha puc. 1, 6. [Ipu mpaBoaccumerpuy-
HBIX IOKYCKOBBIX PaclpeAeiIeHusIX MUHepaIbHON (Da3bl o P CY>KEHUU LIMPHHBI CO-
PTHPYEMOTO Kiacca MO>KHO MOJTYYUTh XBOCTBI C MEHBILIEH MAaCCOBOH JJ01€H KOMIIOHEH-
Ta (ANIEMEHTa) B OTHOCUTEIBHO Y3KOM KJIACCE KPYIHOCTH.

BoiBoabl. Ha s dexTuBHOCTD pa3feneHus U BOSMOXHOCTH IMOJMYYEeHHUS! OeIHBIX
XBOCTOB IIPH PA3INYHOMN HIMPUHE COPTUPYEMBIX KJIACCOB BIIMSAET XapaKTep MOKYCKOBO-
TO pacmpesesieHus COoAep:KaHUi MUHEpalbHBIX (a3. B ciydae BeIpaskeHHOTO MpaBo-
ACCHMETPUYHOTO pacIpeeieHus ISl MOMyYeHNsl OeTHBIX XBOCTOB M MOBBIIICHUS UX
BBIXOJIa HEOOXOIUMO YBEJIMYHUTh YHCIO COPTHUPYEMBIX KiaccoB. Ilpu paBHOMEpHOM
pacmpeneneHuy Takxke TpeOyeTcs YBENUIeHUE YHCiia COPTUPYEMBIX KIIACCOB IS IMO-
TEHIIMAJIEHOTO POCTa BBIXOA OTBAIBHBIX XBOCTOB. OJTHON U3 IPUUNH SIBIISETCS 3HAYM-
Masi 3aBUCUMOCTh CUTHaJIa U3MEPUTEIBHON CUCTEMBI OT COOTHOIIEHUS JJIMHBI KOJIIH-
Maropa M pasMepa Kycka. [Ipm pa3paboTke cxeMmbl (BBHIOOpE 4YHMCIa M TPaHUI
COPTUPYEMBIX KJIaCCOB) HEOOXOIMMO YUHTHIBATh XapaKTep MOKYyCKOBOTO pacrpesene-
HUSI cofepKaHUil MUHEpalbHBIX (a3, 4To ClIeAyeT MCIONIb30BaTh MPH MPOSKTHPOBA-
HUU CXEM PYJOCOPTUPOBOYHBIX KOMITJIEKCOB.
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Research subject and aim. The method of X-ray radiometric separation using surface indicators of
separation requires observance of certain processing methods of preparing raw material for separation,
especially singling out the sorted fractions out of the initial material. Various distributions of mineral
phases lump content, separated lumps mineralization character, the applied geometry of measuring X-ray
characteristics of lumps during separation, and correlation between material granulometric characteristics
parameters and measuring system elements influence the effectiveness of separation when setting the
borders of the sorted fractions. The aim of the research is to investigate into the influencec of the sorted
fractions borders and the quantity of these fractions under various distributions of mineral phases lump
content in the raw material on the effectiveness of separation.

Methodology. In order to get common regularities in the connections between raw material characteristics
and the sorted fractions required borders, simulation model is used which considers granulometric
composition, distribution of mineral phases content in ore lumps, the characteristics of an ultimate separator
and allowing to forecast separation technological characteristics.

Research results and application area. Partition curves for various sorted grain-size fractions and density
of distribution of mineral phases content in ore lumps are the simulation results. If actual raw material is
assigned to any type of the list of examined at simulation, the forecasts of separation technological indices
under various borders of the sorted fractions can be carried out, and the required number and borders of the
sorted fractions can be chosen.

Conclusions. The character of lump distribution of mineral phases content influences the effectiveness of
separation and the possibility of obtaining poor tailings under various width of the sorted fractions. During
scheme development (sorted fractions number and the borders selection) the character of lump distribution
of mineral phases content should be taken into account.

Key words: preliminary concentration; X-ray radiometric separation; number of sorted fractions; simulation
model; distribution of mineral phases content in ore lumps; partition curves.
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Poor elaboration of sustainable development methodologies makes the problem of the said idea
conceptual-categorical framework specification topical. The aim of the research is the determination of
evolutionary changes and “balance” notion in the natural resource management, and its specification
for the conditions of sustainable development. It has been stated that at the earlier stages balance was
related to the need for natural resources conservation. Since the middle of the XX century in the
conditions of environmental pollution and degradation, the requirement to substantiate ecological
restrictions under economic growth has developed. The answer to the stated requirement was found in
the development of a biosphere concept limiting anthropogenic impact on the environment up to 1%
biota net primary production consumption, ensuring ecological-economic balance at natural resource
management which provides for well-balanced correlation of various territory uses and maintenance of
balanced state of the flow of matter and energy, discovery of the biosphere-technosphere threshold
which reflects a balance between the technosphere environmental capacity and the territory
environmental technogenic capacity, the determination of the threshold provides for the use of the
energy approach. A new stage in balance substantiation is connected to a sustainable development
concept aimed at reaching a balance between social and economic problems solution and environmental
preservation, the concept is also aimed at uninterrupted unity of economy, ecology, and social justice
which reflects in a balance between the goals of ecological, economic, and social subsystems. Economic
concepts based on the use of social-economic and geoecosocioeconomic approaches show their own
approach to balance.

Key words: balance; concepts, approaches; natural science researches; economic researches;
approximation.

The analysis shows that the notion of balance in the natural resource management
hasn’t got any unique interpretation. Balance was originally considered in respect
of the natural resources use and restoration which had a direct relationship to the idea of
forest management aimed at excessive forest resources depletion prevention by means
of their natural restoration. Hanz Carl von Carlowitz was the founder of the concept
being the first one to formulate the concept of sustainability in his book “Silviculture
and Economics” (1713). [1, p. 198]. Appearance of the book was connected with
the problem of forest resources scarcity some European countries faced in the middle
of the X VII century, and the need to create conditions for uninterrupted forest utilization
(sustainable yield forestry). In the following years over a long period of time forestry
researches were aimed at the substantiation of the most acceptable forms of growth and
falling priority to ensure uninterrupted and sustainable forest utilization.

Acknowledgement of environmental protection significance in the middle of the
XX century conditioned on the appearance of an environmental optimization concept;
the author of the work [2, p. 24] reduces the sense of the concept to a “well-balanced
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relation between the exploitation, conservation, and melioration”. A. G. Isachenko
considers environmental optimization from the position of “nature — society” relations
optimization and believes that it is necessary to supplement efficiently controlled
exchange between society and nature which provides for natural resources exploitation
and protection with the third element — melioration (active involvement of people into
natural processes in order to improve and enrich the environment). The term
“optimization”, in this case, and to the author’s perspective, according to the content
put into it is rather close to the notion of “sustainable (correct) natural resource
management”, the definition of the basic principles of which in national science is
associated with the works by D. L. Armand [3].

With a certain degree of conditionality a similar characteristic of well-balanced
natural resource management distinguishes works [4—6], where under natural resource
management balance the authors understand that consumption rates of natural resources
which are balanced by “the nature’s possibility of restoring not only the quality of the
environment, but also some renewable constituents of the resources” [4, p. 5]. Under
further specification of a well-balanced natural resource management law, it is
supplemented with a corrective addition, namely, taking into account assimilative
capacity of a certain region within the framework of which the conditions of natural
resource management balance are implemented [5, p. 264]. At that, the authors are not
aimed at describing the mechanism of calculating assimilative capacity, they describe
its value when constructing the nomograms of relationship between economic growth
rates and natural resources and environmental quality restoration rates.

In the middle of the XX century natural resource management balance was officially
defined as a possibility for economic growth within the framework of acceptable
ecological-economic balance. Stating the essence of the eco-development concept
M. Strong, the Secretary-General of the 1972 Stockholm Conference, announced
requisitions for balance as a “balance between anthropogenic impact on the environment
and its renewable and self-rectifying capacity with its endurance in relation to these
impacts” [7]. Search for the criteria, environmental restrictions ensuring the fulfillment
of ecological-economic balance (requisition for balance), led to the formation of a
range of research directions, among which biosphere concept should be considered
which recognizes the idea of “biological stabilization of the environment”.

With the active development of biotic regulation idea initiated by V. I. Vernadskii
and N. V. Timofeev-Resovskii, V. G. Gorshkov proved that biota is the only mechanism
providing conditions required for life existence. Biotic regulation mechanism
acknowledgement provided the possibility of stating an acceptable threshold of biota
net primary production (NPP). On the assumption that 90% of vegetational organic
(NPP) is consumed by mushrooms, bacteria, and unicellular organisms, more than 9%
is consumed by small invertebrates, consumption of vegetational organic by vertebrates
including human is valued at 1% [8, 9]. The same result was obtained by a group of
American ecologists directed by P. M. Vitousek [10].

At the earlier stages of human development, consumption was limited by 1-2% of
biotic energy which corresponded to the level of balance, i. e. nature resourse
management complying with an accepted “biosphere corridor” [11-13]. In modern
conditions the accepted “threshold” is exceeded by at least 10 times which leads to life
destabilization on the Earth. Special hazard exposes the reduction of territories covered
with uninterrupted biota. Biotic regulation potential violation and, correspondingly,
environmental sustainability decrease, in this case, are verse results manifestation.
From all has been said follows the priority of maintaining and restoring natural
ecosystems (represented mainly by biota forest communities) to the extent sufficient
for environmental regulation and stabilization [14].
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Undisturbed natural ecosystems preservation relevance has predetermined the need
for stating critical correlations between the territories developed and reorganized by
human and territories occupied by undisturbed biota. In this case natural resource
management balance provides for a possibility of replacing natural ecosystems
(landscapes) by artificial ones in the process of natural resources use only within
the limits of biosphere carrying ecological (economic) capacity which does not violate the
mechanism of biotic regulation and prevents the threat of global ecological crisis.
The point at issue is a correct territory organization, ecological-economic balance of the
territory (EEB), which in B. I. Kochurov’s definition represents “well-balanced
correlation of various types of territory use and maintenance of balanced state of the
flow of matter and energy providing landscapes sustainability and restoration of natural
(renewable) resources without causing negative ecological changes in nature” [15].
Meeting the requirements of EEB testifies to a well-balanced development including
well-balanced natural resource management.

It is assumed that the correlation between disturbed and undisturbed territories in
Russia is better than that of the worldwide average level but requires improvement in
terms of reducing disturbed land areas (first of all, areas with totally disturbed
ecosystems) and increasing areas with natural undisturbed biota. According to the
registration data in 1993, forest area in Russia was 51.8% of total land area, nature
reserves — 1.5%, and wildlife sanctuaries — 2.7%. Taking into account that undisturbed
forests occupy 71.8% of forested area then territories with undisturbed biota occupied
41.39%.

With the account of existing tendencies in forest management and specially protected
natural areas (OOPT) creation, significant increase in the rate of the territories with
undisturbed natural ecosystems is not awaited.

According to FAO of the UN’s recommendations, forests should occupy 50% of the
Earth’ssurface, farmlands —45%, and built-up areas—5%. K. Doxiadis’recommendations
are close to the indicated correlation, in accordance with them all dry land of the planet
has been divided into 12 types of zones which allowed obtaining the following
correlation: undisturbed territories — 57%, reorganized territories — 40%, urban land —
3% [16, p. 92]. E. Odum also comes to the conclusion that one third of total human
society habitat should make up ... various protected areas of spontaneous nature [17].
In work [18] the advised percentage of territories for ecological balance preservation is
defined as 50%. At that the authors of [19], apart from OOPT, consider the introduction
of the reserved areas of historical-cultural heritage and traditional nature resourse
management, together with the land used for nature protection and reserved areas used
for resourse purposes into the undisturbed systems ecological network possible.
As discussed in work [11, p. 281], academician A. D. Sakharov believed that “in the
future, the division of dry surface into settled land and unsettled territory at the ratio of
3 : 8 is necessary” which closely corresponds to the results coming from the theory
of biotic regulation of the environment. The authors [20, 21] think that the area of
utilized forests should be reduced by 30% which will make it possible to enlarge the territory
of undisturbed natural ecosystems, along with that it is advisable to stop the scaled-up
utilization of the World Ocean.

Researches of the end of the XX century were accorded wide recognition,
substantiating balance between the technosphere environmental capacity — U and
the territory environmental technogenic capacity — T. In accordance with [22-24], the
criterion of balance herewith means preventing the excess of technogenic load over
the environmental technogenic capacity which reflects renewable potential of the territory’s
natural system. If balance is reached, when U = T, manufacturing is performed without
violation of assimilative capacity of the territory being compatible with nominally



38 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2018 ISSN 0536-1028

favorable environmental conditions. Environmental technogenic capacity of the
territory, in this case, is considered as maximum safe technogenic load (biosphere-
technosphere threshold), ecological restriction of economic growth.

The considered criterion of balance is commonly used with respect to the
environmental pollution and the assimilative capacity possibility of assimilating
contaminants entering the atmosphere, soil, and water sources, at that, “environmental
technogenic capacity of the territory constitutes only a part of the territory’s total
ecological capacity” [22, p. 337]. In making comparative assessments energy approach
is recommended. It is the energy approach researches commonly refer to when assessing
balance rate and, thereafter, the territory’s environmental condition stress level
[25, 26]. The interpretation of the acquired results is also possible from the point of
view of environmental safety of industry anthropogenic impact on the environment
including nature resource management. It follows from the analysis that all the indicated
definitions of balance characterize it from the point of view of the natural science
approach with an assessing focus on the energy measuring instruments.

A new stage in balance substantiation was introduced by the conference ‘“Rio+20”
(Rio de Janeiro Summit in 1992), where the global community appealed for transferring
to anew ecological-economic development model. As compared to the eco-development
model, sustainable development admits the social aspect equality. The World
Commission on Environment and Development interpret sustainable development as
“development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” [27]. In the outcomes of the “Rio+20”
conference sustainable development is defined as combining steady improvement of
economic and social living conditions and long-term preservation of the life’s natural
fundamentals.

The concept of the Russian Federation transfer to sustainable development (1996)
assumes that sustainable development will ensure “interconnected, internally well-
balanced functioning of the triad — nature, population, and economy” [11, p. 393],
O. 1. Sergienko considers sustainable development as “well-balanced functioning of
three components: quality of the environment, living standard, and economic
development” [28, p. 32]. Author [29] believes that sustainable development provides
for a balance between social-economic problems solution and environmental protection,
meeting the vital requirements of the present generation and meeting the needs of the
future generations. Defining sustainable development a range of works, taking into
account indissoluble unity of ecology, economy, and social justice, consider these three
aspects with reference to each other from the point of view of their objectives balance.
In practice, it is either integration of social, ecological, and economic aspect, or the use
of the system of indices reflecting separate aspects of sustainable development that are
recommended for sustainability assessment [30]. At that, the issue of balance is not
discussed as initially according to the definition of the English-Russian dictionary [31],
sustainable development is characterized as well-balanced, self-sustaining, and self-
sufficient, i.e. the level of sustainability is characterized by a balance between all three
aspects under consideration.

Balance is also defined in the context of economic concepts. Like that, social-
economic approach offered by authors [32—34] tolerates the maximization of economic
gain only “in case of social standards are met and ecological balance is kept”, i. e. the
use of natural resources is expected within the limits of social and ecological restrictions
[34, p. 16]. For comparison purposes the methodology of social-economic approach
requires the expression of social and ecological consequences in monetary indicators
and appeal to multi-criteria assessment which provides for the equality of social
ecological and economic objectives.
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Social-ecological approach develops into the further ecologization and
geoecosocioeconomic approach methodological ideas development [35, 36], formed as
a result of social-economic and geoecological approaches approximation. It is assumed
that the given approach provides for harmonization of economic, social, and ecological
subsystems’ goals, establishing balance between an economic result (effect) and
economic damage conditioned on ecological and social consequences.

There is no escaping another aspect of balance definition which is a balance between
the interests of enterprises (natural resourse users) exploiting natural-resources potential
and the interests of the population of a certain territory with regard to its social-
economic development and environmental protection. Special role in interests
harmonization at natural resource management belongs to the state intended to ensure
social and economic stability, determine the strategy for the economic growth, as well
as to the institutions of local government in oblast, autonomous district, city, and region,
and to non-governmental organizations.

So, balance definition is not constant within the time aspect. Natural science
researches are the most elaborate. After “Rio+20” conference economic concepts
develop, reflecting social constituent. Definite approximation of natural science and
economic investigations is typical for the modern stage which provides for the
elaboration of a single integrated approach to the definition of balance and allows
hoping for a positive solution of sustainable development problem.
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SBOMIONUSA MOHATHUSA CBAJTAHCUPOBAHHOCTH B ITPUPOJOIIO/NIB30BAHUHN

HrunarbeBa M. H.!:2
! Vpasnbckuii TocynapcTBeHHBIH TOpHBIA yHUBepcHTeT, I. ExarepunOypr, Poccus.
2 Uncrutyt sxonomukn YpO PAH, . Exarepun0ypr, Poccust.

Henocrarounas pazpaboTka METOIOIOTUil YCTOHYMBOTO pa3BUTHUS aKTyallU3HPyeT MPpoOneMy yTOUHEHHs
HNOHATHUHHO-KaTerOpUIHHOro amnmnapara 3Toi koHuenuuu. Llens uccienoBaHus — BbIABICHUE HBOJIIOLUOH-
HBIX U3MEHEHUH, MOHATHA «cOATaHCUPOBAHHOCTHY B NMPUPOAONOIb30BAHUU U €TO YTOUHEHHE IS YCIIO-
BUH KOYCTOHYMBOTO Pa3BUTHS. YCTaHOBIIEHO, YTO Ha PaHHUX dTanax cOalaHCHPOBAaHHOCTH YBSI3bIBAJIACh
€ HEOOXOIMMOCTBIO MPEIOTBPAIIEHHS UCTOIIEHUS IPUPOTHBIX pecypcoB. C cepennunbl XX BeKa B yCIOBH-
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SIX 3arPSI3HCHUS OKPYKAIOIIEeH CPeIbl U yXYIILICHHS SKOJIOTHYECKON CHTyaluu hopMupyercs TpeboBaHue
000CHOBaHHS YKOJIOTMUECKUX OTPaHIYICHUN IPH YKOHOMHYeCKOM pocte. OTBeTOM Ha chOPMYITUPOBAHHOE
TpebOBaHKE ABUIIACH pa3paboTKa OMOCHEPHOI KOHIEIIINH, OrPaHHYUBAONICH aHTPONIOICHHOE BO3ZCH-
CTBHE Ha MPHUPOIHYIO cpeny 1 % morpedieHns YucTol NepBUIHOM IPOLYKIHH OHOTHI; 00eCIIeueHHE KO-
JIOr0-2KOHOMHYECKOT0 OajiaHca IpH NPHUPOIOIIOIb30BaHIH, IIPEIIOIAraomero coaJanCUpOBaHHOE COOT-
HOIIICHHE Pa3MUYHbIX BHIOB HCIIONB30BAHUS TEPPUTOPHUI M MOALEPIKAHHE PABHOBECHOTO COCTOSHUS
MOTOKOB BEIIECTBA M SHEPTHHU; BBISBICHHE OHOCHEPHO-TEXHOCHEPHOTro MOpora, OTPaKaoIIero coamaHCH-
POBAHHOCTB MPUPOIOEMKOCTH TeXHOC(EPBI M IKOIOTHISCKOI TEXHOEMKOCTH TEPPUTOPHH, YCTAHOBICHHE
KOTOPOTO MPEIyCMaTpUBacT HCIOJIb30BAaHUE DHEPreTHUecKkoro noaxona. HoBblil BUTOK B 000CHOBaHHU
cOaNMaHCUPOBAHHOCTH CBSI3aH C KOHIEMIHEH YCTOWYMBOTO PAa3BUTHsI, OPUSHTHPOBAHHOM Ha GanaHc B pe-
IICHUH COLMAIbHO-9KOHOMHYECKHX MPOOIIEM U COXPaHEHUE OKPYIKAIOIICH Cpe/ibl, Ha HEMIPEPHIBHOE CANH-
CTBO YKOHOMHKH, IKOJIOTHHU U COIMAIBHON CIIPABEUIMBOCTH, YTO HAXOAUT OTPaKEeHHE B COANTAHCHPOBaH-
HOCTH LICJICBBIX YCTAHOBOK 3KOJIOTHYECKOW, SKOHOMHYECKOM M COLMabHOM moacucteM. CBOi moaxo K
cOaNaHCUPOBAHHOCTH JAEMOHCTPUPYIOT M YKOHOMHYECKHE KOHIICHINH, OA3UPYIOIIHecs] Ha HCIIOIb30Ba-
HHH COLUATbHO-IKOHOMHYECKOTO U I'€03KOCOIIMOIKOHOMHYECKOTO TTOXO0/I0B.

Kniouesovie cnosa: cO6ananCcUpOBaHHOCTD, KOHIEIIMHU; MOIXOMbl; €CTECTBEHHOHAYYHBIC HUCCIICIOBAHNS;
9KOHOMHYECKHE HCCIICIOBAHHS; COMMKEHHUE.
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KOHUENLWA PA3BUTUA ®YHKLIMOHANA IMHEUHBIX
WHXEHEPHO-TEXHWYECKWUX PABOTHUKOB

ANEKCEEHKO B. B.!
1'YpanbCckiil rocyaapcTBEHHbIN FOPHBINA YHUBEPCUTET
(Poceus, . EkatepuHbypr, yn. Kyibbiwesa, 30)

Beedenue. B nacmosiuee 8pemss 0Cmpo cmoum npobnema 6061e4enus NepCoHANd 6 NPOYecc pa3eumus.
aghpexmusHocmu npouzsoOCmea, Komopas 00yClo8NIeHA HeIPHEKMUSHIM 63AUMOOCUCMBUEM MENCIY
PYKOBOOAWUM COCIMABOM U NOOUUHEHHbIMU. B3aumoodeticmeue medxcoy pykogooawum cocmagom u noo-
YUHEHHbIMU ONpedeiisent CYuecmeeHHyI0 POib 8 BONPOce YCMOUYUSOCHU NPEONPUAMUS HA PbIHKE, MAK
Kak 6ce bonee 0uesUOHbIM CAHOBUMCA BIUAHUE CHOPMUPOBABULENCS HA NPEONPUAMUL MOOENU B3AUMO-
Oeticmeus compyOHUKO8 HA MEXHUKO-IKOHOMUYECKUEe NOKA3amenu npou3eo0cmad.

Lenvio nposooumoti pabomel asnaemcs paspadbomra MemoOUyecKux UHCMpPYyMeHmo8, no360NAIOUWUX NO-
BLIULAMD YPOBEHb BOBIIEUEHHOCHU COMPYOHUKOS NPEONnPUAMUS 6 NPoYecc pa3eumus npou3eo0Cmeq.
Memooonozusa. Ilpogedenvl ananus u 0606weHUe cyuecmayrouwux mooenetl 83aumooetcmeus Compyo-
HUKO8 20pHO000b18AIOWUX NPEONPUAMUL, a MAKHCe PACCMOMPEHO GIUAHUE dIMUX MOOeNell Ha NPOU380-
OUMENbHOCHIb IKCKABAMOPOS U Ce0eCMOUMOCMb IKCKABAYUU 2OPHOT MACCHL.

Pesynomamel. Yemanosneno, ymo usmeHeHue Mooeu 83auMo0etiCmeus nepcoHanid moxcem obecne-
uumos ygenuyeHue npouzsooumenvHocmu obopyoosanus 6 1,5-3,0 paza u cuudcenue cebecmoumocmu
npoussoocmea 6onee uem 6 2,0 pasza. [ 0C80eHUs NOTYUEHHBIX PE3VIbMAMO8 OblIU YCMAHOBEHbl Xd-
paxkmepucmuxy (GYHKYuil ynpasieHus ucciedyemuvix mooeneil, onpeodenensl ux npeoHasHaveHus u nouy-
yaemvlll pe3ynbmam 6 3a8UCUMOCIU OM cCyujecmsyrowell Ha NPeonpusmuu Mooenu 63aumMo0eticmsusl.
Bu1600. Konyenyus pazsumus gynxyuonana UTP 3axnouaemcs 8 usMeHeHuu Mooenu 63aumooeicmeust
NEPCOHANA U NOIMANHOM Nepexooe om MOOelU, XAPAKMEPUIYIOWEUCs CBA3bI0 MeHCOY PYKOBOOAUUM
COCMAasoM u NOOYUHEHHBIMU, OPUSHMUPOBAHHOU MOALKO HA 6bINOTHEHUE NAAHO8bIX 00beM08, K MOOenu,
HANPABLEHHOU HA BbINOIHEHUE NAAHOBbIX 00bEMO8 NPOU3BOOCMEA U PA3GUMUSL 8 CO2NACOBAHHOCMU C
UTP, no 6e3 gosneuenus 6 npoyecc passumust opueaoupos, 3amem K mooenu, npeocmagnaioujeti coooi
MECHYIO €636 MeHCOY OUPEKMOPOM U OPU2AOUPOM, HANPAGIEHHOU HA NOsbluleHUe IPPeKmUsHOCmu u
be30nacHocmu npPouU3800Cmad.

Knrouesvie crnosa: mooenv 83aumooeticmeaust nepcounaia, npous‘eodumefleocmb IKCKaeamopos, cebe-
cmoumocnts npou3sodcm3a; uHmceHepHo—meXHuueCKuﬁ pa6omHuK; d)yHKlﬂlOHaﬂ,' paseumue.

Hens padotsl. [Iponecc noesienns 3(h(HEeKTUBHOCTH IIPOU3BOICTBA HA TOPHOAO-
OBIBAIONINX TPEANPHUATHIX TECHO CBS3aH C BOBJIEUEHHOCTHIO NMEPCOHANA B JaHHBIN
mporecc [1, 2]. Ha Texkymuii MOMEHT Ha OTE€UECTBEHHBIX IPEANPHUATHIX CIOXKUIACH
CUTYyall¥sl, XapaKTepu3yrollascss HU3KOH 3aMHTEPECOBAaHHOCTBIO COTPYAHHMKOB B pas-
BUTHH 3(p(HEKTUBHOCTH MPOU3BOACTBA U CHIIKEHUU €T0 Ce0eCTOMMOCTH, YTO 00YCIIOB-
JIEHO CIIOKHBIIEHCS MOJENblo ux B3ammoxerictBus [3]. Llenp pabGoTer — pa3paborka
WHCTPYMEHTOB, TO3BOJISIIOIIMX BIHUSATh Ha YPOBEHb BOBJIEUEHHOCTH COTPYIHHKOB
MPEANPUSATHS B IPOLIECC PA3BUTHSI MPONU3BOICTBA.

MeTomoIoTHsl BKIIIOYACT aHAIN3 (DYHKIIMOHUPOBAHUS MMPOM3BOJICTBEHHBIX CUCTEM U
CTPYKTYP POCCHUHCKHX ¥ 3apyOeKHBIX TOPHOIOOBIBAIOIINX MPEANPUATHI, 00eCIeanBaro-
X PA3TMYHYIO BEJIMUUHY ITPON3BOAUTENLHOTO BPEMEHH OTICPAIIMOHHOTO ITepcoHana [4].

Pe3yabTarhl uccie10BaHui. YCTaHOBJIEHBI TPU MOJIENIA B3aUMOAEHCTBUS MEPCO-
Hanma. Kaxaas mMozens onpenensieT pa3jinyHble TPaHUIbl IPOU3BOAUTEIIBHOCTH 000-
PYIIOBaHHSA U Ce0ECTOMMOCTH TPOM3BOACTBA. BiusHue sTux Moneneit Ha 3ddexTus-
HOCTBH TIPOU3BOJICTBA, B YACTHOCTH I acOeCTOMOOBIBAIONTUNX TpeanpHsITHiA [5—7],
MIPEJCTABIECHO Ha pUC. 1, TIe BUAHO, YTO MPH MEPEXOAE OT MOJENN B3auMOJAeHCTBHS A
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K MOZIESTU B3aMMOICHCTBUS b TPOUCXOANT yBEIMUEHHE TPON3BOJUTEILHOCTH SKCKaBa-
TOPOB B cpemHeM B 1,5-2,5 pa3a u CHMKEHHE ce0ECTOMMOCTH MPOHM3BOACTBA B
1,2-2,0 paza, a mepexon K MOZIEIH B M03BOIAET 00eCIeUnTh 00Jiee YeM TPEXKPaTHOE
yYBEJUUEHHE MPOM3BOAUTENFHOCTH M JABYXKpPAaTHOE CHIDKEHHE Ce0ecTOMMOCTH
TIPOU3BOJICTBA.

IIpuHIMTIHANBHBIE CXEMBI MOJIENIEN B3aUMOJIEHCTBUA MTPEACTaBIEHBI Ha puC. 2.

AHaamu3 u obcyxaeHue. Mojenb 4 xapakTepusyeTcsl TeM, UYTO B3aUMOJeNcTBHE
oupexmop—HUTP—6puzcaoup HaAPaBICHO HA BBIMOJIHEHUE TOJILKO IJIAHOBBIX 00OBEMOB
MPOM3BOACTBA, 0€3 CBSI3U U COMIaCOBAaHHOCTH, HAIIPABJICHHBIX HA Pa3BUTHE MPOU3BOI-
ctBa. B Mogenu b B nomoiaHeHuH K Monenu 4 1o0aBlsieTcs COrMacoBaHHAs ACATENb-
HOCTb aupekropa u TP no pa3ButHio Npou3BOACTBA C IOCIEAYIOIHUM IIPUHYKIECHU-
€M K 9TOH esTenbHOCTH OpuragupoB. Mozesb B xapakrepu3yeTcsi HEOCpeACTBEHHOM
Y KJIIFOYECBOH CBSI3bIO MEKAY AUPEKTOPOM U OpHraJnpoM, HalpaBieHHOW Ha MOBHIIIE-
HHE Y3QPEKTUBHOCTH U OE30MACHOCTH MPOU3BOACTBA, B PA3BUTHH 3TON MOJIEIIN pealu-
3yercs pyHkuonan UTP.

Ce0ecToMMOCTh, OTH. /. IIponsBoanTEILHOCTH HKCKAaBATOPA, OTH.SH.

4 b B Tun moaenu

. B3aHMOJCHCTBHSA
CebecTonMOCTb TPOM3BO/ICTBA PEIPHATHIA,

pH paboTe 1Mo MOJIEIH B3aHMOICHCTBHSL:
A 1un4 —®— [IporHo3Has ce0eCTOMMOCTb 3KCKABAIUU

® Tunkb

n :I IIpou3BOIUTENILHOCTE YKCKAaBAaTOPOB
THI B

Puc. 1. 3aBUCHMOCTh CE0ECTOMMOCTH JKCKAaBallMM TOPHOM MacChl M MPOH3BOJAUTEIBHOCTH
akckaBaropa (OKI-8U u DKI'-10) ot THIa MoIeIN B3aMMOACHCTBHS ITepCOHATa
Fig. 1. Dependence between the prime coast of rock mass excavation and the excavating
machine productivity (EKG-81 u EKG-10), and the personnel interaction model type

C 1enpio0 0CBOCHHS TPEOYEMBIX MOJICIICH B3aUMOICHCTBYS MEPCOHANA POU3BEIC-
HO WCCJICIOBAHHUE COJICPIKAHUS OCHOBHBIX (DYHKIIMI YIIPABJICHUS B 3aBUCHMOCTH OT
THUTIA PUMEHIEMOHN MOJIEIH, YTO MO3BOJIMIIO UX OXapaKTepu3oBarh (Tabnuma) [8—12].

BoiBoabl. Takum o6pa3om, koHIenus pazsuTus ¢pyHkuonana MTP 3akmouaeTcs
B U3MEHEHHUH MOJEIH B3aUMOJEHUCTBUS NIEPCOHANA U MOJTAIHOM MEPEXOIE OT MOJENH,
XapaKTEepU3YIOLIEICS CBA3BIO MEXKIY PyKOBOJSAIIMM COCTAaBOM M NOJAYMHEHHBIMHU, OpHU-
SHTUPOBAHHOM TOJHKO HA BHIMOJIHEHUE IIJIAHOBBIX 00hEMOB, K MOJICIIN, HAIIPABJICHHOMN
Ha BBITIOJIHCHUE TUIAHOBBIX 00BEMOB IIPOU3BOJICTBA U PA3BUTHUS B COIIACOBAHHOCTH C
UTP, Ho 6€3 BOBJICUEHUS B IIPOIIECC PA3BUTHS OPUTaJUPOB, 3aTEM K MOJICIIH, TIPEICTAB-
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JISIONIEH COOOH TECHYIO CBSA3b MEXIY ITUPEKTOPOM M OpUTaIUPOM, HAIIPaBIIEHHOW Ha
noBbITIIeHNE 3((EKTUBHOCTH U 0e301MacHOCTH MPOU3BOACTBa. [IpuMenenme momy4eH-
HBIX PE3YJILTAaTOB B obmnactu OopraHu3anuy MNpou3BOJACTBA IIPHU OCBOCHHUU MOJICIIN B

Tum A Tun B Tun B

Jupexrtop Jupexrop Jupexrtop

I'naBHas cBs3b

TP — » | «—— UTP

O06ecrieunBaroras
CBSA3b

bpuragup Bpuragup Bpuragup

02020
2020

<= P B3saumopeiicTBHE TOJIBKO 110 BHIIOJIHEHHUIO IIAHOBBIX 00BEMOB IIPOU3BOJICTBA
<€4—» BzauMopeiicTBIE 110 BBHITOJIHSHHUIO IUIAHOBBIX 00BEMOB IIPOM3BO/ICTBA H 110 Pa3BUTHIO IIPOM3BOJICTBA

—» (OOecreunBaromas CBs3b

Puc. 2. l_I_pI/IHum_maJ;LH_LIe CXEMBI Monenel?l B3aMOJCHCTBUS
Fig. 2. Circuit diagrams of interaction models

MOXKET 00eCTIEYNTh TPEXKPaTHOE YBEIWUCHHE MMPOU3BOAUTEIHHOCTH 000pyIOBaHUS U
JIBYXKPaTHOE CHIDKCHHE CE0SCTOMMOCTH IPOM3BOJICTBA 110 OTHOIICHHUIO K Pe3yJIbTaTaM
PpaboThI IO TIEPBOI MOJICIH.
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OPERATING ENGINEERING AND TECHNICAL PERSONNEL FUNCTIONS
DEVELOPMENT CONCEPT

Alekseenko V. B.!
! Ural State Mining University, Ekaterinburg, Russia.

Introduction. The problem of the personnel involvement into the process of industrial effectiveness
improvement is urgent nowadays; it is conditioned on ineffective cooperation between administrative and
subordinate staff. Interaction between administrative and subordinate staff plays significant role in the
matter of the enterprise stability at the market as the influence of the personnel interaction established
model on the technical economic production factors are becoming increasingly evident.

Research aim is the development of methodological instruments allowing to increase the degree of
the personnel involvement into the process of industrial improvement. The article reveals the results of
analysis and generalization of mining enterprises personnel interaction existing models. The article also
considers the influence of these models on the excavating machines productivity and rock mass excavation
prime cost.

Results. 1t has been determined that the personnel interaction model alteration can provide equipment
productivity increase by 1.5-3.0 times and production prime cost reduction by more than 2.0 times. In
order to master the acquired results, the applied models control functions characteristics were determined,
their assignment and the acquired result were defined depending on the interaction model that exists at the
enterprise.

Conclusion. The concept of engineering and technical workers’ functions development consists in the
personnel interaction model alteration and phased transition from the model characterized by connection
between administrative and subordinate staff to the model targeted at the accomplishment of standard
volume of production and development in coordination with engineering and technical workers but without
foremen’s involvement into the process of development, and further to the model representing close
connection between the director and a foreman aimed at industrial effectiveness and safety improvement.
Key words: personnel interaction model; excavating machines productivity; production prime cost;
engineering and technical worker; functions; improvement.
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FEO3KONOrna, PALMOHAIIBHOE NPUPOAOINOJIb30OBAHUE

VJIK 338.2:502 DOI: 10.21440/0536-1028-2018-6-99-108

OBECNEYEHWE 3KONOrMYECKOW BE30NACHOCTU B YCITOBUSAX
MOHOIorPOAOB NMOPHOMNPOMBILUNEHHOIO KOMMIEKCA

CTPOBCKWW B. E.!, KYBAPEB M. C."
1'YpanbCkuin rocyaapCTBEHHbINA TOPHBIA YHUBEPCUTET
(Poccus, r. Exkatepunbypr, yn. Kyinbbiwesa, 30)

Beseoenue. B cospemennbix yciosuax HA0BU2AIOWe20Cs IKONOSUHECKO20 KPU3UCA BAdICHOE 3HAYEHUe
umeem peuierue npodiemsl 06ecneueHst IKON02ULeCKOl Oe30NACHOCMU.

Lenv uccnedosanun — ynyuuienue Kavecmea oKpydlcaioweli cpeovl 8 YCI08UIX CIMAPONPOMbIUILEHHBIX
Pe2uonos, cneyupuyueckoli 0COBEHHOCMbIO KOMOPBIX SGIAENCsl 02POMHAS MACCA HAKONLEHHBIX OMXO0-
008, 00YCI06IUBAIOWUX HEONALONPUSMHYIO IKOLOSUYECKYIO CUMYAYUIO 68 NEePBYI0 04epedb 8 MOHO20PO-
0ax, 2padoodpaszyouwyIo poib 8 KOMOPLIX BLINOTHAION NPEONPUAMUsL 20PHOO00OBIBAIOWE20 U MEMALILYD-
2uuecko20 npogus.

Memoowt uccnedosanuii. B npoyecce ucciedoganusi UCNONb306AUCH MAKUE MemOoObl, KAK HAYYHOE
0600w enue u cucmemMamu3ayusl, CPAGHUMENbHbII U PAKMOPHLII AHATU3.

Pesynomamot. Buisignenvl cneyuguka cmaponpomMululieHHbLX Pe2UOHO8, K YUCLY KOMOPbIX OMHOCUMCSL
Ceeponosckas obnacmos, u 0CHOGHbBLE 00BEKMbL POPMUPOBAHUSL MEXHOLEHHBIX MUHEPALbHBIX 00paA306a-
nuti (TMO) 6 Examepunbypecroii, Huscnemaeunvcxoii u Ceposckoil cucmemax nocenenuil. Ilpoananu-
3UPOBAHO pazMelyeHUe NPOMBIULIEHHbIX OMX00068 6 SPAHUYAX YNpasienuyeckux okpyeos Ceeponosckoll
obnacmu u 3aHUMAemMas umMu nIowaos, U3 ye2o ciedyem, Ymo HauboIbLuasa Yacms 0mMx0008, npeocmas-
JleHHBIX omeanamu, npuypouena K FOjicHomy okpyey, 0omxoovl X60CMOXPAHUIUW HA MPU YemBepmU CO-
cpedomouenvt Ha meppumopuu Cegeprozo oxkpyea. Iloomeepiicoena onachocms Muepayuu msjiceibix
memannos (TM) uz omxo008 é okpyscaowyro cpedy u ux 6030elicmaue Ha 300p08be HACeleHUs, 8 MOM
yucne ¢ ycnosusx Ceeponogckoll obracmu, a makdce 3aumocessb cocmasa TM ¢ eeoxumuyeckoii cne-
yuanusayueti eMewarowux nopoo. Yuumoléas, umo 3a001e6aemocms 8 OnpedeleHHol cmeneHu onpede-
asiemest xapakmepom 3azpaznenusi TM, memannocenus Ypanockoco cknaouamozo nosica noseolnsem
NPOCHO3UPOBAMb OCHOBHbBIE MUNbL 3a001e6AHUL U PEalbHOCHb YePOo3bl YXYOUleHUs Ka4ecmaed HCU3HU
Hacenenusi. AHanu3upyIomces nymu peuierusi npooiemsl 06ecneuenst IKOL02ULecKoi 6e30nacHoCmu Ha
PECUOHATILHOM U (PedepanbHOM YPOGHAX U CReYuPUKa ee peuenus 8 YCA08UX CIMApONPOMbIULEHHbIX
Pe2Uonos.

Bb1600b1. B pesyrbmame nposedeHHbiX UCCIEO08AHUL GbISIGIEHbI NPUOPUMENHbLE HANPABILEHUsl 20CY-
dapcmeennoeo peeynuposanus cepol obpawenus ¢ TMO, noszsonsiowue naubonee 3¢pghexmusHo pe-
wamo npobiemy Kon02UHecKkoi 6e30nachocmu. AGmopcKue peKomMeHoayuu OMHOCUMeEIbHO obecnede-
HUsL 9KOJLO2UYeCKoU bGezonacHocmu mo2ym 6blmb UCHONb308AHbL NPU  6bIpaAbOmMKe U NPOGedeHUU
9KONO2UUECKOU NOTUMUKY HA Pe2UOHATbHOM YPOBHE.

Knroueswie cnosa: omxoowl; 3azpasnenue; 3a601e6aemMocmyb, IK0I02udeckas 6e30nacHocms, MOHO20PO-
0a, 2ocyoapcmeennoe pecyiuposanue.

BBenenne. B roponax u nmpounx HacENEHHBIX IMyHKTaX YEIOBEKOM CO3ACTCS TH-
raHTcKas MH(PaCTPyKTypa MCKYCCTBEHHOM Cpeibl 0OMTaHUs, HEoOXoaumasl s ero
CyIIeCTBOBaHUS. TeppuUTOpUM TOPOACKUX MOCENECHUM HM3bIMAIOTCS U3 €CTECTBEHHOM
cpensl OOWTaHWs W MPEoOPa3yIOTCs B MCKYCCTBEHHYIO (YpOaHM3UPOBAHHYIO) CPELy.
KoHneHTpanus HaceneHUs W MPOU3BOJICTBA HA ATUX TEPPUTOPUAX (POPMUPYET MOII-
HBIC OYard aHTPOIOTCHHOTO BO3ICUCTBUS, 00YCIOBIUBAIOIIECTO HEOOpAaTUMBIC pa3py-
IICHUS MPUPOJIbI, YTHETEHUE U THOEh OMOTHI; M3MEHEHUE CTPYKTYPbI, CBOWCTB U Ha-
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pYLIEHHE CaMOOUYHMIIEHHS IIOYB, TOJHOE NPEKpallleHuE KPyroBopoTa BEINECTB U
Jerpajanyio MOYBEHHOTO MOKPOBa, COKpallleHHe CIIOCOOHOCTH aTMOc(ephl K caMo-
OYHCTKE; YXYIIIICHUE CBOWCTB BO3/yXa U Tak aaiiee. [IpupoHbIii KOMIUIEKC OOJIBIITHH-
CTBa TOPOJOB HACTOJBKO 3arpsi3HEH, YTO MOYTH HECTIOCOOEH K BOCIPOU3BOICTBY KHC-
nopoza. Paguyc BIUsSHMS KPYNHBIX TOPOJOB Ha OKPYXKAIOIIYIO CPENy OKa3bIBacTCs B
50 pa3 Gomnblie, 9eM paanyc ux codctBeHHOH Tepputopud. [1o manueM [1], B Havane
2000-x rr. Toabko 19 % u3 1037 roponos Poccuu MOKHO OBLIIO OTHECTH K TEPPUTOPH-
SIM C YIOBJIETBOPUTENBHOW U OJIarONPHATHON 3KOJIOTHYECKOH CUTyalne. JKomornye-
CKasl CUTyallus B KaKJIOM BTOPOM TOpOZI€ OMPEAeNsiiach Kak YMEpEHHO HalpsKeHHas,
B K&)XXJIOM YETBEPTOM — KaK HaIPsDKEHHAsl, B KaXIOM JECATOM — KaK KpUTHYECKas.
U na ceromns 17 % ropoackoro HaceneHus (17,1 MITH 4eln.) mpoJomKaeT MPOXUBATh B
TOpo/iax ¢ BEICOKMM M OUYEHb BBICOKMM YPOBHEM 3arpsi3HEHUs Bo3ayxa [2]. Bee xapak-
TEPUCTHUKH (PEeNpOLYKTUBHASA CIOCOOHOCTH TEPPUTOPUH, SKOIOTUYECKAsk EMKOCTb, Te-
OXMMHYECKasi aKTUBHOCTb, OMOXUMHUECKasi aKTHUBHOCTb, YCTOWYMBOCTh K (U3HUe-
CKAM Harpy3kaM), KOTOpPBIE XapaKTE€pHU3YIOT YPOBEHb JKOJOTHYECKOTO PaBHOBECHS,
OKa3bIBAIOTCA HAPYILIECHBI.

Cneunudura CBepaiioBCKOH 00JIacTH. 3HAYUTENbHAS YaCTh FOPOJCKOTO Hacele-
HUst CBepUIOBCKOW 001aCTH POXKUBAET B MOHOTOPOAAX, TZIE IPagoo0pasyouyIo poib
BBITOJTHSIOT MPEANPHUATUS TOPHOMOOBIBAIOIIET0 MM METAJUTYPrHYECKOTO MPOQHIIs.
Ilo mpuunHe Hanmuuus Ha Ypaje Oorareiiiero MUHEpaJbHO-CHIPHEBOTO MOTEHIIHAA
Kpail mpeBparwiicsi B KPYIMHEUIIHNKI IIEHTP TOPHOTO Jiejia U METAJUTYPTUHU YKE B Hayase
XVIII Beka. B pesynbrare cerogas CBepasioBckast 00JacTb OTHOCUTCS K YUCITY CTapo-
NPOMBILIUICHHBIX 00NacTel, TOpOACKOe HaceleHHe KoTopoil coctaBmsier 84,5 %
(1a 01.01.2016 r.). IIpu 3ToM Gonee 34,0 % cocraBisier Hacenenue . ExarepunOypra.
CornacHo Tmepe4HIo, yTBEpXkJAEeHHOMY pacrnopsbkeHueMm IlpaButensctBa PP oT
29.07.2014 . Ne 1398-p, cocTaBneHHOMY Ha OCHOBAaHHUU KPUTEPHEB, YTBEPKACHHBIX
ITocranoBieruem PO ot 29.07.2014 1. Ne 709, Ha Tepputopun CBepIOBCKOI 0071acTH
K YHCJTy MOHOTOPOZIOB OTHECEHO |7 MyHHUIMITANBHBIX 00pa3oBaHuil, B ux uucie: Kpac-
HOTYpBUHCK, Bomuanck, Kapnunck, CeBepoypansck, Kpacnoypansck, Kaukanap, Ce-
poB, KoTopsle BXoAIT B CeBepHBIN ypaBiaeHdeckuil okpyr (7 ennnun); Bepxuss Typa,
Bepxuss Canga u Huwxuauit Tarwui, oTHOCsmuecs K [ 0pHO3aBOACKOMY yIIPaBIeHIECKO-
My okpyTy (3 enunnisl); [lepBoypansck, [Tonesckoii, Pesna, Bepxuss [Ipmma, Bxoas-
mpe B 3amaJHbIA yIpaBlieHUYEeCKHid OKpYyr (4 emwHUIBl), U KameHCK-YpanbcKwid,
AcbecT u nocenok Manblmesa, oTHOcsUecs: K FOxHOMY ynpaBlIeHY€CKOMY OKPYTY
(3 enunuuel). B rpannnax OOJBIIMHCTBA STHX TOPOJIOB pa3MelleHa OrPOMHAs Macca
NPOMBIIUIEHHBIX OTXOJO0B, OONbIIAas YacTh KOTOPBIX MPEACTAaBICHA TEXHOTCHHBIMH
MUHEPAJIHHBIMU 00pa30BaHUSIMH.

Jlnst GopIHCTBA MOHOTOPOIOB CBEPUTOBCKON OOJIACTH OCHOBHBIM HMCTOYHHKOM
HeOIarononydust OKpY>KaroIlel YeJIoBeKa Cpeibl BEICTYIAIOT OTXOIbI IIPOU3BOICTB, KO-
TOpBIE B CHUITy pa3pacTaHus TOPOICKUX MOCETIEHNH 3a9acTyI0 PAaCIOIOKEHBI B TPaHHULIAX
ropoackoit yeptsl (ropona Hwxumii Tarun, Acbect, KpacHoTyperHCcK, bepezoBckuii n
npyrue). DopMupoBaHUe TEXHOICHHBIX MUHEpalIbHBIX 00pa3oBanuii (TMO) deTko cBsi-
3aHO C paclpelesieHHeM MHUHEPaIbHO-CHIPHEBBIX PECYPCOB M Pa3MEIIEHHEM TPEX CH-
cTeM ToceneHuid: ExarepnHOyprckoil, BKIrodarommei ropoma AcbOect, bepe3oBckuid,
Bepxuss [Ismmma, TlepBoypainsck, [lomesckoit, Pena, ExarepunOypr, a taxxe bemosip-
ckuil, Hwxaeceprunckuii u CeicepTckuil paiioHsl; HukHeTarniabckol, BKITIOUArOIIEH
ropona Kauxanap, Kymsy, Hmwxaroro u Bepxutoto Typy, Kuposrpan, Huwxuuit Tarum,
Bepxnaroto Canny u HeBbsiHCK, 1 CepOBCKOM CHCTEMBI MOCEICHUM, PACTIONIOKEHHON Ha
ceBepe 1 BKJIIoUaromieit ropona Menens, KpacHoTypsuack, Kapimack, Cepos.

Jns ExareprHOyprcKoit CUCTeMBI TIoceNeHui xapaktepHo (popmupoBanue TMO,
CBSI3aHHBIX C JEATEJBHOCTHIO TOPHOMOOBIBAIOIIMX Npeanpusatuil: IlepBoypanbckoro
PY, Ac6ectosckoro I'OKa, bepesosckoro PV, [ertspckoro PY, ¢ mesarenpbHOCTBIO
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Cpenneypanbckoil u IlpiumMuHckol o0oratutenbHeix padpuk 1 CpeaHeypaibCKoro
MeTaJTyprudeckoro 3aBona. B npenenax 3aypaibs GpopmupoBanue TMO o0ycnariu-
BaeT HAJMYKE YPaJbCKOTO ATIOMHHHEBOTO 3aBOJa (KpacHble OOKCHUTOBBIE IUIAMBI) U
PexxeBckoro HHKeNEeBOTO 3aBoja. HrkHeTarunbckas rpymnma MOCEIeHHH 00yCIoBHIa
nosiBneHre orBanoB Kaukanapckoro I'OKa, I'opobnaromarckoro PY, Bricokoropckoro
PV, Kuposrpaackoro MIIK, III UnTepranuonana, AO «BonKoBCKUI PyTHHUK», XBO-
croxpanunuina [opobnaronarckoro PY, Kaukanapckoro u Bricokoropckoro I'OKos,
Kuposrpanckoit OD, mnakoBeix oTBanoB Kuposrpaackoro MIIK n HuxHaerarmiscko-
ro MK.

C Cepogckoii cuctemoit nocenenuii csizanbl Takue TMO, kak otrBasibl [lonyHOUHO-
ro, Mapcsarckoro, borocnosckoro PY, Kpacuoypansckoro MIIK, yroasusix maxt Kap-
nuHcka, Bomuancka, xBoctoxpanunuiia Typunckoit u KpacHoypanbsckoit O®, nuako-
Bble oTBajbl KpacHotypeunckoit MIIK, meramnyprudeckoro 3aBoga uM. A. K. Ceposa,
Ceposckoro 3aBoaa (heppociuiaBoB, nopoanbsie orsajisl CYBPa, CepoBckoro Mecro-
poxnenus. Hanboee 3HaunMbIMU TipeqnpusITHAIMHA B popmupoBannn TMO sBIsIOT-
cs: meramryprudeckuid 3aBog uM. A. K. Cepoa, CepoBckuii 3aBox (peppocCIlIaBoB,
BorocnoBckuii anroMuHUEBBIH 3aBoA U Ap. K uncity TopooB ¢ SKomornuecku Hebmaro-
NpUATHON 00CTaHOBKOH, 00YCIIOBICHHOW HAaJMYHEM MACIITA0HBIX OTBAJlOB HIIM XBO-
croxpanwnuni, otHocarcs: Pesma, Hwxkuuit Tarmn, Kuposrpam, Acbect, Pex,
Kamenck-Ypansckuii, KpacHoypanbck, KpacHoTypeunck, CepoB.

ITomMuMoO JexamnbIX OTXOAOB, (POPMHUPOBAHHE KOTOPBIX CBSI3aHO C JESTEIBHOCTHIO
3aKPBITBIX MPEINPHUITUH, €XKErogHo oOpa3yeTcs Oonblias Macca TEKYIIUX OTXOAOB
neiicTByromumx npou3BoAcTB. Tonbko 3a 2016 1. B CBepuioBckoii obnacti oO6pa3oBa-
nock 176,959 MilH T 0TXOA0B (C Y4ETOM CEeNbCKOXO3IHCTBEHHBIX U KOMMYHAJIBHBIX),
oO11ee )ke KOJIMIEeCTBO OTXO/I0B Ha KOHel rofa coctaBmiio 9 294,99 miuH T (c yueTtom
0ecx03HBIX OOBEKTOB pasMeIreHus oTxooB) [3]. 13 ananm3a pa3MemeHus IpOMBIIII-
JICHHBIX OTXO0Z0B (Tabn. 1) ciemyert, 4TO MpeBaIMpPYyIOIIAs UX HOJISI, CKOIHUBILASCS B
oTBajax, xapakrepHa A FOxHoro ynpasiaeHueckoro okpyra, ckorienne TMO B xBo-
CTOXPaHUIIMINAX B OOJIBIIOM KOJMYECTBE CBIA3aHO C JeSTEIbHOCTHI0 peanpusatuii Ce-
BEPHOT'0 YIIPABICHUYECKOTO OKpyTa. bomblnyto yrpo3y Amns yXyIIeHus: 3K0JIOTHIeCKOi
00CTaHOBKY TPEICTABIISIOT OTBAJBI, KOTOPBIC 3aHUMAIOT 76,3 % B 00mIeH BenmnImHE
MIPOMBIIINIEHHBIX OTXOJIOB, U 0ojiee 76 % M3 HUX pacIionoxeHo Ha Tepputopun FOxHO-
IO YIPaBJIEHYECKOro OKpyra. UTo KacaeTcs XBOCTOXPAHMIIMUIIL, TO COCTABIISS IPUMeEp-
HO YETBEPTH OT 001IeH BETMYMHBI OTXOA0B, Ha 76,6 % OHU COCPENOTOUCHBI B IPaHHUIIAX
CesepHoro okpyra. B nienom Ha omHoro xutens KO)kHOTro okpyra NpUXOAUTCS MpPH-
MepHo 9000 T 0TX0m0B — OOJIBIIIE, YEM B JIFOOOM JAPYroM OKpYTe, IPU TOM, YTO B 3TOM
OKpyTe camas BbICOKAasl INIOTHOCTb HACEJICHUS.

3aBHCHMOCTDH COCTOSIHUSI 3/10POBbsI HAaceJIeHUsl OT 3arpsi3HEHMs] OKPY KalolIei
cpeasl TM. OTxoap! BO3IEHCTBYIOT Ha BCE AJIEMEHTHI IPUPOAHOM Cpenbl, IPH ITOM
OTXOZIbI B OTCTOMHHUKAX IO KOJIOTMYECKOMY KJIACCY OMAcHOCTH B psJe CiIydaeB Ooree
BpEIIHBI, YeM OTXOJIbI B OTBaJIaX, U UMEIOT 00Jiee BHICOKHM PUCK TEXHOTEHHBIX aBapHi.
Oco0y0 0macHOCTh MPEACTABIIET MUTPAIUS TSDKEIbIX MeTa/ioB (TM) U3 0TX070B B
oKkpyxarontyto cpeny. Hammare TM B oTxomax, hopMUPYIOIIHUXCS B TIPOIECce TOOBIUH,
NEPBUYHON NepepabOTKH, METAJUIypruiecKkoro mepenena, oOyciaBiIuBaeT METalIo-
HOCHOCTB PyO- U IuTOCyOCcTpara. B kauecTBe nmpuMepa MOTYT pacCMaTpUBAThCS Te0-
XUMHUYECKHE acCOIMALNN XUMHUUECKHX JIEMEHTOB, IPUCYIINE HEKOTOPHIM THIIaM PY/-
HBIX MECTOpOXKAeHHH (Tabu. 2: coctasneHo 1o [4, c. 21]).

ITpu nelIeHnU OTXOA0B, HHPUIIBTPALUHY aTMOC(EPHBIX 0CAIKOB UYepe3 OTXO/bI IIPO-
WCXOIMT 3arps3HeHne arMocdepsl U BOTHBIX pecypcoB. [loxsmkabie popmbl TM Mu-
TPUPYIOT BO BCEX HAMPABICHUSIX OT LEHTPA BO3ACHCTBHS, 3aTPSI3HSIOT IOUBY U PacTH-
TENbHOCTh. OKOJIOTHMYECKas CHUTyallds KaK HEYJOBJIETBOPUTENbHAs HauyMHAeT
OIIGHMBAThCS YK€ Ha paccTosHUU 12—14 KM OT MeCcTOpacHOJIOKEHUS MCTOUYHUKA 3a-
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rpsi3HeHus [5]. DopMHUPYIOTCS TaK Ha3bIBa€MbIE SKOJIOTHUECKUE 30HBI C pa3HOH cTere-
HBIO 3arPsA3HEHNUs OKpYXKarollel cpebl, B EpBYyIo odepeisb nous [6, 7]. Ux onacHOCTh
JUTSL 4eJTOBEKa 3aKIII0YaeTcs B TOM, 4T0 TM, MUTPHUPYs B BOY U TIOYBY, HAKAIUTHBAIOTCS
B PACTEHUSIX U IO MUILEBOHU IIENIOYKE OCTYIIAI0T B OPraHU3M Y€JI0BEKa, BBI3bIBAs pas-
HOOOpa3HbIe BU/BI 3a00JICBAHHN.

Hns Ypana, B Tom uncne CBepIIOBCKOH 00J1acTH, TA€ OCYIIECTBISUIOCH ATUTENb-
HO€ MHTEHCHBHOE OCBOCHUE MHHEPAJIBHOTO CHIPHSI, XaPaKTEPHO CYIIECTBEHHOE HAKO-
wieHne TM B IENOHHUPYIOMIMX Cpe/iaX, HANPSMYIO CBS3aHHOE C e TEIbHOCTBIO TOP-
HOJIOOBIBAIONINX W METAJUTYyprudeckux npennpusatuil. Pasmemenne orxonos (TMO),
AQHTPOIIOTEHHBIX IO CBOEMY IPOMCXOXIEHHIO M aHOMAJbHBIX 1O coaepkaHuio TM,
NPUYPOYEHO, KaK YKa3bIBaJIOCh PaHee, K MPOMBIIUICHHBIM y3J1aM U pailoHaM, a X COo-
CTaB ONpPEAETICTCS TEOXMMUYECKON CIielraIn3anreil BMEIaonX Mopoa OCHOBHBIX
(dbopmManmii, orpeaensieMpIX Te0JOTHYECKIM CTPOSCHHEM YPaIbCKOTO TOPHO-CKIIaICKO-
IO I05ICA U €r0 METAJNIOTCHUEH.

Taﬁ.ﬂnua 2 FeOXI/IMI/I'IGCKPle acconmmanum XuMHYECKHUX 3JIECMCHTOB
Table 2. Geochemical associations of chemical elements

MeCTOpO)KI[eHPUI T'eoxnmuueckas acconuanusa
MenHo-HUKENEBbIE Cu, Ni, Co, Ba, Pb, Zn, Ag, Bi, Sn, Be, W, Zr
Menubie Ba, As, Pb, Zn, Ag, Sn, Cu, Bi, Co, Ni, Mo
MenucTele ecYaHuKy Cu, Ag, Pb, Ba, Bi, W, Cr, Zn, Mo
OsnoBopyaHbIC Sn, Pb, As, Cu, Bi, Zn, Ag, Mo, Co, Ni, W
MenHO-MOINOICHOBBIE Cu, Mo, As, Ag, Pb, Zn, Bi, Co, Ni, Be, W
PryTHBIE Hg, Ba, Ag, Pb, Zn, Cu, Co, Ni, Sn, No, W

OO0parHast peakiysi KapAWHAIBHO MPeoOpa3oBaHHBIX JaHAMA(TOB, KOTOpas Mpo-
ABIISIETCSl B YXY[IICHWH OKpY’Kalollel cpenbl (3arps3HeHre atMoc(ephl, MUTHEBOU
BOJIBI, TTIOYBHI ¥, KaK CIEJCTBHE, TPOAYKTOB MMUTAHWUS), B KOHEYHOM CUETE MPUBOIUT K
YXYALICHAIO 3I0POBBS HaceJIeHHs (pOoCTy 3a00IeBaHNi, HHBAJIMIIHOCTH, CMEPTHOCTH).
B3anmo3aBUCHMOCTE MEXy 3arpsiI3HEHHEM OKpYIKalOIIeH Cpeibl U COCTOSHUEM 3]10-
POBbS HaceJIeHUS Ha CErofHs UMEET MHOTOKpaTHoe noareepxacuue [8—10]. Tak, mo-
BBIIIEHHOE COJIep’KaHHe CBUHIIA B KPOBU MOJKET BBI3BIBATH ICUXMUYECKHUE PACCTPOM-
cTBa y nereil. JlokazaHo, 4yTo u30bITOYHOE TocTyruieHue TM B OpraHu3M 4eroBeKa
CHIDKaeT WMMYHHTET, BBI3BIBAET MATOJIOTHUIO SHIOKPUHHOW CHCTEMBI, yCTaHOBIICHA
B3aMMO3aBUCUMOCTh MEX/y HAIMYMEeM KaJMHS B MOYE M MPHU3HAKAMH MOYEUHBIX 3a-
OoneBanuii. B pabote [11] ananu3upyercst 3aBUCUMOCTH 3a00JIEBAEMOCTH HACEJICHHS
OT 3arps3HEHUs TEPPUTOPUH, OOYCIOBICHHOTO BIMSHUEM XBOCTOXpaHumuma CaaoH-
CKOTO CBUHI[OBO-IIMHKOBOTO KOoMOWHaTa. [IpsSMbIM cliencTBHEM BIMSHHS MBIIIBSKA,
CBUHIIA, MOJIHO/IEHA, ITMHKA, CYPHMBI, KOHIIEHTPAINS KOTOPBIX B HECKOJIBKO pa3 MPEBBI-
IIaeT TPEeAeNbHO JOMYCTUMYIO, SIBISIETCS MOYEeKaMeHHas OOJIe3Hb, XPOHUYECKUH
OpOHXUT, THEBMOKOPHO3 U JIp. Bricokne ko3 puiineHTs Koppensuu BEISBICHBI MEX-
Iy pacrpocTpaHeHrneM Oolie3Hell cucTeMbl KpOBOOOPAIIEHUS U JBIXaHHUSI M BBIOpOCa-
MU OKCHJIOB ME/IM, CBHHIIA, [IWHKA, XpOMa, OKUCH BaHa/IMsl, MapraHiia U Apyrux 3arpsaz-
HUTEJIEH.

Agropsl [ 12] Ha mpuMepax COCTOSTHUS 310POBBS HACETICHUS, HAXOISAIIETOCS B paIu-
yce BO3JEHCTBHS IKCILTYaTUPYEMBIX MECTOPOXKICHUH IOJIE3HBIX MCKOMIAEMBIX, JTOKa-
3BIBAIOT CYILECTBOBAHKE JOMOJIHUTENHHOTO yiiepoa, 00yCcIOBICHHOTO pOCTOM 3a00I1e-
Ba€MOCTH U CMEPTHOCTH IO CPaBHEHMIO C KOHTPOJBHBIM TopogoM. B umcine
paccMarpuBaeMbIX 00beKTOB: Topos Opck, Haxomsmuiics B 13 km or Opcko-Xanuaos-
CKOTO JKEJIe30pPYIHOTO TOPHO-METaLTyprudeckoro komonnara; ropoa Kaukanap, pac-
TIOJIOXKEHHBI B paJilyce BIUSHHS BBHIOPOCOB JKENE30PYIHOTO TOPHO-METAILTyprude-
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ckoro kombuHara OAO «EBPA3 Kaukanapckuit ['OK»; pyrHWuYHBIH MOCEnoK
MecTopoxeHus: Akyaray, roposa Cubaii, HCTIBITHIBAIOIIMI BO3/IEHCTBHE Kapbhepa, ero
OTBAJIOB, oboratuTenbHO (HhaObpuku W XBocToXpaHmiuma orpabarbiBaemoro Cu-Zn
KOJTYEeJaHHOTO MECTOPOXKACHUS; ocenoK OKTAOPECKUi, HaceIeHHEe KOTOPOro Ionaia-
eT mop BozaelcTBHe [IpuapryHCKOro ropHo-xMMHYECKOro koMmOuHata. JlocTaTtodHo
oOIIMpPHBINA 0030p IO paccMaTpuBaeMoi mpodiieMe mpecTasieH B padore [13], rae Ha
OCHOBE aHaju3a 36 NCTOYHHUKOB MTOATBEPKAAETCS MPsIMasi B3aMMOCBSA3b MEXTY 3arps3-
HEHHUSIMH OKPY>KaIoIlel cpenibl U yXYIIIEHUEM 3710pOBbs HaceJICHUsI.

O HeOMaronoIy4Yny 3KOJIOTHYECKOi Oe30macHoCTH Ha TeppuTopuu CBEpAIOBCKOM
00J1aCTH TOBOPSAT TaHHBIE O 32a00JIEBAEMOCTH, TIPUBEACHHBIE B [14] (Tabim. 3).

Ta0auna 3. IToka3aTenu oLeHKH BO3/elicTBUSA Ha 310POBbe HaceJeHUs (PAKTOPOB 3arpsi3HEHUs
cpeasl oouTanus, %

Table 3. Assessment indices of human environment contamination factorsimpact on the health
of the population, %

T"oxp!
TTokazarens

2003 2005 2006 2007
KommuaecTBo ciayvaes 3aboneBanuii, 00y- 100 136,7 149,6 136,7
CJIOBJICHHBIX 3arpsA3HEHHEM OKpY KaloIien
Cpelbl Ha TEPPUTOPHSIX ¢ HEOIArOIPHSIT-
HOM 3KOJIOTMYECKOM 00CTaHOBKOM,
ciry4./1000 wen.
B TOM YHCJIC: 100 133,7 158,8 133,7
B3pOCIIOE HACETICHNE
JIeTH 100 138,0 145,9 138,0
Cpenssist IpOJOHKUTENBHOCTD KU3HH, JIET 63,7 63,2 64,9 65,8

IIpu 5TOM HaHHBIE OOIIEH U TIEPBUIHON 3a00JIEBAEMOCTH B3POCIIOTO HAaceIeHuUs 00-
ne3HsMu cuctembl kpoBooOpamenns (BCK) xommdectBenHo pactyt: B 2011 T
177,5 cnyuaeB Ha 1000 uenosek, B 2015 — 198, 3 cnyuaeB Ha 1000 yenoBek u B 2011 r.
26,2 cayuaeB Ha 1000 uenoBek, B 2015 . — 33,9 cnyuaeB Ha 1000 yenoBek; cOOTBET-
CTBEHHO, KaK M JMHAMHKa HOBOOOpa3zoBaHuii — 379,4 ciyuaeB Ha 100 ThIC. YeI0BEK B
2011 . m 392,8 coyqaes Ha 100 Thic. yenoBek B 2015 . B pesynsrare B 2015 1. mokasa-
Tens 3a0oneBaeMocTH 1Mo BCK o CBeptoBcKoit 0071acTH MPEBBICHIT aHAIOTHYHEIH 11O
Yp®O Ha 20 % u o PO —na 10,9 %. Iloka3zarens 3aboneBaeMocTH 110 HOBOOOpa3oBa-
HusiM — Ha 11 % u 10,8 % cootBetrcTBeHHO. [loaTBEpKIEeHHEM HEONArOMOMYYHs CIIy-
JKaT U JaHHBIE O CMEPTHOCTH [ 15], M3 KOTOPBIX CIEyeT, uTo 00IIKe MOKa3aTeIl CMepT-
HOCTH, B TOM YHCJIE OT OOJNIe3HEH CHCTEMBI KpOBOOOpAIIEH!S, OT HOBOOOPa30BaHUH 1
TyOepKyse3a, mo CBepaIoBCKON 00IaCTH MPEBHIIAIOT aHaoTHuYHbIe M0 YpPO u 1mo
Poccuiickoit ®eaeparuu.

IIpobnema yXynmieHusl yCIOBHH >KH3HHM, BO3PACTaHMS PHUCKA 3a00JIE€BAEMOCTH H
CMEPTHOCTH UMEET 0c000 BBHICOKYIO CTEIICHb B YCIOBUSIX HACEJICHHBIX ITYHKTOB, HMe-
IOIIMX OOJBIIYIO MacCy pa3MelaeMbIX U HAKOTUICHHBIX 0TX00B. K ux uncity oTHOCAT-
cs ropona: Huwxnumii Tarun, Kamenck-Ypansckuil, Kuposrpan, Kpacnoypansck, Pepna,
Acbect, CepoB u Pex. Eciim ydecth, 9TO HaceleHHE MAaHHBIX TOPOIOB COCTABIISAET
928,22 THIC. YeNOBEK, TO IOYTH YeTBEPTh HacedeHns CBEPUIOBCKON 00IacTH TTPOXKHU-
BACT HA TEPPUTOPHUAX C HEOIArOMOIyYHOH DKOJOTHYECKOH cHuTyaluel, 00ycIoBIeH-
HOM, B TIEPBYIO OUepPEelb, TEXHOTEHHBIM BO3/IEHCTBHEM OTXO/I0B HAa OKPYKAIOLIYIO Cpe-
ny. Psig 0OpazoBaBIIMXCst OTXOJ0B KITACCH(PHUIUPYIOTCS KaK HCTOUHUKH ¢ HAUOOJbIICH
CTETIeHBIO0 OMACHOCTH BO3ACUCTBHUS HA OKPYKAIOIIYIO cpeny. B ux uucne: nuiamoxpa-
HWIUILA PYJHUYHBIX U CTOYHBIX BOJ, OTPaskaTelIbHBIX Meueii, oboraturesbHol (Gadpu-
K, orapkos (r. Kuposrpan), nuiamoxpannnuiie (OAO «BI'OK»), mmamoxpanumimiie
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¢dochorunca (OAO «CasTorop»), UUTAMOXpPaHWIWIIE OOOTaTHTENbHOU (adpuku
(OAO «YpamanekTpoMenp») 1 JpyTue.

Pemenne npodiieMbl 00ecnedyeHusi IKOJIOrHIecKoii 6ezonacHocTH. PeanbHOCTD
YTPO3BI YXYAIIEHUS Ka9eCTBa )KU3HU HACEIEHUSI K HEBO3MOKHOCTh CO3/IaHUS YCIOBHN
JUTst 6e301MacHOM M 370POBOH JKU3HU TPaXKJIaH MPeNonpeesseT MPHOPUTETHOCTD pe-
HIeHUs PoOJIeMbl 0OecredeHnsT IKOJIOTHYECKOM 0e30MaCHOCTH 3a CUET COKpAIICHHS
00bEMOB HAKOIUICHHBIX M 00pa3yIOMIUXCsl TEKYIIUX OTXOAOB Ha ypOaHW3UPOBAHHBIX
TEPPUTOPHSIX, B IEPBYIO OUEPE/Ib TEX, KOTOPBIE OTHOCITCS K YHCITY IKOJIOTHYECKH He-
omaromomydHbIX [16, 17]. 3agada BHEAPEHUS SHEPTO-, PECYyPCOCOEPETAIONTHX M MaJIO-
OTXOJIHBIX TEXHOIIOTWH B IENAX MPEJOTBPAIIESHUS WM CHIDKEHHS 00beMa TEeKyIIHX
OTXOJIOB, a TaKXe BOBJICUEHHE B MPOU3BOJCTBO BCE OOJBINEr0 KOJIMYECTBA OTXOIIOB
MPOM3BOACTBA M MOTPeOICHNUS, OpraHu3anus ux nepepaboTKy ONpeneNnseTcs B Yucie
HEOOXOJMMBIX ISl 00eCIeYeHUs] PallMOHAIBHOTO HCTIONB30BaHUs IPUPOIHBIX pecyp-
COB M MX KOMIUIEKCOB, YTO CIIOCOOCTBYET peanu3anuy mnein KoHIemuu dKoIornde-
ckoit 6ezomacHocTH CBepmIOBCKOM 00acT Ha mepuox 1o 2020 1., kKoTopas hopMyiTH-
pyeTcss Kak «oOecrmedeHHe ONarompusiTHOTO COCTOSHHUS OKPYXKarolled cpenbl U
CO3/IaHUE YCIIOBUH JIJIS MOBBIMICHNS KA9eCTBA XKU3HU IPAXKIaH, COXPAaHCHHE U BOCCTa-
HOBJICHHUE €CTECTBEHHBIX PKOCHCTEM, MPHUPOIHBIX JAHAMIAPTOB U MPUPOTHBIX KOM-
miekcoBy [18, ¢. 15].

Hens n 3amaun KoHnenmuy oTpakaioT OOIIyIO IeNIeBYI0 HampaBieHHOCTs OCHOB
TOCYAapCTBEHHOM MOMUTHKU B 00IaCTH 3KOJIOTHYECKOro pa3BuTus PO Ha mepuox 1o
2030 r., rae njast JOCTHXKEHUS CTPATErMYECKOM 1eNd MPeayCMaTpPUBAETCSI B TOM YKCTIE
pelleHre 3a/1a4 SKOJIOTHIeCKH 0e301acHOr0 00palleHus ¢ 0TXonaMHu (TIperynpesKae-
HUE, COKpalllcHue 00pa30BaHUsl OTXOJ0B, HX BOBJICUCHUE B XO3SWCTBEHHBINH 000pPOT,
BHEJIPEHUE PECypCcO- M MAaJOOTXOJHBIX TEXHOJOTHH, MOBBIIIEHHE 0E30IaCHOCTH HX
00e3BpeXMBaHNA, Pa3MeIleHHs, 3aXOPOHEHNS, IKOJIOTHIECKOE BOCCTAHOBJICHHE TEP-
PUTOPHH ITOCIIE IKCIUTYaTalluy OTXOAOB U T. 11.). [logoOHas neneBas opueHTaIus IMEeT
npsiMoe oTHoleHue u K CTpareruu sKonoruueckoii 6ezonacnoctu PO Ha nmepuon o
2025 r., B KOTOpO# mpenycMaTpuBaeTCsl peleHne 3a1a4n 3QPEeKTUBHOTO HCIOIb30Ba-
HUS IPUPOTHBIX PECYPCOB, MOBBIIICHUS YPOBHS YTHIIM3AIMHA OTXOJI0B IIPOU3BOJICTBA U
noTpeOIeHns, a TaKke JTUKBUJAINHA HAKOTUIEHHOTO Bpela OKpYXKaloIIeld cpene Mpu
Pa3BUTHH CHUCTEMBI 3(PPEKTUBHOTO OOpaIieHus ¢ OTXOAaMH IPOU3BOACTBA U ITOTPe-
OneHwst, CO3IaHus MHTyCTPUH YTHIU3AIIH.

Crenuguieckue 0COOSHHOCTH MPOOIEM MPUPOIOIIONIb30BaHUS CBEpIOBCKON 00-
JIACTH, OTHOCSIICHCS K CTapONPOMBILIIICHHOMY THITy TEPPUTOPHH, YTO OOYCIOBUIIO
YETBEPTOE MECTO CPEH AECITKA PETHOHOB, IMEIOIINX HAanOONbIIHi 00beM 00pa3oBa-
HUS OTXOZOB, IPEAONPEACIVIINA IPUOPUTETHOCTE PEIIeHNs TPo0IeM, CBSI3aHHBIX C Ha-
KOIJICHHEM W 00pa30BaHWEM OTXOMIOB MPOU3BOICTBA. DTO MOTpPeOOBaIO pa3paboTKH
Crparerun 1o oOpaIieHuIo ¢ 0TXOAaMHt MTPOU3BOJICTBA HA TeppuToprn CBEPIIOBCKOM
obmactu 10 2030 r., yTBep)kAcHHOI ocTaHoBIeHueM [IpaBurenpcTBa CBEpPIIOBCKOM
obmactu 29.04.2015 Ne324-T1I1, 6a3upyrolieiics Ha TpeOOBaHUIX (eepabHOrO 1 00-
JIACTHOTO 3aKOHOAATENbCTBA, M BKIIIOYCHHUS 33]1a4H 110 00ecTiedyeHHIo 0e301acHoTo 00-
paleHus ¢ OTXOJaMH IIPOU3BOJICTBA U MOTPEOJICHHSI B UHCIIE TIEPBOOYEPENHBIX B TOCY-
JIapCTBEHHYIO mporpammy CBepasoBckoil oomactu «ObecneueHne parroHaIbHOTO U
0e30macHOro MPUPOAOTOIB30BaHUs Ha TeppuTopun CBepayoBckoi obmactu 1o 2020
rojay, noanporpammy «Oo0ecrnedeHrne O1aronpusITHOTO COCTOSIHHS OKPYKaloIIeH cpe-
JIbl KaK HEO0OXOTUMOTO YCIIOBUS YAYUIIEHUS Ka9eCTBA JKU3HH U 3/I0POBbSI HACCICHUS».

BobiBoabl. OCHOBHBIMH MeXaHU3MaMH, KOTOPBIE JODKHBI MCIIOIB30BaThCs MPH TO-
CyIapCTBEHHOM perynnpoBanuu oopamenus ¢ TMO Ha pernoHanbHOM ypOBHE, COTIIa-
CYIOIIUMUCS C TEMH, YTO HAXOISAT IPUMEHEHHE Ha (e/ilepaTbHOM YPOBHE, SBIISIOTCS:

— COBEpILEHCTBOBaHNE HOPMATHBHO-IIPABOBOI 0a3bl B chepe 0OpalieHust ¢ 0TX0a-
MU MIPOU3BOICTBA, BBEJICHHE OOJBIIETO YMCIIAa 3aKOHOB MPSIMOTO JIEHCTBUS; CBOEBpE-
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MEHHOCTh TIOATOTOBKM HOPMAaTHBHOTO COMPOBOXICHMS (DeAepabHBIX U 00IaCTHBIX
3aKOHOB;

— IMOCTaHOBKAa BceoObemMItroleit crcremsl yuera TMO (yTouHeHHe KilacCHDUKAIN
TMO), BeneHre KamacTpa, BRISIBIICHHE H peructpanus 0ecxo3Herx TMO; monomHeHHE
WH(POPMAIIMH O TEXHOTEHHBIX MECTOPOXKICHUSIX CBEICHISIMH KOJIOT0-9KOHOMUYECKOH
3G PEKTUBHOCTH UX OCBOCHUS;

— CO31aHue HCO6XOHI/IMI)IX yCJ'IOBI/II\/'I AJId Iepexoaa Ha HAWJIYUIIUE JOCTYIIHBIC TCX-
HOJIOTUH, YCHeHIHOﬁ peanmusan CUCTEMbBI TCXHUYCCKOI'O PETYIMPOBaHUA IPOLECCOB
cOopa, TpaHCIIOPTUPOBKH, MEpEepabOTKH, YTUIN3ANN, 00E3BPEIKUBAHNS U 3aX0OpOHE-
musa TMO;

— co3nanne 3(p(HEeKTUBHOTO SKOHOMHYECKOTO MEXaHH3Ma PETYIUPOBAHUS JACSITEIh-
HOCTH 110 0OpAIIEHUIO C OTXOJaMH C UCIIOJIb30BAHUEM OIIBITAa Pa3BUTHIX CTPaH, YCIIEII-
HO PEAIN3YIOIIUX CUCTEMY SKOHOMHUUYECKUX MEp, CTUMYJIMPYIOIUX IIPEIOTBPALLCHUE,
CHIDKCHHE 00beMa 00pa30BaHMsl M JIMKBUIAIMH HAKOIUIEHHOTO yiiepOa, 00yciIoBieH-
HOTO OTXOJaMH TPOU3BOICTBA;

— IJTAHUPOBAHUE JeSTeNFHOCTH 110 oOpamieHuio ¢ TMO Ha cTpaTernieckoM YpoBHE
C BBIJICIICHUEM €€ MPUOPUTETHHIX HANPABJICHUH, y4acTHe B BEHITIOJHEHUU (enepalib-
HBIX, pa3pab0TKa U BHIMOJHCHUE PETHMOHAIBHBIX MPOTPaMM B 00JacTH oOpalneHus
C TMO, peanm3anyd MAJIOTHBIX MHBCCTUIMOHHBIX ITPOCKTOB,

— pa3BUTHE TOCYIapCTBEHHO-YaCTHOTO MAapTHEPCTBa B chepe oOpaleHus ¢ 0TXo1a-
MU TIPOM3BOJICTBA, CO3/TaHNE OJArONPHUSTHBIX YCIOBHUMA TSI PA3BUTHS DKOIOTHUIECKOTO
MpeIIPUHUMATENhCTBA, B TOM YHcle B cepe obpamierns ¢ TMO;

— pa3BUTHE CHCTEMBI SKOJIOTUYECKOTO 00Pa30BaHMUs, TOBBIIICHUE KBaTH(DUKAIIH Ka-
JIPOB, IPUHUMAIOIIMX YYaCTHE B 00NACTH 00CCIICUCHHSI YKOJIOTHUECKOI 0e30MacHOCTH;

— MH()OPMHUPOBAHHOCTH HacelleHHss 00 UCTOYHHWKAX HETaTHBHOTO BO3JICHCTBUSI Ha
OKPY’KaIOIIYI0 Cpey, KaueCTBE OKPYKAIOIIeH Cpeabl U MPEeaIpUHUMAEMbIX Mepax 1o
ee YITydIIeHHIO.

Hcrnonp3oBaHne yKa3aHHBIX MEXaHU3MOB TIO3BOJIHMT Hanbomee 3 (hEeKTUBHO peniaTh
npoOIeMy KOJIOTHYECKOH OE30MacHOCTH.
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ENSURING ECOLOGICAL SECURITY IN THE CONDITIONS OF MINING MONOTOWNS

Strovskii V. E.!, Kubarev M. S.!
! Ural State Mining University, Ekaterinburg, Russia.

Introduction. In the modern conditions of approaching ecological crisis ecological security problem
solution is of great importance.

Research aim is to improve the quality of the environment in the condition of old industrial regions
specific feature of which is a great mass of cumulative wastes causing negative ecological situation
primarily in monotowns whose economy is dominated by the enterprises of mining and metallurgical
industry.

Research methodology. In the course of investigation the following methods were used: scientific
generalization and systematization, comparative and factor analysis, and logical approach.

Results. The article reveals some distinctive features of old industrial regions including Sverdlovsk region
and the main facilities generating technogenic mineral formations (TMF) in Ekaterinburg, Nizhny Tagil,
and Serov systems of human settlements. Industrial wastes distribution within the boundaries of Sverdlovsk
region administrative districts has been analyzed together with area the wastes occupy, thus, the major part
of wastes presented by waste dumps are timed to the Southern district, tailings storage wastes are three-
quarters focused at the territory of the Northern district. Heavy metals (HM) migration from wastes into
the environment has been confirmed as well as their impact on the population health, including the
conditions of Sverdlovsk region, and also correlation between HM composition and enclosing rock
geochemical specialization. Taking into account that incidence to some extent is conditioned on the
character of HM contamination, metallogeny of the Ural orogen allows forecasting the main types of
diseases and the real hazard of the population quality of life degradation. The ways of solving the problem
of environmental security at the local and federal levels are analyzed together with the specificity of its
solution in the conditions of the old industrial regions.

Conclusions. As a result of the investigations, the priority guidelines of governmental regulation in the
sphere of TMF handling are determined which make it possible to effectively solve the problem of
ecological security. The author’s recommendations on the environmental protection can be used when
developing and pursuing the ecological policy at the local level.

Key words: wastes; contamination; incidence; ecological security; monotowns; governmental regulation.
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FOPHAA MEXAHWUKA. TOPHbIE MALLIUHbI U TPAHCIIOPT
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ONTUMMU3ALNA KOHBENEPA C 3AIPY304YHbIM BYHKEPOM
NPU CTYNEHYATOM PEIYNMPOBAHUN CKOPOCTH

PEYTOB A. A
! BpsIHCKMIA rOCYAapCTBEHHBIN TEXHUYECKMIA YHUBEPCUTET
(Poccus, r. BpsHck, bynes. 50 net OkTabps, 7)

Beeoenue. Paccmompenuvt ocobennocmu pabomul KOHBeNepos npu Hepe2yiaphblx epysonomokax. Ilpo-
AHANUUPOBAHBL BOSMONCHOCHIU Pe2YIUPOBANUSA CKopocmu Koneeliepa. TIokazano, 4umo 0as nogvluteHus
MOYHOCMU PACYEMO8 KOHBEUEPHBIX CUCEM HeOOX0OUMO MOOETUPOSAHUe UX pabomyl C peanbHbIMU 3HA-
YEHUAMU 2PY30NONOKOS.

ILeny pabomer. Pazpabomxa npoyedypvl ONMUMU3AYUY NApamempos Konsetiepa ¢ 3a2py304HbiM OyHKe-
DOM NpU CIyNneHYamom pezyruposanuu cCKopocmu Koneeepa.

Memoouka npogedenusn uccnedosanuii. Chopmyruposana 3aoaua onmumMu3ayuu napamempos Kou-
setiepa ¢ 3a2py304HbIM GYHKEPOM NPU CHYNEHYAMOM Pe2yIupo8anuu CKOpocmu KoHgelepa. B kauecmee
YACMHBIX Kpumepues onmuMaibHOCmu NPUHAMbL HOMUHATIbHAS NPOU3E0OUMENbHOCb KOHGellepda, eM-
Kocmb 6yHKepa, cpednee 3Havenue ckopocmu. Konuuecmeo nepexknouenuti CKopocmu 3a pems MoOeu-
POBAHUA YUmMeHO KaK ozpanuyenue. /s onpedenenus 3HayeHull YacmHoix Kpumepues OnmuMaibHOCmu
NnpoBeoeHo UMUMAYUOHHOE MOOETUPOSAHUe NPOYecca CMyneHiamoz20 pe2ynuposanus cKopoCcmu KO-
getiepa c ucnonvsosanuem npoepammsl Mathcad. Onmumanvuvie napamempst mpaHCROpmMHoOU cucme-
Myl 8b1Opansl u3 Ilapemo-0oMUHUPYIOWUX pewteHull ¢ UCNONb308AHUEM 0000 eHHO20 Kpumepus — CyM-
Mbl AMOPMUZAYUOHHBIX OMUUCTEHUL OM KANUMAIbHBIX 3ampam u 3ampam Ha 21eKmpoIHepuio.
Ananuz u obcyscoenue pesyiomamos. Omaunuem npoyedypvl ONMUMUZAYUU ABTAEMCI Yiem aneopum-
Ma pe2yiuposanus CKOpoCmu KOHeeuepa u pedavHoll pealusayuu epy30nomoKka 6Mecmo e2o 6eposin-
HoCmHbIX Xapakmepucmuk. Paccmompennviii npumep onmumuzayuu ¢ ucnoavzosanuem 130 ouckpem-
HbIX 3HAYEHUl epy30nomoxa u npoepammsl Mathcad nokasan, umo ycmanogka 3a2py304Ho2o 6yHKepa
n038015€em CHU3UMb HOMUHALHYIO NPOU38ooUmenbHocmy kousetiepa na 10-30 %. Ilamo nywwux Ilape-
MO-0OMUHUPYIOWUX PeuleHUll npumMepa 6KI0Yalom KoHeelep ¢ MUHUMANLHOU WUpUHoU nenmol. Pas-
pabomanHas npoyedypa UMUMAayUOHHO20 MOOETUPOBAHUSL MOXCEM OblMb UCNONb308AHA OISl ONMUMU-
3ayuy napamempos u Opyeux mpaHcnOPMHbIX CUCIEM C HePe2YIAPHbIMU ePY30NOMOKAMU.

Knrouegwie cnosa: nenmounsiii Kongetiep, 3a2py30unblil OyHKep, pecyiuposanie cKopocmu, Kpumepuu
ONMUMANLHOCU, UMUMAYUOHHOE MOOETUPOBaHUe; AMOPMU3AYUOHHbBIE OTNYUCTEHUSL.

BBenenue. [ py30moTokaM rOpHBIX TMPEANPHUATHA TPUCYIIIAa HEPABHOMEPHOCTH, 00Y-
CIIOBIIEHHAs 0COOEHHOCTSIMHU paboThI 3a00itHOTO 0OOpyAoBanus [1, 2]. dns crmaxusa-
HUSI HEPAaBHOMEPHOCTH T'PY30II0TOKOB CHUCTEMBI HENPEPBIBHOIO TPAHCIOPTA TOPHBIX
NpeINpUsITHI BKIIOYAIOT aKKyMYJIUPYIOIIHe OyHKEpBl B MECTax 3arpy3Kd U IEPEerpy3Ku.

[To pesynbraraM cTaTHCTHYECKON 0OpabOTKU SMIUPUYECKUX JAHHBIX TPy30I0TO-
KOB ITPOEKTHBIMU OpTraHU3aIHUsAMHU pa3paboTaHbl pEKOMEHIAINH TI0 ONIPECIICHHIO Ta-
paMeTpoB KOHBEHEPOB U OYHKEPOB, COOTBETCTBYIOIIUX XapaKTEPUCTHKAM 3a00HHOr0O
00opymoBaHwsL.

B [3]vaI/IBe)_I€Ha METO/IMKA pacyeTa eMKOCTH E 3arpy304HOro OyHKepa KOHBelepa
YTOJBbHON IIAaXThI:

E6 = Qmax K6 4

rge Q... — MaKCHMMajbHbIi MUHYTHBIA TIpY30IOTOK, MOCTYNAlOWMA B OyHKED;
K — HOpMaTUBHBIH KO>()(PUIKEHT, TaOIMYHbIE 3HAYEHUS KOTOPOTO COCTABJIEHBI HA OC-
HOBE 3MIIUPUYECKUX JAHHBIX.
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DTy METOIMKY HEJb3s1 UCTIONB30BaTh JJIsl TPAHCTIOPTHBIX CUCTEM, XapaKTePUCTHKU
TPy30MOTOKOB KOTOPBIX HEJOCTATOYHO U3YYEHBI.

BeposiTHOCTHBIE METONIBI pacyeTa TPAHCIOPTHBIX CHCTEM MPUMEHHUMBI JUIsI TPY30-
MTOTOKOB C YCTONYMBBIMH XapaKTEPUCTUKAMH, OTHAKO B OOJIBIIIMHCTBE CIIydaeB 3a00M-
HBIE TPY30IIOTOKH HE ABISIOTCS HU CTAIlMOHAPHBIMH, HU HOPMAJIbHBIMH CITy4ailHBIMHU
nporeccamu. [lo3TOMy WX CTaTUCTHYECKHE XapaKTEPUCTHKH MOXHO HCIOIH30BATh
JUIIb 1711 ODUEHTUPOBOUYHBIX PACUETOB.

Hemnonnas 3arpy3ka koHBeliepa BeAeT K TUIIEpOOINYECKOMY YBEITMUCHHUIO YACTBHBIX
JHEPro3arpar Ha TPaHCIIOpTHpoBaHME. Tak, padora KoHBelepa ¢ 25 %-HOH 3arpy3Koit
yBeMUYMBaeT dHepro3arparsl Ha 160 % 1o cpaBHEHUIO ¢ HOMUHAILHOU 3arpy3Koi [4].

J71s TOPHBIX MPEATIPHUATHIA C YI€TOM TEXHOJIOTHUH JOOBIYH HEOOXOIMMO UCIIOIH30-
BaTh 3HAYCHHsI (PaKTHUECKOTO IPy30II0TOKA 32 paboUuyr0 CMEHY WM 33 CYTKH. Pe3yib-
TaThl 3aMEPOB T'PY30MOTOKA U MOITHOCTH MPUBOAA MAaruCTPaIbHOTO JICHTOYHOTO KOH-
Betiepa 2JIV120 B Tteuenue 4 cyr. Ha maxte «JlomxaHckas-KanuramsHasy
TIPEICTaBIICHEBI B [5].

B [6] omncaHo mpuMeHEHHE MPOTPaMMHUPYEMOTO JIOTHYECKOTO KOHTpOJUIepa IS
yIpaBJIeHUS KOHBEHEPHOW CHUCTEMOH SJIEKTPOCTAaHIIMA BMECTO ITOTyaBTOMATHUYECKON
CHUCTEMBI YIIpaBJICHUS HA OCHOBE pelie. OTMevaeTcsi MOBBILEHUE HAEKHOCTH YIIPaB-
JICHUsI, BO3MOXXHOCTh MOHUTOPHHTA KOHBEHEPHOW CUCTEMBI B pe€albHOM BpEMEHH.

Crparerus ynpaBiieHUS JIECHTOUHBIM KOHBEHEPOM C HMCIOJIb30BAHUEM TEOPUHU HEH-
pOHHOU ceTu AJist onTuMuU3anuu napametpo [T ][-perynsitopa cKOpoCTH, MO3BOJISIO-
1ast yCTPaHUTh HEPABHOMEPHOCTH JBM)KEHUS JICHTHI, TIpe/ioxkeHa B [7].

B [8] mpeacraBnen MeToa HEUYETKOrO yHpaBieHUs JICHTOUYHBIMU KOHBeepaMu st
NOBBIICHNUST WX SHeprodddexrtuBHOCTH. OTMEUEHO, YTO TUCKPETHOE YIpaBICHHUE
MPEANOYTHUTENBHO IPU PETYIUPOBAHUH CKOPOCTH JIGHTHI, @ HeUeTKas JIOTUKA PUMEHS-
eTCsl 1151 U3BMEHEHUS CKOPOCTH 3arpy3KH.

B [9] pa3paboTana cuctema yrpaBicHHS TPAHCIIOPTHONH CHCTEMOM YrOJIbHOM Iax-
ThI, BKITIOYAIOIIEH YTOMBHBIA KOMOAWH, YIaCTKOBBIH KOHBEHEep M MaruCTpaIbHbIN KOH-
Belep ¢ 3arpy304HbIM OYHKEPOM, HO ONITUMU3AIHS ITapaMETPOB TPAHCIIOPTHON CHCTE-
MBI He paccMoTpeHa. Jlnsi Oojiee TOUHBIX pacueToB HEOOXOAMMO MOJCTHUPOBAaHUE
paboThl TPAHCHOPTHBIX CUCTEM C PEaNbHBIMU 3HAYCHUSIMH T'PY30MIOTOKOB 32 YCTaHOB-
nenHoe Bpemst [10].

Bo3Mo:kHOCTH peryJHpoBaHUsI CKOPOCTH KOHBeiliepa. BaxHBEIM crmocoboM CHH-
JKEHHSI DKCILUTYaTallMOHHBIX PAacXOJI0B TOPHOTO TPAHCIIOPTa SABISAETCS PETyIHNpOBaHUE
CKOPOCTH TPaHCIIOPTHPOBAHHS I'PYy3a B COOTBETCTBUH € (PaKTUIECKUM TPY30IIOTOKOM.

['py30n0TOK, MOCTYNAIOLINI HA KOHBEHEp U3 320051, H3MEHSETCS MOYTH HETIPEPHIB-
HO. Eciu yCTpONCTBO peryiaupoBaHusl TaKKe MU3MEHSET CKOPOCTh KOHBEMepa Helpe-
PBIBHO B COOTBETCTBUH C M3MEHEHHEM I'PY30TI0TOKa, TO KOHBEIep MOCTOSHHO paboTaet
B MIEPEXOTHOM JHHAMHUYECKOM PEXMME C TIOBBIIIIEHHBIM H3HOCOM W DHEPTo3aTparaMu.
CryrneH4aroe peryinpoBaHrE CKOPOCTH COKPAIAET KOIUIECTBO U BPEMsI ITEPEXOTHBIX
JUHAMUYECKUX MpPOLEcCOB, MOBBIIIAET d(P(PEKTUBHOCTL PaOOTHl KOHBEHepa 3a cueT
oOecrieueHus MOJIIHOM 3arpy3KH JIEHThI 63 MPOCHITaHUs I'Ppy3a, YMEHBIIEHUS MOTEPh
SHEPTHH U U3HOCA Y3JI0B KOoHBewepa [11].

YcTaHOBKa 3arpy304HOTO OyHKepa CIIIaXXHBAeT HEPABHOMEPHOCTH IPY30IOTOKA U
MO3BOJISIET UCIIOIH30BATh KOHBEIEp MEHbIIEH MPON3BOAUTENBHOCTH. CTallmOHAPHBIN
3arpy304HbIii OyHKEp YCTaHaBIMBAIOT B MECTE MEPErPy3KH C yHacTKOBOTO KOHBeiepa
Ha MarucTpaibHbli. HeGonmpIoii 3arpy304nsiii OyHKep, epeMelacMblii BMecTe C 3a-
00eM, MOKeT OBITh YCTaHOBIICH B MECTE 3arpy3KH Y4acTKOBOTO KoHBelepa [12].

B [13] mpenmoxen crmocod peryimmpoBaHUs CKOPOCTH KOHBeWepa ¢ 3arpy309HBIM
OyHKepOM, COTITACHO KOTOPOMY 3arpy3Ky OyHKepa MPOU3BOIAT HE3ABUCHMO OT paboThI
KOHBelepa, €CJIM YPOBEHb 3allOTHeHHs OYHKepa ¥ He TPEBHIIIAET MPEIeTHbHOTO 3HAYe-
aus Py
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KoHBeiiep BKIIIOYAIOT, €CNIM YPOBEHb 3aIOJIHEHUS ¥ OyHKepa OoJbIle HayalbHOTO
3HaueHus ¥ . ABTOMaTU3MPOBAHHEIN NUTaTeIb HENPEPLIBHO MOAAET IPy3 U3 OyHKepa
Ha KOHBelep B COOTBETCTBHH C TEKYIEH MPUEMHOM ClIOCOOHOCTHIO KOHBEepa.

3areM CKOPOCTh KOHBEHEpa M3MEHAIOT 110 3HAa4eHUs V), eCilu 3Ha4eHUE yPOBHS 3a-
nonHenus y coorsercTByeT ycnoBuo WV, <y <W¥,a V£V, i=1... N(¥,-3naucnue
[-TO ypOBHS 3amoNHeHus OyHKepa; V, — 3Ha4eHWe - CTyIIEHH CKOPOCTH JIEHTHI;
N — KonM4YecTBO CTyIEHEeW PEeryIMpOBaHUS CKOPOCTH KOHBeHepa), Uik 00eCeynBaoT
CKOpOCTh KoHBeiepa V=V , ecin y > ¥, (V, — HOMUHaNbHAs CKOPOCTh KOHBEHEPA).

KoHnBeliep ocTaHaBIMBAIOT, €CITH YPOBEHb 3a0NHEHUS ¥ OyHKEpa MEHbIIIEe HaYalb-
HOTO 3HAYECHMS ), UM CKOPOCTh V' HE NPMHHMMAET 3HAYEHUs V; B TEUCHHE BPEMEHU
PETYIMPOBAHMS, WK CUCTEMA YIIPABJICHU 1101aja KOMaHIy OCTaHOBKH KOHBEHepa.

Heas padorsl — pa3paboTka mpouenypsl ONTHMHU3ALNN NTAPaMETPOB KOHBeHepa ¢
3arpy304HbIM OYHKEpOM TIPH CTYTICHYaTOM PEeryIHMpPOBaHUM CKOPOCTH KOHBeEWepa.

MeTonuka mpoBeJeHMs HccaeI0BAHMI. PaccMOTpUM TPaHCIOPTHYIO CHUCTEMY,
COCTOSIIIYIO U3 3aTPy304HOTO OyHKepa 1 KOHBelepa CO CTyIeHYaTbIM PETYIHPOBaHUEM
ckopoctu. [locrynaromuii B OyHKep Tpy30m0TOK (), TPEACTaBUM MacCHMBOM JTaHHBIX
pery/sipHbIX 3aMEPOB, MPOU3BECHHBIX C HHTEPBATIOM /(.

Cdopmynupyem 3anauy ontumuzanud. ONTUMH3UPYEMBIMH TapaMEeTpaMu TpaHc-
MOPTHOM CUCTEMBI SIBIISIIOTCS KOJIMUECTBO CTYIIEHEH pEryIUpOBaHMsI CKOPOCTH KOHBEH-
epa N, 3HaueHus ckopocreil cTyneHei V), 3HaueHusl ypoBHEH 3an0nHeHus OyHkepa .
[Tpumem, 4TO KONMMYECTBO (PUKCHPOBAHHBIX 3HAUCHHWI YPOBHSI 3aIlOJIHEHHsST OyHKepa
paBHO KOJIMYECTBY CTyIeHeH peryanpoBanus ckopocta N.

KpurepusaMu onTHManbHOCTH ABJIAIOTCA EMKOCTh OyHKepa E;, HOMHHAJIbHAS MPO-
M3BOJIMTEIBHOCTH KOHBelepa Q,, cpejtHee 3Ha9CHHE CKOPOCTH V.

Konnuectso nepeximodenuii ckopoctu N, 3a Bpems Mozenuposanus Oyaem paccma-
TpHUBaTh Kak orpanuyeHue. C yd4eToM BpeMEHH Pa3roHa M TOPMOXKEHHs KOHBeHepa,
HEOOXOAMMOTO JJIsl U3MEHEHUS €r0 CKOPOCTH, SKCIIEPTHAs OIIEHKA OTPaHUYEHUS UMEET
Bum: N <3 mua 'mpu N=1; N <4 mun'nmpu N=2u N <6 mun ' nmpu N=3.

NmuranuonHoe Moje/MpoBaHNe PeryJUPOBAHUS CKOPOCTH KoHBeiiepa. Ile-
JIbI0 IMUTAllMOHHOTO MOJENIMPOBAHUS NPOLIECCA PErYIUPOBAaHU CKOPOCTH KOHBEHEpa
SBIIIETCS ONPEENICHNE 3HAYeHUI KPUTEPUEB ONTUMAIIBHOCTH MIPH 3a/IJaHHBIX ITapaMe-
Tpax crnocoda perynMpoBaHys M JaHHBIX 3aMePOB IPy3010ToKa Q..

Ha xaxxaom miare MozenMpoBaHus MPOBEAEM MOBTOPSIONINECS BHIYUCICHUS TEKY-
X 3HAYCHUHN YPOBHS 3aIlOIHEHUS OyHKepa ¥, CKOpOCTH KOHBeiepa V-

Vi =V 1+ Q= YV itos

rae Q — macca rpysa, MOCTYHHUBLICIO B OYHKEp 3a BpeMsl [, Ha k-M 1iare, Kr; \, U
Y, | — TEKYIUA ypOBEHb 3al0jIHeHHs OyHKepa Ha k-M u (k—1)-M marax, kr; V, | — cKo-
pocTh KoHBelepa Ha (k—1)-M 1miare, M/c; Y — HOMHHAJIbHAS TOTOHHAS HArpy3Ka KOHBEH-
epa, KT/M.

BennarHa HOMUHAIBHOWM MTOTOHHON HArpy3KH Y SIBISIETCS KOHCTPYKTUBHOW Xapak-
TEPUCTHKOW KOHBeHepa M 00eCleurBaeT ero HOpMajbHYIO PadoTy 0e3 MpOCHIIaHus
rpysa (y = Q,/V). Bennuuny Tekymiel ckopocTu V) 3aJaiuM COIIACHO CII0CO0y pery-
JUPOBAHMS.

B pesynprate MonmenupoBaHUS MOTyYUM MAacCHBBI 3HAUEHUI YPOBHS 3allOIHEHUS
OyHKepa \ ¥ CKOPOCTH KOHBelepa V Takux e pasmepos, uto u Q.. [Tocne oO6paboTkn
MAaCCHBOB OIPE/ICTHM CPE/IHEE 3HAYCHNE CKOPOCTH V| M KONMYECTBO NEPEKIIOYCHHM
ckopoctu N, .

[Ipouenypa BbIOOpPa ONTHMAJBLHBIX NMAPAMETPOB TPAHCHOPTHO#H CHCTEMBI.
CdopmupoBanHas 3aa4a ONTHMHU3AIMH SBISIETCSI MHOTOKpUTepUalbHOR. st onpe-
JIeNICHHS 3HAYEHUH TPEX YaCTHBIX KPUTEPUEB HEOOXOAMMO MHOTOKPATHOE HMUTAIIMOH-
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HOE€ MOJETUPOBaHHUE MPOLIECCa PEryIUpOBaHIsI CKOPOCTH KOHBEHepa IpH AOIMyCTUMBIX
3HAUYEHHSIX TapaMeTPOB.

JJ1st moncka onTUMaJbHBIX ApaMeTPOB TPAHCIIOPTHOW CUCTEMBI IPUMEHHM CIICTY-
IOIIYIO BBIYMCIUTEIBHYIO TPOLIEAYPY:

— chopmMupyem peanH3aIiio rpy3010TOKa B BU/IE MaCCHBA 3HAYSHUH MacCHl Tpy3a,
HOCTYTIAIOIIETO B 3arpy304HBIN OyHKEp;

— onpeAenuM o0JacTh I0MyCTUMBIX 3HAUCHUH ONTHMHU3UPYEMBIX I1aPaMETPOB;

— IpoBeJieM MOJCTUpPOBaHUE pabOThl TPAHCHIOPTHON CHCTEMBI M BBIYHCIIAM 3HaYe-
HUSI YACTHBIX KPUTEPUEB B OOJNACTH JIOMYCTUMBIX 3HAYCHUI MMapaMeTPOB C 3aJIaHHBIM
I1aroM;

— BbIOepeM [lapeTo-TOMHHHUPYIOIINE PEIICHHS;

— cpopmupyeM 00001IeHHBINH KpUTepUil 3 PEKTUBHOCTH TPAHCIIOPTHOM CHCTEMBI;

— BeIOEpEM onTUMalbHOE pemeHne u3 [lapeTo-qoMuHNpYIOMUX M0 0000IIEHHOMY
KPHUTEPHUIO.

B 000011eHHOM KpUTEPHUH IPUXOUTCS COBMEIIATH YaCTHBIC KPUTEPHH, XapaKTepH-
3yIoIHe 00BEKT ¢ Pa3HBIX CTOPOH. YacTHBIE KPUTEPUU UMEIOT Pa3INIHYIO IPUPOLY
OLICHUBAIOTCS MO pa3HbIM InKanam. [locTpoeHne 0000IMEeHHOT0 KPUTEPHS BOSMOKHO
NPUBEIEHNEM YaCTHBIX KPUTEPUEB K EANHON eTUHNLIE H3MEPEHHUSL.

Tabauna 1. [IapaMeTpsl JICHTOYHBIX KOHBeHePOB
Table 1. Belt conveyors parameters

Tun Qn, T/a V., M/c Y, Kt/m W, kBt
1J1100 470 1,6 81,6 55
1J180 420 2,0 58,3 55
1J180 330 1,6 57,3 40

IlpuMep onTUMH3alUu KOHBeiiepa ¢ 3arpy3ouHbIM OyHKepoMm. PaccMorpum
IpUMep ONTUMHU3ALUH CTYIIEHYaTOr0 PerylIupOBaHUs CKOPOCTH IOA3EMHOTO Y4aCTKO-
BOTO KOHBelepa ¢ 3arpy304HbIM OyHKepoM. B kauecTBe HCXOOHBIX JaHHBIX HCIOJbB30-
Banbl 130 3HaueHUH peanu3aluy CIIy4aliHOro rpy30IoToKa yroabHOro komoOaiina Q, ¢
MareMaTHYeCKUM OKUJaHHeM 73 Kr/C W CpelHUM KBaJApaTUYHBIM OTKIOHEHHUEM
41,5 xr/c. MakcumansHsle 3Hauenus Q, nocruraror 130,5 kr/c, 4To COOTBETCTBYET Te-
opeTHYeCcKou mpou3BoauTeasHOCTH 470 T/4.

Onpenenum onTUManbHbIE 3HAYEHHUS IapaMETPOB TpaHcnopTHOH cucteMsl N, V, ',
(=1 ... N) nns 3agaHHO}N peaar3aluy CIy4yailHOTO rPy30MOTOKA C UCIIOJIIB30BAHUEM
KPUTEPUEB ONTUMANBHOCTH £y, Q,, V1 orpanmdenns N,

JIns morcka oNTUMAabHBIX 3HAYEHUM IApaMeTPOB TPAHCIIOPTHOM CUCTEMBI peasu-
3yEM 2Mansl 6bIYUCTUNENLHOU NPOYEOypbi.

1. OmpenennM o0NacTh TOMYCTUMBIX 3HAYEHNUH ONMTUMH3UPYEMBIX TapaMeTPOB.

s 6e30yHKepHOI paboThl TPAaHCIIOPTHON CHCTEMBI HEOOXOMM KOHBEHEp C MpH-
eMHol ciocobHOCTRIO HEe MeHee 130,5 kr/c (470 1/4). [Ipu ycraHoBke OyHKepa Tpu-
eMHas CrIoCOOHOCTh MOXET OBITh YMEHbIIIeHa 10 73 kr/c (263 1/4).

PaccMoTpuM Tpu THIOBBIX JEHTOYHBIX KOHBelepa ¢ mupuHoi JeHTsl 0,8 M 1 1 M,
MOLIHOCTBIO TIpuBoja W, papHoii 40 u 55 kBT, HOMUHaIbHAs IPOM3BOAUTENBLHOCTL Q.
KOTOPBIX TpeBbImaeT 263 1/4 (Tabdm. 1).

PaccmoTpum oziHO-, IBYX- U TPEXCTyNEHYAThIe PEXXUMBI PETYIUPOBAHUS CKOPOCTH
KoHBeHepa co cnenyromumu napamverpamu: N=1 ... 3;¥, € [0, 1000] xr; V; € [0, V,] m/c
@F=1...N).

2. I[IpoBeaemM MMHUTAIMOHHOE MOJIETIMPOBAHNE MIPOLIECCA PETYINPOBAHUS CKOPOCTH
KOHBelepa ¢ HcIoabp30BaHieM MporpaMMbl Mathcad v BBIYMCIIMM 3HAYEHHST YACTHBIX
KPUTEpHEB.
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Ha puc. 1 npuseneHsl rpaguky NOCTynaromero B OyHkep rpysonoroka Q, xr/c,
TEKYILET0 YPOBHS 3aIll0IHEHMs OyHKepa , KT, U ckopocTH V, m/c, kouBetiepa 1JI80 npu
TPEXCTYNCHYATOM PEryIMPOBAHUH CKOPOCTH U I = 6.

3. Beibepem IlapeTo-moMUHUPYIOIIME PEIICHUS W3 PE3YJIbTATOB UMHUTAIIMOHHOTO
MoJIeIMpoBaHus (Tadi. 2).

B tabn. 2 mpunsro £, = 1,1maxy,, k=1 ... n (n — xonmuecTBo 3Ha4eHui B Maccuse Q,).

4. ChopmupyeM 00O0OIICHHBIA KPUTEPUN IKOHOMHIECKOH A(h(DEKTHBHOCTH TpaHC-
MOPTHOM CUCTEMBI.

KI Kr/c  M/c
1500 - 150 15F

- - 10f |
1000 F 100 F 1,0 ,} L‘r il j! '|
500F 50| 05} ,‘ I‘l, /

200 400 600 tc

Puc. 1. I'paduky u3MeHEHHs HOCTYMAIOIIETO IPy30mnoToka Q,, TEeKyIero
YpOBHS 3amoiHeHus OyHKepa Y M CKOPOCTH KOHBeiiepa V' koHBeiiepa BO
BpemerH (pemenue Ne 11 ta6. 2)

Fig. 1. Graphs of Q_ incoming freight flow alteration, current filling level of
a bunker v, and conveyor speed V in time (solution no. 11, table 2)

BonbImMHCTBO pe3yapTaToB HMHUTAIIMOHHOTO MOJENUpoBaHus asnsdtorcs [lapeto-
JOMHHHPYIOIIMMH pelieHusiMU. B Tabn. 2 npuBeneHbl Tonbko 11 ajgbTepHaTHB —
[TapeTo-ZOMUHUPYIOMUX PEIIEHUH ¢ pa3HBIMH 3HAYCHUSIMH TAPaMETPOB TPAHCIIOPT-
HOM cucTteMbl © peryiaupoBaHus. [lms BbIOOpa ONTHMAaNbHOTO pEIICHUS,
o0ecneunBaronero HauOOIBIIYI0 3KOHOMHUECKYIO 3PPEKTUBHOCTh TPAHCIOPTHOM
cuctemsl, chopmupyem 0606mennbIi kputepuid Q. st aToro chopmynupyem vact-
HBbIE KPUTEPUHU MTO-HOBOMY M TPUBEAEM HUX K €IMHON eNHUIE U3MepeHus (ThIC. P.).
Torna oleHKyY -1 albTepHATUBBI BHIPA3UM CyMMOI 3Ha4€HWUH HOBBIX YACTHBIX KpH-
TepUEB Kij

Q :zKij1

i=1

rae K| u K, — aMOpTH3aLMOHHBIC OTYUCIICHHS OT KAlUTallbHBIX 3aTpaT Ha NpHoOpeTe-
HHUE U MOHTaXX KOHBEWepa 1 3arpy304HOTo OyHKepa j-TO PEeIeHHUS; K, — ronossie pac-
XOJIbI Ha AJIEKTPOIHEPTHIO KOHBEHepa j-ro perieHus.

OKOHOMHYECKHE TOTEPH OT YBEIUYEHHUS KOJIWYECTBA IMEPEKIIOYCHUN CKOPOCTH
KOHBEHEPa YyUYECTh CI0KHO, IOCKONBKY OTCYTCTBYIOT COOTBETCTBYIOIIME T€OPETHYE-
CKHE WIH SMIIUPUYECKHE 3aBUCUMOCTU. [103TOMY KOJMYECTBO NEPEKIIOUEHUN CKOPO-
ctu N, Oynem 1o-TpexHeMy MCIOJIb30BaTh KaK OrPAaHMYEHHUE.

AMOPTHU3aIMOHHBIE OTYUCIICHUS BBIPA3UM Yepe3 KalluTaIbHbIEC 3aTpaThl Ha MPHOO-
pEeTeHHE U MOHTaXX KOHBeHepa U 3arpy304HOTO OyHKEepa, CPOKH MX aMOPTHU3AIINH.



114 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2018 ISSN 0536-1028

TomoBbIe pacxobl Ha BICKTPOIHEPTUIO BHIYHUCIAM Yepe3 HOMUHABHYIO MOIITHOCTh
U CPE/IHIOI0 CKOPOCTh KOHBEiepa:

Ky =CWTYV,, /V,,

rie C, — Tapu Ha 3IEKTPOSHEPTHIO J7Isl IIPOMBILIIEHHBIX NPEIPUATHI, ThIC. P./(KBT - 1),
T, — romoBas npoOIKUTENEHOCTE pabOTEI KOHBEKEDa, Y.

Ta6uuna 2. [IapeTo-1oMHUHUpYIOLIUE pPeLleHUs]
Table 2. Pareto-dominant solutions

p?uil‘ﬁ,‘; Vo; Vi; Va, mle i, xr Qurht | Egxr | Vgmle | N,
N=1

1 0,16 1000 470 2060 0,89 17

2 0;2 1000 420 2385 121 13

3 0,16 300 330 2171 125 11
N=2

4 02,1116 - 470 0 125 11

5 0;08; 1,6 100; 400 470 817 0,93 24

6 0;0,8; 2,0 50; 400 420 1010 128 18

7 0;08; 1,6 100; 300 330 2171 125 12
N=3

8 02,051,116 - 470 0 115 16

9 0,05;13; 16 100; 400; 1000 | 470 1321 0,89 23

10 0;05; 1,0; 2 30; 100; 300 420 927 1,27 27

1 0,05;08; 1,6 50; 100; 300 330 2171 1,25 12

B Tabu. 3 nprBeneHs! 3HaYEHNS YaCTHBIX ¥ 000OIIEHHOTO KPUTEPUEB TS TIATH JIYHIINX
pemennii w3 Tabn. 2. (K, = 25 TeIc. p./M? moBepxHOCTH OyHKepa; C; = 4,69 p./(kBt - 1);
T, =4000 u).

st cpaBHeHMs oTMeTHM, uTo KoHBelep 1J1100 6e3 OyHkepa u peryinnpoBaHus CKo-
pocTH uMeeT 3HaYeHue 0000IIeHHOTo KpuTepus Q = 4157 Thic. p.

5. Beibepem ontuMainbHoe pemenne u3 [lapeTo-1oMUHUPYIOIHX.

[MockonbKy 0000IIEHHBIH KPUTEPUI IMEET HEraTHBHBIH CMBICII, TO ONITUMAIbLHBIM
sBiseTcs permerne Ne 11 ¢ MuHIManbHEIM 3HadeHneM Q = 3376,3 ThIc. p.

AHaJu3 n 00cyxKI1eHHe pe3y/bTaToB. BrrunciurensHas npoueaypa ONTUMH3aLIN
napamMeTpoB KOHBeHepa ¢ 3arpy304HbIM OYHKEPOM H PETYJINPOBAHUS CKOPOCTUH MOXKET
OBITH pean30BaHa C UCIOJb30BaHueM nporpamm Mathcad, Matlab u np. OTauuuTensb-
HOW 0COOEHHOCTBIO MPOLEAYPHI ONITUMHU3ALINY SIBISETCS yUET aJrOpuTMa PETYIHPOBa-
HUSI CKOPOCTH KOHBEWEepa U pealbHOM peannu3aluy Ipy30II0TOKa, a HE €r0 BEpPOIATHOCT-
HBIX XapaKTEPUCTHK.

PaccMmoTpeHHbIi TpuMep ONTUMH3ALUHU IPH HEPETYIIIPHOM I'PY30II0TOKE MOKa3all,
4YTO OOJIIIMHCTBO PE3YJIBTaTOB MMUTAIIMOHHOTO MOJENUpoBaHus sBistoTcs [lapeto-
JOMUHHPYIOIIUMHE pelieHusiMA. OnTUMallbHbIE TapaMeTpbl TPaHCIIOPTHON CHCTEMBI
BbIOpaHb! u3 [lapeTo-TOMUHHUPYIONIHX PEHICHUH ¢ YIeTOM aMOPTH3AIIMOHHBIX OTYHC-
JIEHUH OT KallMTAJIbHBIX 3aTPaT U 3aTpar Ha AJIEKTPOIHEPIHIO.

[ McTionb30BaHHBIX B IPUMEPE UCXOAHBIX AaHHBIX IATH JTydmux [lapero-momu-
HUPYIOUIUX peuieHn (Tad. 3) BKIIOYAOT KOHBEHEp ¢ MUHUMAaIbHON IIMPUHON JICHTHI
(0,8 M). UmMutanmonHoe MOIETUpPOBAHUE IOKA3aJI0, YTO MPUMEHEHUE KOHBeHepa
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¢ OoJIbIIeH MPOU3BOANUTEIHLHOCTHIO MTO3BOMISIET CHU3UTH 00BEM 3arpy304HOro OyHKepa,
OJTHAKO ONTHUMAJIbHBIM OKa3ajJoCh pellleHHEe C HauMEHbIIEH CPeAr PacCMOTPEHHBIX
IIPOU3BOUTENBHOCTBIO KOHBEHEpA.

YcraHOBKa 3arpy304HOrO OyHKEpa MO3BOJISIET CHU3UTh HOMUHAJIBHYIO IIPOM3BOAHU-
TesbHOCTh KoHBelepa Ha 10-30 %. C yBenn4eHHEM €MKOCTH 3arpy304HOro OyHKepa
BEJIMUYMHA CpPEeIHEN CKOPOCTH KOHBeWepa cHuxkaercsa. KonndyecTBo cTyneHe perynu-
pOBaHHA CKOPOCTH B JaHHOM NpPUMEPE OKa3aloCh MaJO3HAUMMBIM MapaMeTpoM, IMo-
CKOJIbKY OOJBIITYIO YacTh BPEMEHH pabOThl KOHBEHEPa €ro CKOPOCTh PaBHA HOMUHAIb-
Ho (puc. 1).

Ta6auuna 3. 3HaueHUs1 YACTHBIX U 00001EHHOT0 KPUTEPHeEB, ThIC. P.
Table 3. Values of specific and general criteria, thousands of rubles

penmens a K ks Q
3 2500,0 291,9 586,3 3378,2
6 2562,5 1752 660,4 3398,1
7 2500,0 291,9 587,7 3379,6
10 2562,5 165,5 655,2 3383,2
11 2500,0 291,9 584,4 3376,3

Oo6aacTh npuMeHeHUs1 pe3yJbTaToB. PazpaboTanHas nporierypa MpUMEeHHMA JIJIS
M000T0 KOHBelepa, y4acTKOBOTO WIIM MaruCTPabHOTO, TIPH U3BECTHBIX peaji3allisax
MOCTYMAOIIEro B OyHKep rpy3omnoToka. [Iporenypa MMUTAIIHOHHOTO MOJIEIIMPOBAHUS
MOXET OBITh MCIOJh30BaHA JIISi ONTHMHU3AINY TAPAMETPOB U JIPYTHX TPAHCIIOPTHBIX
CUCTEM C HEPCTYIAPHBIMHA I'PY30IIO0TOKAMHU, HATPUMEP KAPbCPHOTO U MOA3EMHOIO aB-
TOTPAHCIIOPTA, & TAKXKE PEITHCOBOTO TPAHCIIOPTA.

BriBoabl. Pazpaborannast BEIMUCIUTENBHAS MPOTICTyPa MHOTOKPUTEPHAIBHOMN OTI-
TUMU3AIUH TTapaMeTPOB KOHBEIepa ¢ 3arpy304HbIM OYHKEPOM IIPH CTYIIEHYATOM PETy-
JMPOBAaHMM CKOPOCTH KOHBeWepa NMpUMEHHMa Ui Jr000ro KoHBelepa, B TOM 4HCIIe
Y4aCTKOBOI'0 HJIM MAarucCTpajbHOTIO, IMPU U3BCCTHBIX pCanM3aludX IMOCTYIIAIOUICTO B
6YHKep r'py30I10TOKA. I[J'ISI BBIYHCJICHUA YaCTHBIX KPUTECPHUCB ONITUMAJIbLHOCTU UCIIOJIb-
3yeTcsl IMUTAllMOHHOE MOZETUPOBaHIE paOOTHl TPAHCIIOPTHON CHCTEMBI C PEaTbHBIM
TPy30IIOTOKOM.

BonbmMHCTBO pe3ynbTaTOB UMHUTALIMOHHOTO MOAENUpoBaHUs sBisAroTcs [lapero-
JOMHUHHUPYIOIIMMH PEILICHUSMH, TI03TOMY I BEIOOpa ONTHMAIBHOTO PEIeHUs HeoO-
XOJIMMO HCIOJIb30BaTh 00OOIICHHBIH KPUTEPUH.

PaccMoTpenHsIi mpuMep MoKasai, YTO YCTaHOBKA 3arPy309HOTO OyHKepa IT03BOIIS-
€T CHU3UTh HOMUHAJIBHYIO IPOU3BOIUTENBHOCTh U CPENHIOI CKOPOCTh KOHBEHEpa.
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OPTIMIZATION OF A CONVEYOR WITH A LOADING BUNKER UNDER
DISCONTINUOUS SPEED VARIATION
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! Bryansk State Technical University, Bryansk, Russia.

Introduction. Peculiarities of conveyors operation are considered under irregular freight flows. Conveyor
speed variation capabilities are analyzed. It has been revealed that in order to increase the accuracy of
conveyor systems calculation it is necessary to simulate their work with real values of freight flows.
Research aim is a conveyor with a loading bunker parameters optimization procedure development under
discontinuous speed variation.

Research methodology. The problem of a conveyor with a loading bunker parameters optimization is
formulated under conveyor discontinuous speed variation. Conveyor nominal output, bunker capacity, and
velocity average value are taken as particular criteria of optimality. The quantity of speed shifts in a time
of simulation is considered as a limitation. In order to determine the values of particular criteria of
optimality, simulation modeling of a conveyor discontinuous speed variation process was fulfilled on
Mathcad program. Transport system optimal parameters are chosen among Pareto-dominant solutions with
the use of a generalized criterion — an amount of deprecation from capital expenditures and energy cost.
Results analysis and discussion. A distinctive feature of an optimization procedure consists in taking into
account the algorithm of conveyor speed variation and actual realization of a freight flow instead of its
probabilistic characteristics. The examined example of optimization with the use of 130 discrete values of
a freight flow and Mathcad program has shown that loading bunker installation makes it possible to reduce
nominal capacity of a conveyor by 10-30%. Five best Pareto-dominant solutions of an example include a
conveyor with minimum belt width. The worked out simulation modeling procedure can be used to
optimize parameters of other transport systems with irregular freight flows.

Key words: belt conveyor; loading bunker; speed variation; optimality criteria; simulation modeling;
deprecation.
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®OPMUPOBAHWE TPAHCIMOPTHbIX CACTEM KAPBLEPOB
C YYETOM AJANTALUKU K USMEHAIOLLUMCSA YCIIOBUAM
PASPABOTKHU IMYBOKO3ANETAIOLKUX CIOXHOCTPYKTYPHbIX
MECTOPOXLEHWI

AKOBIEB B. I1.", AKOBNEB B. A."
"MHeTuTyT ropHoro aena YpO PAH
(Poccus, r. Ekatepunbypr, yn. MamuHa-Cubupsika, 58)

Lenvio cmamovu asnsemcs 060CcHOBaHUE HEOOXOOUMOCU AOANMAYUU MPAHCROPIMHOU CUCHEMbL K U3-
MEHAIOUWUMCS YCIOBUAM PA3PAOOMKIU MECIOPONCOEHUS. C POCTOM 21YOUHbL Kapbepa.

Memooonozusa. [Ipeonoosiceno 06a sapuanma memooor02ULecko2o no0xo0d K 000CHOBAHUIO CIMpameuu
Dopmuposarus mpancnopmHol cucmemvl Kapbepa: Ha Oeicmseyiouux npeonpusmusax u npu 0C80eHuU
3anacos Hosbix mecmopodicoenuii. CocmagHbiMu Yacmamy meopuu Gopmupo8anus mpaHCROPMHbIX CU-
cmem 2ny6oKUX Kapbepos AGIAIOMC: UCCLe008AHUEe 3AKOHOMEPHOCMEN (POPMUPOSAHUSL 2PY30NOMOKO8
npu NOIMAnHoOU paspabomke MecmoporicoeHull; 060CHO8aAHUE ONMUMATLHOU NPOOOIHCUMENLHOCU
OmMpadoOmKu OMOENbHLIX IMAN0E, CPOKOE 00NI208PEMEHHOU KOHCEPSAYUU U PACKOHCEPBAYUU BDEMEHHO
Hepabouux 60pmos Kapbepos noO MPaHCROPMHBIMU KOMMYHUKAYUAMU.

Peszynomamul uccnedosanusn. Ha ocnose usyuenus onvima npoekmuposanus u dKCHIyamayuu Kapve-
P08 bonbUioll 21yOUHbL U NPOUZBOOUMENbHOCIU, 4 MAKICE MHO2ONEMHUX HAYYHBIX UCCIe008aAHUN yCma-
HOBILEHO, UMO K MOMEHMY 0C80€HUS NPOEKMHOU MOWHOCHU NO NOLE3HOMY UCKONAEMOMY U 20PHOU MAC-
ce HeBO3MOJICHO CO30AMmb MPAHCNOPMHYIO CUCTNEMY, KOMOopads mozna 6bl obecheuums QP hexmusHyio
Paspabomxy MecmopoNCcOeHUs 6 meveHue 6ce20 CpoKa CiyxHcobl Kapvepa.

Bu16oout. [lokazano, umo 8 ycio8usx HenpepviBHO20 pocma 2iybunbl pabouell 30Hbl Kapbepa, Hapac-
MAHUs 2€07102UHECKOl, 20PHOMEXHUUECKOU U MeXHUKO-IKOHOMUUECKOU unghopmayuu mpedyemcs avioe-
JleHue IManos Gopmuposans KapbepHoeo NPOCMpPAaHCcmed, usmeHenue napamempos cucmem paspa-
bomKku, pazeumue MmpaHCnOpmMHOU CUCHEMbl Kapbepa nymem 00HO8PEMEHHO020, NOCLe008AMENbHO20 U
KOMOUHUDOBAHHO20 NPUMEHEHUs HECKONbKUX 61008 U MeXHUYECKUX CPeoCcme MpaHcnopma C yyemom
00CMOUHCME U HEOOCTNAMKO8 OMOEIbHbIX U008 MPAHCHOPMA, BbIOENEHbl 30Hbl UX IPPEKMUBHO20
npumeHenus no 2nyouHe Kapvepa.

Knrouegwte cnosa: mpancnopmnas cucmema; Kapbepuvlii mpancnopm, enyboxue Kkapbepul, nepexoonsle
npoyeccyl; nodmantoe pasgumue; CioACHOCMPYKMypHble MECHOPOAICOEHU.

OnBIT 3KCIUTyaTallMi KapbepoB, MPAKTHKA TPOSKTHPOBAHKS HOBBIX H PEKOHCTPYK-
UM JIeHCTBYIOUIMX TOPHOAOOBIBAIOIINX IPEAIPUATHH, PE3yIbTaTbl MHOTOJIETHUX Ha-
YUHBIX HCCIICIOBaHUI CBUAETEIBCTBYIOT O TOM, 4TO Ul Kapbepa IIyOMHOH Oonee
200-300 M K MOMEHTY OCBOEHHS NMPOEKTHON MOIIHOCTH HEBO3MOXKHO CO3JaTh TPaHC-
MOPTHYIO CUCTEMY, KOTOpasi Morvia Obl o0ecreunTs 3 (HeKTHBHYIO pa3pabOTKy MECTo-
POXXAEHNUS B TEYEHHE BCETO CpoKa CIykObl Kapwepa [1, 2].

Crienudrka 0CBOGHHUS ITyOOKO3aJIETAIONINX CIOKHOCTPYKTYPHBIX MECTOPOKICHUI
TBEPZBIX MIOJIE€3HBIX NCKONAEMBIX COCTOUT B TOM, YTO UX Pa3pabOTKa MPONOKAETCS Je-
CSTKHU JieT. HauuHasCh ¢ OTKPBITON T€OTEXHOIOTUH, B YCIOBHAX HENPEPHIBHOTO POCTa
1yOuHBI paboueii 30HbI Kapbepa XapaKTepU3yeTCsl HapacTaHHEM I'e0IOTHYeCKOr, TOPHO-
TEXHUYECKOH M TexHonornyeckold mHdopmanuu u Tpedyer 0e3yCIOBHOTO BBIIEICHUS

Craths MOATOTOBJIEHA [0 MaTepHaliaM Uccie0BaHui Mo mpoekty 18-5-5-10 I[IporpamMmel pyHIaMEH-
TaJbHBIX uccnenoanmii YpO PAH.
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9TanoB (GOPMUPOBAHHUS KAPHEPHOTO MPOCTPAHCTBA, U3MEHEHUSI [TAPAMETPOB CHCTEM Pa3-
paboTkH, (HOPMUPOBAHMS TPAHCIIOPTHON CHCTEMBI Kapbepa MyTeM IIPUMEHEHHSI HOBBIX
BUJIOB TPAHCIOPTA U T. 1., T. €. IPAaKTUYECKH MepecMOoTpa OONBIIMHCTBA NPUHATHIX IPO-
eKTHBIX PEIlCHUH, B TOM YHCie YTOUYHEHHs IyOMHbI Kapbepa U HEOOXOAUMOCTH TIepe-
X0JIa K MOJ3eMHON MJIM KOMOMHHPOBaHHOH pa3pabOTKe MECTOPOXKIICHUSI.

[maBHO# npHUYKMHON MCCIeN0BaHMs MIEPEXOJHBIX MPOLIECCOB B TEXHUKE U TEXHOJIO-
THH TOPHO-000TaTUTEIHOTO MPOU3BOJCTBA MUHEPATBHOTO CHIPBS SIBISIETCS BBICOYAl-
11as1 CTETNIEHb 3aBUCUMOCTH OT MIPUPOIHON N3MEHUYMBOCTH I'€0JIOTHYECKUX MapaMeTPOB
TyOOKO3aJIEraloINX CIOKHOCTPYKTYPHBIX MECTOPOXKIECHUN, HHPOPMALHSI O KOTOPBIX
HapacTaeT [0 Mepe pa3BUTHA FOPHBIX padoT [3—5], uTo TpedyeT, Hapsay ¢ U3BMEHEHUEM
TOPHOTEXHMUYECKUX YCIOBHIA, IEPUOANIECKOTO MEPEX0a Ha HOBBIE ITapaMeTPhbl TEXHHU-
KU ¥ TEXHOJIOTUH C LIENbI0 aIaNTallui TOPHOTEXHUUECKON CUCTEMBI K M3MEHSIOIINMCSI
YCIOBUAM (YHKIIHOHHPOBAHHS TOPHO-000TaTUTENEHOTO MMPOU3BOACTBA [6].

PazpaboTka n1yOoKMX KpyTONaAaloMInX MECTOPOKICHHI OCYIIECTBISCTCS OITaIl-
HO, C BBIICJICHUEM IPOMEXKYTOUHBIX KOHTYpOB, BPEMEHHOW KOHCEpBalLlUel YacTH pa-
0ounx OOpPTOB Kapbepa, B CBS3M C YEM IPH NIEPEX0/ie OT OHOTO dTamna K Apyromy nepe-
CTpO¥iKa TPAaHCTIOPTHOM CUCTEMBI Kapbepa CTAHOBUTCS HEU30eXKHOi [7].

B npouecce pa3BuTHs Kapbepa, CMEHBI YCIOBUHN pa3pabOTKU U TPAHCHIOPTUPOBAHUS
ropHoii Macchl 3 ()EeKTUBHOCTD pa3IMYHBIX BUAOB TPAHCIIOPTA U3MEHSETCS] HEOMHA-
KOBO, TTO3TOMY JAJIsl 00ecIieueHHs ONTUMAIIBHBIX TapaMeTPOB TPAHCIIOPTHOM CHCTEMBI
Kapbepa HEeoOXOIMMO ee IMEepUOAMYECKOe OOHOBJICHHE C BBEICHHEM HOBBIX BHIIOB
TpaHCHOpTa.

TexHHUYECKHH TpoOrpecc B pa3BUTHM JACHCTBYIOIIMX M CO3JaHWU HOBBIX BHJIOB
TPaHCHOPTAa 3a JJIUTEbHBIA IePUO/ IKCIUTyaTalluy Kaphepa MO3BOJISIET HEOAHOKPATHO
MEHSTh OLUEHKY 3()(hEeKTUBHOCTH MPUMEHEHUS TeX WM UHBIX BHJIOB TPAHCIIOPTA H Tie-
pecMmarpuBarh pelieHue O HesIeco00Pa3sHOCTH X MPUMEHEHHUS! B KOHKPETHBIX TOPHO-
TEXHUUYECKUX yCIOBUSIX.

B Hay4HO-METOOMUYECKOM IUIaHE pelleHHe TPAHCTIOPTHON NPOoOIeMbl IITyOOKUX Ka-
PBEPOB MMEET CIEAYIOUIYyI0 CIEeHU(HUKY: BMECTO PEIIeHMs 3alayd O BBIOOpE BHIA
TPAaHCHOPTa, KaK OHa OOBIYHO (OPMYITHPOBAIACH MHOTHE TOJIbI, CTOUT BOIIPOC O pas-
paboTke HayyHO 0OOCHOBaHHOW TEOPHHU IMOCIENOBATEIHLHOTO (POPMHUPOBAHUS TPaHC-
MOPTHBIX CUCTEM IITyOOKHX KaphepOB B TEUCHHE BCETO CPOKa CITY>KOBI 10 KOHIIA OTpa-
OOTKH MECTOPOXKICHHUS.

CoCTaBHBIMU YacTsIMH T€OpUH (POPMUPOBAHUSI TPAHCHOPTHBIX CHCTEM TIIyOOKHX
KapbepoB SBIISIOTCSL:

— UCCIeIoOBaHUE 3aKOHOMEPHOCTEH (POpPMUPOBAaHUS TPY30MOTOKOB IPH MOSTAITHON
pa3paboTKe MECTOPOXKICHHIA;

— 000CHOBaHHUE ONITUMAIBHOM MPOAOIKUTEIILHOCTH OTPAOOTKH OTACIBHBIX TAIOB,
CPOKOB JIOJITOBPEMEHHOI KOHCEPBAIMH M PACKOHCEPBAIMK BpeMEHHO Hepabounx Oop-
TOB KapbepoB MO/ TPAHCIIOPTHBIMU KOMMYHUKAIHSIMHU;

— TEXHUYECKasi ¥ TEXHOJIOTUYECKasi OLEHKH OCHOBHBIX BHIIOB KapbepHOTO TPaHC-
nopra 1 000CHOBAaHHO PAIlMOHANIBHBIX MAPaMETPOB M YCIOBHH MX MPUMEHEHHsS B 00-
HIel TPaHCTIOPTHOH crucTeMe TITyOOKHX KapbepoB B pa3iIMyHbBIE MEPHOIBI X IKCILTya-
TaIWH;

— pa3paboTKa KpUTEpHUsl ONTUMAILHOCTH CTpaTeruu (OPMUPOBAHUS TPAHCIIOPTHOM
CHCTEMBI JI0 KOHIIa OTPabOTKHU MECTOPOKICHHUS;

— pa3paboTka METOJMKH OTpeIeICHIsI MOMEHTOB TIepexo/ia Ha HOBBIC BHJIBI U CXe-
MBI TPAHCIIOPTA U YCTAHOBIICHHUSI IPOCTPAHCTBEHHBIX TPAHUI] PATHOHAILHON SKCILTya-
TaIK Pa3IMYHBIX BUAOB TPAHCIIOPTA B MPEICIbHBIX KOHTYPaxX Kapbepa;

— ONTUMH3AIIUS [TAPAMETPOB IMMOTPY30YHOTO M TPAHCTIOPTHOTO 000PYIOBaHUS U JIe-
MEHTOB TPAHCIIOPTHON CHCTEMBI Kaphepa ¢ y4eTOM JUHAMHKH TOPHOTEXHHYECKHUX YC-
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JIOBUH M COOTBETCTBYIOIIUX UM TEXHUKO-3KOHOMHUECKUX TTOKa3aTeNell HCTI0JIb3yEMBIX
BUJIOB M TEXHUYECKUX CPENICTB TPAHCIIOPTA;

— TUMHU3aKs cXeM (POPMHUPOBAHUS TPAHCIIOPTHBIX CUCTEM IITyOOKHX KaphepoB.

O0600mamyM NPUHLIXMIOM, KOTOPEIM CIIEIyeT PyKOBOACTBOBATHCS MPH PEIICHUH
BCEX BOIIPOCOB, CBSI3aHHBIX C TPAHCIOPTOM, SABJSIETCS ONTHMHU3ALMS MAapaMETPOB
TPAHCHOPTHON CHUCTEMBI Kaphepa Ha BCEX 3Tamax pa3paboTKh MECTOPOXKACHUS. DTOT
NPUHIMII MOKET OBITH CHOPMYITHUPOBAH B BUJE LIENEBON (QYHKIIUH U YUUTHIBACT HETIO-
CPEACTBEHHOE WJIN OTMOCPEAOBAHHOE BO3ACHCTBUE BCEX OCHOBHBIX TPYII BIHSIOMINX
(aKTOpOB: MPHUPOAHBIX, TEXHUUECKUX, TEXHOJOTHUYECKUX U COLMAIbHO-3KOHOMHYE-
ckux. Peanusyercs npuHIMI Ipy GOPMUPOBAHUH alTOPUTMOB BEIOOpA ONTHMAIBHBIX
napaMeTpoB KaK OTACNIBHBIX MOJACHCTEM, TaK U TOPHO-000TaTUTEIHHOTO KOMOMHATA B
LEJIOM.

Ha coBpemMeHHOM 3Tare TEXHOJOTHYECKOTO Pa3BUTHSI B TOPHOIOOBIBAIOIINX OTpac-
JISIX SKOHOMUKH CJEAYeT BBIACIHUTD J1BA CYIIECTBEHHO Pa3lWYHbIX BapHaHTa METOJO-
JIOTHYECKOTO MOAX0Aa K 000CHOBaHMIO CTpaTeruu GOpMUPOBAHUS M Pa3BUTHSI TPaHC-
MOPTHBIX CUCTEM KapbepOoB IPH pa3padoTKe [TyOOKO3aIEraloIINX CI0KHOCTPYKTYPHBIX
MECTOPOXKICHHUI TBEPABIX IOJIE3HBIX HCKOMAEMBIX:

— Ha JEUCTBYIOMIMX TOPHOAOOBIBAIOIINX MPEATIPUATHSIX, BXOIIIINX B COCTAaB TOp-
HO-000TaTUTENbHBIX KOMOHHATOB;

— TIPY OCBOCHUH 3aI1aCOB HOBBIX MECTOPOXKICHHH.

BonpmmHCTBO NpeAnpuaTHii ObUIO 3alPOEKTUPOBAHO, IIOCTPOCHO, BBEACHO B IKC-
IUTyaTalxIo B IEPHO IJIAHOBOH SKOHOMHUKH HA OCHOBE OTPACIIEBBIX HOPM TEXHOJIOTHU-
YeCKOTO NMPOEKTUPOBAHMS, U JajbHEHIee UX pa3BUTHE, B TOM 4ucie GpopMUpoBaHUe
TPAHCHOPTHBIX CUCTEM KapbepoB, IOJDKHO OCYIIECTBIATHCS C YIETOM CIOKHBLIETOCS
COCTOSIHUMSI TOPHOTEXHUYECKUX CHUCTEM M M3MEHSIOIIUXCS YCIOBUH MX AajbHEHILIEro
(bYHKIMOHUPOBAHHSL.

Baxneiimeld 0cOOEHHOCTBIO OCBOEHHS 3aM1aCOB ITyOOKO3aIEraloIuX CIOKHOCTPYK-
TYPHBIX MECTOPOKICHUH SBISIETCS] YHUKAIbHOCTD TEOJIOTMYECKUX TAPAMETPOB KaXKI0TO
U3 HUX U UX BBICOKas MPUPOIHAs U3MEHUYMBOCTD B Mpeliesiax MECTOPOXKICHUH, KOTopast
TPOSIBIISIETCS IO MEPE PA3BUTHUS TOPHBIX PA0OT B pe3ysbTaTe HApACTaHHS F€0JI0THIECKOM
uHpopmamu o popMax 1 pazmMepax pyAHBIX Tel, Ka4YeCTBEHHOM COCTaBe IOJIE3HbIX HC-
KOIaeMBbIX, YTO TpeOyeT He TOJIbKO H3MEHEHHS ITapaMeTPOB CUCTEM Pa3padOTKU B METO-
JIOB yIIPaBIICHHsI KAYECTBOM ITOCTABIISIEMOH Ha TepepadOTKy PYJHOH Macchl, HO U (op-
MHPOBaHUS IPY30MIOTOKOB TPAHCIIOPTHOM CHUCTEMBI Kapbepa (puc. 1).

ImaBHBIME (akTOpaMy, ONMPEACISIOMMMH TEXHHKO-OKOHOMHUYECKHE IOKa3aTeNln
npolecca TPaHCIIOPTUPOBAHUS TOPHOI MacChl, SIBISIOTCS PACCTOSHUE M BHICOTA IO b-
eMa, BeJIMYMHA KOTOPBIX IO MEpe pa3BUTHSI TOPHBIX paboT 3aBHCUT HE TOIBKO OT POCTa
IyOHHBI Kapbepa, HO U OT MPHHATOTO PEXMMa FOPHBIX Pa0oT, HOATATHOCTH (HOPMHPO-
BaHMA KapbEePHOTO MPOCTPAHCTBA U TAPaMETPOB TPAHCIIOPTHOW CHCTEMBI Kapbepa.

YcnoBus pa3paboTKu MTyOOKO3aIeraoiX CIOKHOCTPYKTYPHBIX MECTOPOXKICHUN

3aBHCSAT OT ATaIla OCBOCHUS 3a11aCOB MECTOPOKIICHHS.
Ha stane crtpouTenbcTBa Kapbepa MPOU3BOASTCS TOPHO-KAUTAIBHBIE PaOOTHI A
BCKPBITHS MECTOPOXKIICHHS B 00beMe, IPETyCMOTPECHHOM MIPOEKTOM K MOMEHTY CIIauH
Kapbepa B HKCIUTyaTall{i0 B COOTBETCTBUU C MPOEKTOM OpPTraHU3allMU CTPOUTEIHCTBA,
KOTOPBIM TIPEIyCMOTPEHO COOPY)KEHHE ITYHKTOB Pa3MEIICHHsI BCKPBIIIHBIX MOPO/,
npreMa MoJIe3HOr0 HCKOMIAeMOTO IS EPepadOTKH ¢ MOTYUYSHHUEM TOBAPHOU MPOAYK-
UM ¥ TOAJICKAIIUX CKIAJAWPOBAHUIO OTXOJOB OOOTAILICHHUS, CTPOUTEIBCTBO TPAHC-
MOPTHBIX KOMMYHHKAIUH 1 TIONTOTOBKA POHTA AOOBIYHBIX paboT 11t 3)(HEeKTUBHOM 1
0e30macHOi OJKCIUTyaTallud 3aJI0KEHHOTO B TPOCKTE BBIEMOYHO-TIOIPY30YHOTO
W TPaHCIOPTHOTO 00OpPYIOBaHUS, 3JaHUH M COOPYKCHUH IJIsi X OOCIYKMBaHUS M
PEMOHTA.
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JlocTonHcTBa

Henocrarku

PexomMenyemble 001acTn
MIPUMEHEHUS

Bricokas MaHEBPECHHOCTb

B03MOXXHOCTB CENeKTUBHOM
pa3paboOTKH MOJE3HBIX HCKOTIa-
€MBIX

BricTphlii BBOA B JeiicTBHE B
HayaJIbHbIA NIEPUOJI CTPOU-
TEJIbCTBA Kapbhepa

Bo3MoxHOCTB 0OJIBIIION KOH-
[IEHTpanuyu paboT Ha OrpaHH-
YEeHHOM (POHTE

HezaBucumMoCTh JBHKEHUS
OTJIENIbHBIX TPAHCIOPTHBIX
€IUHUIL

IIpocrota ycrpoiicTBa 3ae310B
B Kapbep, B TOM YHUCJIC Ha
HIDKHHE TOPU30HTEI, C HCIONb-
30BaHMEM CIICIIMAIINH JUIs
yxsoHOB 110 30 %

Bricokas sxkoHOMHYECKast 3¢-
(heKTHUBHOCTH MPH OOJBIIAX
o0beMax M JaTbHOCTHU MEPEBO-
30K

HapexuocTh paboThI B 1100BIX
KIIMMaTHYECKUX YCIOBUIX

Bricokas mpou3BOIUTENEHOCTD
TpyJAa MOe3IHBIX OpUrag

B03MOXHOCTB pa3paboTKH
TOPHBIX MOPOJ C JTIOOBIMU (HH-
3MKO-MEXaHHYECKUMH CBO#-
CTBaMH

PaBHOMEpPHOCTE U HENPEPHIB-
HOCTb

MuHHMaInbHas MPOTKEHHOCTD
TPAHCHOPTHBIX KOMMYHHKALMI
Bericokas npou3BoIUTENBHOCTD
Tpynaa

HesaBucumocts ot penseda
MECTHOCTH

AemomobunvHblll mpancnopm

Bricokasi ce6ecTOnMOCTb repe-
BO30K

3aBUCUMOCTD OT KJIUMaTH4e-
CKHX YCJIOBUH

3acopenne aTMmochepbl Kapbepa
BBIXJIOITHBIMH Ta3aMU

Bonpmmioii mrar BoguTenei u
PEMOHTHBIX PabOYHX

Kenesnooopoorcnulii mpancnopm

Bounbioit 066eM myTeBBIX pa-
00T U UX TPYIOEMKOCTh

CII0XHOCTb OpPraHU3aLUH1 3ae3-
JIOB Ha HW)KHUE TOPU30HTHI
Kapbepa

B3anM03aBUCUMOCTD JIBHIKCHUS
COCTaBOB I10 OOLIUM TpaHc-
MOPTHBIM KOMMYHHUKAIHAM

Huzkue OKCILTYyaTallHOHHBIC
TIOKa3aTeIIv IMpru MaJlbIxX 00be-
Max IE€PEBO30K

Boubmioit 006eM IIOArOTOBU-
TEJBHBIX PadOT MPH BBOJE B
JKCIUTyaTal1io

Komnesetiepnviii mpancnopm

Heo0xoaumocTs npenBapu-
TEIBHOTO APOOICHUS KPYITHO-
KyCKOBOI'0 MaTepuaa

B3aumo3aBucuMOCTb Beex 3Be-
HbEB KOHBEIlepHON JTMHUU

Bonpmoi n3HOC JEHTH U
CJIO’KHOCTD €€ 3aMEHBI

3aBUCHMOCTH OT KIUMaTHIe-
CKUX yCIIOBUI

TpaHCIOPTHPOBKA BCKPBIITHBIX
OO/ B HaYaJIbHbIN IEPHOA
CTPOUTEINILCTBA Kapbepa

OT1paboTKa BEPXHUX YCTYIIOB
BOJIM3HM NIPEIeTbHOT0 KOHTYpa

BCKpLITHe U IMOATOTOBKA HOBBIX
TOPU30HTOB

PaboTa B kauecTBe COOPOUHOTO
3BeHa PH KOMOWHHUPOBAHHBIX
BHUJaX TPAHCIOPTa

JlopaboTka 3amacoB 10 JHa
Kapbepa ¢ IPUMEHEHUEM YIITy-
GOYHBIX KOMILICKCOB

BepxHsist 1 eHTpalIbHAS JaCTH
paboueii 30HBI Kapbepa ¢ Io-
Tpy3KOH HETOCPECTBEHHO B
3a00€ HKCKaBaTopa

Bb1B03 ropHOI Macchl ¢ nepe-
IPY304HBIX IIYHKTOB IIPH KOM-
OMHUPOBAHHOM TPAHCIOPTE

TpaHncnopTUpoBKa rOpPHOM Mac-
CBI I10 MOBEPXHOCTHU IIPU 3HA-
YUTEIBHOM YJalleHuH oT (had-
PHK U OTBAJIOB

Borgaua ropHoii Maccsl OT Apo-
OMIIBHO-TPOXOTHJIBHBIX TIEpe-
IPY30UHBIX IIYHKTOB B Kaphepe
JI0 IPUEMHBIX YCTPOMCTB Ha
MTOBEPXHOCTH

Ilepenaua ropHOIt Macchl ¢
ABTOMOOMIIBHOTO TPAHCHIOPTa
Ha XKeJIe3HOAOPOXKHBIN pu
KOMOWHHPOBAaHHOM aBTOMO-
OUITbHO-KOHBEIepHO-
JKEJIE3HOJIOPOKHOM TPAHCIIOPTE
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OpmHUM W3 WHHOBAIMOHHBIX CITOCOOOB PEUICHHS TPaHCIOPTHOM MPoOIeMbl ITy0o-
KO3QJICTAFOIIUX MECTOPOXKICHUHN SBISACTCS MPUMEHEHUE TUKINYHO-IIOTOYHONU TEXHO-
JIOTUY C MOMEHTA BBOJIa Kaphepa B AKCIUTyaTaruio [8, 9].

HpI/I 9TOM HE€ HMCKIIIOYCH BAapHaHT, KOraa B MEPUOM CTPOUTEILCTBA NPUMEHACTCA
TOpHasl U TPAHCIIOPTHAs TEXHUKA, OTIMYHASI OT MPETYCMOTPEHHOM MPOEKTOM JJIs pa-
0OTHI MOCIIe CAa4u Kaphepa B 3KcIutyaTtanuioo. OcoOOCHHO 3TO XapaKTepHO JJIs pa3pa-
0OOTKH MECTOPOXKIICHUI B HOBBIX, HE OCBOCHHBIX PETMOHAX MPU OTCYTCTBUU Pa3BUTOMN
UHQPACTPYKTYPBI, TPAHCIOPTHBIX KOMMYHUKAIIUH, HCTOYHUKOB 3JICKTPOIHEPTUH.

a — aBTOMOOMJIbHBII

2K — JKEJIC3HOAOPOKHBIN

200 F % K — KOHBEHepHBIi
y a/K — aBTO-KOHBEHEpHbIi
300 a/sK — aBTO-)KENIE3HOJOPOXKHbIH
H — HOBBII
400
500

600  Q=20miHT ° o

Puc. 2. 3051 5 QEKTUBHOTO IPHUMEHEHUSI BUAOB TPAHCIIOPTA 110 TIIyOHHE Kapbepa
Fig. 2. Zones of transport types effective use according to the depth of an open pit

Ha stane pa3paOoTKu MECTOPOXKIICHHS OT MOMEHTA BBOJIA Kaphepa B DKCILTYaTaIHIo
JI0 JOCTIDKEHMS MIPOSKTHOM MOIIHOCTH I10 TOPHOM Macce U MOJIE3HOMY HCKOIIAaeMOMY
HaKaIIMBAETCS OMBIT 3KCIUTyaTallMd TOPHOIM U TPAaHCIIOPTHOM TEXHWKH, YTOUHSIOTCS
napamMeTphl 3aJieKe U CoepKaHue B HUX MOJIE3HOTO MCKOIIAeMOTO M HMOMYTHBIX I10-
JIE3HBIX KOMIIOHEHTOB, (PU3MKO-MEXaHHYECKHUE CBOWCTBA TOPHBIX IOPOJ, BHOCATCS
KOPPEKTHBHI B IUIaHBI TOPHBIX PabOT Ha MEPCIEKTUBY, B TOM YHCJIEC B apaMeTPhl CHU-
CTEMBI pa3paboTKH, pa3BUTHE TPAHCIIOPTHON CHCTEMBI Kaphepa, IPUBEJCHUE €€ B CO-
OTBETCTBUE C TEMIIAMH [TOHM)KEHHSI TOPHBIX Pa0OT U BCKPHITHS HOBBIX TOPU30HTOB.

B npouecce ganpHelmei pa3paboTku MeCTOPOXKACHUS HYOPMUPOBAHHUE TPAHCIIOPT-
HOW CHCTEMBI Kapbepa OCYILECTBISICTCS BO B3aWMOCBS3M C MOJTANHBIM Pa3BHUTHEM
TOPHBIX paboT, popMUpOBaHNEM BPEMEHHO HEPAOOUUX OOPTOB C YUETOM pa3BUTHSA pa-
Ooueii 30HBI, 0OecredeHns MOCTaBKU Ha MOCIEAYIONIYIO MepepadoTKy HEOOX0IUMOTO
KOJINYECTBA U KAUeCTBa JOOBIBAEMOI0 MUHEPAIBHOTO ChIPHSI.

ITosTanHOCTH POPMUPOBAHNS KAPBEPHOTO IPOCTPAHCTBA MO3BOJISIET PETYIUPOBAThH
PEKUM TOPHBIX paboT, CHIKATh TEKYIIMH KOA(QQHULUMEHT BCKPBIILIHN IIyTEM BPEMEHHON
KOHCEpBaIM{ YaCTH pabounx OOPTOB Kaphepa 3a CUeT YMEHBIICHUS ITUPUHBI Pa00YHnX
TUTOIA/IOK M PACTIONOKEHUSI Ha HUX TPAHCIIOPTHBIX KOMMYHHUKAIHN (CHE3/I0B).

MHOTONIETHUME HCCIIEOBAaHUAMU TPAKTHUECKOH pabOThl TOPHBIX MPEIIPHUITANR
TIpH pa3pabOoTKe MECTOPOXKACHHH MOJIC3HBIX HCKOTIAEMBIX KapbepaMU OOJBIIOHN ITyOu-
HBI ¥ TPOU3BOAUTEIILHOCTH yCTAHOBJIEHBI TEXHOJIOTMYECKHE IOCTOMHCTBA M HEAOCTAT-
KM Pa3JIMYHBIX BUIOB TpaHCIOpTa (Tabnuua) U JOKa3aHo, YTO B TEUEHUE BCETO CPOKa
CYIIECTBOBaHUS Kapbepa OHOBPEMEHHOE, IOCIE0BaTENbHOE, CAMOCTOSITEIbHOE HITH
KOMOMHHMPOBAaHHOE MPHUMEHEHNE HECKOJbKUX (KaK MpaBMIIO, ABYX WJIM TpPeX) BHIOB
TPaHCHOPTA SIBISIETCS HEU30EKHBIM, & 30HBI X TEXHOJIOTHYECKH W SKOHOMUYECKHU (-
(heKTUBHOTO TPUMEHEHUS (PUC. 2) ONPEAEIAIOTCS TP MPOSKTUPOBAHUH M YTOUHSIOT-
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csl B MpoIlecce pa3BUTHs TOPHBIX PaldOT M HapacTaHUS T'€OJOTMYECKOM M TEXHHUKO-
9KOHOMHYECKOH HHPOPMAIMH O TIOKa3aTeinix QyHKIMOHUPOBAHUS TOPHOTEXHUUECKON
CHCTEMBI Kapbepa.

K HEoOX0AMMOCTH TTePHOANIECKON KOPPEKTHUPOBKH MPOCKTHBIX PEIICHUH 1O pas-
BUTHIO TPAHCIIOPTHOH CHUCTEMBI Kaphepa MOXET MPUBECTU HApacTaHWE MH(POPMALIUH
0 TEXHMKO-3KOHOMHMUYECKHX MOKAa3aTeNAX ACUCTBYIOMEH TrOPHOTEXHUYECKON CHCTEMBI,
KOJIMUECTBE U Ka4e€CTBE 3al1aCOB OCHOBHOTO U MOIMYTHBIX MOJIE3HBIX KOMIIOHEHTOB, U3-
MEHMBIINXCS YCIOBUSAX BHEIIHEH cpebl (IKOJIOTHs, MOTPEOHOCTE B CHIPBE U JIP. ).

Pemenne TpaHCTIOpTHON MTPOOIEMBI IITyOOKHX KaphepOB CYIIIECTBEHHO 3aBUCHUT OT
YCTaHOBJICHHBIX IIPOEKTOM IPaHMIl U CIOCOOOB BCKPBITHS IIyOOKHX I'OPH3OHTOB,
B TOM YHCJIE C IPUMEHEHHEM POOOTH3UPOBaHHBIX KoMIuiekcoB [10, 11].

3aBepIIarOIUM 3TAllOM Pa3BUTHS TOPHBIX paboT U GpopMHUpPOBaHUS TPAHCTIOPTHOM
CUCTEMBI Kapbepa SBJSETCS BCKPhITHE U U3BJICUEHUE 3aI1aCOB /10 YCTAHOBJIEHHOM Mpo-
€KTOM TpeAeNbHON ITyOUHBI Kaphepa, IIPY 3TOM BO3MOXHBI /IBa BapHaHTa!

— TOpHbIE padOTHI NPEKPAIAOTCS ¥ IPEICTOUT OCYIIECTBICHUE KOMIUIEKCA Mep IO
NPEIOTBPAILEHNIO HETaTUBHOIO SKOJIOTMYECKOTO BO3JEHCTBUS HA OKPYKAIOILYIO CPELy;

— OCYILIECTBISICTCA MEPEXo Ha MOA3EMHYI0 MJIM KOMOWHHPOBAaHHYIO pa3paboTKu
3aracoB MECTOPOXKAECHUS C BO3MOXKHBIM HCIIOJIB30BAaHUEM TPAHCIIOPTHOM CUCTEMBI Ka-
pbepa BO B3aUMOCBS3U C IMOA3EMHOI reoTexHomoruei [12].

Taxum 06pa3oM, 3aI0KEHHBIE B POEKTE 0 JaHHBIM T'€0JIOTHIECKOTO OTYETa O Me-
CTOPOXKICHUH TEXHUYECKHUE U TEXHOJIOTMYECKHUE PELIeHHUs, ClIoco0 pa3paboTky, mpo-
M3BOJCTBEHHAS MOILHOCTb, 3a1aChl OCHOBHOTO U IO THBIX MOJIE3HBIX KOMIIOHEHTOB U
JOpyTHe MoKa3aTeI MOTYT He OATBEPAUTHCS, 3aKa3UMKH NOTPEOYIOT YMEHBIIUTD HITU
YBEITUYUTH 00BEMBI JOOBIBAEMOTO CHIPhsI, HHBECTOPHI MOTYT HE 00€CIICUNTD MOKPHITHE
JIOTIOJTHUTENIBHBIX 3aTpaT Ha MPUOOpEeTEeHHe HOBOTO 0OOPYIOBAaHHUS U T. I., YTO MOTpe-
OyeT MpUHATHS PEUICHUH MO MEePeXory MPeaNpHuATHsS B HOBOE COCTOSHHUE: Pa3BUTHA,
«3aTyXaHUus» WM KOHCEPBALUH, TOTPeOYIOTCSI HOBBIE TEXHOJIOIUH, 000PYIOBaHHE, Op-
raHu3alys IPOU3BOICTBA U T. 1. Bee 3To npuBeneT K He0OXOAMMOCTH IPUHATHS peLie-
HUH 10 TO3TaNHOM aJanTallMy NapaMeTpOB TOPHOTEXHUYECKON CHUCTEMBI MPENIPHs-
THSA, B TOM YHCJIE €ro TPAHCIOPTHOW CHCTEMBI, K HM3MEHSIOIINMCS YCJIOBUSAM
(YHKIIMOHUPOBAHHUS.
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OPEN PIT TRANSPORT SYSTEMS FORMATION WITH THE ACCOUNT Of ADAPTATION
TO DEEP-LYING COMPLEX-STRUCTURED DEPOSITS DEVELOPMENT CHANGING
CONDITIONS

Iakovlev V. L.1, Iakovlev V. A.!
! Institute of Mining, Ural Branch of RAS, Ekaterinburg, Russia.

The aim of the article is to substantiate the need for transport system adaptation to changing conditions of
deposits development with increasing depth of an open pit.

Methodology. Two variants of methodological approach to open pit transport system formation strategy
substantiation: at operating enterprises and under new deposits reserves exploitation. Deep open pits
transport systems formation theory component parts are the following: investigation into the traffic
formation regularities under deposits staged development, optimum duration substantiation of separate
stages development, periods of long-term conservation and reactivation of temporarily non-mining open
pit edges under transportation lines.

Research results. On the basis of high production and deep open pits design and exploitation experience
and multi-year scientific researches it has been established that by the moment of developing design
capacity of a mineral and rock mass it is impossible to create transport system which could provide
effective deposit development within all service life of an open pit.

Conclusions. The article shows that in the conditions of open pit working zone increasing depth and
increasing geological, mining engineering, and technical and economic information it is required to
distinguish the stages of open pit space formation, development systems parameters modification, open pit
transport system development by means of simultaneous, sequential, and combined application of several
transport types and facilities taking into account advantages and disadvantages of certain types of transport;
areas of their effective application according to open pit depth are identified.

Key words: transport system; open pit transport; deep open pits; transient processes; staged development;
complex structured deposits.
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ANEKTPUOUKALIUA U ABTOMATU3ALIUA
FOPHbIX NPEANPUATUM

V]IK 62-83:621.3.07 DOL: 10.21440/0536-1028-2018-6-127-134

ABTOMATUYECKASA CUCTEMA YNPABIEHUA
NECKOBbIM HACOCOM

YIrONbHUKOB A. B.", LUIEKNEUHA W. N."
1Ypanbckuii rocyAapCTBEHHbII FOPHbIIA YHUBEPCUTET
(Poccus, r. Ekatepunbypr, yn. Kyitbbiwesa, 30)

Beeoenue. Ha obocamumenvhvix ¢pabpuxax ¢ MOKpuiM o6o2aujenuem pyo 3aKIIOYUMENIbHbIM JMANoM
npoyecca 0602aujenust AGIAEMCsL NPoYecc 00e380HCUSAHUL. JJaHHbLIL nPoYecc coCMoum u3 08yx Cmaouil —
ceywenus u urbmpayuu. Texnono2uueckas cxema npoyecca 006e360:CUBAHUSL COOEPIICUN YenU C2YCMmu-
mensi u yenu 8axyym-gunrbmpog. Cywecmsyiowjie mexHoio2uieckue cxemol 0b6e360cusanust na oboza-
MUMenbHbIX Gabpuxax npu mpaouyuoHHbIX CROCobax 06e380xcUaHUs He 0becneuusarom mpedyemyo
GILAICHOCMb JCENE30PYOHO20 KOHYeHnmpama. [ apghexmueno2o ocyuwecmenenusi npoyeccos 06e360-
JHCUBANUS, MAKUX KAK C2yujenue U Guibmpayus, HeodXooumo cmadbuiu3uposams niomHOCMb nYyilbNnbl
(neckos) Ha vixode ceycmumens 6 ouanazone 55—60 % codepoicanusi meepoo2o KOMNOHEHMA.
Memoowt uccnedosanus. /lannas 3a0aua peuwaemces nymem UCRONb308AHUS YACMOMHO-PE2YIUPYEeMO20
INEKMPONPUBOOA NECKOBO20 HACOCA, d UMEHHO NYMeM USMEHEHUsI CKOPOCMU 8PAWeHUsl POMOpPA JJLeK-
mpuyeckoeo 08uUeamens HAcocd, Npu MoM UMEHAemcs NPou3BoOUmMenbHOCHb NecK08020 HAcocd,
m. e. pe2yupyemcst pacxoo0 nyibnbl, d 3HAYUM U COOePIACAHUE MEEPA020 KOMNOHEHMA 8 NYlbhe.
Pesynomamul. B 0annoii cmamse ocywecmenen 6blo0p HACOCO8, NIEKMPUUECKUX dgueameneti U npeoo-
pazoeamerneii Hacmonul ¢ BeKMOPHbIM ynpasienuem. [Jis pearusayuu OaGHHOU cxeMbl YAPABIeHUs Npo-
U3800UMENLHOCMBIO NECKOBO20 HACOCA PACCHUMAHbL NAPAMEMPbl KAHALA Pe2YIUPOSaHUsL CKOPOCIU U
nepeoamounvie QyHKYUU.

Bb1600. Dxcnepumenmanvhvle uccied08anus NOOMEEPOUnU, 4mo ¢ NOMOUWbIO AGMOMAMUYECKOl CXeMbl
MOJICHO dDPeKmuUsHO ynpasisme NIOMHOCIbIO NECKOG CZYCMUMENs NymeM Pe2yiupo8aHuisl Yacmomyl
spaujenusi 08ueamesi NeCKOB020 HACOCA.

Knrouesvie cnosa: obessodcusanue; cmabuiuzayus; cooepicanue meepooco, nyibnd, KOHYeHmpam,
Hacoc; osucamendy,; 4ACMOMHO-PeSYIUpyemMvlil NPUOO,; PYHKYUOHANLHAS CXeMA,; 8eKMOPHOe Ynpasiie-
Hue, MUKpOKOHmpoaiep.

Beenenue. Ha ¢aOprkax ¢ MOKpbIM 00OTalieHneM MarHETHTOBBIX PYI 3aKIIOUH-
TEJIbHBIM SBJISIETCSl MpoLecc OOE3BOXKMBAHMS, COCTOSIIMH M3 CTaAWi CTYIIEHUS U
¢unerpannu. TexHogorndeckas cxema CeKUUN 00e3BOKUBaHMSI COACPKUT TIOCIIE0Ba-
TCJIbHOC COCANMHCHUE B ILICIIb CI'YCTUTCIIA U I'PYIIIbI BaKYYM-(l)I/IJH)TpOB.

B pesynbrare crymieHns Ha CTYCTHTENSX MOJIYYaroT OCBETIIEHHYIO BOAY (YHUCTHIN
WA 3aMYTHEHHBIN CJIMB) M CTYIICHHBINA (IDIOTHBIA) MPOXYKT — Mecku. CrymeHHbBIH
NPOAYKT IMOABEpraeTcs AanbHeimeil nepepaboTke — GUIBTpaLuy Ha BaKyyM-(QHIIb-
Tpax. BnaxxHOCTh TOIy4E€HHOTO KeJIe30pYJHOTO KOHIIEHTPATa He JOJKHA MPEBHIIAaTh
9,8 %. JIoCTHKEHHIO TaHHOTO pe3yJbrara CIIOCOOCTBYET CTAOMIIM3AIUs COACPIKaHMS
TBEPIOTO B Meckax B auanazoHe 55—60 % [1]. DTo mo3BoOseT yaydIINTh BHIXOTHBIC
TTOKa3aTeNy mpoiiecca GrIbTpanum: 00ecIednTs TpeOyeMyTo BIIaKHOCTh KOHIICHTpara
U TIOBBICUTD YZIENbHYIO IPOU3BOAUTEIILHOCTE (PUIIBTPOB.

s crabunu3zanuu conep aHusi TBEPIOro B MECKaX CTyCTUTENS] MOYKHO HCIIOJIb30-
BaTh CUCTEMY aBTOMAaTHYECKOTO ympasieHus anekrporpusogoM (CYIII) nmeckoBoro
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Hacoca, NpeAHa3HaYeHHOTO [T TIepeKaunBaHMsI IECKOB 1O TPyOOIIPOBOAY Ha BaKyyM-
(GUABTPHL.

IMocranoBka 3agayu. YUuTHIBasl MPOU3BOAMTEILHOCTh CEKIIMUA 00E3BOKHBAHUS
Kaukanapckoro ropHo-000TaTHTEILHOTO KOMOMHATa «BaHanuii», K ycTaHOBKE TIpe/-
naratorcs aa Hacoca tura [pAT 350/40/11-1.6, koTOpble MOCTABISIOTCS C JJIEKTPO-
neurarensmad AMH 315 MA4 u npeo6pazoBarernsimu yactotel VLT Automation Drive
FC 300 ¢ BektopHBIM yripaBieHueM (mpou3BoactBo ¢upmbl Danfoss, Hanws) [2]. Pea-
TU3aIYs 3aKOHOB BEKTOPHOTO YIPaBJICHHs 00CCIIeUYMBACT HAMITYYIIHE THHAMUYCCKUE
Y CTaTUYECKHe IMOKa3aTeNd CUCTEMBI yIIpaBieHus [3, 4].

Ecnu noj ckanspHBIM YIPaBICHUEM CKOPOCTH B ACHHXPOHHOM JIBUTATENIC TOHHMA-
€TCsl TAKOE yIpaBlicHHEe, IPU KOTOPOM B KAaYeCTBE MEPEMEHHBIX B CUCTEME HCIOJIb3Y-
10TCs 3G PEKTUBHBIC 3HAYCHUS HATPSHKCHUH, TOKOB U TIOTOKOCIICTIJICHNH, a CaMU dTH
BEJIMYWHBI CUUTAIOTCS BEJIMYWHAMY CKaJSPHBIMH, TO B OCHOBE BEKTOPHOTO YIIpaBIIe-
HUS JISKHUT TPEACTABICHHE 00 3TUX BEIMYMHAX KaK O MPOCTPAHCTBEHHBIX BEKTOpaX.
MOXHO TaKkXe OTMETHUTh, YTO CKaJISIPHOE YIpaBieHHe 0a3upyeTcs Ha 3aBUCUMOCTSIX,
JIe’KaIluX B OCHOBE CXEMBI 3aMEICHUsI aCHHXPOHHOTO nBurarens (A/l), a BekropHOe
yIpaBiieHHE — Ha COOTBETCTBYIOIIUX CTPYKTYPHBIX CXeMax.

~3,50 '
0)361 -
—>Q—>E—>Q—> PTI > [IK2 | AuHI
A

| v T

1

y IK 1 12

| ®) | T3
EB(Dzl | 1x ®

Puc. 1. OyHKIHOHANIbHAS CXeMa CHCTEMbl BEKTOPHOTO YIPABICHHSI YaCTOTHBIM 3JIEKTPOIPHUBOIOM IO
3akoHy ¥, = const ¢ ©3MEpPEHNEM U CHHXPOHHM3AIUEN CKOPOCTEN JIEKTPOIBUIaTENEN
Fig. 1. Functional scheme of a frequency-controlled electric drive vector control system according the
law ¥, = const with electric drives velocities measurement and synchronization

Cucrema mMeeT JBa KaHalla YIIpaBIeHHUs: MOAYJIEM BEKTOPA MOTOKOCIEIICHUS PO-
TOpa W YIIIOBOH CKOPOCTHIO poTopa. [IByxkaHalbHAs CHCTEMa yIPABICHUS JaeT BO3-
MOXKHOCTh OCYIIECTBUTH HE3aBUCUMOE PETyIUPOBAHHUE MOAYNS BEKTOpa MOTOKOCIIE-
IUICHUS. POTOpPa U CKOPOCTU POTOPA MPHU COXPAHECHUU MPSIMOU MPOMOPIIMOHATBEHOCTH
MEXKAY MOMCHTOM Ha BaJly ABUTaTCIA U COCTaBHOH CHUIIBI cTaropa, KoTopasa HaXOAUTCA
B KBaIpaType ¢ BOJTHOU MOTOKOCIIETUICHHS poTopa [5].

CucreMbl BEKTOPHOTO yrpasienus 1o 3akony ‘¥, = const, rae ¥ — Bekrop morokoc-
HETUICHUS] POTOPa, CTPOATCS AaHAIOTUYHO CHCTEMaM TIOAYUHEHHOTO YIPaBICHHS JIIEK-
TPOABUTATEIISIMU ITOCTOSHHOTO TOKA, YTO YBEITMUMNBAET OBICTPOACHCTBUE W 3HAYNUTEIb-
HO TOBBIIIACT HAACKHOCTL DSJICKTPOIIPHUBOIOB. B COBPEMCHHBIX YaCTOTHBIX
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AJNEKTPONIPUBOAAX C BEKTOPHBIM YIIPABIICHUEM MOTOKOCIICIUICHHE U CKOPOCTh BBIYKIC-
JSIFOT ¢ IOCTATOYHOM TOYHOCTBIO NIPU MOMOIIA KOHTPOJIJIEPOB 10 aJITOPUTMAaM, OCHO-
BaHHBIM Ha pa3JIMYHBIX KOCBCHHBIX METOAAaX.

MeTonuka pelieHusi MOCTABJIEHHOMH 3a7a4M. B 1aHHOM KOHKPETHOM Clly4ae He-
00X0MMO 00ECIICUNTh CUHXPOHHU3AIUIO IBYX JIBUTATEICH HACOCOB, KaX bl U3 KOTO-
PBIX MMUTACTCS OT COOCTBEHHOTO MpeoOpasoraress. JlJis 3Toro HeOOX0IUMO HPEAYCMO-
TPETh B CXEME HM3MEpPEHHE CKOPOCTH JBUTATENel, a Takke OJIOK CHHXPOHH3AIIHH,

PesysibTaThl pacuera napaMeTrpoB
Parameter s calculation results

ITapametp ®dopmyna aist pacuera, 3HaUCHHE
J; o
T =-:209-0,2
DNEeKTPOMEXaHUYECKAs TOCTOSIHHAS BPEMEHHU TIPUBO/IA mE ¢
n
1
DNeKTpOMarHuTHas MOCTOSHHASI BpEMEHHU JBUTaTelIs T,= ﬂ =0,0032 ¢
T
Homunanshas yacrora AUH f, =50Tn
fH
MunnmansHas yactora AVH frin = D =0,25Tn
1
MakcuManbHOe 3HaYCHUE CUTHAJIA 3a/IaHHS HaIlpshKe- U -10B
HUS smax
MaxkcuManbHOe 3HaYeHHUE CUTHANIA Ha BBIXOJIE peryJis- U -10B

TOpa 4aCTOThI

P-4.HOM

MuHuMalIbHOE 3HAYEHHE CUTHAJIA 3aaHUs HalpshKe- U Vi _ 0.05B
HU 3Hmin D =Y
1
MuHIManbHOE 3HAYEHHE CUTHAJIA Ha BBIXOAE PEeryiIs- _ U mon —0.05B
TOpAa YaCTOThI pmin D, !
Cratnueckuii kodpduuuent nepegaun AUH mo U, — 138
HaIPSHKSHHUIO
3 max
[Tocrosnnas Bpemenu ATH T, =0,0033¢c
—2
AKXTHBHOE CONPOTHBIICHHE CETEBOT0 QUIBTPa R, =30-10"° Om
—6

Emxocts dumbTpa C, =200-10" @
MaxkcuManbHOe 3HaYeHHe CHIHaJIa Ha BBIXOJE JaTUHKa U —10B
CKOpPOCTHU © max
MaxkcuManpHOE 3HaYeHHE CUTHAJA 3a1aHUs CKOPOCTH U,.mx =10B
HomuHanbHOE 3HAYEHHE CUTHAJIA 331aHUsI CKOPOCTH U,..=10B

— U3.C HOM  __
MuHUMaNbHOE 3HAYCHUE CUTHAJIA 33]JaHUs CKOPOCTH U, = o 0,05B

1

MIPHU TIOMOIIN KOTOPOTO OCYIIECTBIISIETCS ONpEAETICHHE PAacCOIIacOBaHMUS CKOpOCTEH
BpaIICHUS IPUBOIHBIX JIBUTaTeNel. BiIok cuHXpoHU3auu GOpMUPYET KOPPEKTUPYIO-
M CUTHAJ, KOTOPBIN CKJIaIbIBA€TCS C CUTHAJIAMH Ha BXOAAX PETYIATOPOB CKOPOCTH
CHCTEM yIpaBlieHHs ITpeoOpa3oBarelieil Ka)x10ro ABUTATeNs ¢ Pa3HBIMU 3HAKAMU, YeM
JIOCTUTAeTCs TOPMOXKEHHE OOTOHSIOIETO M Pa3TOH OTCTAIOLIETO IBUTATENs 10 UCUE3-
HOBEHHS PAcCOINIACOBAHUS B CKOPOCTSX Mapbl MPUBOJIHBIX JBUTATENIEH.
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@yHKIHMOHAJIBHAS CXEMa CHCTEMBl BEKTOPHOTO YIIPAaBJIEHUS YaCTOTHBIM 3JIEKTpPO-
MIPUBOZIOM IIpHUBEJEHA Ha pHC. 1.

Ha ¢ynkmmonansroii cxeme o6o3naueno: AMH1 — aBTOHOMHBIN MHBEPTOP HAIPSI-
xenus ¢ [IIMM-npeobpa3zoBareneM (IIUPOTHO-UMITYIBCHOW MOAY/SIMK); M — nBuTa-
tenu; JAT1 ... AT3 — garuuku Toka craropa asurarens; PCl — perynsarop ckopocTu;
PII — perynstop morokocuemnenus; PT1 — perymsarop tokos; [TIK1 — mpeobpazosarein
Tpex(hazHOW CUCTEMBI KOOPAMHAT B OPTOrOHANBHYIO AByXda3uyto x—y; [IK2 — mpeoo-
pa3oBareNb OPTOTOHAIBHOW CHCTEMBI KOOpIWHAT x—y B Tpexdasnyto; bBIIl — Omok
BBIYUCJIEHHS NMOTOKOCLEIIeHus; bBBw,1 — 610k BerauCIeHus cKonbxkenus; B — nar4u-
KM CKOPOCTH; () — CKOPOCTh BpAILEHHUs POTOPa; ®,, — 3aaHHasi CKOPOCTh BPAILCHHUSI
poTopa; S — CKOJIbKEHHE.

Toxu ctaropa B Tpex ¢azax m3mepsrorcst natankamu Toka JT1 ... T3 u B koopau-
HaTtHOM mnpeoOpasoBarene 1K1 npeobpa3sytorcs B AByXQa3Hble, IPH STOM ONpeens-
FOTCSI IPOEKIUHU TOKa CTaTOpa HA OCH X U ).

Cucrema yrpaBieHHUs] CKOPOCTBIO ITOCTPOEHA M0 ABYXKaHAJIBHOMY IMOTYHHEHHOMY
MPUHLUIY perynupoBaHus. [loMYMHEHHBIMH KOHTYpaMy yNpPaBIECHUS SBISIOTCS KOH-
TYp perylmpoBanus Toka I, 1 KOHTYp perynmpoBanus toka I, , mpu sToM cucrema
yIIpaBJIeHHUs 00ECIIEYMBAET CTAOMIM3ALMIO 33JaHHOT0 3Ha4EHU TOTOKocuemienus WV,
U perylnpoBaHUE MOMEHTA.

Pacder mapameTpoB aHaJIOTOBOW CUCTEMBI YIIPABIECHUS IPOU3BOIUTCS € LIEBIO MO-
CIIeyIoIel napaMmeTpu3auy HHQPOBOM CHCTEMBI YIIPABICHHSL.

Bnaromapst BrICOKO# pazpemiaromnieil cnocoOHOCTH MMITYIbCHBIX CPEICTB M3Mepe-
HUS TEXHOJIOTHMUYECKHX ITapaMeTPOB IEKTPONPUBOA, BEICOKOW Pa3psiTHOCTH U 9aCTO-
T€ TeHEePaTOPOB CHHXPOUMITYJIHCOB COBPEMEHHBIX MHKPOIPOIIECCOPOB MOTPEUTHOCTh
napaMeTpu3alii YIpPaBISIONIMX KOHTPOJJIEPOB IPUBOAOB He mpeBbimaer 1 %.
OTa MOTPEeIHOCTD JIETKO YCTPaHIEeTCs B IPOIIeCcCe OTIIAIKH CUCTEMBI ypaBieHus [6—8].

HcxomHbIMU JaHHBIMU AJIS1 pacdeTa epeaToOuHbIX (PyHKINH 3IEMEHTOB CXEMBI CH-
CTEMBI YNIPABIICHUS SBISIOTCS TEXHUYECKHUE M MEXAHUYECKUE XapAKTEPUCTUKH JIBUTA-
TeJsl.

Pesynbrarel pacyera napaMeTpoB KaHalla PeryIHpPOBaHuUs PUBEACHBI B TaOIUIIE.

[lepenatounast QyHKLMS SMEKTPUUECKON YaCTH ACUHXPOHHOTO JBUTATENS

we - _Ka 79
> Tp+l 002p+1

rie 7, — 57IeKTpOMarHUTHas IIOCTOsHHAs aurarens, T, = (2xf, ) =0,02; ka1 — craru-

YeCKUil KOdpOUIMEHT  Tepenayu JNEKTPUUECKOM 4acTu JIBUTATEIIA,
kip =M, /(0, —o,) =79
[Nepenarounas GyHKINS MEXaHNYECKOH YaCTH aCHHXPOHHOTO JIBUTATEIIS

wo -+ 1
" J.p 16s’

rae —Jy CyMMapHbIii MOMEHT HHEPLIUH.
[lepenarounast pyHKIUS peryasTopa CKOPOCTH

Wp((s:) = kpAc’

re k, . — CTaTHYeCKHii KOOPOUIMEHT Mepesiadn perynsrtopa ckopocTu, k . = 0,04.
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HepeﬂaTquaH (1)yHKIII/I$I HWHBEPTOPA IO KaHATy PCryJnpoBaHus 4aCTOTHI

wo-_ K _ 38
™  Tp+1l 0,0033p+1

rzie k, — crarndeckuii Koo QUIUEHT nepenady MHBEPTOPA 10 KaHajly yHIpaBICHHUs Ya-
CTOTBHI;

k, = h,__ 20;
pacy.HoM
UpachOM = ﬁ = 2’5B5

T, — HEKOMIIEHCUPOBAaHHAs OCTOSHHAs BpeMeHu uuBepropa, 7, = 0,0033 c.
[Tepemarounas GyHKITHS CIIAKABAOIIETO (DHITBTpa

woo L _ 1
P T, +1 6-10°s+1

rae T, — MOCTOAHHAS BPEMEHH CITIAKUBAIOLICTO ¢unerpa; T, = RC, =6- 10° c.
[Tepenarounas dyukius [1H-perynsTopa CKOpOCTH

(s) — —
WY =k =33
Ilepenarounast pyHKIMSA 1aTINKA CKOPOCTH
W =k = 0,0956,

rzie k, — ko3pduIHeHT 0OPaTHOMH CBA3M 110 CKOPOCTH.

B cratnueckoM peXHMe 3aMKHYTas CHCTEMa KOHTypa PEryJIUpOBAaHUS CKOPOCTH
(9acToThl) MPY HOMUHAJIBHOM CHTHAJIE 3aJ]aHUsl CKOPOCTH CUCTEMON aBTOMAaTHUECKOTO
perynupoBanus (CAP) nomkHa obecnednTs HOMUHAIBHYIO CKOPOCTb.

KoadduumeHt oOpaTHOI CBSI3U 1O CKOPOCTH

kC:Uc_max:Qoog,

(DI'T'BX

rae ®_. . = 314 06/MuH.

max
[Mepenarounas ¢pynkuus [I-peryastopa HanpsHKEHUS

1+ T
pH

=0,182.

[lepenatounast pyHKUMS aCHHXpOHHOTO 31ekTpoasurarenss AMH no kanany pery-
JMPOBaHMsSI HAIPSHKEHUS
W — K, _ 0,131 ,
1s+1 0,0033s+1

TII

e k, — craruueckuit koddpuuuent AMH no kaHamy ynpapieHHsl HalpsyKEHHEM,
k,=flU,, =0,131.
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[lepenarounast pyHKIUS 3a1aTYNKA HHTCHCUBHOCTH

W(S) = i = —1 y
o T.s 1,05s

rae T, — MOCTOsIHHAs BPEMEHH UHTErPUPOBAHMS 3a1aT9MKa HHTEHCUBHOCTH, C.

[Mapamerpusariust UPPOBON CUCTEMbI YIPABICHUS NMPOU3BOAUTCS C KIIABUATYPbI
MOHHUTOpPA TIOCJIC TIPEABAPUTEIHLHOTO OMPEICICHIUS TTapaMeTPOB MTepenaTOIHBIX (QyHK-
LUUU CTPYKTYPHOM CXEMBI CUCTEMBI YIIPABICHUS 3JEKTPONPUBOIOM [9—-12].

BeiBoasl. [Ipu peanuzanuyn MUKpOIIPOLIECCOPHONM CUCTEMBI CTAOWMIH3AINH TLIOT-
HOCTH TECKOB IUIOTHOMEP, BCTPOSHHBIN B TPYOOIIPOBOJ] OTBOJIA MYJIBITBI CO CT'YCTHTE-
JIs1, TIOJTAET CUTHAJI HA MUKPOKOHTpOJUIep. B cBoto ouepenb, paboTy MUKPOKOHTPOJLIC-
paperiaMeHTUpyeT 3a1aT9uK (oA epKaHue 33 JaHHON INTIOTHOCTH ). MUKPOKOHTPOJIIIEp
00pabaTpIBa€T CUTHAN C JaTdWKa INIOTHOCTH W JaeT KOMaHAy MpeoOpa3oBaTelio M3-
MEHHUTH YaCTOTY BpAIEHUS IEKTPOJBUTATEIIS TIECKOBOTO HACOCA, YTO TIO3BOJISIET O/~
JIEP’KUBATh TUIOTHOCTH MYJIBITBI B 3aJaHHOM 3HAYCHHU.

OKCHEPUMEHTANIbHBIE UCCIEAOBAHUS MOATBEPAINA BO3MOKHOCTE C MIOMOIIBIO aB-
TOMAaTHYECKOU CUCTEMBI 3()(HEKTUBHO YIIPABIATH IJIOTHOCTHIO IIECKOB CTYCTUTEIIS ITy-
TEM PEryITMPOBAHUS YaCTOTHI BPAIICHUS JBUTATENSI TIECKOBOTO HAcOca. YCTaHOBJICHO,
YTO MPH YBEITMYEHUU CKOPOCTH BpAIEHHUs IPHBOAHOTO JBHUTATENS MECKOBOTO Hacoca
ot 0 10 985 06/MUH pacxo]] CTYIIEHHOTO MPOAYKTa U3MeHsIcs oT 0 10 MaKCUMaTbHON
BeMYMHEL — 350 M3/,

[Ipu »TOM yBenuUeHHEe pacxojia CrYIIEHHOTO MPOAYKTa BeIeT K CHUKCHUIO CONEP-
JKaHUS TBEPJIOTO B MECKaX U, COOTBETCTBEHHO, B IUTAHWUU BakyyM-punsrpos. [Ipu n3-
MEHEHHMH CKOPOCTH BparieHus oT 560 10 915 06/MUH IIOTHOCTh NMECKOB CI'YCTHTES
n3MeHstach ot 63,4 % mo 47,8 % comepkaHus TBEPIOTO, ITIOTHOCT IMUTAHUS BaKYyM-
(GUIBTPOB U3MEHSUIACH IPU 3TOM OT 64,5 10 51 %, a BIaXXKHOCTH KOHLIEHTpaTa — oT 8,98
10 10,4 %. YaenbHasd Harpy3Ka 10CTUralla MAaKCUMAIbHOIO 3HAYEHUS PU COACPKAHUU
TBepnroro 62—64 %.

Takum 00pa3oM, HCIIOJIL30BAaHUE CUCTEMBI aBTOMATUYECKOTO YIIPABICHHUS DIIEKTPO-
MIPUBOJIOM TIECKOBOTO HACOCA MO3BOJISIET PEIIUTh TEXHOJIOTUIECKYIO 3a1a4qy CTaOMITH-
3alUY TUIOTHOCTHU TIECKOB CTYCTHTENSI Ha TaKOM YPOBHE, YTOOBI BIQXKHOCTH KOHIICH-
Tpara He BBIXOJWIIA 32 MaKCHMaJbHO JOMYCTUMBIC TPEAEIbl, a yAellbHas Harpyska
OBlIIa MAKCUMAITEHOM B KaXK/IbIii MOMEHT BPEMEHU.
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SAND PUMP AUTOMATIC CONTROL SYSTEM

Ugol'nikov A. V.1, Shchekleina 1. L.!
! Ural State Mining University, Ekaterinburg, Russia.

Introduction. In wet ore processing plants, the final step in the enrichment process is the dewatering
process. This process consists of two stages: thickening and filtration. The technological scheme of the
dehydration process contains the chains of the thickener and the chains of the vacuum filters. The existing
technological schemes of dehydration in the processing plants, with traditional methods of dehydration do
not provide the required moisture content of iron ore concentrate. For effective dehydration processes,
such as thickening and filtration, it is necessary to stabilize the density of the pulp (sand) at the output of
the thickener in the range of 55-60 % of the solid content.

Research methodology. This problem is solved by using a frequency-controlled electric drive of the sand
pump, to be more exact, by changing pump electric motor rotor speed, the performance of the sand pump
changes, i.e. the pulp flow rate is regulated and, thereby, the content of the solid component in the pulp.
Results. In this article the choice of pumps, electric motors and frequency converters with vector control
is carried out. For the implementation of this sand pump performance control system, the speed control
channel parameters and transfer functions are calculated.

Conclusion. Experimental studies have confirmed that with the help of an automatic system it is possible
to effectively control the sand thickener density by adjusting the sand pump engine speed.

Key words: dehydration; stabilization; solids content; pulp; concentrate; pump; motor; variable frequency
drive; functional diagram; vector control; microcontroller.
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BKNAL AKAOEMUKA HALMOHANBbHOW AKALLEMUN HAYK
PECMNYBIIUKN KASAXCTAH A. C. CATUHOBA
B CO3JAHME HOBOI'O BUOA TPAHCIOPTA
ana WAXT U KAPBEPOB

HWUKONAEB 0. A.", MEXTUEB A. A1."
! KaparaHauHCKIN rocyAapCTBEHHbI TEXHUYECKUI YHUBEPCUTET
(Pecnybruka KasaxcraH, r. Kaparanga, 6ynbs. Mupa, 56)

Heobxooumocme oceoenus 21yGoKUx MecmopoicOeHUtl CO CONCHLIMU YCLOBUAMU 3A1e2AHUSI NPU 8bLCO-
KOM KO3 uyuenme CKpblUHbIX NOPOO mpebyem paspabomru H08020 8u0d MPAHCROPMA 015 8bl0AUU
20pHOU Macchl HA nosepxHocmy. IIpednodicennas 6 cmamve mexHono2us 06ecneyusaen MUHUMAIbHble
3ampamel Ha MPAHCROPMUPOBKY U HAUDOLee IKOHOMUUHBLIL PENCUM OMPabOmKU MeCMOPOICOCHUL HA
npomsdicenuu 6ce2o cpoxa sxkcnayamayuu. Cmames noceaujaemes namamu akaoemuxa Hayuonanonoii
akademuu Hayk Pecnyonuxu Kazaxcman A. C. Cacunosa.

Knioueevie cnoga: nnesmomuueckas nooveMHas yCMaHO6KA, NHEGMOMPAHCHNOP, CKUNOBOU NHe6MO-
noovem, mpancnopmHas yenouka Kapbepa, Omkpuvimeie paspabomxu; mpaHcnopmuposanue 20pHou
Maccul; BHYMpUKAPbepHblLi MPAHCNOPM.

[IpumeHsieMble B HACTOSIIIEE BpeMs TEXHOJIOTHUH JOOBIYHM Ha Oa3e TEXHUIECKH yCTa-
peBmrero Manod3(p(eKTHBHOTO W PEeCypCcOpacTOYUTENHHOTO 000PYAOBAaHUS MPUBEIN
K YBEJIMYCHHUIO Ce0ECTOMMOCTH JIOOBIBAEMBIX PY/l YEPHBIX U IBETHBIX METAIUIOB, YIS
U JPYTHX HOJIE3HBIX HCKOMAEMBIX B JECATKH Pa3. AHaIM3 ce0eCTOMMOCTH OHOM TOHHEI
TOPHOI MAacchl, JOOBIBAEMOI B TAKUX YCIOBHSIX, TOKA3bIBAET, YTO HAMOOJIBIINH YIEb-
HBIN BEC MPUXOANUTCS IMEHHO Ha TPAHCTIOPTHBIE pacXofsl. Tak, OIS pacXoJ0B Ha BHY-
TPUKAPLEPHBIN TPAHCIIOPT B 00IIIeH ce0€CTOMMOCTH OTHOM TOHHBI TTOJIE3HOTO MCKOTIA-
emoro cocrasisieT 40-50 %, nocturas Ha y6okux kapeepax 60—70 % [1]. Ha maxrax
9Ta JI0JIs pacTeT MPONOPIHUOHATIBHO BBICOTE MOABEMA.

Otcroga cienyet, 4yTo npoOiieMa CHMKEHHs ce0eCTOMMOCTH TPaHCIIOPTHPOBAHUS
TOPHOW Macchl C PacTyIIUX ITyOHH pa3paboTKH MECTOPOXKICHUH U, COOTBETCTBEHHO,
YMEHBIIICHHE Ce0eCTOMMOCTH TIOJE3HBIX HCKOMAEMBIX MIPHOOpETaroT Ba)KHEHIIee
3HaYCHHE.

[ToaToMy mpobiiemMa TpaHCIIOPTHUPOBAHHUS TOPHON MaCChl M3 YIITYOJSIONIMXCS MaXT
U KapbepoB BBIABUIaeTCs B pa3ps] BaKHEHIIMX B TOPHOM Jejie U TpeOyeT 0coOoro
BHUMAaHUS CO CTOPOHBI HAYYHOH 0OLIECTBEHHOCTH, a TaKXKe JCJIOBBIX KPYroB, 3aHTe-
PECOBAaHHBIX B IaJbHEHUIIIEM PA3BUTUH TOPHOTO IPOU3BOJCTRA.

OueBHUIHOW CTAHOBHUTCS HEOOXOIUMOCTE PEIICHUS 3TOM IMPOOJIEeMbI, IMEIOIICH TO-
CyIapCTBEHHOE 3HaueHHWe, 3a CYeT CO3JaHWi HOBBIX 3()(EeKTHBHBIX TPaHCIOPTHBIX
CPEICTB, MO3BOJSAIONINX CHU3UTH 3aTparhl HA TPAHCIOPTHPOBAHUE TOPHON Macchl U3
YIITYOJSIOMNXCS MAaXT U KapbepOB.

IIpaxkTrka BefeHUs TOPHBIX PadOT M PE3yNbTaThl HAyUYHBIX MCCIEJOBAHUMN MOKa3a-
JIM, YTO CHIDKEHUE TPAHCIIOPTHBIX PACXOJ0B BO3MOXKHO TOJIBKO B CITy4ae HauKpardai-
IIeTO TPaHCHOPTHPOBAHHUS TOPHOU MacChl C MecTa pa3padOTKH Ha JTHEBHYIO MOBEPX-
HOCTPh €AMHULIAMU OOIBIION TPY30IOABEMHOCTH.
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Ha ocHoBaHMM 3THX HCClenoBaHUH pa3paboTaH KOMIUIEKCHBIH KPUTEPUA OLIEHKU
BO3MOKHOCTEH pa3IMYHBIX BUJOB IIAXTHOTO U KAPbEPHOTO TPAHCIIOPTA — HAWKpaT4ai-
LM IIyTh TPAHCIIOPTUPOBAHUS TOPHOM MAcCChI 11O IPSIMOX TPAHCIOPTHBIMM €IMHULIA-
MU 3HAYUTENbHOU Tpy3onoabeMHocTH (50—-150 u 6omee T) 6€3 orpaHHYEHUIl 110 BBICO-
Te TIoAbeMa U3 MAaXT (KaphepOoB) WK YIIIy OTKOca O0pTa Kapbepa.

O1eHKa 10 3TOMY KPUTEPHIO PAa3IMYHBIX BUAOB CYLIECTBYIOUINX LIAXTHBIX MOIb-
€MHBIX YCTAaHOBOK M KapbEepPHOT'O TPAHCIOpPTa (aBTOMOOMIBHOTO, JKEJIE3HOJOPOKHOTO,
KOHBEHEpPHOT0) MoKazaja, 4To Mo psAAYy TEXHHYECKHX IPUYMH OHU HE CMOTYT oOecrie-
YUTh TpeOyeMble YCIOBUS TPAHCIIOPTHPOBAHUS TOPHON MAacChl ¢ OOJNBIINX ITyOWH H,
CIIe/IOBATENIFHO, CHU3UTH CE0ECTOMMOCTD IMOJIE3HBIX MCKOIIAEMBIX MO TPAHCIOPTHBIM
pacxozam, 4To, B CBOIO OYepe/lb, MPUBEET K JAITbHEHIIEMY POCTY HX Ce0eCTOMMOCTH
npu yrryOlIeHUH TOPHBIX PaboT.

L]
T . ks im
. [ =
e M R |
Puc. 1. OOmwmit BUA W NpPHHIMIHATBHAS CXEMa MIAXTHOU

[HEBMOMOIBEMHO# YCTAHOBKI
Fig. 1. General view and circuit diagram of a shaft pneumatic
lifting installation

W3n0xeHHbIe 00CTOATENBCTBA MOTPEOOBAIIM IOUCKA PELIEHHUS 3TOM Mpo0JIeMbl, YTO
NpUBEJIO K pa3paboTke HOBOTO BHAA TPAHCHOPTA — CKHUIIOBBIX MHEBMOIIOIBEMHBIX
YCTaHOBOK ISl TTyOOKHX IIaXT U KapbepoB [2—8]. YcTaHOBKU OTBEUAIOT BCeM TPeOo-
BaHUAM YKAa3aHHOTO PAaHEEC KOMIIJICKCHOTO KPUTCPUA MPU HATIUIUHN Ba)XKHEUIIIUX OTIIH-
YHUTENBHBIX 0COOCHHOCTEH: HEOTpaHWIEeHHAsI BLICOTA MO/beMa HIIH YTOJl OTKoca OopTa
Kapbepa; 3HaYNTeNbHAs TPy30M0IBeMHOCTE cocyaa (ckuma) (50-150 T) u mponsBoan-
TenbHOCTH (3—5 MitH T/Tox M3 maxt U 6—10 MIH T/TOx U3 KaphepoB), MPHUEM Macca
rpy3a He 3aBHCHUT OT BBICOTHI MOIbEMA; KpaTYallINi MyTh TPAHCIOPTUPOBAHUS TOp-
HOM Macchl 0e3 ee ApoOIeHHs; TPOCTOTa KOHCTPYKIMHU U HEOOJIBIIOE AaBJICHUE CKATO-
ro Bo3ayxa B cucteme (0,05-0,15 MIIa) mo3BossitoT 00€CIIEUnTh BEICOKYIO paboToCtio-
COOHOCTB 1 0€301TaCHOCTE YKCILIyaTaIli! yCTAHOBOK, SKOJIOTHUYECKYIO UHCTOTY; paboTa
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YCTaHOBOK HE 3aBUCHUT OT MOTOAHBIX YCIIOBHH; BO3MOKHOCTh HEOJHOKPAaTHOIO HC-
MOJIb30BAHMS CXKATOTO BO3/yXa JJIs MOJbeMa CKUIIOB, YTO TIO3BOJISIET CHU3UTH SHEPTO-
3arparel. COBOKYIMHOCTh yKa3aHHBIX JOCTOMHCTB IO3BOJISET CHU3UThH KalHUTaJIbHBIE
3aTpaThl Ha CO3/lJaHUE ITUX YCTAHOBOK, YMEHBIINTh HKCILUTyaTallMOHHbIE PACXObI U 3a
CUYET ITOTO IONY4aTh 3HAYUTEIbHBIA TOAOBON SKOHOMUYECKUH 3((DEKT IPY CHUKEHUH
TPaHCIIOPTHBIX PacXoAOB Ha 1 T mogHMMaeMOl TOpHON Macchl.

OOuwmii BUI U MPUHIUIHAAIBHBIE CXEMBI IIAXTHOW U KapbePHOW CKUITOBBIX THEBMO-
MOJ/bEMHBIX YCTAHOBOK IPUBEAEHBI Ha puc. 1, 2 u 3. Cxembl MOSICHSIOT TPUHIUITHAIb-
HYIO0 OCHOBY HOBOT'O BUJIa TPAHCIIOpTA.

i

Pt EERAT . .
Puc. 2. O0mmuii BU CKUIIOBOM THEBMOMOIbEMHOI YCTAHOBKH B Kapbepe
Fig. 2. General view of a skip pneumatic lifting installation in an open pit

[To BocmomuHanusim HO. A. Hukonaesa, B 1969 rony o 6bu1 iepeBenen B Kaparan-
nuHCKu monmrexandeckuit mHCTUTYT (KIITH) ¢ mensro nanpHemen pa3paboTku HO-
BOTO BUJa TPAHCIIOPTA IS MAXT ¥ KAPHEPOB — CKUTIOBBIX ITHEBMOIIOJEMHBIX YCTaHO-
BOK, [JI€ U COCTOSUIaCh €r0 BCTpPE4Ya W IEPBOE 3HAKOMCTBO C PEKTOPOM WHCTUTYTa
AOpikacom CarunoBuueM CarnHOBBIM. BeTpeda octaBuiia HeM3riiaiuMoe BIieuatie-
Hue o CaruHoBe A. C. KaK 0 CHEHUAINCTE B 00IaCTH TOPHOTO Jieia, KOMIETEHTHOM B
BOIPOCaX MEPCIEKTUB Pa3BUTHSI TOPHOTO JIENIa, OCO3HAIOIIEM HEOOXOAMMOCTD pellie-
HUS BaXHEHIIICH TTPOOIIEMBI TOPHBIX HPEIITPHUITHH — TPAHCIIOPTHPOBKH TOPHOM MacChI
¢ MecTa pa3pabOTKH Ha THEBHYIO TIOBEPXHOCTD.

Bo Bpems Oecenpl pekTop ObLT 03HAKOMIICH C OCHOBHBIMHU MIESIMUA U KOHCTPYKTHB-
HBIMH PELISHUSIMH, TO3BOJIAIOLIMMY CO3/1aTh HOBBIH BU TPAHCIIOPTA, CIOCOOHBIN KO-
HOMHYECKH 3(D(HEKTHBHO pemars npodiaeMy MobeMa 3HauuTeIbHBIX 00BEMOB TOPHOI
Macchl MPaKTHYECKH ¢ JTI00bIX m1youH. A. C. CaruHoB OILEHHII MpeiaraeMbie pelie-
HUS, TI0CTIe Yero ObUTO TIOATOTOBRJICHO IpeuiokeHne B [ ocymaperBennsiit Komuter mo
Hayke 1 TexHuke CCCP.

I'KHT CCCP pekomeHI0Bal pacCMOTPETh Ha TEXHUYECKUX COBETaX MHHYIIA
CCCP, Munugermera CCCP, a Takxe B MockoBckoM ropHoM unctutyte u UI'JI AH
Ka3CCP noBbIii BUn TpaHcmopTa, He uMetomuii anaigoros B CCCP u 3a pydexoM u
JIatb cBom pekoMmeHpanuu. CooOIIeHus, cleNaHHble B ATHX OpraHU3alusaX, ObuIH
OIOOPEHBI U MOTYYHIIN TIOJI0KHUTEIBHYIO OLIEHKY.
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OnnoBpemenHO A. C. CarHOB NPEJIOKHIII OPraHU30BaTh IPU HHCTUTYTE Jlabopa-
TOPHIO TI0 pa3pab0TKe HOBOTO HANPABJICHHsSI B 00JIACTH IIAXTHOTO U KAPbEPHOTO TPaHC-
nopta. J11st 3Toro OBIIO BBIIEIEHO JIEBOE KPBIIO 3-TO dTaka B 4-M KopIyce, e pas-
MECTHIIHCH JTabopaTopusi, KOHCTPYKTOPCKOE OI0pO U mpodure oTaenbl. DuHaAHCHPOBaHUE
pabot maboparopuu ocymecTBisioch 3a cueT Munnsermera CCCP u KazCCP, Muny-
st CCCP, pana 'OKoB 1 ropHBIX IpeaIpUATHI.

Pexrop nposiBun uHTEpec K pabore nadoparopuu, MPOBOAMI CEMUHAPHI, HA KOTO-
PBIX PaccMaTpUBAINChH Hay4YHBIE 1 OPraHU3aIllHOHHBIE BOTIPOCHI.

Puc. 3. [IpuHuunuansHas KOHCTPYKTUBHAS CXeMa KapbepHOI CKUIOBOI THEBMOIIOABEMHON YCTaHOBKH
Fig. 3. Circuit construction diagram of an open pit skip pneumatic lifting installation

B 1o xe Bpems Ha Tepputopun ObiBiIei maxthl Ne 38 T10 «Kaparannayroin» Obu1
CO3JaH HKCIIEPUMEHTAJbHBIA LIEHTP HCCIECIOBAaHMS IapaMeTPOB M Y3JIOB CKHUITOBBIX
MTHEBMOIIOIEMHBIX YCTAaHOBOK M yCTAHOBJIEHA KCIIEPUMEHTAIbHAS THEBMOIIOHEM-
Hasl ycTaHOBKa (puc. 4), oKa3aBIIas BO3MOXXHOCTb CO3JJaHUS CKUITOBBIX ITHEBMOIOAB-
E€MHBIX YCTaHOBOK, HX pa0OTOCIIOCOOHOCTD U HAJIE)KHOCTb.

B 1995 romy opranu3oBaHO CHerUaiu3upoBaHHOE TpeanpusTie «[IHeBMOnOonH-
em», MpeJHa3HaueHHOe U1 Pa3paboTKU TEXHHYECKHX MPOEKTOB CKUIOBBIX IMHEBMO-
HNOABEMHBIX YCTAHOBOK JAJIs1 KOHKPETHBIX TOPHBIX IPEAIIPUATHH, UX TEXHUKO-3KOHOMH-
YECKOH OIIeHKH, BO3MOXKHOCTEW IpPHMEHEHHUS, OCOOCHHO Ha IITyOOKHX MIaxTax M
Kapbepax, UCCIIEA0BaHM MapaMETPOB M y3JI0B 3TUX MAIIHH.

C wLespio MOBBILIEHHUS JOCTOBEPHOCTH U HAaJISKHOCTHU PE3YIbTAaTOB PabOThI IPOEK-
ThI BBHITOJIHSJIMCH COBMECTHO C IMPOEKTHBIMU MHCTUTYTaMH, B UMCie KOTopbix «Kapa-
ragparunpomaxt», «Kasrunponsermer», «IIpomctpoitnpoexkt», KHUYU n npyrue,
HNOATBEPAUBIINE 3KOHOMHUYECKYIO 3((EKTUBHOCTh HOBOI'O BHAA TPAHCIIOPTa M BO3-
MOXHOCTb €r0 NMPUMEHEHHUSI Ha TOPHOAO0OBIBAIONINX NpennpusaTisx. beum pazpadora-
HBbI [IIAXTHBIE THEBMOIOIbEMHBIE yCTaHOBKH i maxThl Ne 22 T10 «Kaparangayronby,
pynauka «Koemypym» BKO, sxcniepuMenTanbHas yeTaHOBKA IS MAXTH «MoJomexk-
Has» I1O «Kaparannayroms», ManeeBckoro pynHuka BKO; kapbepHble CKHUIIOBBIE
MHEBMONIOAbeMHBIE ycTaHOBKH Juid KY'Y-Uekunckoro yroneHoro paspesa [10 «Kapa-
raagayroib», CokomoBcko-CapOaiickoro ropHo-o0oraTuTeI-HOTO KoMOnHaTa, Huko-
JaeBckoro kapbepa BoctouHo-Kazaxcranckoit obnacTu.
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BrInonHeHHbIH 3HAUYUTEIBHBIH 00beM HAayYHO-HCCIIEA0BATENBCKUX, KOHCTPYKTOP-
CKUX U DKCIIEPUMEHTANBHBIX paboT JOKa3al BO3MOKHOCTh CO3JJaHMs JaHHBIX MaIllWH,
X HAACKHOCTH U JOJITOBEYHOCTD B OKCILTyaTallu.

DKOHOMIYECKHUE HCCIIEIOBAHMS TIOATBEP AN (P(HEKTHBHOCTH HOBOTO BHIA TPAHCIIOPTA.

Taxum o6pazom, k Hagamy XXI Beka ObUT MOATOTOBIECH COMUAHBIN HAy9IHO-TEXHU-
YEeCKUH 3311 K BHEIPSHHUIO B TOPHOAOOBIBAIOIINE OTPACIH CTPAaHBI HOBOTO IKOHOMHUY-
HOT'O BHJa TPAHCIOPTA, TO3BOJIAIOLIETO peliaTh NpolieMy noabemMa TOPHOM Macchl U3
DIyOOKMX MIaXT M KapbepoB. K aTomy ciienyer 100aBUTh, YTO MPEJIOKESHHBINA BUIT
TpaHCIIOpTa HE UMECT aHAJIOTOB B MUPE, YTO MOATBCPKACHO IMAKECTOM aBTOPCKUX CBU-
nerenbcTB CCCP n matentoB Pecryonmuku KazaxcraH.

Bynkep mis

b pasrpy3ku CKuma
IToBopoTHas yacTb ?

MyTeNnpoBoa JJIs
pas3rpy3Ku ckuma

TpyOompoBoa ¢
YCTPOUCTBOM
3arpy3Ku CKUIa

CTBOJI C HANPABIAIOIUMU
1 YIUIOTHSIOIIUMHU
yCTpOHCTBaMU

Puc. 4. 9KC]‘IepI/IMeHTaJ'ILHaH CKHUITOBas MHEBMOIIOABEMHAA YCTaHOBKA
Fig. 4. Test skip pneumatic lifting installation

K coxanenuro, pazsan CCCP mpuBen k ocTaHoBke paboT B 3TOM HalpaBicHHHU,
XOTsI 3aTparhl HA TPAHCIIOPTUPOBAHKE TOPHOI MACCHI C PACTYIIMX ITyOHUH pa3paboTKu
MECTOPOXKICHUN YKe TIPUBEIIM K POCTY 3aTpar Ha TpaHcnopTupoanue 10 60—70 % B
ce0eCTOMMOCTH TOJIE3HBIX HCKOIAEMBIX C TeHIeHuueil pocrta. HakorneHnHslil Hayu-
HBIH, SKCIIEPUMEHTAIbHBIA 1 KOHCTPYKTHBHBINA MaTrepuai Obu1 0000IIeH U npeacTas-
JIeH B BU/I€ JOKTOPCKUX W KaHAMJATCKUX IUCCEPTaluil, 3aKkpenus npuopureT Kazax-
CTaHa 110 3TOMY HallpaBJICHUIO B HAyKe U TEXHUKE.

CarunoB A. C. ObIT pyKOBOIUTENIEM U KOHCYJIBTAHTOM HalpaBJIeHHUs, TOMOTal pe-
IIaTh MHOKECTBO BOIIPOCOB HAYYHOI'0 U OPraHU3aLMOHHOIO XapaKTepa.
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Bcemomunas rogpl HanpsHKEHHOW pabOTHI IO CO3AaHUI0 CKUITOBBIX ITHEBMOIIOIHEM-
HBIX YCTAHOBOK, HEJIb3sl HE OTMETUTH OOMNbINyI0 posb akagemuika A. C. CaruHoBa
B Pa3BUTHUH HanOOJIee SKOHOMHYHOW TEXHOJIOI'MU TPAHCIIOPTUPOBAHUS, €r0 MYyIphIe
COBETHI TT0 TOPHBIM BOIIPOCAM H IMpobIeMaM BHEITHETO OOIIEHUS ¢ PYKOBOACTBOM MH-
HUCTEPCTB, BEIOMCTB, WHCTHUTYTOB, NIOMOIIb B PEIICHWH CaMBIX TPYAHBIX 3ajad.
Pesynbrarel mponenanHo# paboThl OIYOIUKOBAHBI B PAJIE BEAYIUX )KYPHAIIOB IO TOP-
HOMY JIENy, YTO TIO3BOJIJIO COXPAHUTh MPHOPHUTET HAICH CTPAHBI M UMS aKaJleMUKa
A. C. CarunoBa mis mpogospkareneit atoro nena [5—8]. CarunoB A. C. BIOXKHI MHOTO
CHJI U BPEMCHH B CO3/JIaHHE ITHEBMOTPAHCIIOPTHBIX CHUCTEM ISl TOPHOJOOBIBAIOIICH
OTpaciau YKOHOMHKH; pa3pabOTaHHBIE C €T0 yYacTHEM CKHIIOBHIE ITHEBMOIIOABEMHEIE
YCTaHOBKH OKa3aJIMCh B 7 pa3 JIenleBlie KaHATHBIX.

B navaze 90-x romos npomnutoro Beka Ha npeanpusaTusax KaparanamHCKOTo yroiapHOTO
OacceitHa ObUTM Ha4YaThl PAOOTHI IO CTPOUTEIHCTBY ITHEBMATHYCCKUX TTOILEMHBIX YCTa-
HOBOK, HO BHEIPUTH X HE YCIIEIH, TaK KaK MPEATIPUITHS IIEPECTAIN CyIIECTBOBATH BMe-
cre ¢ 6p1BIIIIM CCCP. Ceromas aeno A. C. CarmHOBa BOITIOIIEHO B 3KCIIEPUMEHTAITHBHOM
TIPON3BONICTBE TPY30BBIX IMHEBMATHICCKUX JTH(PTOB rpy3onoabeMHOCTRI0 110 1 250 kT
Ha KaparananHckom MammHOCTpouTebHOM 3aBoze Ne 1. [Ipou3BeneHHbIe SKCIIepUMeH-
TaJbHbIC JIUPTHI C YCIIEXOM UCTIONB3YIOTCS Ha MHOTUX npeAnpustusx Kazaxcrana [9].

AHanu3 ¥ OlleHKa HOBOTO BHJIa TPAHCTIIOPTa C TEXHUYECKOM, SIKOHOMUYECKOM, po-
W3BOJICTBEHHOM, SJHEPTE€TUUECKON M IKOJIOTUYECKON TOUEK 3PEHUS JI0Ka3aJu TeXHUYE-
CKYIO0 BO3MOKHOCTh Ml 9KOHOMHUECKYIO IIeJIeCO00pa3HOCTh €ro MPOMEBIIIIEHHOTO BHE-
JIPEHUS B TOPHOAOOBIBAIOIINE OTPACITH, YTO MO3BOIUT A((HEKTUBHO PEIIUTH MTPOOIEMY
TPaHCIIOPTUPOBKH TOPHOM MAacChI C TNIYOOKUX TOPH30HTOB MECTOPOXKICHUH 1 HEHTpa-
JIU30BaTh OTPHIIATEIILHBIC TTOCIIEACTBYS, CBI3aHHBIC C YIIIYOJICHUEM TOPHBIX pa0oOT.

BUBJIMOTPAOMYECKHIA CITMCOK

1. KysrenoB K. K., flctpeboB A. U., TperpsikoB K. M. Bribop BHyTpuKapbepHOr0 TpaHCHOPTA.
M.: Henpa, 1975. 152 c.

2. Huxonaes 0. A. Teopust 1 MeTOABI pacdeTa CKHIIOBBIX ITHEBMOIIOABEMHBIX YCTAHOBOK JJISI IIAXT H
KapbepoB: aBToped. AuC. ... JOKT. TexH. Hayk. CBepaioBck, 1991. 45 c.

3. Hukomaes 1O. A. HoBblit BUI TpaHCTIOpTa AJIsI IAXT U KaphepoB // TopHslii sxypHan. 1988. No 12.
C.44-47.

4. Huxomaes 0. A. [lepcriekTnBa NpUMEHEHHS Pa3INYHBIX BHJOB TPAHCIIOPTHBIX CPEACTB HA ITy0o-
kux kapbepax // Tspkenoe manmHocTpoenue. 2003. Ne 8. C. 23-26.

5. CarunoB A. C., Huxomaes 0. A. O co3ganuy MaxXTHRIX THEBMATUYECKUX NTOABEMHBIX YCTAHOBOK
// Topwslit xyprain. 1977. Ne 1. C. 60-61.

6. CarunoB A. C., Huxonaes 1O. A. [IpoGiema TpaHCTIOPTHPOBaHUS TOPHOI MacChI € IITyOOKHX TOpHU-
30HTOB MECTOpOXAeHU! 1 myTH ee pemeHus. Kaparanga: KapIITH, 1987. 9 c.

7. CarunoB A. C., Huxonaes 0. A. DxcriepuMeHTa bHAS THEBMATHYECKasl TTOIbEMHAs YCTAaHOBKA //
T'opubiit xxypran. 1978. Ne 2. C. 49-50.

8. CarunoB A. C., bonroxun H. A-T"., Anraes I1I. A., Hukonaes 0. A. K mpo6ieme co3nanusi HOBOTO
BHJIa TPaHCIOpTa Juts waxT 1 kapbepos // Bectank AH KazCCP. 1979. Ne 10. C. 3-7.

9. JIudt Ha BozaymHOU monymike. URL: http://expert.ru/kazakhstan/2006/30/pnevmolift/ (zata o6pa-
menust 10.02.2017 1)

Iocrynuna B penakumto 11 mas 2017 rona

Huxkomaer 10. A., Mextue A. [|. Bknan akagemuka HanunoHaabHOM akageMuun
Hayk Pecny6muku Kazaxcran A. C. CarnHoBa B CO3/1aHHE HOBOTO BHIa TPAHCIIOP-
Ta I IaXT U KapeepoB // W3Bectust By3oB. [opHbiii xyphamr 2018.
Ne 6. C. 135-141.

Caeenus 00 aBTopax:

Huxkonaes IOpuii AjexcaHapoBH4 — JOKTOp TEXHHYECKHX HaAyK, mpodeccop, mpodeccop Kadenpsl
SHEPreTHYECKNX cHucTeM KaparaHJAMHCKOrO  TOCYAapCTBEHHOrO TEXHMYECKOrO0  YHHUBEPCHTETa.
E-mail: s.nikolaev24@mail.ru

MexTtneB Ain [I:kaBaHIIMPOBUY — KaHANAT TEXHUYECKHX HAYK, aCCOLIMMPOBaHHbIN 1podeccop, 3aBe-
Iyomuil kadenpoil SHepreTUIecKux cucTeM KaparaHaMHCKOro roCyIapcTBEHHOTO TEXHHYECKOTO yHH-
Bepcurera, E-mail: barton.kz@mail.ru



ISSN 0536-1028 «H36ecmusi 8y306. Topuwiii sicyprany, Ne 6, 2018 141
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FOR MINES AND OPEN PITS
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The need for the exploitation of complex deep deposits under high stripping ratio requires the development
of a new type of transport for the rock mass output to the surface. The proposed technology ensures
minimal transportation costs and the most economical mode of field processing during the entire period of
operation. The article is a tribute to Kazakhstan National Academy of Sciences Academician A. S. Saginov
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chain; opencast mining; rock mass transportation; open pit transport.
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ANEKTPOHHbIA YYEBHUK «TEOMEXAHWYECKOE OBECTEYEHUE
LLUAXTHOIO U NOA3EMHOIO CTPOUTENIbCTBA»

CALUYPUH A. O
" MiHeTuTyT ropHoro aena Ypanbckoro otaenerus PAH
(Pocews, . Ekatepunbypr, yn. MamuHa-Cubupsika, 58)

NznarenscTBOM YpaslbCKOTO TOCYapCTBEHHOTO TOPHOTO YHHBEPCHUTETA BBIMTYILIEH
QIIEKTPOHHBINA y4eOHUK «leoMexaHndeckoe OOecleueHHe MIAXTHOTO M IOI3EMHOTr0
CTpouTeNbcTBa»: aBTophl — npod. b. /1. [Tonosos u mpod. M. B. Kopaunkos (00bem
¢ mpmwioxkenusmu — 140,3 ycn. ned. 1., pasmep 110 - 38,8 Mb, pa3smep npunaraemMoro
nucka — 98,5 Mb).

B yueOHMKe OcIe10BaTeNbHO N3JIararoTCs:

- o01Iue CBeNICHHs ¥ TIOHSTHSI, HEOOXOIUMEBIE JJIS1 COBPEMEHHOT'O TeOMEXaHIYECKO-
T0 aHaJIN3a TOPHOTEXHUYECKUX OOBEKTOB Ha CTAIMH UX CTPOUTENILCTBA,;

— CTaTUCTUYeCcKas OI[EHKa CBONCTB 00pa3llOB U MAacCHBOB FOPHBIX MOPOJ C COTO-
CTaBJICHUEM TPAIUIIMOHHBIX U HETAPAMETPUICCKUX METOMHK;

- HampsHKEHHO-1e(hOpMUPOBaHHOE COCTOSIHUE MAaCCHBOB TOPHBIX MOPOJ C TEH30p-
HBIM aHAJIU30M M TIOJIHBIM HaO0OpOM MPOBEPOK (MHBAPUAHTOB HANIPSDKEHUH U 1edopma-
LW, HAPaBISIOMIMUX KOCUHYCOB OCEH AIITUIICOU/Ia, CXOAUMOCTH PELICHUI MPSAMON 1
obpaTHOl 3a/aq);

- UH)KCHEPHO-aHATTUTHIECKHIE METO/IbI T€OMEXaHUIECKOTO aHATTN3a BEPTUKATBLHBIX
Y TOPU3OHTAIBHEIX BEIPAOOTOK;

— OIICHKA YCTOWYMBOCTH W KPEIUICHUS CTCH MOA3EMHBIX COOPYKCHHI M OTKOCOB
TTyOOKHX KOTJIOBAHOB;

— BEPOSITHOCTHBIE M YHCJICHHbIE METOMbI aHAJIN3a TEOMEXaHUYECKOTO COCTOSHHS
TOPHOTEXHIUYECKUX 0OBEKTOB;

— 3JIEMEHTHI YTIPaBIIEHUS COCTOSTHUEM BMEUIAIONINX MacCHBOB.

TekcToBBIN MaTepHal 3aBepiuacTcsi 000CHOBAHHEM CEMH MEPCIIEKTUBHBIX HAIPaB-
JICHHUH — TOYEK POCTa TEOMEXAHNKH, BKITIOYAIOIINX B TOM YHCJIe BHEIPEHHUE CBEPXTEHE-
paropoB ciaydaiiHbiX unce, nepexon k moueinsim PHP B cpene Cloud Computing.

ConeprkaHue dEKTPOHHOTO YUeOHHKA 0a3upyeTcst Ha aKTyaIM3UPOBAHHBIX HOPMa-
THBAX, AaHAIM3UPYEMBIX M JOTIOTHIEMBIX C MPUBICYCHUEM MTPOTPECCUBHBIX TeOMEXa-
HUYECKUX PELICHUH.

OcobenHocTH yaeOHUKA:

- W3JI0KCHHE IUCHUIUIMHBI C aKTHBHBIM HCIIOJIB30BAHHEM HCIIOTHSIEMBIX IIPO-
rpaMM, KaKaasi U3 KOTOPBIX CONPOBOXKIAETCS (OPMHUPOBAHMEM TEKCTOBBIX (hailiioB.
[Taker u3 137 mpuKIagHBIX MPOTPAMM COCTABIICH HA CTAHIAPTH3UPOBAHHOM SI3BIKE
QBasic, jerko ocanBaeMoM moiib3oBaresiMu. QBasic Tpanciupyercs B cpene Visual
Basic u Ha 5361k nHTEpHETAa PHP;

— OpHEHTAalLMs Ha pelIeHNe MPAKTUIECKUX 3a7a49 TeOMEXaHUIECKOTO 00eCTICUeHHS
MIAXTHOTO M ITOA3EMHOTO CTPOUTEIHCTBA, MOSICHIEMBIX 257 NTEMOHCTPAIMOHHO-KOH-
TPOJILHBIMHU TEKCTOBBIMU (haliiamu;

- peanu3anys MPOrPeCcCHBHOTO KOMITIEKCAa METOJOB MPHUKIATHON (HemapamMeTpu-
YECKOH) CTAaTUCTHKH MAaJbIX BBIOOPOK. JIOIDKHYIO JTOCTOBEPHOCTH CTAaTHCTHUECKOM
OIICHKH COCTOSIHHSI BMEIIAIOIINX MAaCCHBOB M CBOWCTB TOPHBIX TIOPOJ U COMOCTAaBH-
MOCTh HENapaMeTPUYECKUX OIEHOK C MapaMeTpUYECKUMHU 00eCTIeqrBaeT MpOrpaMM-
HBIA KOMITJIEKC, BKJIIOYAIONIMIA: MPOBEPKY BHIOOPOYHOTO PACIIPENIENCHUsI Ha CIydaii-
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HOCTh 10 KPUTEPHIO CEpUH; ONpeneNeHUE CTaTUCTUK BBIOOPOUHBIX HCIIBITaHUI,
HelapaMeTpUIecKyo OTOPaKOBKY rpyObIX MOTPENIHOCTEH; HelapaMeTpHIECKyIO Mpo-
BEPKY HOPMAIBHOCTH PACHpPEAENCHs; COMOCTABUTEIbHBIE OLIEHKH MHHUMAJIbHBIX
00bEMOB BBIOOPKH 1151 HOPMAJIBHOTO U ITPOU3BOJIBHOIO paclpenesieHUi; TUPaKUPOBa-
HHE MaJIOH BEIOOPKH 110 METOJAM «CKJIaJHON HOX» U «OyTCTpem»; COMOCTABICHUE Me-
tofoB BbieneHus PI'D mo T'OCT 20522-96 ¢ HemapaMeTpUYECKUM KpUTEpHUEM
Jlemana—Pozen6mnarra Tuna OMera-KBajpar;

- WU3JI0KCHHE JEUCTBYIOIICH HOPMATHBHOW JOKYMEHTAllUd B CBETe 3akKOHA OT
27.12.2002 Ne 184-®3 «O TeXHUYIECKOM PETYINPOBAHHUI C TTOCICTYIOITIMH H3MEHEe-
HUSMU;

- MIOJIHAs1 aBTOMATHU3allHsl METOJ0B FEOMEXaHUUYECKOTO aHaJIN3a BEPTUKAJIbHBIX, TO-
PHU30HTAIBHBIX BBIPA0OTOK, TOHHEJIEH, CTEH MOJ3EMHBIX COOPYKEHUH U OTKOCOB TITy-
00KHX KOTIOBaHOB. JlopaboTKa MONOKEHUH M yKa3aHWH HOPMAaTUBHBIX JOKYMEHTOB,
HE UMEIOMHNX U(POBOH peann3alny, pacieT BepTUKAIBHBIX CTBOJIOB JJISl YETBEPTOM
KaTerOpUH YCTOWYMBOCTH BMELIAIOIINX MOPOA, OLEHKA COCTOSHHSA CHCTEMBI Kpenb—
nopoda B HEPAaBHOKOMIIOHEHTOM I10J1€ HANPSDKEHHUH, PacueT YCThEeB HA BEPTHKAJIbHbIC
Harpy3Ku; AJisl TOPU30HTAIBHBIX BEIPA0OTOK — MPOTHO3 YCTOWYMBOCTH OOHAKEHUN Ha
TO/IbI, MECALbI, CYTKH;

— JIONOJHEHHE TPAJAULNOHHBIX JEeTePMUHHPOBAHHBIX pEIICHUH BEPOSATHOCTHBIM
AQHAJIN30M PacCMaTPUBAECMBIX FEOMEXaHUYECKHUX CUTyallni, BKIIOYAIOMUM COBEPIICH-
CTBOBAHHE CYIIECTBYIOIUX BEPOSITHOCTHBIX OAXOA0B U MMUTALIMOHHOE MOJIEINPOBA-
Hue (Metox Monte-Kapio). KommiekcupoBanue eTepMUHUPOBAHHOTO M BEPOSTHOCT-
HOTO METOJOB JAeT MOJIb30BATENI0 BAXHYIO B3aMMOAOMIONHAIONIYI0 HH(POPMAIHIO:
JEeTePMUHUPOBAHHBII METO]] BBIMOIHSET CTPaxykomue GYHKIUH U OTIpeieisieT Hempo-
THBOpEYHE Pe3yabTaTOB aHAJN3a TPEOOBAHUSAM HOPMATUBHOM TOKYMEHTAIINN; BEPOSIT-
HOCTHBIH — 00€CIIe4rBaeT MOMyYeHHEe OJHO3HAYHOIO PEIIeHHs 110 (pakTopaM SKOHOMHU-
YECKOM W COLMaJIbHOM O0€30HacHOCTH, WCKIIOYaeT WJIM CYLIECTBEHHO CHID)KAET
BEPOSTHOCTh BHECEHUS M3JIMIIHMX 3aTpar;

— COBEpILIEHCTBOBAHME METO/I0B FEOMEXaHMUECKOTO aHajIn3a Ha OCHOBE MMHUTAIH-
OHHOTO MOJICJIMPOBAHUS, MTO3BOJISIONIEEC 3aMEHHUTH TOHSTHUS «3amacy, «0e30MacHOCTb
0 TPYHTY», «0€30MacHOCTh TI0 Harpy3Kke», «0e30MacHOCTh M0 MaTepHamy» U T. I. Ha
00bEKTUBHBIE KOJTMYECTBEHHBIE OLICHKU «HAAEKHOCTD» U «PUCK»;

- peleHre NpoOJeM WMHUTALMOHHOTO MOIENUPOBAHMUS, BBI3BAHHBIX I'POMO3IKO-
CTBIO M TPYOEMKOCTHI0 MHOTOKPATHBIX BBIYMCICHUH; HEOOXOAMMOCTBIO MPOBEACHUS
OJHOTHUITHBIX PacyeToOB Ul CEpUIHOTO MOJIETMPOBAHNUS; COMHEHUSIMH B TIPaBOMEPHO-
CTH TIPUHUMAEMBIX 3aKOHOB pacCIpeAeNeHHs CIIy9alHBIX MapaMeTpOB reoMexaHude-
CKOM MOJIENIH U JIp.;

— TEXHOJIOTHS MOCJIE0BATENbHOM T'eHepaluy CiIydaiiHbIX YHceN B LUKIIE, odecIie-
yuBaeMas Ha pAaoBoM 32-pa3psiiHoi nepcoHansHO OBM;

- pa3paboTKa CHeaTIn3ipPOBaHHOTO METOJUUYECKOTO PyKOBOJCTBA 110 YUCIIEHHOMY
MOJIEJIMPOBAHUIO CIIOKHBIX TEOMEXaHUYECKUX CUTYAIHi, afalTHPOBAHHOTO JJIS TTOJIb-
3o0Bareneii-cTyneHToB. [IpomyKTHBHOCTh PyKOBOJICTBA IMTOATBEPKIACTCA PE3yNbTaTaMu
JUIJIOMHBIX Pa0O0T, BOCIIPOM3BEICHHBIX B HACTOSILEM YUCOHUKE;

— TEXHUKO-IKOHOMHYECKOE 000CHOBAHNE MPOEKTHHIX U YIPaBICHUECKUX PEIICHUH
B YCJOBHSAX I'€OMEXaHMUYECKOIO PUCKA MO0 KPUTEPUSAM «UHUCTBIA JTHMCKOHTUPOBAHHBIN
JIOXOJl», «CyMMapHble TUCKOHTHPOBAHHbIE 3aTPaTh», «BHYTPEHHSSI HOPMa JTOXOIHO-
CTH», «JJOTOBOpPHAs IIEHa» JUIsI TOPHO-CTPOUTENHHOM OpraHu3alIii.

Y4eOHUK IOJIHOCTHIO TOKPHIBAET HOTPEOHOCTH F€OMEXaHUYECKOI0 aHAIN3a TOPHO-
TEXHUYECKUX OOBEKTOB 0 BCEM HAlpaBJCHUSAM, MPEAYCMOTPEHHBIM HPOTPaMMOi
quctuminuebl «leomexannka». [IpuHATBIA aBTOpaMH CTWIIb W3JI0XKEHHUS IO3BOJISIET
MOJIB30BaTENIO-CTYACHTY CBOOOIHO OCBaWBaTh MaTepHall 3JIEKTPOHHOTO yueOHHKa,
BKJIIOYAs BBICOKHE KOMIIBIOTEpHBIE TEXHOJOTWH: TEH30PHBIN aHajIu3 HaIpsKEHHO-
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JIe(pOPMUPOBAHHOTO COCTOSIHUSI BMEIIAIOLINX MACCHBOB, UMUTAIIHOHHOE U YUCIIEHHOE
MOJIENIMPOBaHHE.

Crnenyetr 0co00 OTMETUTH AOCTYIMHOCTHh M ONMEPATHBHOCTH BBHITIONHEHUS pa3pado-
TaHHOTO IPOTPAMMHOTO 00ECTIEUCHHS IS PSIIOBBIX KOMITBIOTEPOB.

Marepuaibl 35IeKTPOHHOTO YYeOHHMKA B IIETIOM BHOCST CYIIIECTBEHHBIN BKIIA]] B 00€-
CIICYCHUE KaueCTBA FEOMEXaHMUECKOTO aHall3a CTPOSIIIUXCSI TOPHOTEXHUYECKUX 00b-
ekToB. ['eoMexaHnUecKuii aHaaN3 B aBTOMaTH3UPOBAHHOM PEXHUME, JOCTYITHOM IOJIb-
30BaTeIO-CTYACHTY, pe3ko MOBBIIIAET OTIepPaTHBHOCT, obecreunBaeT
MHOTOBapHAHTHOCTH PacyeTOB, TAPaHTUPYET MOMyUeHHe 000CHOBAaHHBIX PE3yIbTaTOB.
Taxum 00pa3om, aBTOpaM yIaioch cO3IaTh EIbHBIHN, TIOJIE3HBIA IEKTPOHHBIN yueo-
HHK, KOTOPBIil, HECOMHEHHO, OyZeT BOcTpeOOBaH CTyIEHTaMHU TOPHBIX BY30B.

Camrypus A. [I. DnekrpoHHblii yueOHuk «IeoMexaHnIeckoe oOecrieyeHue maxT-
HOTO U MOJ3€MHOTO CTPOUTENbCTBa // M3Bectus By3oB. [opHbIit xkypHan. 2018.
Ne 6. C. 142-144.
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