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OueHka 3chheKTUBHOCTU U NEPCNEKTUB NPUMEHEHWUS UMNOPTHbIX
OypOBbIX CTAaHKOB C AM3eNbHbLIM NPMBOAOM B YCNOBUAX
MAO «Ypanacbect»

Nens 10. U."*, 3otoB W. I'2, MapTbiHoB H. B.', CtenuH 10. B.', MaHues P. C.!
1Ypanbckuit rocyaapCTBEHHBIN FOpHbIA yHUBEpCUTET, . ExatepuHbypr, Poccust
2["opHoaoGbIBatoLLAs KomnaHus «YpanacbecTy, r. Acbect Ceepanosckoit 06n., Poccus
*e-mail: lel49@mail.ru

Pegpepam
Lenb padomvt — onvimHo-npomMbluLIeHHbLE UCRBIMAHUA U MEXHUKO-IKOHOMUYECKAsl OYeHKA d¢hdpekmusHocmu
NpUMEHEHUs. UMNOPMHBIX OYPOBbIX CIMAHKOG C Ou3enbHbIM npueodom 6 ycaosusx ITAO « Ypanacbecmy.
Axmyanvrhocms uccinedosanuii. XapaxmepHoii menoenyuel pazeumus 0yposvlx pabom Ha Kapbepax
Poccuiickou Dedepayuu asnaemcs 3ameHa omeyecmeeHHvXx OYPOBbIX CMAHKO8 HA UMNOPMHbLE,
6 OCHOBHOM C OU3ENbHBIM NPUBOOOM, UMEIOWUe PAO MEXHUYECKUX U MEXHON02UHECKUX NPeumMyyecms.
B ceéa3u ¢ smum 6ecoma akxmyanvhoil s8isemcs oyenka dpgdexmusnocmu u nepcnekmus npuMeHeHus.
umnopmuuix cmarkos 6 ycnosusix ITAO «Ypanacbecmy, kpynuetiuieco npednpusmust no npousgo0Ccmay
Xpusomun-acbecma.
Memoouxa nposedenus uccneoosanuii. Ilpu pewienuu nocmagieHHoll 3a0a4u NPoeeoeH aHdaIu3 onvima
pabomvl UMNOpmMHLIX OYPOSLIX CMAHKO8 C OU3ENbHLIM NPUBOOOM HA OMEYEeCMEEHHbIX Kapbepax U
Pe3yIbmamos  OnblMHO-NPOMbIUILEHHOU dKenayamayuu cmankog Sandvik D50KS 6 ycnosusx [TAO
«Ypanacbecmy. Dxcnepumenmansvro ycmanosienvl MexaHuieckas u mexmuyeckas cKopocmu 6ypeHus,
9IHEP2OEMKOCHIb U CMEHHAS NPOU3BOOUMENbHOCHL CIMAHKO8. [Ipo8edena mexHUuKo-9KOHOMUYECKds OYeHKA
agppexmusnocmu npumenenuss cmarnxos Sandvik D50KS 6 ycnosusax I1AO « Yparacbecm» no kpumepuro
cebecmoumocmuy  OypeHuss u @uauueckomy Kpumepuio «yoenvroe Oeticmsue». C uUcnonvzosanuem
npocpammnozo komnaekca pupmul Sandvik « Production Estimate» ycmanosnena obnacme 3¢pghexmuenot
pabomwl cmankos Sandvik D50KS 6 3asucumocmu om ouamempa cK8axiCunvl U Kpenocnmu nopoo.
Pezynemamut. B pesyivmame npoeedeHHbIX UCCIe008AHUL YCIMAHOBIEHO, YMO paboma UMnOPMHbLIX
cmankos Sandvik D50KS 6 ycnosusx IIAO «VYpanacbecm» xapaxmepusyemcs 6blCOKUMU
IKCHIYAMAYUOHHBIMU NOKA3AMeNamu no cpasHenuro ¢ omevecmeennvimu cmankamu CBILI. Cpeownss
Mexanuueckas CcKkopocme Oypenusi ¢ nopodax 15 kamezopuu Oypumocmu cocmaguna 34,8 m/d,
umo ¢ 3 pasa eviwe noxazamenet CBII, mexnuueckas ckopocmv Oypenus cocmaesuna 20—-22 m/y, umo
6 2,0-2,5 paza evuue noxaszamenei CBII Ilpu evicoxoil mexuonocuueckol 3¢@gexmugnocmu
cebecmoumocmy OypeHus UMROPMHBIMU CIAHKAMU ONPeoensemcs: 8 OCHOBHOM 08YMsL (pakmopamu:
COOMHOUEHUEM MENHCOY CIOUMOCHIBIO OU3ENLHO20 MONIUSA U INEKMPOIHEPLUL U KYPCOM UHOCMPAHHOU
saniomol (Ooanapa). B nacmosuee 8pems ona npegviuiaen ceb6ecmoumocms GypeHus omevecmeeHHbIMU
cmankamu. B mo oice apems no komniexchomy guzuveckomy kpumepuio yoerpHoe Oeticmeue Cmanka
Sandvik na 41 % s¢pgpexmusnee cmanxoe CBHIL. Dmo ceudemenscmayem o nepcneKmusHOCmMU CIMAHKO8
Sandvik npu skennyamayuu 6 ycnosusax [1AO « Ypanacbecmy.
Obnacme npumenenus pesynvmamos. Ilonyuennvle pe3yibmamvl PeKOMEHOYemcs: UCHONb308AMb
6 NpaKmuKe NPOEKMUPOBAHUs U IKCHIYAmayuu Oypo8ol MeXHUKU 6 20PHOMEXHUYECKUX VCLOBUSX,
ananoeuunvix ycaroguam IAO « Vpanacbecmy.

Knroueevie cnoea: 6yposoii cmanox; xamezopus nopod no Gypumocmu; ckopocmv Oypenus;
NPOU3BOOUMETLHOCHIb, VOEIbHAS IHEP2OEMKOCMb, YOoelbHoe Oelicmeue; cebecmoumocms Oypogulx
pabom.
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Beenenne. XapakTepHOH OCOOESHHOCTBHIO pa3BUTHs OypOBBIX pa0OT Ha Kapbepax
Poccum siBsieTcs 3aMeHa 0TeUeCTBEHHBIX OYPOBBIX CTAHKOB HA UMITOPTHBIE, B OCHOBHOM
C IU3eIbHBIM PUBOAOM. Tak, 3a mocienHee qecsaTHiIeTHe Ha Kapbepbl Poccuu noctynu-
10 330 OypoBsix crankoB ¢upM Atlas Copco u Sandvik u 268 cTaHKOB OTe4eCTBEHHBIX
npousBoautenet (Pynmam, Bysynmykckuii 3aBon, U3-KAPTEKC). B nacrosimee Bpemst
B 00IIIeM IapKe JI0JIsl IMIIOPTHBIX CTAaHKOB cocTanseT bonee 50 % [1, 2] .

OCHOBHBIMU IPEUMYILECTBAMHU UMIIOPTHBIX CTAHKOB SIBJISIFOTCS BBICOKAsI MEXaHUYEe-
CKasi CKOpOCTh OypeHus, 00eCIeUnBarIOIIas POCT UX MPOU3BOAUTEIEHOCTH 110 CPaBHE-
HUIO C OTEYECTBEHHBIMH aHayoramu B 2,0-2,5 pa3a, a Takke MOOWILHOCTh U COKpaIIe-
HUE YKCICHHOCTH ONIepallMOHHOT0 nepcoHana [3—9]. B To e BpeMs ynenbHasi CTOUMOCTh
OypeHus B pacuere Kak Ha 1 mor. M, Tak ¥ Ha | M B30pBaHHON TOPHOM Macchl OTeue-
CTBECHHBIMHU CTAHKAMHU C DJICKTPONPUBOJIOM HIKE, UEM HUMIIOPTHBIMH, YTO XapaKTEPHO
JULsl OONBIIMHCTBA KapbepoB [10—14].
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Puc. 1. Jlunamuka mokasareneii pabotel crankoB CBII-250MH B 3aBHCHMOCTH OT Cpoka
CITY>KOBI:

V — obwem Oypenus (/); Q — npousBoguTensHocTs (2); IT— mpocTon 1o BceM npuduHaM (3); £ — IPOCTOH 110
HEHMCIPABHOCTH MEXaHMYECKOM U MIEKTpHUYeCcKol yacTH (4)
Fig. 1. Dynamics of performance indicators of SBSh-250MN rotary drill rigs, depending on the
service life:
V is the volume of drilling (/); Q is the productivity (2); IT is the downtime for all reasons (3); ¢ is the
downtime due to mechanical and electrical failure (4)

Ha xapbepax ITAO «Ypanacbect» OypoBbie pabOTHI BEAYTCS MAPOIICIHHIMHI CTaHKa-
mu CBII-250MHA B ynmbTpaoCHOBHBIX TOpOAaX, MPEICTaBICHHBIX CEPIICHTHHUTAMH
(21-27 % ot obmiero oorema Oypenus) u iepupoTuTamu (55-58 % ot obmiero oobema).
OcranbHO# 00BeM 00ypHBACMBIX TIOPOJ TIPEIACTABIICH Tab0PO, TUOPUTAMH, TyHUTAMH,
TPaHUTAaMHU W TaJbKo-KapOOHATHBRIMHU Toponamu. OOypHBaeMbIe MTOPOIBI OTHOCATCS K
15-#t m 16-i kareropusiM OypuMoCTH TT0 Edunotl kraccugpuxayuu nopoo no oypumocmu
LlenTpamsHOTO OIOpO HOPMHUPOBAHMS TpyHa. Joms mopos, OTHECEHHBIX K 17-# Karero-
pUH, B IEJIOM HE3HAYWTENbHA W 10 OTACIBHBIM CTaHKaM HW3MeHseTcsl oT 5,6 1o
12,4 % [15]. CxBaskvHBI B OOJBITMHCTBE BEPTUKAIBHBIE, OIS HAKIIOHHOTO OypeHHs Co-
crasmsiet 12-24 %. [1apk 6ypoBoro o00pyaoBaHUs Ha CETOAHAIIHNN IeHb (PU3NIECKH U
MOpaJIFHO M3HOIIEH, ITO3TOMY CTOHMT BOIIPOC O MPUOOPETEHNH HOBBIX OTEYECTBEHHBIX
crankoB CBIII wim cTaHkoB IMITOPTHOTO TIpon3BoacTBa. Ha prc. 1 mpencrasiena quHa-
MHUKa DSKCIUIyaTalMOHHBIX Moka3areneil crankoB CBII-250MHA Ha kapeepax
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ITAO «¥Ypanacbect» ¢ yBemmueHHEM CpOKa UX CITy:KObl. O0beM OypeHUs U CpeHeCMEH-
Hasl IPOU3BOJUTENBHOCTD CTAHKOB MMEIOT YETKO BBIPAKEHHYIO TEHACHIMIO K CHHKE-
Huto. Takke 4eTKO BBIpa)keHa CBA3b pOCTa CYMMapHON MPOJOIKUTENBHOCTH MIPOCTOEB
CTaHKOB C YBEJIMYCHUEM CPOKa UX CITY>KOBI.

B 2019 r. pykoBoactBoM [TAO «Ypanactect» ObLIO IPUHATO PEIICHUE O IPHOOpeTe-
H1M 1ByX ctaHkoB ¢pupmbl Sandvik TAMROCK mist mpoBeeHus! ONBITHO-ITPOMBIIIIICH-
HBIX UCIIBITAaHUH, OUEHKU UX 3((GEKTUBHOCTH U obOnacT npuMmeHenus. Sandvik DS0KS
npencTaBisieT coOol CTaHOK BpalaTeIbHOro OypeHHs IapoIIeYHbBIMU JOJIOTAMHU C KOM-
MIPECCOPOM HU3KOTO JaBiieHus1. braronaps ycoBeplieHCTBOBaHHOM U HAaJIEKHOW TUIPaB-
myeckoi cucreme Sandvik DS0KS no3Bossier peannzoBaTh MaKCHMaJIBHYIO MOLITHOCTh
npu OypeHNH CKBaXKHH TUaMeTpoM oT 152 1o 229 mm (Tadm. 1).

Ta6auna 1. Texunyeckas xapakTepucTuka oyposoro cranka Sandvik SOKS
Table 1. Specification of Sandvik S0KS drill rig

JTHAMETD CKBAMKHHBL, MM......vvieieimnrisisiaesesssistaesesssistassesssssssssesssststassesessssssssessssssssssesesssssssesesses 152-229
Jnuna 6ypoBoii mTaHru, M 9; 14
MakcumanbHasi TTyOHHA CKBOKHHBI, M

MakcumanbHOe ycunue 1nojaauu (gasiaeHue Ha 3a0oi), kH. .
Harpy3ska Ha J0I0TO, KH.....ccoooiiiiiiiiiicc e
CKOPOCTD TMOAYN HA 3A00M, M/MHH........c.c.ocvererierererieresesiesesessssesessesesesessesessesesesssesessssesessssesesssesesssns .0-38
CkopocTs ciycka (moasema) OypoBoii ITaHTH, M/MHUH. .
YacTOTa BPALIEHHS JIOJOTA, €l ....oviviieieeieeeieeeeeeeeeeeeeee e es s eeas s s ses s sea s s s
1071298 KOMIIPECCOPEA, MY/MHH ...vovveeeeiesrinirisseossississeasssissassssssssssssssss s sssssssssss s sssssssessnnes
KpyTAImEIT MOMEHT, KH * Mottt ettt
MoiuHoctb aBuratens, KBt:

YCTAHOBIICHHAS ....vvvveneeneeseesesseneeseesesseseesessessesessessensesessensensesessensensesessensessesessensesessensensesessensensenens 320,8
BPAIIATCIIS . .......cuveveeeerereseesesesesesesesesesessesasessesesessesasessesasessesassssesasessesassssesassasesesssesessssesesssesasessesas 1433
Macca craHka, T 43,6
["abGaputsl B paboueM MOJ0KEHUH, MM:
JUTHH..c.vevvevveeeesessessesessesseseesessessesessessessesessessessessssenseseesessessesessensessesessensesessessensesessensensases 9450 (14 200)
TITHIPHTHR ..ottt etestt ettt es et eb et eb e st eb et s e b e st eb e st e b ettt eb e st b b e st b e b e s st eh e st s ebes b s eb et aebessnereneas 4420
BBICOTA «vovevetersesessessssesese st sttt st s b a s b bt a s a bbbt bbbt b st et a et et ns 14 300 (5820)

OmnebIT 5KCITyaTanuy au3enbHbIx craHkoB Sandvik D5S0KS Ha oTeuecTBeHHBIX Kapbe-
pax CBUAETEIBCTBYET O CIEAYIOUIMX X MPEUMYIIECTBaX M0 CPAaBHEHHUIO CO CTaHKaMHU
CBL [1-6]:

— BBICOKAsl CKOPOCTb OypeHHs1 1 IPOU3BOANTEIEHOCTD;

— MEHbLIasl Macca, BO3MOXXHOCTh IIMPOKOTO PETYIUPOBAHHS XapaKTEPUCTHUK, YI00-
CTBO B YIIPaBJICHUH;

— HacoCHasl CTaHUUs (THAPONPUBON) 3aJICHCTBYET BCE MIPUBOABI M arperarsl CTaHKa,
MEXaHU3HPYET OCHOBHBIE U BCTIOMOTATENbHBIE OTIEPALHH, YTO [TO3BOJISIET OCYILIECTBIISTH
00CITy’)KHUBaHHE CTaHKa OHUM OIIEPaTOpPOM;

— BbIcoku# (10 0,9) K03 PHULIUEHT TOTOBHOCTH;

— CHW)KEHHE 3aTpaT BPEMEHU Ha BCIIOMOTaTelIbHbIE Ollepalyy (HapalluBaHue CTaBa,
3aMEHy JI0JI0Ta, TOPU30HTHPOBAHME);

— MOOMITBHOCTB (CKOPOCTh MIEPEBIKECHHUS);

— aBTOHOMHOCTb (HE3aBHCUMOCTb pabOThl OT HICTOYHHKOB JICKTPOSHEPTHH).

MeTtonuka npoBeaenusi uccjaenoBanuii. Pesyasrarsl. C 1enbio OleHKH TeXHUYeC-
KUX BO3MOKHOCTe# cranka Sandvik D5S0KS Ha npennpusituy ObLIM IPOBEICHBI 1110~
CMEHHBIC XpOHOMETpakHble Habmonenus npu oOypuBanun Onoka Ne 208 rop. —28 wm,
CJIOKEHHOTO MepUI0TUTaMH 15-i1 Kareropuu OypruMOCTH U V KaTeropuu B3pbIBAEMOCTH.
Bypenune ocymectsnsuioch noiaotom TK-2 TOPMAII nuamerpom 229 mm. Bo Bpems
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HaOMoAeHU PUKCHpOBaachk MEXaHUUECKask CKOPOCTh OypeHUsl Ha pacCTOSHUM, PABHOM
JuirHe mtaHrd. CKopocTh U3MeHs1ach B auanazone 0,3—0,8 M/MUH, cpeqHsist CKOpOCTh
npu OypeHur NepBoii mwtanroi cocrasuna 0,6 M/MuH, BTopoid — 0,56 M/MHH, B LIEJIOM T10
BCeM HaOJIONEHUSIM yKcTast CKopocTh Oypenust coctaBmia 0,58 m/mun (34,8 m/4). Tex-
HHUYECKasi CKOPOCTh (C yU4eTOM BCIIOMOTaTeNbHBIX OmNepaiuii) cocraBuia 22 m/4. Ilpu
ko3 GUIMEHTe MCIIONB30BaHKs BpeMeHH cMeHbl B auamazoHe 0,70-0,75 mpowsBomu-
TENBHOCTh CTaHKa Ha opozax 15-i kareropun 6ypumocts coctaBmia 180—190 m/cmeny.

B 1abm. 2 npusenens! nannsie o padote crankoB CBIL n Sandvik D50KS Ha Oypennn
TEXHOJIOTUYECKUX CKBAXMH MO uroram mectd MecsaueB 2020 r. Jlyymue mokazarenu
cpenu mapouieuHbix ctaHkoB y ctaHka CBIII Ne 352, umeromiero camblif HU3KUI
cpok ciryx0bl. [IpomsBoaurensHocTh cTanka CBII Ne 352 cocraBuna 86,7 m/cMmeny,
UCTIONIb30BAHUE KaJEHAAPHOIO BpeMeHH 66,3 %.

Ta0auna 2. CpaBHuTebHBbIE NOKa3aTeaH padoTel ctankoB CBIII-250MHA u Sandvik DSOKS
3a 6 mec. 2020 r. Ha OypeHHUH TEXHOJOTHYECKUX CKBAKUH
Table 2. Comparative performance indicators of SBSh-250MNA and Sandvik DSOKS drill rigs
over a period of 6 months in 2020 when drilling production wells

Cpennue nokasaTenu
MuBenTapHsie HoMepa cranka CBI P

Tokazarens Bcero 110 CTaHKaM
352 350 347 345 CBII Sandvik
Cpok ciry>k0bI CTAHKOB, JIET — 11 13 18 19 15,3 1
Habypeno, M/B % 105640 | 21379 | 18105 | 12527 | 18053 | 70044 35596
100 20,9 17,1 11,9 17,1 66,3 33,7
B ToM uncie: HaKIOHHOE 24 834 3790 5924 2602 4007 16 323 8511
Oypenue, M/B % 23,5 17,7 32,7 20,8 22,2 233 23,9

HaGypeHo mo kareropusm
nopom, M/B %:

15 kareropus 44 562 8230 9308 3662 10077 | 31277 13 285
42,2 38,5 51,4 29,2 55,8 44,7 37,3
16 KaTeropus 40811 | 10061 5890 5539 4193 25683 15128
P 38,6 47,1 32,5 44,2 23,2 36,7 42,5
17 kareropus 20287 3088 2907 3326 3783 13104 7183
P 19,2 14,4 16,1 26,6 21,0 18,7 20,2
Kanenmaproe Bpems, 4 21 840 4368 4368 4368 4368 17 472 4368
OtpaboTtaHo, Bcero, 4 13 463 2949 2641 1898 2660 10 148 3315
B Tom gncae, 4:
Ha YUCTKE CKBAKMH 522 53 171 116 182 522 -
Ha OypeHuu 12 941 2896 2470 1782 2478 9626 3315
Hcnons3oBanue
KaJICHIAPHOTO BpeMeHH, %o 59,3 66,3 56,5 40,8 56,7 55,1 75,9
CmenHas
MIPOU3BOAUTEIILHOCTD,
M/CMeHy 94,2 86,7 82,3 67,1 80,6 82,8 128.4

Cranxom D50KS Beimonaeno 33,7 % (35,6 Thic. Tor. M) o01iero oobeMa TeXHOJIOTH-
4yeckoro OypeHusi, CpeIHeCMEHHAs MPOU3BOANTENLHOCTE cocTaBmiIa 128,4 M/cMeHy, 4To
Ha 55 % BhIle cpenqHecMenHoi npousBoautensHoctu CBIL, Ha 37,7 % BbIle nokaza-
TEJb UCTIOIBb30BaHUs KaJICHITAPHOTO BpeMeHH. Eciu cpaBHUBATh CpeTHEYaCOBYTO IIPOH3-
BOJIMTENEHOCTh CTAHKOB, ONPE/ICIIEMYI0 KaKk OTHOIIIEHHE 00beMa OypeHHs K KaJleH1ap-
HOMY BpPEMEHH C YYETOM €Tr0 HCIIOIbh30BaHMS, TO YacoBas mpou3BoautensHocTh CBIII
HaxonuTcs B quanaszone 7 m/a (Ne 347)—7,33 m/u (Ne 352), a yacoBast IpOU3BOTUTEIb-
HocTh ctanka D50KS cocrasmser 10,8 m/4, uto Beimie Ha 48 %. Cremayer Takke oTMe-
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THUTB, YTO TEXHUYECKasi CKOpocTh OypeHus crankoM D50KS (c yderom BcriomorarenbHo-
rO BPEMEHH) 10 XPOHOMETPAaXXHBIM 3aMepaM cocTaBisier 22 m/4, uto B 2,0-2,5 pasa
MIPEBHIIIAET TEXHUIECKYHO CKOpPOCTh Oypenus crankamu CBI. Paznuia B cooTHOmEeHH-
X CcpeaHel JacoBoil mpomsBomuTenbHOCTH (1,5) M TexHmueckor ckopoctu (2,0-2,5)
crankoB CBII u D50KS 00bsicHsI€TCS HEIOCTATOUHBIM OIBITOM 3KCILTyaTaluy JIU3eib-
HBIX CTAHKOB U CBUAETEIBCTBYET O 3HAUUTENLHBIX pe3epBax cTankoB D50KS.

Jiis pacueTa MEXaHMYECKOW CKOPOCTH OypeHUsI UMIIOPTHBIMH CTaHKaMU C JU3€IThb-
HBIM PUBOJIOM HUCIIOJIB30BaHa SMITUPUUYECKAS 3aBUCUMOCTbD, YCTAHOBJICHHAS 110 JAHHBIM
ropubix npeanpustuil CILA [16]. Mexanudeckasi CKOPOCTb OINPENENSIeTCs BEIUIUHON
YCHUIIUS, IPUXOSIIECTOCS Ha SAUHULLY AUaMETpa JI0JI0Ta, YaCTOTOM BpallleHUs J0I0Ta U
MPOYHOCTHBIMH CBOWCTBaMU MOPOJ (TIPENIEIIOM POYHOCTH Ha CIKATHE):

v, =54-10"(k,, —28 Igo,, ) Pn

y'p?

IIe V, — MEXaHHYeCKas CKOpPOCTh OypeHus, M/4; &, — KOO(DQHIMCHT, yIUTHIBAIOLINIA
IPOYHOCTH IOPOA Ha ckarue (Tabn. 3); 6, — Mpeen MPOYHOCTH Nopof Ha cxarue, MIIa;
P — BenmunHa 0CEBOTO YCHIIHSI, IPUXOJISIIEIOCs Ha SIMHHIL 1MaMeTpa J0NI0Ta, KI/MM;
1, — 4acToTa BPALeHNs 1070Ta, MAH .

Ta6auua 3. 3nayenus kod3ppuuuenTa knp B 3aBUCHMOCTH OT Mpejieia NPOYHOCTH HA CiKaTHe
Table 3. Values of the coefficient knp depending on the compressive strength

Gex MIla
TTokazarens
Bonee 207 150207 103-150 69-103 34-69 7-34 Menee 7
kenp 100 120 150 267 295 355 450

PacuerHble 3HaUeHNsT MEXaHUUECKOH cKOpocTu Oypenus crankamu Sandvik D50KS
B ycnoBusix komOunara I1AO «YpanacOect» npuseaeHs! Ha puc. 2. Kpome Toro, Ha pucyH-
K€ IMPEACTABICHBl SKCIIEPUMEHTAIbHbIE 3HAYEHHS MEXaHMYEeCKOH CKOpOCTH OypeHus,
MIOJTyYEHHBIE B PE3YyJIbTaTe XPOHOMETPAXKHBIX HAOMIONeHNH. YCTaHOBIEHA BBICOKAsI CXO-
JUMOCTb PACUETHBIX M SKCTIEPUMEHTAIBHBIX TaHHBIX.

C ucronb30BaHIEM KOMIIBbIOTEPHOH porpammel Production Estimate ¢pupmer Sandvik
yCTaHOBJIEHA 001acTh 3 PEKTUBHOM pabOTHI CTAHKOB B 3aBUCUMOCTH OT IMaMeTpa CKBa-
JKUHBI U KpenocTty rmopoy (tadm. 4). CormmacHo pacderam, OypeHue J010ToM 229 MM TeX-
HUYECKH 3P PEKTHBHO B MOpoax ¢ K03 (HUIUEHTOM KpernocTu A0 14, 4TO COOTBETCTBYET
CpeAHEMY 3HaYCHHUIO KPEroCTH OCHOBHOTO 00beMa mopon [TAO «Ypanachecty.

Ouenka 3¢pdexTnBHOCTH cTAHKOB. KanbKymnsiuus ceGecTOMMOCTH OypeHUsl CTaHKa-
mu CBLI-250MHA u Sandvik D5S0KS na kapeepax [TAO «VYpanacGect» 3a 2019 . u
6 mec. 2020 r. mpencrasieHa B Ta0M. 5. V3 mpuBEICHHBIX JAHHBIX BUIHO, YTO OCHOBHBIM
(haxTOpOM BBICOKOH ce0eCTOMMOCTH OypeHHUSI IMIOPTHBIMHU TU3€IbHBIMU CTAaHKAMH SIB-
JISIFOTCSI 3aTpaTrhl Ha AW3ENIFHOE TOIUIMBO, KOTOphIe Oojee ueM B 4,5 pa3a MpeBBIIAIOT
3aTpaThl Ha ANEKTpo3Hepruto uid ctankoB CBIIIL

Ha puc. 3 nmpencrasnena quHaMUKa CTOUMOCTH TU3€JIBHOTO TOIUIMBA U AIEKTPOIHED-
run Ha komOuHare [TAO «Ypamactect» ¢ 2005 mo 2019 r. CTouMOCTh JTU3TOILTHBA 32
yKa3aHHBIA IIEpHOJ yBeIW4MiIack B 3,3 pas3a, a CTOUMOCTb EKTPO3HEPTUY — B 2,5 pasa.

HawuGonee GraronpusiTHBIM MEPUOAOM UIsl MPUOOPETEHUS ¥ BHEAPEHUS IU3ETbHON
TexHukH 06Ut 2009-2010 TT., KOTZIa COOTHOIICHHUE MEXKY CTOMMOCTBIO JU3TOILIMBA U
anekTpo3nepruH ([, KBT - u/kr) cocrapisuio 7,8—8,2. K HacTosIeMy BpeMEHH 3TO COOT-
HomreHune Ha komouHate ITAO «VYpanacOect» yBennumitoch 10 16 kBt - u/kr. Takum 00-
pazoM, 3pPeKTHBHOCTb BHEAPEHNUS TU3EIbHBIX CTAHKOB B 3HAUUTEIHHOM CTENICHU OyleT
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OIIPE/IENATHCS YKa3aHHBIM cooTHOLIeHHeM. [Ipu nanpHeieM 0CBOCHUH U HAKOTICHUH
OIIBITa AKCILTyaTallK ce0ecCTOMMOCTh OypeHusi crankamu Sandvik MokeT OBITH HUKE,
yeMm cebecroumocth Oypenust CBIL. IIpu Beicokoi TexHOMOrHYeCcKOH 3P(EeKTHBHOCTH
YKa3aHHBIX CTAHKOB C€0ECTOMMOCTh OypeHUsl ONpeessieTCss B OCHOBHOM JIBYMs (haKkTo-
paMu: COOTHOILICHHEM MEXIy CTOMMOCTBIO JW3ENBHOTO TOIUIMBA U AJIEKTPOIHEPIUHY;
KypCOM JIoJuiapa.
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Puc. 2. PacueTHasi 3aBHCHMOCTh MEXaHMYECKOil ckopocTu Oypenus craHkoB Sandvik
DS50KS v, ot kpenocTu ropHeix nopof, f B ycnosusax ITAO «Ypanacbect»
Fig. 2. Calculated dependence between Sandvik D50KS rate of penetration v, on the
strength of rocks f'at PJSC Uralasbest

Cranku nproOpeTaick mpu Kypcee nomiapa 63,39 p. na 28.06.2018 r, k 27.12.2020 .
Kypc BeIpoc 10 75,7 p., T. €. B 1,2 pa3a. B To e BpeMs COOTHOILIEHHE MEXTy CTOUMOCTBIO
JU3TOILIMBA U sekTposHeprud B 2018 1. cocrasmsuio 17,6 kBT - w/kr, a k 2020 . oHO
CHM3WIIOCH 10 16 kBT - w/kT, T. €. B 1,1 paza, 4To MOJOKUTEIHHO CKA3aJI0Ch HA SKOHOMU-
YeCKUX MoKa3aTessx OypeHus ctankamu Sandvik.

B nocnennue roabl B OTEUECTBEHHOM M 3apyOe:KHOM MpPAKTHUKE MOTydYaeT IHUPOKOe
pacrpoCcTpaHeHUe METOAMKA OLEHKM M ONTHMHU3AIMM MapaMeTPOB TEXHOIOTHUECKUX
MPOLIECCOB HA OCHOBAHMM (PU3NUECKOTO MPUHIIMIIA HAaUMeHbLIero aeiictBud. [IpuHumn
HAMMEHBIIIETO IEHCTBHSI OTHOCUTCS K MHTErPalbHBIM BapHALMOHHBIM MPUHIMIIAM Me-
XaHUKHU, COIVIACHO KOTOPHIM M3 BCEX BO3MOMKHBIX JABMKEHUI MEXaHWYECKON CHUCTEMBI
WCTUHHBIM SABJIAETCS TO, ISl KOTOPOTO HEKOTOpasi (hu3nuecKas BeIM4rHa, Ha3blBaeMast
JEWCTBUEM, MMEET 3a BpPeMS MEpeMELICHHS CHCTEMBI KTPEMYM, OOBIYHO MHUHHMYM.
HaubGonee pacnpoctpaneHHo# (popMoii mpeacTaBIeHUs] MPUHINIIA HAMMEHBILETO JIei-
cTBusi ABsAeTca Qopma [amunbroHa. B ykazanHol Qopme NpHHIMIT HAaMMEHBLIETO
JEHCTBUS yTBEP)KAACT, YTO U3 BCEX BO3MOMKHBIX TPACKTOPHH ITepeMEIIeHUS UCTUHHOH OyieT
Ta, /U1 KOTOPOH IeHCTBHE, paBHOE MHTETPaAITy OT Pa3HOCTH MEXTy KHUHETHYECKOU U I0-
TEHIMATbHOW SHEPTUeH, COOTBETCTBYIOLIMX 3TUM TPAEKTOPHUSIM, UMEET MUHHUMAJILHOE
3HayeHue. [Ipunnun ['amunsToHa B MHTErpajibHON (opMe IIMPOKO MCHONB3YEeTCsl HE
TOJNBKO B MEXaHHUKE, HO U B JPYTHX OONACTSAX TEXHUKH U MPOMBIIIICHHBIX TEXHOIOTUI
[17, 18]. C onpeneneHHBIMH TOMYIIEHUAMH 3TOT MPUHIUIT MOXKHO PACIIPOCTPAHUTh Ha
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OypoBbie paboThI B Kapbepax. B aToM ciydae AelicTBHE — 3TO (PU3HUECKas BEIHUYHHA,
MPENICTABNAIONIAsA CO00 MPOU3BECHUE KOTMUESCTBA DHEPTHH, PACXOAyeMOl Ha OypeHue
TOPHBIX TOPOJI, U BpEMEHH OypEHHUS.

Beenennoe nonstue yoenvroe deticmaue (D) ipencraiseT coOo MPOn3BeIeHHE 3a-
Tpar HEPruu Ha paspymienue | M3 mopox npu OypeHHH M BPEMEHH OypeHHsI 3TOTO
obbema. YienpHOe JeHCTBHE SBISETCS KOMITICKCHBIM (DM3MYCCKUAM MOKA3aTeNieM, CBS-

3bIBAIOIIUM DHEPro€MKOCTb U IMPOU3BOAUTCIIBHOCTD 6yp0BLIX CTaHKOB.

Ta0auna 4. 3HaueHHs MEXaHUYECKUX U TEXHHYECKHX cKopocTeii Oypenus: crankamu Sandvik

DS5S0KS B 3aBHCHMOCTH OT IHAMETPA /10JI0TA H KPEMOCTH NMOPOJ
Table 4. Values of the rate of penetration and productive drilling rate of Sandvik DS0KS drill
rigs depending on bit diameter and rock hardness

Kosdduument Ckopoctb OypeHus (M/4) IpH JHUaMeTpe JO0N0Ta (MM)
Kkpenocty f 152 159 171 200 216 229 251
6 106* 106.4 107.2 108.9 109.7 110.4 1114
68,5 68,7 69,1 69,9 70,3 70,7 67,8
8 69.9 71.0 71.6 72.0 72.6
48,9 49,6 49,9 50,1 48,8
10 51.9 52.7 53.1 53.4 53.9
37,9 38,4 38,7 38,9 39,2
12 40.2 40.8 41.2 41.4 41.8
30,2 30,6 30,8 31 31,3
14 32.2 32.7 32.9 Skl i
24,7 25 25,2 25,3 25,5
16 26.8 27.2 27.4 27.6 27.8
20,8 21,1 21,3 21,4 21,6
18 22.3 22.7 22.9 23 23.2
17,6 17,8 17,9 18 18,2
20 19.1 194 19.6 19.7 19.9
15,2 15,4 15,5 15,6 15,7
21 17.9 18.2 18.3 18.4 18.6
14,2 14,4 14,5 14,6 14,7
22 16.8 17.0 17.1 17.2 17.4
13,4 13,6 13,7 13,7 13,9
Huamertp
IITaHT, MM 140 140 140 140 152 178 178

[__]- obnacts sdextnsHoil paboter; [ | — o6MacTh, rie CKBAXHMHBI HE HPOXO/ST 10 COOTHOLICHHIO
IIPOM3BOIUTEIBHOCTH KOMIIPECCOpa, IMaMeTpa IITAHTH | I0N0Ta; [ | — 00MacTb, Iie pacdeTHOE yCHIIHe
Ha JIOJIOTO TIPEBBINIAET BO3MOKHOCTH CTAHKA; * B UMCIATENE — MEXaHHUECKas CKOPOCTh; B 3HAMEHATENe —

TEXHUYECKast CKOPOCTh.

MoskHo 3anucarb

rae D — yaenbHoe IEUCTBUE, KT * u/M3; @

D=ow

y.T

Z,

C€TCs IPU CrOPpaHNHU 1 T BBICOKOKQU€CTBEHHOI'O Y.

.+~ YACIBHBII PacXoJl yCIIOBHOTO TOILIMBA HA Pas3-
pyuienre 1 M* mopos npu GypeHu, KF/M%; ¢ — Bpems paspyiueHus (Oypenus) 1 M mopog, .

B oredyecTBeHHOH MpakTHKE B Ka4€CTBE YCIOBHOTO TOIUIMBA MCIIONB3yeTCs TaK Ha-
3BIBACMBIi yronbHbIN SkBUBaCHT — 7000 kkan (29,3 m/Ix) — Teriora, KOTOpast BbIACIS-
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B cooTBeTcTBHU € A3TUM

o, =0k o, =0k,

y.T T y.T X}

T O, — YICNbHBIA PacXoJl AN3eTbHOTO TOILUINBA Ha Oypenue, Kr/M*; k — kos(hduiueHTt,
YUUTHIBAIOIIUH Pa3HUILY YIETbHOU TETUIOTHI CTOPaHUs TU3EJIBHOTO U YCIOBHOTO TOILIH-
Ba, k. = 1,437, @, — yHenpHBIH pacxoj 3MeKTpo3Hepruum Ha Oypenme, kBT - u/m%;
k, — moxa3zarenb, yYMTHIBAIOLIMI 3aTPAThl YCJIOBHOIO TOIIMBA HA monydenue 1 kBT - u
371EKTPO3HEprun, I/kBT - u (k, = 397 r/kBT - ).

Ta6auna 5. Kaabkyasinus cedecroumoct 0ypenus (p./nor. m) crankamu CBII-250MHA u
Sandvik DSOKS 3a 2019 r. u 6 mec. 2020 r.
Table 5. Calculation of the cost of drilling (rub per running meter) with SBSh-250MNA and
Sandvik D50KS drill rigs for 2019 and 6 months in 2020

2019 . 2020 r.
Crarbs 3aTpar
(@311 Sandvik ChII Sandvik

TonnuBo (3HEprust Ha TEXHOJIOTUYECKHUE LIEIH) 54,26 205,20 58,00 228,99
OcHOBHas 3apIuiaTa MpoU3BOJCTBEHHBIX PabOUnX 79,38 40,50 71,25 25,17
OTuHuCIeHUS Ha COLMATIbHBIC HY Kb 26,54 13,24 24,60 8,29
Peseps Ha omaty OTITyCcKOB 11,00 2,44 12,18 3,57
CrpaxoBbie B3HOCHI Ha pe3epB 3,80 0,82 4,28 1,14
OO0UIeTPON3BOJCTBEHHBIC PACXOIBI 419,38 408,24 356,54 333,45
OO01IeX03IUCTBEHHBIE PACXOIbI 74,75 39,09 65,25 22,47
IIpousBoacTBeHHAs CEOECTOMMOCTD:

B p./TIOT. M 669,10 709,53 592,09 623,08

B % 100,00 106,00 100,00 105,20

B ta6in. 6 npuseaeHo cpaBHeHue craHkoB CBII-250MHA-32 u mu3enbHbIX CTaH-
koB Sandvik D50KS mo ykazannomy kputeputo Ha komOunate [TAO «Ypanacoecty.
Bypenne npoussonunocs nonoramu TK-2 TOPMAII nuamerpom 250,8 u 229 MmM.
B kagecTBe HCXOMHBIX JaHHBIX UCITOJIIB30BAHBI PE3YIBTaThl MPUOOPHBIX 3aMEPOB pac-
X0Jla AU3EIBHOTO TOIUIMBA W TEXHWYECKONW CKOpPOCTH OypeHus cranmkamu Sandvik
D50KS Ne 354 B Hosi6pe 2020 r. Ha mopozgax 16-i kareropuu Oypumoctu. CkopocTh
Oypenust cocraBwia 22,0 M/4, pacxoj Au3elbHOro TomiuBa — 6,0 J/mor. M
(5,06 kr/mor. m). I1o crankam CBIII ucnonp30BaHbl CTATUCTUYSCKHUE TAHHBIE MHOTO-
JeTHUX HaOMIOAeHUH npy OypeHUH B aHAJIOTHYHBIX OPOAax MO KaTeropuu OypuMo-
CTH. YCTaHOBIIEHO, YTO yAEJIbHAs YHEPrOeMKOCTh OypeHus | MoT. M B eQMHUIIAX yC-
JIOBHOTO TOIJIMBA Y OTE€YECTBEHHBIX M WMIIOPTHBIX CTAHKOB HaXOAWTCS Ha OJHOM
ypoBHe (7,16—7,27 xr y.T./1ior. M). BMecTe ¢ TeM 10 pe3yJbTUPYIOLIEMY IT0Ka3aTesio
yoenvroe Oeticmgue nu3enbHble cranku Sandvik Ha 41 % s¢¢exkTuBHEE CTaHKOB
CBII BcnenctBue Oonee BBICOKOH ckopocTH OypeHus. [IpuunHOi 3TOMY SBISIFOTCS
KOHCTPYKTUBHBIE ITpeuMyIecTBa cTaHkoB Sandvik, 3axirouaronuecs B O0OJIbIIEM KO-
s¢dunrenTe MoIe3HOr0 WCIONB30BAHMS DHEPTHH Ha pas3pylIieHHe TOPHBIX TOPOJ]
npu OypeHuH, 9To TpeOyeT AOMOIHUTEIbHBIX UCCIETOBAHMH.

W3 npuBeeHHBIX pacyeToB BUIHO, YTO SKOHOMHYECKAs OIIEHKa MOXET HEe COBIA/IaTh
C OILICHKOH 1O (PM3NYECKOMY KPUTEPHIO yoervHoe Oeticmeue. OMHAKO TO CBHUICTEIb-
CTBYeT B NIEPBYIO O4YEpelb O HECOBEPILEHCTBE IIEHOOOPA30BaHUSI Ha 3HEPrOPECypChI
(371eKTpO’HEPTHIO U TU3ENbHOE TOTUTNBO). COBpEMEHHBIE MCCIIEIOBAHUS YTBEPIKIALOT,
YTO HIKOHOMHYECKas OIIEHKA TOJKHA CTPEMHUTRCSI K COBIIA/ICHHIO C OIEHKOH 110 yOerbHOMY
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Oeticmeuio, TaK Kak OIIEHKa T10 YCILHOMY JICHCTBUIO SBIsieTCs (pru3ndeckoii u Hanbosee
0OBEKTHUBHOM.

Pe3ynbTartel MpoOBEAEHHOTO HCCIEOBAHUS CBUAETENBCTBYIOT O TNMEPCHEKTUBHOCTU
crankoB Sandvik npu skcrryaranuu B yenoBusix [TAO «VYpanacGect.

BuiBonabl. PaboTa MMIOPTHBIX U3ENbHBIX CTaHKOB Ha komOuHare [TAO «VYpai-
acOecT» XapaKTepHu3yeTcsl BHICOKMMH SKCILTyaTallHOHHBIME TTOKA3aTeIISIMH 110 CPaBHEHHIO
¢ oreuectBeHHbIME ctaHkamu CBIII. Tak, B mopomax 15-ii kareropuu OypuMOCTH Cpefi-
HSIsl MEXaHHYecKasi CKOpoCTh OypeHus coctaBmia 34,8 M/4, 4To B 3 pasa BhIlIe MOKa3aTe-
neit CBILL. Texnuueckast ckopocth Oypenusi cocraBmia 20—22 m/4, uto B 2,0-2,5 pasza
Bhie nokasareneid CBIII. CMeHHas pOU3BOMUTEIBHOCTh cocTaBmia 128,4 m/cMmeny,
gro B 1,5-1,9 paza npeBbliaeT cooTBETCTRYONINIH Mokazarens CBHILI.

P, p/kBt-u P, p/n

35 F
30
25 F
2,0
15
l’O L 10 1 1 1 1 1 1 |
2005 2007 2009 2011 2013 2015 2017 2019
Toasl

Puc. 3. luHaMuKa CTOMMOCTH JIU3€NILHOTO TOMIMBA P 1 31IeKTpo3HEpruu P, Ha
kombuHare ITAO «VYpamacbect»
Fig. 3. Dynamics of the cost of diesel P, and electric power P, at PJSC Uralasbest

C ucronb30BaHEeM KOMIIBbIOTEPHOI Miporpammel Production Estimate ¢pupmer Sandvik
ycraHoBjeHa o0nacTh 3 dexTrBHOM padoThl crankoB DSOKS B 3aBucHMMOCTH OT nua-
METpa JI0JIOTa ¥ KPEroCTH OPOJl. YCTAaHOBIICHO, UYTO OypeHHe J0I0TOM 229 MM TeXHH-
gyecku 3(Q(HEKTUBHO B MOPOAAX C KOIPPHUIMESHTOM KPEHOCTH 10 14, 4TO COOTBETCTBYET
CpenHeMy 3Ha4€HHIO KPEenoCTH OCHOBHOTO 00BbeMa mopon [TAO «Ypanacoect».

VnenspHbBIN pacxo aAu3enbHoro TortuBa ctankamu D50KS B moponax 16-it kareropun
OypumMocTH coctaBui 6,1 n/mor. M (5,06 Kr/mor. M), 4To coracyercsi ¢ JaHHBIMH, IOy~
YEHHBIMH Ha PYTUX TOPHBIX MPSANPUATHSIX. YCTAaHOBJICHO, YTO B SJMHHUIAX YCIOBHOTO
TOTUTMBA y OTEUECTBEHHBIX M UMITIOPTHBIX CTAHKOB YIIENBHBIA PAacXoll SHEPruu Ha Oype-
HHE HaXOAUTCS Ha OfHOM ypoBHe (7,16—7,27 KT y.T./TIOT. M).

Mo pe3ynsraram pabotsl 3a 6 Mec. 2020 1. cebecToumMocTh OypeHus 1 mor. M cTaHKa-
mu D50KS cocrapuna 623,08 p., uto Ha 5,2 % BbIIIe c€0eCTOMMOCTH OypEHHUS CTAHKAMHU
CBIII (592,09 p.). D10 00YCIIOBICHO OOJIBIIION JT0JICH FHEPreTUUECKUX 3aTpaT B ce0ecTo-
umoctu Oypenus. [1pu ganpHeiieM OCBOSHUH U HAKOTUICHHH OIIBITA SKCILUTyaTalluH JIU-
3eNbHBIX CTAaHKOB cebecTonMocTh OypeHust ctankamu Sandvik MOxeT OBITH HIKE, YeM
cebecroumoctsb Oypenus CBILI.

[o koMIUIEKCHOMY (PH3HUYECKOMY KPUTEPHIO yoenbHoe Oelicmeue ctanka Sandvik Ha
41 % s¢ddexruBHee crankoB CBILL. 310 cBUAETENHCTBYET O MEPCIIEKTUBHOCTH CTAHKOB
Sandvik npu skcrutyaranun B ycnoBusix [TAO «Ypanacoect».
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Heob6xoaumo nponomKUTh HayuHbIE HCCIIEOBAaHUS SKCIUTyaTallii TU3eIbHBIX CTaH-
koB Sandvik B ycnoBusix [TAO «YpanacOect» B HallpaBICHUH OLCHKU MX HAJEKHOCTH,
BIUSHUSL MOOMIIBHOCTH Y aBTOHOMHOCTH Ha TIPOM3BOANTENBHOCTD U UCTIONIb30BAHHUE Pa-
0ouero BpeMeHH, OpraHu3alyy paboThl M TEXHHYECKOTo OOCTY)KMBaHUS, KOHKpETH3a-
K 3(EKTUBHOM 00IacTH IPUMEHEHUSI ¥ IPYTHX acleKTax.

Tabauna 6. IToxazareau 3¢(peKTUBHOCTH CTAHKOB IIAPOLICYHOr0 OypeHus Ha
kapbepax [TAO «YpaaacoecT»

Table 6. Indicators of roller drill rigs efficiency in PJSC Uralasbest open pits

Mojenb cTaHka

Tloxa3zarenn
CBII-MHA-32 Sandvik DSOKS

Kareropus nmopox no 6ypumoctu 16 16
JlnameTp 10a0Ta di, MM 250,8 229,0
JmameTp CKBaXXUH dc, MM 263.,3 240,4
CkopocTb OypeHus v:

JIMHEWHAsI, ITOT. M/4 8,7 22,0

00beMHas, M>/4 1,89 3,98
Bpemst paspyuienus (Gypenus) 1 M3 nopoast , u 0,53 0,25
Y AenbHBINH pacxo SIEKTPOIHEPTUH M>:

kBT - u/mor. m 18,3 -

kBT - 9/ M? 83,3 -
VY nenbHbIA pacxo]] IU3TOIIMBA M1

KI/TIOT. M - 5,06

Kr/m> - 27,96
VY nenbHbIN pacxo]] yCIOBHOIO TOIUIUBA, My.1:

(xr/mor. Mm)/B % 7,16/100 7,27/101,5

(xr/M®)/B % 33,3/100 40,18/120,6
VaenbHoe neiictBue D = wy.t, (kr - u/M>)/B % 17,6/100 10,04/58,9

Oo0nacTs NMpUMeHeHUs Pe3yJIbTaToB. Pe3ynbrarbl peKOMEHIYeTCs HCIONIb30BaTh
B [IPAaKTHKE NPOCKTHPOBAHUS M SKCIUTyaTalliy OypoBOil TEXHUKH Ha Kapbepax Poccuii-
cxori Denepanuu.
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Estimating the efficiency and prospects of applying imported diesel-powered
drill rigs at PJSC Uralasbest
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Abstract
Research objective is to carry out experimental and industrial trials as well as engineering and economic
evaluation of applying the imported diesel-powered drill rigs at PJSC Uralasbest.
Research relevance. In the Russian Federation, there has been a common tendency towards substituting
imported drill rigs mainly diesel-powered, for the national ones, due to several technical and processing
advantages of the former. It is therefore highly relevant to estimate the efficiency and prospects of applying
imported drill rigs at PJSC Uralasbest, which is a major chrysotile asbestos manufacturer.
Methods of research. In the performance of the task, the diesel-powered drill rigs operating experience in
Russian open pits and the results of experimental and industrial trials of Sandvik D50KS rigs at PJSC
Uralasbest were analyzed. Rate of penetration and productive drilling rate, as well as drill rig energy
intensity and output per shift, were determined by experiment. Engineering and economic evaluation of
Sandvik D50KS rig application efficiency at PJSC Uralasbest was carried out by the criterion of drilling
cost and physical criterion of “specific action”. With the Production Estimate software package by
Sandvik, the scope of Sandvik D50KS effective operation was determined depending on the wellbore
diameter and rock strength.
Results. It was found that compared to Russian rotary drill rigs SBSh, Sandvik D50KS drill rigs operation
at PJSC Uralasbest is of higher performance. The average rate of penetration in the rock with drillability
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index no. 15 made up 34.8 m/h, which is 3 times as big as the indicators of the SBSh. Productive drilling
rate made up 20-22 m/h, which is 2.0-2.5 times as big as that of the SBSh. When the technological
efficiency is high, the cost of drilling with the imported rigs is chiefly determined by two factors: the ratio
between the cost of diesel and electric power and foreign exchange rate (dollar). It currently exceeds the
cost of drilling with Russian drill rigs. However, by the integrated physical criterion, the specific action of
the Sandvik drill rig is 41% more efficient as compared to SBSh. This indicates good perspectives
of Sandvik drill rigs operation at PJSC Uralasbest.

Scope of results. The results obtained may be applied in drilling equipment design and operation in mining
and engineering conditions close to PJSC Uralasbest.

Keywords: drill rig; drilling category of rock; drilling speed; productivity; energy intensity,; specific
action; drilling cost.
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Cnocob KOHTpONsA CONsAHOW NOBEPXHOCTH AN YCTaHOBKM
KelnbKpaHLEB LWaXTHLIX CTBONOB

3arso3akuH U. B.!
' MepMcKuit HaLWOHANbHBIA UCCIEAOBATENLCKMIA NOMUTEXHUYECKUI YHUBEPCUTET,
bepesHukosckuit dounman, r. Mepmb, Poccus
*e-mail: iv.zagvozdkin@yandex.ru

Pegpepam
Beeoenue. [Ipu npoxooke waxmuuix cmeoN08 KATUUHBIX U CONAHBIX PYOHUKOS NPe0yCMAmpuedaemcs
6036e0eHUe 2UOPOUOTAYUOHHBIX ycmpoticms. Bo ecex cmeonax, npoiidennvix Ha Bepxuexamckom
MECMOpPOHCOeHUU  KATUUHO-MASHUEBbIX CONell K HACMOAueMy 6peMeHuU, MAaKumMu YCmpoucmeamu
cayocam KelllbKpauywl. Yempoiicmeo u obpabomxa cmenKku 0OO0KO80U NOBEPXHOCMU CMEONA 8
3HAUUMENbHOU CMeneHu OKA3blédem 6lusHUe HA CEOLUCMBA 2epMemu3ayuu yyacmka YCmpoucmeda
NUKOMAICHO20 ULEA.
Memoouka npoeedenus uccinedosanuil. [{is onpeoenenus ONMUMATLHO20 MeCmd 3Aa10H#CeHUs
KelIbKpauyes GulNOIHAIOM NIOWAOHOE UCCIe008aHUe BCell NOBEPXHOCTU NOPOOHOL CMEHKU CMEONd
(no ecemy nepumempy) Memooamiu Hepa3pyularue20 KOHMPOs: ONPedesiom HAIuyue mpeujur
nopode U NpOYHOCMHblE XAPAKMEPUCMUKU KamenHoU coau. [Ipounocmv nopoosl oyenugaemcs Ha
KAueCmeeHHOM YpOo8He, 0c000e BHUMAHUE YOeNAemcs UIMEHYUBOCU NOKA3AHUL YIbMPA36YKOB020
usmMepumenst CKOpocmu no nepumempy cmeond. Takdwce yuumvléaromcs 3HAYEHUs. INeKMPUdecKoll
emMKoCcmu 8030YUWHO20 3A30pd, 00PA308AHHO20 MENHCOY NOBEPXHOCHIBIO COMAHOU NOPOObI UWAXMHO20
CMBONA U NOBEPXHOCMBIO OAMYUKA NPUOOPA 0151 USMEPeHUsl INeKMPULECKOU eMKOCU Npu pasmelyeHuu
€20 Ha KOHMpPoaupyemou nogepxrocmu. 110 OaHHbIM Y4ACMKO8 3AMePO8 U COOMBEMCMBYIOUUX 3HAUEHUL
emMKocmu 015 KaxicO020 U3 3aMEPEeHHbIX YUACMKO8 8 MAKOM dice NOpsioKe Obliu NOKA3AHbL 3HAYEeHUs
wepoxosamocmu. Yxazanvl Kpumepuu, KOMOPbIM OOIHCHA COOMEEMCME08ams NOPOOHAS CMEHKA
6 Mecme 3a1004CeHUs. KeUIbKPaHYd.
Pesynomameut. [Ipeocmagnieno Kpamkoe oOnucauvue MemoOUKU ONpeoereHus uepoxoeamocmu u
KOHMPONA YeNOCMHOCMU CONAHOU NOPOOHOU CMEHKU WAXIMHO20 CMEOLd 6 MeCcme 3aALONCEHUS.
Ketlnvkpanyes. H3nodceHvl npakmuyeckue pe3yibmamsl XPOHOMEMPAXCHbIX HaOI00eHull oopabomku
NOPOOHOU CIEHKU, Pe3yTbmanmbl UsMepeHUtl uepoxoeamocmu 00pasyos CoIAHOU NOpoObl, pe3yIbmanivl
3AMepos eMKOCMU B030VUIHO20 3A30pd U Pe3Vibmambl KOHMPONs YeloCMHOCIU NOPOOHOU CMeHKU
6 Mecme 3a1024CeHUs. KeUIbKPaAHYd.
Bb1600b1. Ycmarnosnenvl payuoHaivhvle NApAMEmpuvl UWEPOX08AMOCMU, 3HAYEHUS NPOYHOCHHBIX
Xapakmepucmuk, 3HAYEHUss CKOPOCMU PACHPOCMPAHEHUs YIbMpa3eyKd OKOAOCMEONbHOU HOPOObL.
Onpedeneno, umo payuoHaIbHOU 3aMEHOU OP2AHOLENMUYECKO20 UCCTIe008AHUA SA8NAeM s 00beKMUBHAs
peaucmpayus pe3yivmamos ¢ UCHONb30BAHUEM UIMEPUMENbHBIX Npubopos u cpedcms urcayuu
pe3ynvmamos.

Knroueevie cnoea: waxmmwviii cmeon; KelIbKpaney, NUKOMANCHbIL wos, 00pabomka nopooHoul
CMeHKU,  KOHMpOLb  WepoXO8amocmuy,  KOHMpPOLb — YEelOCMHOCMU — CmeHKu,  Bepxuexamckoe
MeCcmopodicoeHue KAnuuHO-MaA2HUEeBbIX COJLell.

Oomue cBegenus. Ha Bepxaexamckom mectopokaennu coneit (BKMC) [1] B koM-
TUIEKCE HAJICOIEBBIX OTIIOKEHUH BBIJIENIEHO YeThIPE BOAOHOCHBIX TOPH30HTA, PA3IMIHBIX
M0 BOOOOWIIFHOCTH | Kod(uitnentam ¢unbrpanmu. EcTecTBEHHBIM BOIOYTIOPOM SB-
nsieTcst Tonma mokpoBHOHW kameHHOUM conmu (ITKC), MomHOCTE KOTOpO#l B mpemenax
IITIAXTHBIX TIOJIEH pabOTAIOMINX U CTPOSIIHUXCS PYITHUKOB COCTaBiseT okoio 20 m [2-5].
B cumy 06BoTHEHHOCTH HA/ICOTIEBOTO KOMILIEKCA MOPOJI, B HUYKHEH YaCTH KOTOPOTO MO~
3eMHBIE BOJIBI TIPECTABIEHBI BHICOKOMHUHEPAIN30BAHHBIMH PacCcOiaMHt, MTPOXOIKa BCEX
IIaXTHBIX CTBOJIOB Ha MECTOPOXICHHUH JI0 HACTOSIIIETO BPEMEHH OCYIIECTBISIIACh C HC-
MTOJTL30BAHUEM CIICIIHATIHLHBIX METOOB [6, 7].
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KonTpons cocrosiaust 00paboTaHHOM OOKOBOI MOPOIHON CTEHKH [ 8] IpoBOIMIICS Op-
TaHOJIENTHYECKUM METOIOM, NPU KOTOPOM INEpBHUYHAs WH(OPMALUs BOCTIPHHHUMAETCS
MOCPEICTBOM OPraHOB YyBCTB, 0€3 yueTa YNCICHHOTO 3HaYeHHs KOHTPOIUPYEMBIX MPH-
3HAKOB. B 3HaUnTEIBbHON CTETEHH JOCTOBEPHOCTH MOIYUYECHHON TAKUM 00pa3oM OLICHKU
3aBUCHT OT ONBITA CIICIMAINCTA (IKCIEPTA).

OmnbxoBukoBsM 1O. I1. [9] ykazaHbl KpUTEpUH, KOTOPBIM JOJKHA COOTBETCTBOBATH
MOPO/IHAs CTEHKA B MECTE YCTaHOBKHU KelibkpaHia. OHU CBOIATCS K CHEAYIOIIEMY: TTO-
pOIHas CTeHKa TIaTebHO 00padarbiBaeTcs, HUTH(yeTcsl. DTO MO3BOJIIET OoJiee 1eTab-
HO 00CJIe0BAaTh €€ MOBEPXHOCTH C LENbI0 OOHAPYKEHHUS TPELIMH, KOTOPbIE MOTJIH ObI B
OyaylieM TMOCIYKUTb NPUYMHOW TIOTEPH TEPMETUYHOCTH BCETrO YCTPOMCTBA.
[Ipu ycrpoiicTBe KeHNIbKpaHIEB B COJSAHBIX IMOPOAAX TAaKOM KOHTPONBL OOsi3aTelieH.
Heobxonumo consMepsATh Harpy3KH OT MUKOTKHOTO YIUIOTHEHHS ¢ (PU3UKO-MEXaHHYeC-
KuMH cBoiicTBamu nopof [10], oOpasyrommx NOpogHyIo CTEHKY KeHJIbKpaHIa, B 4acT-
HOCTH C IPeesIOM IIPOYHOCTH IIPU CKATHHU, KOTOPOE TOIDKHO OBITh He MeHee 25 MI]a.

Ta6una 1. Pe3yabTaThl H3MepeHHUIi IEPOX0BATOCTH
00pa31oB COJISHON NOPOabI

Table 1. Measurement data of salt rock samples roughness

Homep [IlepoxoBaTocTh, MKM
obpasua VYyacrok 1 VYuactok 2 VYuacrok 3
1 2,20 2,70 4,20
2 4,90 4,80 4,70
3 1,70 1,80 2,20
4 2,20 3,80 4,40
5 3,70 3,10 6,70
6 4,12 4,78 5,29
7 3,94 4,43 4,42

MeToa0/10rHs1 KOHTPOJIS LEJI0CTHOCTH MOPOJAHBIX CTEHOK MPU CTPOUTEILCTBE
IIAXTHBIX CTBOJIOB. [Iporiecc reopu3myuecKix ucciIea0BaHui IPH KOHTPOJIE 32 COCTOS-
HUEM MOBEPXHOCTH MTOPOIHON CTEHKH B pailoHe MAKOTAYKHOTO YIIOTHEHHUS MOYKHO pa3-
JIETUTH Ha CIEAYIOIINE dTallbl:

— pa3OueHne U pa3MeTKa MepUMeTpa IMIaXTHOTO CTBOJIA Ha METPOBBIE OTPE3KH (3a Ha-
4ao u3MepeHns MPUHIMAETCS OTMETKa HallpaBJICHUs Ha CEBE);

— BU3YyaJIbHBI OCMOTP IIOBEPXHOCTH ITOPOJHON CTEHKY;

— M3MepeHHe MPOYHOCTH TIOPOTHOM CTEHKH Ha IUIOMIAIKaxX pa3Mepom | M2, ¢ marom
1o nepumMeTpy 1 m;

— M3MEPEHUs] METOZIOM YIIBTPa3BYKOBOW TOMOTpa(uu 1o MeprMETpy CTBOJIA C IIIArOM
1 M, BIOJIb ¥ TTOTIEPEK 3ajIeTaHus IIaCcTOB.

ABTOPOM TPEATIOKEH HHCTPYMEHTAIBHBIN CIT0COO KOHTPOJISI, KOTOPBIH 3aKITF0UaeTCs
B ciexmytomieM. [locie mpoxoaku cTBoIa B HEOOBOTHEHHBIX TIOPOIaX KAMEHHOM COJTH IS
OTIpe/eNIeHHsT ONITUMAaIbHOTO MECTA 3aJI0KEHHSI KEHIIFKPAHIIEB BBHITIONHSIOT IIOMIaTHOE
WCCIIeIOBaHNE BCEH MMOBEPXHOCTH IMOPOAHON CTEHKH CTBOJIA (TI0 BCEMY ITEPUMETPY) Me-
TOAAMH Hepa3pyIIaroIIero KOHTPOIISL: OMPEelIOT HaJMdue TPEIIUH B TIOPOJIE M TIPOY-
HOCTHBIE XapaKTEPUCTHKH KaMeHHOH coir. [IpodHOCTE MOpoabl OlleHHBaeTCs Ha Kade-
CTBEHHOM YpOBHE, 0c000€ BHUMaHHE yAEISIeTCS W3MEHUYMBOCTH ITOKa3aHUH
YABTPa3ByKOBOTO H3MEPHTEIISI CKOPOCTH 10 TIEPUMETPY CTBOJIA. SHAYUTEIFHBIE OTKIIOHE-
HUSl YKa3bIBAIOT HA COOTBETCTBYIOIINE N3MEHEHHUS IIPOYHOCTHBIX CBOMCTB. Jliist m3mepe-
HUH MPOYHOCTH IMMOPOITHOTO MaccuBa McTonb3oBajcs mpudop UTIC-MI" 4.01. duamazon
paboumnx temmeparyp ot —10 °C go +40 °C, oTHOCHTENbHAS BIAKHOCTH Bo3myxa 10 80 %,
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arMocdepHoe naieHue ot 630 no 800 mm pt. cr. KoHCTpykTMBHO TpHOOp BbHI-
TIOJIHEH B BHJE JBYX OJIOKOB: OJIOKa 2JIEKTPOHHOTO U3MEPHUTENS; ckiepomerpa. ua-
nmaszoH omnpexaeneHus npounoctu — 3—100 Mlla, sueprus ymapa — 0,16 Ik, Bpems Ha
M3MepeHre MPOYHOCTH y4acTka — 15 ¢. Hanuuue TpemuH onpeaensinoch yiIbTpa3ByKo-
BBIM METOJIOM.

Puc. 1. U3mepenue emroct o6pasnos npudopom LCR
Fig. 1. Measuring the capacitance of samples with an LCR
device

[lo momy4eHHBIM AaHHBIM MHCTPYMEHTAJBHBIX 3aMEpOB ONpe/esieH Hanboee Mmoa-
XOJSIIMIA MHTEPBa (C MUHAMAIIBHBIM KOJTMUECTBOM, TITyOMHON U PACKPBITHEM TPEILIUH)
MOBEPXHOCTH IIAXTHOTO CTBOJA, CJIOKEHHOTO COJITHBIMH MOPOJaMHM, AJISl YCTaHOBKHU
OIIOPHOTO KOJIbLA KEIIbKpaHLIa.

Tabauna 2. B3auMocBsi3b eMKOCTH H
1IEPOX0BATOCTH 00Pa3L OB COJISTHOI MOPOBI
Table 2. Relationship between salt rock samples
capacity and roughness

0}6131;4:1_11);1 Emkocts, nd IlepoxoBaTocTb, MKM
1 34,8 1,90
2 50,2 4,00
3 51,4 4,03
4 53,9 4,40
5 55,3 4,60
6 57,7 4,80
7 59,6 5,03

ﬂaHHI:IIZ crmoco0 MO3BOISET C TIOMOIIBIO KOMIIJIEKCHOTO MHCTPYMEHTAJIBHOI'O KOH-
TpOJIA MPOBECTU IUIOAJHOC HCCIICAOBAHHUE IIOPOAHBIX CTEHOK IINaXTHOro CTBOJIA,
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JOCTOBEPHO OIPENENIUTh KaK HATNYME TPEIIUH B COJITHOM MacCHBE, TaK M IPOYHOCTHBIE
CBOICTBA OPOJ] B MECTax MpeAiaraéMoi yCTaHOBKH JACPEBSIHHBIX KEHIbKPAHIICB.

TexHo10rHsI M CIOCOOBI KOHTPOJISI IPU CTPOMTEIHCTBE KeilJIbKPAaHIIeB B IIAXT-
HBIX CTB0JIAX KAJUIHBIX PyIHMKOB. [lepen MOHTa)KOM TIOOMHTOB KOJIbIIa KEUITbKpaH-
112 BBITIONTHSIETCS TIIATEIbHAsI IIOATOTOBKA BEPTHUKAJIBHBIX TIOBEPXHOCTEH IOPOJHBIX CTe-
HOK ImaxtHoro ctBona [11, 12]. Ot paboTel TPOU3BOAATCS B OCHOBHOM IIPH TIOMOIIH
craka Juis 00pabotku nmosepxHoctu COBIIC-1. OOpaboTKa CTEHOK IIAXTHOTO CTBOJIA
OCYIIECTBIISIETCS CMEHHBIMU pab0YMMK OpraHaMu JIBYX THIIOB: IIapolleyHoi ¢pesoit
JUis TpyOoi 00paboTku u (yraHouHoW (pe3oit A YucToBOM 00paboTKu. BpareHue
¢pe3b! ocymecTrisieTcs rugapomoropom OMP100, ycTaHOBICHHBIM Ha BEPXHEM IPOEME
¢pessr [13, 14].

Ta6auuna 3. Pe3yjabTaTsl 3aMepoB eMKOCTH BO3LYLIHOTO
3230pa MOPO/IHON CTEHKH LIAXTHOI'O CTBOJIA

Table 3. Measurement data of mine shaft rock wall air gap

capacity
Howmep | Emxocts, | Homep | Emkocts, | Homep | Emxocts,
3aMepa n® 3amepa n® 3amepa n®
1 33,1 20 39,0 39 48,9
2 64,0 21 60,9 40 31,4
3 60,0 22 38,8 41 49,6
4 48,0 23 342 42 32,6
5 70,6 24 60,0 43 30,5
6 39,0 25 42,1 44 39,2
7 37,9 26 53,4 45 42,0
8 57,7 27 43,0 46 33,6
9 31,0 28 41,1 47 45,9
10 32,8 29 47,0 48 40,0
11 45,9 30 36,3 49 48,0
12 44,4 31 41,5 50 52,4
13 36,1 32 43,6 51 42,3
14 36,3 33 40,6 52 343
15 46,9 34 33,7 53 43,8
16 33,4 35 63,3 54 41,6
17 49,0 36 42,0 55 342
18 36,1 37 53,6 56 45,8
19 46,3 38 31,3

Jlanee mpuBEICHBI PE3yJIbTaThl XPOHOMETPAKHBIX HAOMIONCHUI 00pabOTKU MOPOI-
HOI CTCHKH CTPOSILIETroCs PyIHHKA.

Bpewmsi, 3atpadenHoe Ha rpyOyto (epBoHaYaIbHYI0) 00pabOTKy MOBEPXHOCTH CTEH-
K4 B coiistHbIX opozaax ctankoM COBIIC-1, cocraBnsier 31 u. [TepumeTp oOpaboTaHHOM
MOPOJHOM CTeHKH — 31 M, COOTBETCTBEHHO, CKOPOCTh 00paboTku — 1 M/4. Bpems Ha
YHCTOBYIO (OKOHYATENBHYI0) 00pabOTKY OBEPXHOCTH CTEHKH COCTABIISIET 9 U, CKOPOCTh
00paboTku — 3,44 m/u.

MeTon0/10rHsi KOHTPOJISI IIEPOXOBATOCTH TOBEPXHOCTH IIAXTHBIX CTBOJIOB
B COJISTHBIX MOpPoax. ABTOPOM IPeUIOKEH HHCTPYMEHTAIBHBIN MeTos] KoHTpodd [15, 16].
Jlnst npoBe/ieHHs] MHCTPYMEHTAIbHBIX HCIIBITAHUIA KOHTPOJISI TOBEPXHOCTH pa3padora-
HbI METOJMKA U MPOrpaMMa MpPOBEICHHs MPHUEMOYHBIX UcTbITaHui. [TepBOHaYaIBbHO
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METOAMKa omnpoOoBaHa B JTa0OPAaTOPHBIX YCIOBUSAX Ha pasziHyHBIX oOpasmax
nopoabl. BennurHa mepoxoBaToCTH COMSIHBIX 00pa3oB U3MepsIach Npo(uIoMeTpom
Hommel-Etamic W5.

Jns w3MepeHHui NIepOXOBAaTOCTH HM3TOTOBICHO CEMb OOpAa3lOB COJNSHON MOPOJBL
Ha xaxxmom oOpasiie mpon3BOJIBHO BEIOPAHO MO TPH yyacTKa, Bce 00pasiibl IPOHyMEpo-
BaHbl. Pe3ynbrarel u3mepeHuii npeacTaBieHsl B Ta0. 1.

[ocne momyueHusi 3Ha4eHWH MIEPOXOBATOCTH Ha ATHUX e 00paslax omnpeneneHa
€MKOCTb BO3JIyLITHOTO 3a30pa MEXy OPOJOH U CIEHaIbHO U3TOTOBIEHHBIM JaTYHKOM
¢ nomoiusio npudopa LCR. Ha puc. 1 npuBenen npumep u3MepeHus eMKOCTH 00pa3IoB.
Pesynbrarel u3MepeHuit MprUBeeHBI B Ta0MI. 2.

Puc. 2. UccrnenoBanue npoynocty moposl npubopom UIIC-MI'4.01
Fig. 2. Rock strength study with an IPS-MG4.01 device

[To monyyeHHBIM JaHHBIM MOCTPOEHA PErPecCHOHHAsl MOJENb, OMUCHIBAIOIIAS JIH-
HEMHYI0 3aBUCUMOCTh MEXy MapaMeTpaMH eMKOCHb U ulepoxoeamocms. YpaBHEHNE
perpeccun: y = a, + a,x, rae a, = —2,4805, a, = 0,1271.

IIpoBepka 3HaYMMOCTH OTAEIBHBIX TAPAMETPOB PETPECCHH CBA3aHa C ONpe/IeIEHIEM
pacdeTHBIX 3HAYCHUH f-cTaTcTHKH (Kputepuii CthionenTa). [lapameTrp perpeccuun npu-
3HAETCS 3HAYMMBIM TIPY YPOBHE 3HAYUMOCTH O, €CIH: (00| > Lyg, -

B 3TOM ciydae mpakTHUecKH HEBEpOSATHO, YTO HalJAEHHOE 3Hau€HHE MapamMeTpa
00YCTIOBIICHO TOJIBKO CITyYaiHBIMH COBIAJCHUSIMHU. YPOBEHb 3HAYUMOCTH 0. TIOKa3bIBAET
BEPOSTHOCTh MPUHSITHS OIIMOOYHOTO peleHus, Hanpumep, npu o = 0,01 B cpenHem B
OIIHOM CITy4ae M3 CTa €CTh PHUCK ClIeNaTh OIIMOOYHOE 3aKITIOUYEHHE O CTaTUCTUYECKOH
3HaYUMOCTH MTapameTpa.

Ha ocHoBaHMK TOCTPOEHHOM JTMHEHHON MOJIEIH JJIsl 3aMEPEHHBIX B IIaXTe 3HAUCHUH
€MKOCTH pPAaCCUMTaHBl COOTBETCTBYIOIIME 3aMepbl LIEPOXOBATOCTH MPO(QUIOMETPOM
Hommel-Etamic W5. 3arem B 3TuX ke MecTaxX ONpeesIcHbl 3HAUCHHUS IICKTPHUYCCKON
€MKOCTH BO3IYIITHOTO 33a30pa, 00pa30BaHHOTO MEXIy MOBEPXHOCTHIO COJITHOM ITOPOABI
HIaXTHOTO CTBOJIA M TIOBEPXHOCTHIO JaTYMKa TPHOOpa IS U3MEPEHHS DICKTPUIECKOH
€MKOCTH TIPH pa3MeIleHNH ero Ha KOHTpoIupyeMoil moBepxHocTu. [locne nposenenus
3aMepoB Ha KOHKPETHBIX Y4acTKaX M pacdeToB COOTBETCTBYIOIMX 3HAUYEHUH €MKOCTH
JUTS KQKJI0TO M3 HUX B TAKOM e TIOPSIKE ONpe/ieNieHbl 3HAYEHHs [IIepOXOBAaTOCTH.
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3amMepbl eMKOCTH BO3IYIIHOTO 33a30pa B COOTBETCTBUHM C HOMEPOM 3aMepa COJISTHOM
HOPOJIHOM CTEHKH CTPOSIIIETOCs IIaXTHOTO CTBOJIA YKa3aHb! B Tabn. 3. [lepumerp obpa-
0aThIBaEMO CTCHKH PAaBHOMEPHO Pa3jiesieH Ha TPUIIATh MHKETOB C MHTEPBAIOM B | M.
KoHTponb 111epoXoBaroCcTy MOPOHOW CTEHKHM MPOBOAMICSA uepe3 MpoMexyTok 0,5 m
(o01Iee KOMMYECTBO 3aMepoB 56).

Puc. 3. MccrnenoBanne Ha HaJIW4ne TPEIIMH IPHOOPOM
MIRA A1040
Fig. 3. Cracks presence test with a MIRA A1040 device

OuneHka pe3y/IbTaTOB KOHTPOJISI IEJOCTHOCTH TOPOIHBIX CTEHOK MPHU CTPOH-
TeJbCTBE MIAXTHBIX CTBOJIOB. [IpH UCTIOIB30BaHIH MEXaHMYECKOTO METO/IA, B 3aBUCH-
MOCTH OT IPUMEHSEMBIX NPHOOPOB, KOCBEHHBIMH XapaKTEPUCTUKAMH MPOYHOCTH
SIBJISIOTCSL:

— 3HaueHHEe OTCKOKa OOMKa OT TIOBEPXHOCTH OPO/BI (MM PHKATOTO K HEH yIapHHKa);

— MapaMeTp yIapHOTO UMITYJIbCa (SHEPrus yaapa);

— pa3Mepsl OTIeJaTka Ha mopose (AuameTp, TyOHuHa) WIIM COOTHOIICHHE TUaMETPOB
OTIEYaTKOB Ha TIOPOZIe ¥ CTaHAApPTHOM 00paslie IPH yaape HHASHTOPA WM BAABIUBAHUH
MHJICHTOPA B IOBEPXHOCTH MOPOIHI.

OneKTpOHHEIH OJIOK, B COOTBETCTBHY C YCTAHOBJICHHOM IPayHpPOBOYHOMN XapaKTepu-
CTHKOH, mpeoOpa3yeT mapameTphl YAapHOTO UMITylbca (YCKOPEHHE W BpeMsi) B MpOU-
HOCTb. Pe3ynbrarbl n3MepeHuil BBIBOAATCS Ha AucIuied m3meputens. 1lo okoHuaHuM
[MKJIa IPOMCXOAUT aBTOMaTn4eckast 00pabdoTKa pe3ylbTaToB, U Ha JHCILIEe 0TOOpakacT-
csl cpefHee apupMeTHYeCcKoe 3HaYCHHE IPOYHOCTH W3 TATHAATH €IMHUYHBIX PE3yIlb-
tatoB. [Iponecc uzmepenus npounoctu B parione I1K 5 npencrasnen Ha puc. 2.
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B npeamonaraemoM MecTe 3aJI0KeHHUs KeHTbKpaHIa (B IIaXTHBIX YCIOBHUX) 0TOOpa-
HO 5 00pa3LoB KaMEHHOM COJIH U B JTA0OPaTOPHBIX YCIOBHSX NPOBEICHBI NCCIEAOBAHUS
npounoct nprudopom UIIC-MI'4.01, 3aTeM mpoBeAeHbI HCCISAOBAHMUSI IPOYHOCTH STHX
obpasnoB Ha mpecce MTS Criterion. [lo pe3ynsraram NpOBENEHHBIX HCCIECIOBAHUI
cpeanee 3HaueHue npounoctyu UI1IC-MI'4.01 pasno 31,3 MIla, cpeaHee 3HaueHHE Mpod-
Hoctu MTS Criterion paBro 30,95 Mlla, uTo sIBIs€TCS CONOCTABUMBIMUA 3HAYCHUSIMH,
U JIaeT ocHOBaHue i npuMeHeHus npuodopa MIIC-MI'4.01 B m1axTHBIX yCIOBUSX.

Ta6auna 4. Pe3yJbTaThl KOHTPOJIA LEJIOCTHOCTH MOPOIHOI CTEHKH
Table 4. Results of rock wall integrity control

Howmep Tpounocts Cxopocts Hannune tpemun Hanuune tpemun
sanena MITa ’ e ’ IIPU BU3YaJIbHOM 10 pe3yjbTaTaM
P ocMoTpe Tomorpaduu
1 35,5 2600 Her Her
2 35,9 2530 Her Her
3 35,6 2560 Her Her
4 35,9 2560 Her Her
5 34,6 2560 Her Her
6 34,8 2510 Her Her
7 36,6 2600 Her Her
8 38,2 2530 Her Her
9 36,5 2500 Her Her
10 36,2 2500 Her Her
11 33,2 1910 Ja Ha
12 33,9 2500 Her Her
13 34,5 2560 Her Her
14 37,3 2580 Her Her
15 31,2 2580 Her Her
16 37,0 2580 Her Her

N3yuyeHne mopogHOro MaccuBa Ha HaJIWYHE TPEIIUH U HEOAHOPOAHOCTEH MPOBOAH-
JIOCh METOZIOM YNBTPa3BykoBoii ToMorpadun anmaparypoid MIRA A1040. TTpubop nipen-
Ha3Ha4eH /151 KOHTPOJIsl OETOHA M TOPHBIX MTOPOJ MPU OHOCTOPOHHEM JOCTYIE K HUM C
LEJIBIO OMPEAEICHHUS LIETIOCTHOCTH MaTeprasa, OMCKa MHOPOIHBIX BKIIOUEHHUH, ITOJI0C-
Tel, paccnoenuii ¥ TpemuH. [Ipubop mo3Bonser ObicTpo U 3hGEKTUBHO 00CIeI0BaTh
OOIIUPHBIE OOBEKTHI C MOJTHBIM JIOKYMEHTUPOBAHUEM PE3YJIBTaTOB U BO3MOXKHOCTBIO HX
MIpeABapuTeNIbHOTO aHau3a. [Ipubop npeaHazHayeH It SKCIUTyaTalyy [py TeMIepary-
pe ot —10 g0 +50 °C, MuHMMaIbHAs 1 MAaKCHUMAaJbHAs ITyOMHA MPO3ByYaHUs MO OETOHY
50 u 2500 MM COOTBETCTBEHHO, paboyast 4acToTa YIbTPa3BYKOBBIX BOJH — 25—80 xI'm.
Ha puc. 3 npencrapnensl 3aMepbl TOPOAHOTO MACcCHBA Ha HaJIM4Ke TpemuH. 11o pesynb-
Taram padoT BBITIOTHEHA KaMepaibHast 00paboTKa ¥ MHTEpIpETaIHs TOTyIeHHBIX MaTe-
puainoB. Pe3ynbrarbl KOHTPOJIS ENOCTHOCTH MOPOJHON CTEHKH OOKOBOW IMOBEPXHOCTH
CTBOJIa TIPEJICTABIICHEI B Ta0. 4.

CpenHss mpOoYHOCTE MTOPOTHON CTEHKH, TOATOTOBIICHHOH TSI YCTAHOBKH KEHITbKpaH-
11a, u3MeHsieTcs B nuana3one ot 31,2 1o 38,2 MlIla. Crenka costHOM MOpobl (KaMeHHOM
COJIM) B MECTE YCTAaHOBKHM KEWJIbKpaHIIa XapaKTepU3yeTCsl HOPMaJIbHBIMU 3HAUYCHUSIMHU
npoyHocTH. [1o pe3ynsraraM MpoBeEHHBIX UCCIEIOBAaHUN CKOPOCTh PACIPOCTPAHEHHUS
YABTPa3ByKa B IMOPOJHOM CTEHKE B cpemHeM cocTaBiseT 2510 m/c, mpakTUYecKu ycTa-
HOBJICHO, YTO YMEHBIIIEHE CKOPOCTH PaclipoCTpaHEeHUs yabTpa3ByKa Ha 24 % o3HadaeT
HaJIYKe TPEIIUHBI.
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BoiBoasbl. Bpems, 3arpauenHoe Ha rpyOyro (MepBoHaYaIbHY0) 00paboTKy MOBEpX-
HOCTH CTE€HKH B coNsiHBIX mopogax craHkoM COBIIC-1, cocraBnser 31 4. [lepumerp
00paboTaHHON MOPOIHOM CTEHKU — 31 M, COOTBETCTBEHHO, CKOPOCTh 00paboTky — 1 M/4.
Bpemst Ha yncTOBYIO (OKOHYATENbHYI0) 0OPaOOTKY MOBEPXHOCTH CTEHKH COCTABIACT
9 4, ckopocTh 00paboTku — 3,44 M/4.

dakTHYeCcKre 3HaYCHHS HIEPOXOBATOCTH 00pabOTaHHOW COJISTHOHM MOPOAHON CTEHKH
CTPOSILIETOCS] CTBOJIA COCTABISIIOT OT 1,4 0 6,5 MKM (IIpaKTUYECKH yCTaHOBJIECHO, YTO
3HAYCHUS IIEPOXOBATOCTH MOTYT JocTHrath 10,7 MKM). Yka3aHHBIC aBTOPOM 3HAUCHUS
IIIEPOXOBATOCTH SABJIAIOTCS PAllMOHAIBHBIMU ITPH MOATOTOBKE MOPOHOI CTEHKH K YCTa-
HOBKE KSWJIbKpaHIIA.

CpenHss mpoYHOCTh MOPOTHON CTEHKHU, TOATOTOBICHHOM /IS YCTAaHOBKH KEHIIbKpaH-
1a, u3MeHsieTcs B Auanazone ot 31,2 mo 38,2 MIla, npu nomyctumoit He menee 25 Mlla.

CpenHsist CKOpOCTb PacIpOCTPAaHEHUS YABTpa3ByKa B MOPOIHON CTEHKE COCTaBIISET
2510 M/c, CKOpOCTh pacrpocTpaHeHus yabrpa3Byka Menee 2000 M/c yka3blBacT Ha Ha-
JIMYKE TPEUIVH, II0JI0CTEN U PACCIOCHUMN.

Oo0nacTh MpUMeHeHHUs! Pe3yJIbTATOB. YKa3aHHbIE 3HAYEHUS PAllMOHAIBHO HCIIONb-
30BaTh [P MTOATOTOBKE IOPOJHON CTEHKH JJIs1 YCTAHOBKHU KEHIbKPaHIIEB BO BPEMS CTPOU-
TEJIbCTBA IMAXTHBIX CTBOJIOB, & TAKXKE THIPOU3OIIILIMOHHBIX COOPYKEHUN IPYTUX CTBO-
noB Ha BKMC.
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Method of salt surface control for keilkranz installation in mine shafts

Ivan V. Zagvozdkin!
! Perm National Research Polytechnic University (Berezniki Branch), Perm, Russia.

Abstract
Introduction. Potash and salt mines shaft sinking involves the construction of waterproofing devices. In all
shafts of the Upper Kama deposit of potassium-magnesium salt, keilkranz is in charge of this function. Shaft’s
side wall construction and treatment greatly affect the sealing properties of the picotage seam construction area.
Methods of research. An areal study of the entire surface of the shaft rock wall (along the entire perimeter)
by non-destructive testing methods is carried out to find the best possible site for the keilkranz. The presence
of cracks in the rock is detected, and the strength characteristics of rock salt are determined. The rock strength
is assessed qualitatively paying special attention to the variability of the ultrasonic velocity meter readings
along the perimeter of the shaft. There is an air gap between the mine shafi salt rock surface and the surface of
the sensor of the electrical capacity measuring device. The values of the electrical capacity of the air gap are
considered when the sensor is placed on the target surface. The roughness values were shown in the same
sequence as the measurement section data and the respective capacitance values. The paper indicates the
criteria the rock wall with the keilkranz installed must meet.
Results. The methods for determining the roughness and controlling the integrity of the shaft’s salt rock wall
there where the keilkranz is installed are briefly described. The practical results of chronometric observation of
rock wall treatment are presented, as well as the measurement results of the salt rock samples roughness,
measurement data of the air gap capacity, and the results of monitoring the integrity of the rock wall at the
keilkranz site.
Conclusions. The rational parameters of roughness have been determined as well as the values of strength
characteristics and the values of the shaft rock ultrasound propagation velocity. It has been determined that a
method of results objective record with the use of measuring instruments and means of results record may be
a rational substitute for organoleptic research.

Keywords: mine shaft; keilkranz; picotage seam, rock wall treatment; roughness control; wall integrity control;
Upper Kama deposit of potassium-magnesium salt.
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The efficiency of rock breaking when drilling wells by the pellet impact
method at different angles of wellbore inclination
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Abstract
Introduction. This paper considers the pellet impact drilling method which implies rock destruction
by metal pellets impacting the rock. A. B. Uvakov carried out successful research on directional drilling by
the pellet impact method that showed a positive result. However, little attention was paid to bench
laboratory studies. Moreover, there is no information on the efficiency of pellet impact drilling at various
angles of wellbore inclination.
The research objective is to analyze the efficiency of rock breaking in the process of well drilling by the
pellet impact method at various angles of wellbore inclination to vertical.
Methods of research. The author has designed and manufactured a laboratory bench to conduct
the research. The laboratory bench design provides drilling mud closed circulation and cuttings removal
by gravity settling. A PMMA tube placed inside a metal glass imitate wellbore walls. Samples of ceramic
tiles imitating rocks were used in the experiments. The volume of rock drilled out per unit of time was
determined at various pellet portion masses and angles of wellbore inclination to vertical.
Results. The present research was the first to find the dependency between the angle of wellbore
inclination to vertical and rock breaking efficiency during pellet impact drilling. Four sets of experiments
were carried out at different zenith angles: 0°, 30° 60° and 90°. It has been found that pellet
impact drilling is possible at different angles of wellbore inclination to vertical up to 90° (horizontal
wellbore), drilling efficiency increases with the zenith angle. The cylindrical shape of the wellbore is retained.
Summary. The results obtained expand the potential scope of the pellet impact drilling method and
improve drilling efficiency forecast when constructing directional wells.

Keywords: rock breaking; directional drilling; pellet impact drilling; metal pellets; hard rocks.

Introduction. Tomsk Polytechnic University carries out research on the improvement
of the pellet impact drilling method [1-11] that implies rock destruction by metal pellets
circulating at a high speed.

Pellet impact drilling was introduced in the USA in 1955 [12] and further developed
in the USSR by A. B. Uvakov [13] and S. A. Zaurbekov [14]. Theoretical study of the
pellet impact drilling was carried out in the Ukraine [15—17]. V. V. Shtrasser contemplated
the possibility of applying the pellet impact drilling bit to disperse rock debris [18].

Prospecting for solid minerals is a promising direction for pellet impact drilling. It is
futile to use such method to drill soft rock prone to scree and rockfall.

Directional and multilateral drilling of exploration wells for solid minerals is currently
limited due to a number of problems:

—complex design of existing technical means of prospecting assortment for directional
drilling and their labor-intensive application;

— lack of production of technical mean for exploration wells directional drilling which
were in mass production in the soviet period;
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— the majority of national companies specializing in drilling exploration wells
have been lacking the experience in drilling multilateral wells (over the last
20 years);

— high costs of a whipstock based on a positive displacement motor with bent sub.

The development of new methods and means of directional well drilling in mining and
prospecting is still urgent today [19].

A. B. Uvakov worked on adjusting pellet impact drilling for artificial deviation of
wells when drilling for solid minerals. He proposed to include a bent pipe or sub with a
drilling bit orientation mechanism into the bottom-hole assembly to change the trajectory
of the wellbore [13]. That idea repeats the design of a downhole drilling motor (DDM)
with angularity that is commonly used in drilling today.

Fig. 1. Pellet impact drilling bit:

a — design by A. B. Uvakov; b — design being studied; / — drill pipe, 2 — nozzle, 3 — inlet
ports, 4 — mixing chamber, 5 — borehole walls, 6 — diffuser, 7 — pellets, § — guide sleeve
Puc. 1. CHapsn amst mapocTpyiHOTO OypeHHs:

a — xoHcTpyKimst A. B. YBakoBa; b — ucciemyeMast KOHCTpYKIHsi; [ — OypribHas Tpy0a;
2 — coII0; 3 — BIIYCKHBIE OKHA; 4 — KaMepa CMEILICHHs; 5 — CTCHKU CKBAKUHBL; 6 — TH}-
(by3op; 7 — mwapsl; § — 3a7ep’KUBAOILEe YCTPOHCTBO

A method of well trajectory deviation was worked out at the West Tekeli, Sayak,
Karazhal, and Chaturkul deposits (Kazakh SSR). Field trials revealed that the pellet
impact method ensured high reliability of wellbore bending in a given direction and
reduced the time for bending [13].

Based on the results achieved by A. B. Uvakov, it is possible to emphasize the
following advantages of pellet impact drilling to directional wells construction:

— drilling bit orientation in a wellbore is reliable since it is not necessary to rotate
the drill column and create axial load;

— pellet impact drilling bit design and wall bending technology are simple;

— it is possible to continuously increase the angle on an extended section of the well.

Despite its great practical significance, A. B. Uvakov’s research paid little attention to
laboratory studies. There is no information on whether any changes in the well’s zenith
angle influence the speed of pellet impact drilling and well sinking by diameter, or whether
it is possible to drill horizontal wells using such method. Without this information, it is
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impossible to accurately predict the effectiveness and result of procedures aimed at
artificial change of well’s trajectory during pellet impact drilling. The complication and
accident risks increase.

Research objective is to analyze the efficiency of rock destruction in the process
of well drilling by the pellet impact method at various angles of wellbore inclination
to vertical.

4 / 14
/3 %5 6 7 8 |0 ./4
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2 . ﬂjs 16 A
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Fig. 2. Laboratory bench:
a — circulation system; b — bench base scheme; / — discharge line; 2 — pump; 3 — fault line; 4 — pressure gage; 5 — a glass
simulating the borehole walls; 6 — compartment for dumping liquid together with sludge (mud sump); 7 — partition;
8 — stand base; 9 — supply line; /0 — compartment for feeding the mud pump; 7/ — drill pipe; /2 — guide; /3 — feed
flywheel; /4 — guide support; /5 — lifting mechanism; /6 — pellet impact drilling bit; /7 — glass support
Puc. 2. JJaboparopHslii cTeHA:
a — UMPKYISIUOHHAs CHCTeMa; b — cxeMa OCHOBAaHMS CTCHAA; / — HAarHeTaTeNbHas JIMHUS, 2 — HACOC; 3 — JIMHUS
cbpoca; 4 — MaHOMETp; 5 — CTaKaH, IMUTHPYIOIMI CTCHKH CKBaXHHBI; 6 — OTCEK Il cOpoca KHAKOCTH BMECTE CO
nutaMoM (OTCTOMHUK); 7 — Meperopojika; § — OCHOBaHUE CTeHJa; 9 — nuTaromas auHus; /0 — OTceK Ui Mojayu Ha
OypoBoii Hacoc; /1 — OypunbHas TpyOa; /2 — Hanpasistouias; /3 — MaXOBHK 110Ja4u; /4 — KpeIuieHUE HaIPaBIISIONICH;
15 — morbeMHbIH MexaHu3M; /6 — cHapsia uist OypeHust; /7 — KpeIuieHHe CTakaHa

Research materials and methods. The studies were carried out on a scalable
laboratory bench. The drilling bit design by A. B. Uvakov (Figure 1, a) was used as a
basis. The presence of a guide sleeve & located above the inlet ports is the distinctive
feature of the design applied in the experiments (Figure 1, ). The guide sleeve § has
made it possible to prevent the pellets from rising above the inlet ports when the drilling
mud flow rate increases.

When the pellet impact drilling bit works, the drilling mud jet flowing out of the
nozzle 2 transfers energy to the pellets 7. Passing through the mixing chamber 4,
the pellets 7 accelerate, impact the rock, and break it. The pellets circulation in the well is
closed, when they impact the guide sleeve § they pass through the inlet ports 3 located
inside the drilling bit under the nozzle.

The scheme of the laboratory bench is shown in Figure 2. The drilling mud fed by the
pump 2 moves along the discharge line / and approaches the pellet impact drilling bit /6
through the drill pipe /7. The pressure in the supply line is fixed by the pressure gage 4.
The wellbore walls simulate the glass 5. Linear supply of the drilling bit is carried out by
the lifting mechanism 75, located on the guide 72, and by the flywheel /3 rotation.
The fluid is removed through line 3. After passing through the pellet impact drilling bit
and the glass, the drilling mud and cuttings are dumped into compartment 6, where the
sludge settles gravitationally. Through the upper overflow over the partition 7, the drilling
mud enters the compartment /0 and is drawn in by the pump 2 through the supply line 9
again.

The experimental procedure is as follows. A sample imitating a rock (ceramic tile) is
installed in the lower part of the glass 5. Into the PMMA tube, a portion of metal pellets
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and a pellet impact drilling bit /6 are placed. The pellet impact drilling bit /6 is screwed
to the drill pipe /7. The glass 5, with the pellet impact drilling bit /6 and the guide 72
inside, is positioned at a required angle (Figure 3). The pump switches on, and for a fixed
time, pellets circulate in the well and break the rock. After the experiment, the bit is
disassembled and the geometry of the resulting depression is recorded, namely,
the diameter, volume, and depth of the well.

Puc. 3. Drill string positioning during the experiments:
a—0°b-30°c—60°d-90°
Fig. 3. IlonoxxeHust 6ypoBOro CHapsiAa IpH MPOBEICHUH dKCIEPHMEHTOB!
a—0°b-30°c—60°d-90°

Results and discussion. The present research was the first to find dependency between
the angle of wellbore inclination to vertical and the rock breaking efficiency during pellet
impact drilling. The volume of rock drilled per unit of time is meant by the rock breaking
efficiency. In the course of work, the ratios between the volume of the broken rock and
the pellet portion mass were obtained. Four sets of experiments were carried out at
different angles of bit inclination to vertical: 0°, 30°, 60°, and 90°. The results are shown
in Figure 4.

The graphs show that the greatest efficiency is recorded at the maximum angle of bit’s
inclination corresponding to 90°. The drilling efficiency reduces with the angle.

This dependency may presumably be explained by an increase in the number of pellet
impacts against the bottom of the well per unit time caused by the reduced chaos of
pellets circulation between the lower face of the diffuser and the rock to break. The pellets exit
this zone quicker, which increases their consumption under a constant mass of the portion.

It is significant that all experiments have shown that the drilled wells had a shape close
to a circle in a section perpendicular to the axis of the well.

In each set of experiments, the drilling productivity grows with the pellet portion
mass, and then falls. The loss of efficiency is caused by pellets accumulation in front of
the drilling bit inlet ports.
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Summary. The present research proved that in principle it is possible to drill horizontal
wells using the pellet impact method.

Analytical dependencies have been obtained that characterize drilling efficiency
depending on the angle of wellbore inclination.
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Fig. 4. Dependence of the volume of the drilled well on the number of pellets

involved in the drilling process at different angles of inclination of the drilling bit

Puc. 4. 3aBucumocts o6beMa MpoOypeHHOH CKBaKMHBI OT KOJIMYECTBA IIApOB,

Y4YacTBYIOLIMX B Iporecce OypeHHs, NPU pa3HbIX yIIaX HakIoHa OypoBOro
CHapsa

The presented results make it possible to state that the effect of gravity on the
distribution of pellet impacts against the bottom of the well is insignificant. Even when
drilling horizontal wells, the cylindrical shape of the wellbore will be retained.
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Hccinenopanue 3(ppeKTHBHOCTH paspylieHUsi TOPHOIi NOPObI
B npolecce OypeHHus CKBaKUH IAPOCTPYHHBIM CIOCO00M
NMPHU Pa3HBIX YIVIAX HAKJIOHA CTBOJIA CKBAKUHBI

Hcaes E. JI.!
! HaupioHanbHbI# uccienoBarenbekuit TOMCKuii monnTexHuueckuii yausepeuret, Tomck, Poceust.

Pecgpepam
Beeoenue. Hszsecmen wapocmpyiinuvlii cnocob 6ypenus ckeaxcun. Paspywenue 2opHou nopoowvl npu
wWapocmpyuHom cnocobe OypeHust RpoUCXooum noo Oelicmauem yoapos Memauiiuieckux uwapos. Pabomoi
N0 HAKJILOHHO-HANPABNIEHHOMY GYDEHUIO CKGANICUH WAPOCMPYUHBIM CNOCOGOM YCHEWHO NPOBOOUNUCH
A. B. Veaxoevim u noxasanu nonoscumenvuviil pezyivmam. OOHAKo 6 ceoell pabome ucciedo8amens
He yoenun O00CMAamoyHO020 GHUMAHUSL CHEHO08bIM 1a60pamopHuim ucciedosanusm. Omcymcemeyem
unpopmayus 06 sphexmusnocmu OYypeHuss wapocmpyliHbiM CnOco60M NPU PATULHBIX Yelax HAKIOHA
CMBOJLA CKBAIICUHDL.
Lenv padomwlr. Hccneoosamv 3¢pghexmuenocmv paspyuienusi 20pHOU HOpodvl 8 npoyecce Oypenus
CKBAICUH UAPOCPYUHBIM CHOCODOM NPU PAZIUYHBIX YILAX HAKTIOHA CIMEOLA CKEAJICUHbL K 6EPMUKAIU.
Memoodonozus. /[ nposedenus UCCred08aHuil CRPOEKMUPOSAR U U320MOGIeH 1a00paAmopHblll CMeEHO.
B koncmpykyuu nabopamopnozo cmenoa obecneyugaemcs 3aMKHYMAs YUPKYISYUS NPOMbIEOYHOL
AHCUOKOCMU C YOaneHUueM GblOyPeHHOl Nopodbl NOCPEOCMBEOM 2pAsUMAayUoHH020 ocadcoenus. CmeHKu
CKGAICUHBL UMUMUPYem MpyoKa u3 OpeCmeKid, PACNIONCeHHAsT GHYMPU MEMALIUYeCcKo20 CMAKaHd.
Hccnedosanus nposoounucy Ha 06pazyax Kepamudeckou NAUMKU, UMUMUPYIOWUX 20PHYIO HOPOOY.
Onpeoensicsa obvem 8blOYPeHHOL 3a OUHULY 8PEMEHI NOPOObl NPU BAPLUPOBAHUU MACCHL NOPYUL UAPOS
U yena HaKioHAa CHAPsIOA K 6EPMUKAIU.
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Pesynvmamut. Bnepsvie yCmaHo61eHA 3aKOHOMEPHOCHb MENCOY VelOM HAKIOHA CMEONd CKEANCUHbL
K 6epmuKanu u 3¢hhpeKmueHoCbIo paspyuienusi 20pHoL NOpoObl npu OYPeHUU WaAPOCMPYUHbIM CHOCOBOM.
Ilposeoeno 4 cepuu sxcnepumernmos npu senumuwix yenax 0°, 30° 60° u 90°. Yemarnoeneno, umo 6ypenue
WapoCMpyuHbIM CHOCOOOM 603MONCHO NPU YeNAX HAKIOHA CMBONA CKBANCUHBL K 8EPMUKANU 8NIOMb 00
90° (copuzonmanvhulii cmMeon), NPU IMOM C YEeIUUeHUeM 3eHUMHO20 Yyena 3¢hgexmusnocms Oypenus
nosviwaemcs. Ilo0depicusaemcs YuruHOpU4eCcKas Gopma cmeona CKEAXCUHbL.

Bui6oowt. [onyuennvie pe3ynvmamoi pacutupaiom nomenyuaibHylo 061acms npUMeHeHUs Wapocmpyiino2o
cnocoba 6ypenus u Yyuuaom 3@ eKmueHoCms NPOSHOUPOSAHUS dPPekmusHocmu OypeHus npu
CMpOUmenbCmee HaKIOHHO-HANPAGLEHHBIX CKBAICUH.

Knrouesvle cnoea: paspywienue 20pHbIX NOpOO, HAKIOHHO-HANPAGLEHHOe OypeHue;, WapocmpyiiHoe
Oypenue;, MemaLIuecKue wapsl; meepoble 20pHble HOPOOb.
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LleonuTbl — HETPaAMLIMOHHBLIN MHOTOLIENIEBON BUA, arpOXMMUYECKOTO
Cbipbs Ha Tepputopun fanbHero BocTtoka

CknsaposaTl. ®.!
" MHeTutyT ropHoro aena [BO PAH, r. Xabaposck, Poccust
e-mail: sklyarova@igd.khv.ru

Pegpepam
Axmyanvhocms. B ykpennenuu cuvipvesoll 0a3vl cenbCcko20 X03AUcmea Hapady ¢ mpaouyuoOHHbIMU
(azomuo-gocoprvimu, opeanuueckumu) OOAbUWIASL POTb OMBOOUMCS U HEMPAOUYUOHHBIM GUOAM
azpoxumuyecko2o coipvs. K Hum mModcHo omuecmu yeoiumsl, 6EHMOHUMbL, Nepaumsl, OUAMOMUMbL U
opyeue, npumenenue KOMopuix UMeem NnoLoNCUMELbHbIL ONbIM NOGbIUEHUS. NA000POOUsL U VIIyUULeHUs]
cmpyKkmypul nous 6 nauiell cmpane u 3a pybexcom. Haubonee uzyuennvie yeoaumsl npucoouvl Ois
MHO20Ue1e8020 UCNONb306ANUSL 8 KAYeCmEe MeIUOPAHMO8, NULesblx 006A80K K KOpMAM, OJisl OYUCKU
60006l U OPY2UX Yelell 8 COOMBEMCMBUL C UX MUHEPATIbHLIM COCMABOM U 0COBEHHOCMAMU CMPYKMYPHO20
cmpoeHus.
Iens uccnedosanus — npugieyenue GHUMAHUSL XO3AUCMBEHHbIX OP2AHO8 K 0CE0CHUIO MECHOPOICOCHULL
Yeonumos u NPaKmuyeckomy UCHONb306AHUI0 YEOIUNOB020 Cblpbsl OJil HYICO CelbCKO2O XO35UCMEd
u Opyeux cgpep npousgoocmea.
Memooonozus uccnedosanusn. B naubonee usyuennom [lanvneeocmounom pecuowe 0 pazpabomku
pazeedarno 14 mecmopodxcoenutl yeonumos ¢ obwumu 3anacamu 6onee 1462 man m, cocmasiaowumu
no xamezopuam A+B+C, 97,82 % (581 242,6 mwic. m) om 3anacos Poccuu. [na onpedenenus
NPUSOOHOCIU  YEONUMCOOepICAuUXx — Nopoo Ol ASPOXUMUYECKUX — yedeidl  NPOaHAIUUPOBAH
Gakmuueckuii mamepuan no ux QU3UKO-XUMUYECKOMY U KOIUYECMBEHHO-KAYeCMBEHHOMY COCMASY,
Memooam 0602awjenus YeorumcooepHcauieco Colpbs, Cnocobam papabomku MecmopoicOeHull
U Opy2umM MexHuUKO-3KOHOMUYECKUM NOKA3AMENSIM.
Pesynomamer. [lo pezynomamam 3KCHEPUMEHMALbHBIX UCCIE008aHULl Hauboiee nepcnekmusHbIMU
mecmopooicoenuamu asnsiromes Cepedounoe (Xabaposckuii kpati), Uyeyesckoe ([Ipumopckuii kpatii),
KOMopble IKOHOMUYECKU 8bl200HbL 0151 pA3PAOOMKU U OMKPBLIMOU 000bIYU NONE3HbIX UCKONAEeMbIX.
Bui6oowl. [Jeonumcooepocaujee KoMnIeKCHOE Cblpbe DPEKOMEHOYemcs OJisi WUPOKO20 NpUMeHeHUs
6 A2POXUMUYECKOU, CMPOUMENbHOLL, CENbCKOX03AUCMEEHHOU U Opyeux chepax.

Knroueswte cnosa: yeorumoi,; azpoxumus; azpopyost; nepcnexmuent; darsuuti Bocmok.

Hean padotel. HacTosiiast paboTa BBINOIHEHA C 1O TPUBJICYb BHUMAHHE XO35IH-
CTBCHHBIX OPTraHOB K OCBOGHHUIO MECTOPOXKICHUHN IICOMUTOB U MPAKTUUYECKOMY UX HC-
TIOJIH30BAHHMIO JIJIS YOBIETBOPEHHSI TOTPEOHOCTEH CEIhCKOTO X035iCTBa U IPyrux cdep
TIPOM3BOJICTRA.

BBenenue. B mHTCHCHUKAIINN BCEX 3BCHBEB CEIHCKOXO3SMCTBEHHOTO TIPOM3BO-
CTBa TPOBOIATCS MEPOIPUATHS 0 YKPEIUICHUIO ChIPhEBOH 0a3bl, MPEXKIE BCEro IS
MPOU3BOACTBA TPAAUIIMOHHBIX MUHEPATILHBIX YI0OpeHuit, KopMoa00aBok (pochopuTos,
arnaTuToB, KAPOOHATHBIX TOPOJ], KAJIMii- U CEPOCOIACPIKAIINX ), @ TAKIKE OPraHUMICCKIX
BEIIeCTB (Topd, canporieny) ¢ MPUBICYCHUEM HOBBIX HETPAJAUIIMOHHBIX BUIOB MUHE-
PABHOTO CHIPBS: IIEOTUTOB, OCHTOHUTOB, MIEPIUTOB U JAP., KOTOPBIE MOTYT HCIIONB30-
BaTbCs HE TOJBKO B KAY€CTBE MECTHBIX MUHEPAIBHBIX YIOOPEHHH, HO M KaK IPUPOTHBIE
Marepuabl, 001 ar0IIue YHUKAIBHBIMU CBOWCTBAMU OMOCTHMYJISITOPOB, CTPYKTYpO-
oOpa3oBarereii Moy4B U T. JI.

B pabote mpuBeeHBI CBEICHUSI O COCTOSSHUM MUHEPAIBHO-CHIPHEBOM 0a3bl I1E0JH-
TOB, XapakTepu3ylommxcs B JlallbHEBOCTOUHOM perMoHe HamOoliee 3HAYUTEIbHBIMU
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MacirabamMy pa3BUTHS B COCTaBE PA3HOBO3PACTHBIX OTJIOKEHUH (BEPXHUI MeI—HEOTeH )
Y COCTaBJIAIOIMX 10 CTETIEHH Pa3BeAaHHOCTH U OCBOEHHOCTH Ooree 97 % oT 3amacoB 1o
Poccun.

XapakTepucTika MecTopokaeHuil neoanTos JlansHero Bocroka. L{eonutconep-
JKalue mopozs! Ha Tepputopun JansHero Boctoka pa3BUTHI JOBOJIEHO HIMPOKO B TY(O-
TeHHO-0CaJOYHBIX U BYJIKAHOTCHHBIX OOpa30BaHUSIX MO3AHEMEIOBOIO—YETBEPTHIHOTO
BO3PACTOB BYJIKaHWYECKUX MOSCOB U NMPUIIETAIOIIMX K HUM palioHOB. B reHeTmueckom
OTHOUIEHUH MPOMBIIIUICHHBIE MECTOPOXKICHHS LIEOJTUTOB OTHOCATCS K JIBYM THIIaM: Ji1a-
TeHETUYECKOMY (BYIKaHOTEHHO-0CAJI0YHOMY) U THIPOTEPMAaIbHO-METACOMaTHUECKOMY.

B lanbHeBocTouHOM (peepanbHOM okpyre B nipenenax Pecyonuk Caxa u Bypstus,
3abaiikanbckoro, Kamuarckoro, Xabaposckoro u [Ipumopckoro kpaes, MaragaHckoi,
Awmypckoit u CaxanmuHckoii oOnacteld 1 YyKOTCKOT0 aBTOHOMHOTO OKpyra [ocynapcTBeH-
HBIM 0aJ1aHCOM 3aI1acoOB MOJIE3HBIX HCKOMTAEMbIX YUUTHIBAIOTCS 14 MECTOPOXKACHHH LIE0-
JIUTOB C CyMMapHBIMH 3aIlacaMy IIE0JIUTCOEPKAIMX MOPOJ [0 pa3BeIaHHBIM KaTeropy-
am 1 462 2983 teic. T. K pacnpeneneHHbIM (OHAAM, YaCTUYHO pa3padaTbiBacMbIM,
oTHeceHs!: B SIkyTnn — Mectopoxaenne XoHrypyy (OOO «Cynrapueonut»), B [Ipumop-
ckoM Kkpae — MmectopoxaeHne Uyryesckoe (3AO «llpumopckas ropHOpyaHast Komra-
HuUs»), B CaxanmHckoi obnactu — Yexosckoe (yuactok ToOyTckuit, TOO «Caxueonuty,
«Henpa»). B 2018 . noObua Besnach Ha 2 MECTOPOXKICHUSIX: XOHTYpyy (SAxyTns) —
37 ThIC. T EONUTOBBIX MOpoA U XonuHckoe (Moxelckuii yyacTok) B 3a0aiiKanbCKOM
kpae — 1 Thic. T. B HepacmpeneneHHoM Qonze, B TpyIIe HE NMEPENaHHbIX B OCBOCHHE,
yuuThiBatoTcss 10 MeCTOpOXKIEHHH LEOIUTOB ¢ CyMMapHBIMU OalaHCOBBIMH 3ariacamu
kar. A+B+C, — 564 535,7 teic. T, C, — 798 630,7 ThIC. T, 3a0anaHCOBBIMU — 81 335 ThIC. T.
Pa3BenanHble MECTOPOXKIECHUS AJIs1 OTKPBITON OTPaOOTKH (HE MepelaHHbIe B OCBOCHHE):
®nopa (Maramanckast 001.), [Tactoumnoe (Uykorckuii AO), SArogaunckoe (Kamuar-
cKkuii kpait), Banrnackoe n Kynukosckoe (Amypckas 00:1.), Cepenounoe (XabapoBckuii
kpaif), yactuuHo Yyryesckoe (IIpumopckuii kpaii), Jlrotorckoe (CaxanuHckass oOI.)
(tabm. 1).

CymmapHBbIe OallaHCOBBIE 3amachl LHEONIUTOB Mo JlanbHeBocTOUHOMY (eneparbHOMY
OKPYTY cOCTaBJIsAtoT 1o kareropusam: A+B+C, — 581 242,6 teic. T (97,82 % ot 3anacos
no Poccun), C, — 799 720,7 thIC. T, 320anancosbie — 81 335 Thic. T. CymmapHas 100br4a
B 2018 1. cocraBma 10 thic. T (20,41 % ot moObram o Poccum).

IIpuponnbIe e MTHI — CPABHUTEIHHO HOBBIM THII MOJIE3HBIX HCKOIIAEMBIX, 3TO MHU-
Hepasibl, 00pa30BaHHBIE 32 CUET MPEeoOpa30BaHUs CTEKIIA Ty(OB, HX HCIOIb30BaHUE B
MIPOMBIIUIEHHOCTH U CEITbCKOM XO3SIHCTBE Hayanoch TOJBKO B 1960-e roasl. I1o ycmosu-
M 00pa30BaHUs LIEOJUTHI OTHOCATCS K JBYM I'€0JI0TO-IIPOMBILIUICHHBIM THIIAM: THAPO-
TepMaJbHO-METAaCOMaTHUECKOMY, CBA3aHHOMY C BYJIKAHUTaMH PHOJIUT-AALMTOBON Gop-
Mallud, M T03AHEANAareHETUYECKOMY, IPOSBIEHHOMY B BYJIKAaHOTE€HHO-OCAJOYHBIX
nopozax. K 1eonuToBeIM pyaM OTHOCATCS! BYJKaHOTEHHBIE ITOPOABI, COAECpKaIlUe OT
15 no 100 % MuHEpanoB rpymnIiel HEOIUTOB. I TaBHBIMH Pa3sHOBUIHOCTSMU NMPUPOAHBIX
LEOJIUTOB, UMEIOLINX MPAKTHUECKOE 3HAUCHHUE, SIBIISFOTCs KinHonTuinoiaut (Na-K), mop-
nerut (Na-Ca) u mabasur (Ca). OHU OTHOCSTCSI K TPYIITIE KAPKACHBIX BOJAHBIX AJFOMO-
CHJIMKATHBIX ILENOYHBIX M IIEJOYHO3EMETIBbHBIX METaJUIOB, OOJIaJaloIINX BBICOKHMH
COPOLIMOHHBIMH, HOHOOOMEHHBIMH U KaTAIUTHYECKUMHU cBoiicTBaMu. [lpu xapkacHOM
CTPOEHHH BO BHYTPHUKPHUCTAJUTMYECKOM MPOCTPAHCTBE IIEOIUTOB 00pa3yercsi cucTeMa
MHKPOIIOIOCTEH, B KOTOPBIX PACIIONararoTCsl MOJIEKYJIbI BOABI M1 OOMEHHBIE KaTHOHBI.
[TiotHOCTB, 0OBEMHAs Macca U 00I1asi HOPUCTOCTh ATHUX MTOPOA COOTBETCTBEHHO PaBHBI:
2,29-2,62 r/em?, 1,54-2,14 r/em3 n 16,04-37,75 % [1-9]. ConeprkaHne OCHOBHBIX XUMH-
YECKUX KOMIIOHEHTOB B LEOMMTOBBIX nopopax: SiO, — 60-80 %, AL,O, — 11-13 %,
Na,0+K,0 - 2,5-5 %, H,0 — 12-14 %, Fe,0, — 0,5-4,5 %, CaO - 2,5-5 %, MgO — no
1,5 %, mpumecu THTaHa, MapraHIa u ap.
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Ta6uuna 1. XapakTepuctuka MecTopoxkaeHuii neosmtos Jlaasnero Bocroka

Table 1. Far Easter

n zeolite deposits characteristic

MecropoxaeHue,
MpEANPUsITHE

Pynosmematommue
(dopmaruy, Bo3pacTt

XapakTepUCTHKA OPYICHEHUS

BanancoBble 3amacel Ha
2019 r. (cymmapHBIe).
CrteneHb OCBOCHHOCTH

YykomcKkuil a6MOHOMHBII OKPY2

[Macroumuoe (Ycrb- | AneBponntel, 1ec- | LleonurmsupoBanusie Tyder B |7 198 THIC. T.
Maiiuckoe), YaHWKA ¥ Ty}l |Buge 7 MIACTOB MOMHOCTRIO 20— | Paspenannoe.
JeBOOCPEIKHBIH  pY- | KUCIIOTO coctaBa|70 M, IPOTSKEHHOCTbIO 2—4 KM. Hepacrnipeenenbrii
KaB p. AHazgpIps, [(K2) ConepxaHue EONUTOB (KIMHOII- bor
HanpoTHB YCTbs P. THIIONNTBI) — 10 82 %, oObeMHast P .6
Maitu Macca 1,89 r/cm®, morooOMenHas | - CHTAOCIBHO JUIA
eMKOCTh 142-222 mMr-sk/100 r | OCBOCHUA
Maeaoauckas obracmes
®dnopa Heonurconepxamue | LleonauroBoe cripbe 12 931 ThIC. T.
HOPOABL  TMAPOTEP- Hepacnpenenennsrii
MaJIbHO-MeTacoMa- ¢boHn
tuueckue (Ko2)
Amypckas obracmo
Kynukosckoe, Bynkanuueckue Bepxusas u  HwxHA1  3anexu |90 266 Thic. T — CyM-
1,5 kM ot c. Kynu-|cTexna, LEONUTH3M- | IEOIUTH3UPOBAHHEIX  (KIMHOP- | MapHbIE 3arackl.
koBckoro, [IpaBoOy- | poBaHHBIE Ty(BI, | THIOJIUT-MOPCHHT) MOPOA. | HepacupeneaeHHbiit
peuHCcKui paiioH BUTPOPUOIATHL,  MX | Bepxmsis  3amexb:  IUIOWAND | dyory
- 2 )
sascoperau, | 078, wouoets 207 W ororosseme
2 pen ACp 0 OCBOCHHIO

37 %; nepBas U BTOpas HIDKHSS
3aJICKM  COOTBETCTBEHHO:  JUTMHA
1500 u 1300 M, mmpuxa 600 M,
MorHocTh 17,2 u 16,8 M, cpennee
cozieprxanue 1eonutoB 42 u 43 %

Banrunckoe Tydomnecuanuku, eonutn3upoBaHHble MOPOABI B
Ty(Bl JaUTOBOTO M |BUAE Tpex 3ajexell c ooOrmeit
AHJE3UT-IAUTOBOTO | IPOTSHKEHHOCTBIO 4 KM, MOIIHO-
cocrana (K2) creto  15-20 M. Copepxanue
1IE0JIUTOB (KJITMHONTHIIOJHT)
40-96 %
Xabaposckuii kpati
CepenouHoe, Kucnsle nupoxnactsl | LleonutuzupoBanHbie TydHI | 52 193 THIC. T.

12 kM ceBepHee cena
MunokeHTheBka, Hu-
KOJIaeBCKUH paiioH

JIMIIAPUTOBOTO,
JAIUTOBOTO COCTaBa,
MomIHOCTEI0  420—
510 M, BBIIOJNHSIIO-
uue Hckunckyto
nenpeccuto  (K2-N)
THAPOTEPMANbHO-
METaCOMaTH4ECKOT'0
THIA

JIUMAPUTOB, JAIUTOB KIMHONTHU-
JIOTUT-MOHTMOPHJUIOHUT-MOP/IC-
HHUTOBOT'O COCTaBa B BUJIC JIMH3 U
miactoB. Beimeneno 3 3anexu
MPOTSDKEHHOCTRIO 2,5 KM, 2 KM,
1 kM, MoIITHOCTBIO 710 58 M, 24 M,
36 m. CogmepkaHHe IICOIUTOB:
66,6; 58,4; 62,9 %

PasBengannoe.

He nepenaunsl B ocBo-
eHne

Tpumopckuii kpaii

Yyryesckoe,
000 «IIpumopckwmit
LEOIUT»

ByixaHoreHHble

MOPOJBI:  PHOJIUTEL,
TIEPIINTHI, TydBI,
TypoOpeKunn, IaBo-
OpeK4ny, BBINOIHSI-
IOIIHe BIAIHY
IIUPHHON 70 2 KM,
HPOTSDKEHHOCTBIO

7 kM (K2)

LleonuTH3MpOBaHHbIE Tydo-,
aBOOPEKYNH  MOIIHOCTBIO IO
55 M c coaepXKaHHEM LIE€OJIUTOB
40-70 %, KIMHONTUIOIUT-MOP-
JEHUTOBOTO  (KaJabLMH-HATpUii-
KaJINeBOT'0) COCTaBa

FO>xHBI ydacToK.
1144 TteIC. T (pa3pa-
OaThIBaeTCs),

19 535 thIC. T (HE-
pacnpeneneHHbIi
¢doHm).

IIporHosusie pecyp-
Cbl — 26 MJIH T
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banancosblie 3amnacel Ha

BEIE BYJIKAHHYECKHE
Typsr B  cocraBe
BYJIKAHOT'€HHO-
TEPPUreHHBIX
mwiekcoB (N1)

KOM-

[lerponasnosckuit (KpacHomon-
ckuii 1acT guuHOM 2600 M,
MOIIHOCTBIO 7—8 M, cofepkaHue
neonutoB 42-63 %). 3apedHsrit
(tpm  mnacta:  OTOHBKOBCKH,
nmuHa 1950 M, MomHOCTH 3 M,
cofep>kaHue 1eouToB 53—74 %;

b. OronskoBckuii, mmiHa 2990 M,
MomHocTh 10 10,8 M, conmepxka-
Hue 56 %; IlapTuzanckuii, mor-
Hoctb 80-90 M, coxepxaHue
neonutoB 34-56 %. Ileonutusu-
poBaHHBIE Ty(]El, mromans 24,6
KM%, yIeNbHas NPOAyKTHBHOCT
2,65. CopaepxaHue II€OJUTOB
(xnuHONTUIONMUTOBBIX) 50—60 %

MecropoxkieHue Pynosmemaromue
PO ’ yA Hatont XapaKTepuCTUKa OpYAECHEHUs 2019 r. (cymMapHble).
NIPEANpUATHE (opmaruy, Bo3pacT CTeNCHD QCBOCHHOCTH
Caxanunckas obracme
Jlrotorckoe, BynkanorenHo- LeonurusupoBaHHbIe TydsI |49 635 THIC. T.
UYexoBckoe, TEPPUTCHHbIE  KOM- | (KIIMHONTWIOIUTOBBIC) Ha JBYX HepacrnpeneneHHbIi
AHUBCKHH paiioH wiekckl (Pg), mermmo- | ygacTkax. oHL.

He nepenansl B ocBO-
eHue.

IIpornosueie pecyp-
Cbl — 58 MJIH T

Kamuamckuu kpaii

JeHus1), B 45 KM OT
XK.-I. CT. Mor3ox

[ussIpTyiickoe,
banunckoe

SIrogHUHCKOE Heonurconepxamue |Leonursr no 40-75 %, mnpen-|19 728,4 ToIC. T.
Ty}l  MOLIHOCTBIO | CTABICHbl KIMHONTUIONHTOM  C | HepacmpeneleHHbIi
or 40 mo 100 M, |npHMeCHI0 MOpIEHNTA doH.
ggiigmaeM;éeHHs;; ITporHo3Hsle  pecyp-

p Cbl 10 50 MJIH T
(Pg)
Pecnybauxa Caxa (Axymus)

XOHTYpYY, Heomurconepxamue |[Ipurognsr B kauectBe ancopO-|11 302 Teic. T.

00O  «CyHnrapueo- | Tydsl, IPOAYKTHBHAS | IHOHHOTO CBIPbS, MHHEPaJIbHOI HepacrpeeneHHslit

mut»,  KemmeHgsii- [Tomma —  YeTHIpe | TOAKOPMKH, CTPOMTEIBHBIX | dhoy.

Il leoTonec TS ougioeo | arcpis

p » Cpel oA ’ > nepuoauyecku (2018
TeueHue p. Buioit coliepKaHUe  KIU-
r. — 9 ThIC. T).
HomTunonuta or 70 .
710 80 % POTHO3HBIE pecyp-
cbl — 10 40 MIIH T
Pecnyonuxa Bypsmusa

Myxop-Tamuuckoe, |KommnekcrHoe mep- | Bypeikuackuit ydactok paspada- | 1755 Teic. T

OAO «Ilepaur» JIUT-IIE0JIUTOBOE TeIBaeTCs ¢ 1954 T. OTKPBITHIM
MECTOPOJK/ICHUE croco0OM Ha HMepIuT
LEONUTU3UPOBAHHBIX
Ty(hoB

3abatikanvckuii kpail

000  «Xomuuckue | eomurconepkammue |LleomuroBoe ceippe. Cpennee | 14 668,9 TrIC. T (pas-

LEOTUTHD» Ty(bl, MOIOro3aje- | ColepKaHUe LEOTUTOB (KIHHOI- | pabaThIBaeTCs).

(Moxeticknit y4a- | raroiee Teao MOLL- | TUIONUT ¢ MOpIAeHHTOM) 50-60 % | 368 847 Thic. T (He-

CTOK, yuTeHbl ['ocOa- | HOCTBIO JECATKH pacrpe/eeHHbIH

JIAaHCOM 3 MECTOpPOJK- | METPOB (oHm)

1181 982 ThIC. T
(HepacmpeneneHHbII
(dhoHI, He IepeiaH-
HBIC B OCBOCHHE)
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DU3NKO-XUMHUYECKHE CBOICTBA MPUPOIHBIX IE0JIUTOB SBISIOTCS ONPEACIISIONIN-
MH B UX IPUMEHEHHH. Vcronp30BaHKE LEOIUTOB B KAYECTBE MEJIHMOPAHTOB OCHOBAHO Ha
UX BBICOKO# H30MparebHON ClIOCOOHOCTH ancopOimu KpynHbix KarnoHoB NH* u K* u
HOCTIeTYIONIEH MEUICHHOM oTiaue ux pacteHusiM. loHoOOOMEHHBIE CBOMCTBA, OTIpe/ersie-
MBI BEJIMYMHON OOMEHHOW €MKOCTH, BBIIIE y OJHOBAJICHTHBIX KaTHOHOB IIO CpaBHE-
HUIO C JBYyXBaJIEHTHBIMH, OOJbBIIEH aJCOPOIMOHHON CIIOCOOHOCTRIO K BoJe 00IaaatoT
Ca-Na, yem K-comepxamme neonutsl. Haubosbpliee nmpakTadeckoe 3HaYeHUE UMEIOT
MECTOPOXK/ICHHSI BBICOKOKPEMHHUCTBIX IICOJMTOB — TeHIaHAWTa, KIMHONTUIIOJHNTA,

Ta6uuna 2. [IpumMeHeHne HeTPAAMIMOHHBIX BH/I0B MUHEPAIBHOIO ChIPbS JJIS1 HYK/ CeJIbCKOIro
X03M1licTBa

Table 2. Unconventional mineral raw materials for agricultural use

MI/IHepaJ'II)HI)Ie BUbI HCTPAJAUIIMOHHOTO U HOBOT'O

HampapieHust HCHONIB30BaHHs
CBIPbS

TIpupoonvle adcopbyuonnvie mamepuansl

KOpMO,I[O6aBKI/I ]_ICOJ'[I/ITI)I, 6eHTOHI/ITBI, NaJbI'OPCKUTHI, Calpo-
TICJIA, TPENEJIbl, TUaTOMUTEI

Kunkue cycrieH3nOHHbIE yROOpeHNUS IManbIropcKuThl, OEHTOHUTHI, JUATOMUTHI, Tpe-
TeJIbl

HOCI/ITCHI/I, HaITOJTHUTEJIIN U TIPOJIOHIaTOPBI ]_ICOJ'II/ITLI, JAUATOMUTHI, TPENEIIbI, ONIOKH, IEPIIN-

JieficTBUS yI00peHwid TBI, BEPMUKYJIUTBI, TAJIBITOPCKUATHI

AncopOeHTH B ouncTHTeNn (Macel, cupo- | LleonuThl,  Oman-KpHUCTOOATUTOBBIE  TOPOJIBI,

OB, MMUTHEBBIX U CTOYHBIX BOM H T. 1.) TJIAyKOHUTBI, ATBITOPCKUATHI

CtuMyJsITOpEl pocTa phid W ouucturenu | LIeomuTsI, rIayKOHUTHI

BOJIOEMOB

Yoobpenus u meauopanmut

MectHble yno0peHust Canporenu, TOpHOBUBHAHHUTHI, TJIAYKOHUTHI

MenuopaHTHI B CTPYKTYPOOOpa3oBaTelIn I'maykonuT-pochaTHbie u 1Ay KOHHT-
KapOOHATHBIE TOPOJBI, IECONUTHI, OCHTOHUTEHI,
BEPMUKYJIUTBI, MAJBITOPCKUTHI

ChIpbe I POU3BOCTBA YI0OPCHUIT CBIHHBIPUTHI

MuHepasbHble TOAKOPMKH U3BectHsik, Mel, GocdaTHbIE MTOJKOPMKH

Onyopusarowjue u 2uOPONOHHbLE MAMEPUATBL

OmnyipuBanue, IPaKUPOBAHUE CEMSH BepMUKYITHT, MaIbITOPCKUT, IIEOIUT, THATOMHUT,
TePITUT

AHTHCISKHUBATENN YAOOpeHNUIT JIMaToOMUT, TabKO-MAarHEe3HT, [EOJIHT, ePIIHT

T'uponoHHbIE MaTepHAIIbI BepMUKyJIUT, IEPIIUT, IEOJUT, AIBITOPCKHUT

MOPACHUTA, MECTOPOXKICHUS U MPOSBICHUS KOTOPBIX JOBOJBHO IIHPOKO H3BECTHHI
B rpernenax perrioHoB [lanpHero Bocroka. OHM mpencTaBieHp! AByMS OCHOBHBIMHU T'€0JIOTO-
MIPOMBINUICHHBIMI THUIIAMHU: THAPOTEPMAaIbHO-METACOMATUIECKIMH, CBS3aHHBIMH C
BYJIKaHUTaMH1 pHOHHT-}I&HHTQBOﬁ q)OpMaI_II/II/I, " MMO3JHCANAIr€CHETUYCCKUMHU, CBA3aHHBI-
MU C BYJIKQaHOT€HHO-0CaI0uHbIMU TTopogamu [10, 11].

Hcnonp3oBaHue MPUPONHBIX IIEOJIUTOB B CEILCKOM XO3SIMCTBE TOBOJIBHO MHOIO-
obpazHo (tadm. 2) [1, 2, 12-15].

B 3emnedenuu — B xauecTBe MEITMOPAHTOB /IS TOBHIIIEHHUS YPOXKAHHOCTH CEITHCKOXO-
3SHUCTBEHHBIX KyIbTYyp. Lleomutsl B kKommaecTBe oT 0,5 mo 10 T/ra BHOCATCS B TIOYBY CO-
BMECTHO C MUHEPAILHBIMU WJIM OPTaHUYECKUMHU YIOOpeHHsME vin 6e3 HUX. DTO CIo-
COOCTBYET YJIyUIICHHUIO CTPYKTYPBI TIOUBBI, YBEIUYMBACT €€ MPOHUIAEMOCTh, YTO OCO-
OEHHO OJTarOTBOPHO ISl TSKEJIBIX IIMHUCTBIX M CYDIMHHUCTBIX TpyHTOB. O0nanaromme
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BBICOKAM CPOJICTBOM K KPYITHBIM KaTHOHAM, IICOJHTHI aICOPOUPYIOT BayKHEHIIHE dIie-
MEHTBI IMTaHUsI PACTEHHH, B YACTHOCTH a30T U KaJIWH, a 3aTeM MEJJICHHO OTIAIOT UX BO
BpeMsl pocTa pacteHuil. braronapst 3ToMy nonBukHBIE (POPMBI MUHEPaJIbHBIX ynoOpe-
HUI COXPaHSAIOTCS OT BBIMBIBAHUS, CPOK UX JCHCTBHSI MPOUICBACTCS B HECKOJIBKO Pas.
IeonuTs 3a cueT 0OOMEHA B HEKOTOPOW CTETIEHH CHIKAIOT KUCIOTHOCTH IOYB, CIIOCO0-
CTBYIOT BoZOy/iep>kanuto. [IpoBeieHHbIE Tab0opaTOpHBIE W MOJIEBBIE UCTIBITAHHS TIPHUME-
HEHUS [IEOJUTOB B Pa3iIMYHBIX MOYBEHHO-KIMMATHYECKUX 30HAaX (OT 3akapmarbs 10
CaxanuHa) mokasaal yCTOHYMBOE MOBBIIICHHE YPOKaHHOCTH 3€PHOBBIX — Ha 5—15 %,
OBOIIHBIX KynbsTyp — Ha 1020 %, nnorga no 50-80 %.

B sicusomrnosodcmee — B xkauecTBe qUETUIECKUX T00ABOK B KOPMA )KUBOTHBIX M TITHIT
C LEJTBIO YBEJIMYEHUS UX MPHPOCTA U MPOAYKTUBHOCTH, YMEHBIIIEHNS 3a001€Ba€MOCTH U
CHIDKEHHSI PacXoioB KOpMOB. VX mprMeHeHHe MPUBOIUT K YBEIHMUCHUIO NIpUBEca Ha
3-5 %, yMeHbIIeHHIO 3aTpar kopMoB Ha 2—10 %, moBeImeHuto sirieHocHoctr Ha 30 %,
cHmkeHuro nmagenus Ha 50 %.

B pvi60600cmee — st COXpaHHOCTH MaJIbKOB TIPU MX BBIPAIIMBAHUY 32 CUET COPOIHU
aMMOHWSI U3 PACTBOPOB, KOTOPBIN SBISETCS SAOM IS PBIO.

Buiseoenue moxcuunvix memannog (ceumey, Kaomuil, pmyms u 0p.), HAXOISITIXCS
B TIOUBE, NIPETSITCTBUE UX MOCTYIICHUIO B PACTCHUSI U C MTOCIICAHUMH B TIHIIIEBbIC IICTIH
CeJTbCKOX03MCTBEHHBIX JKUBOTHBIX U YenmoBeka [9—11].

Yayuwenue canumapno-eueuenuyeckux ycioguii B JkKUBOTHOBOJUECKHX U APYTUX ObI-
TOBBIX TIOMEIICHUSX.

Kpome Toro, mpaktrdecku goka3aHa BeICOKas 3 GEKTUBHOCTH IPUMEHEHHUS IIPUPOJI-
HBIX IIEOJTUTOB BO MHOTHX JPYTHX HANPABICHUSIX CEIHCKOTO XO3SIMCTBA: IS OCYIIKH
BJI2)KHOTO 3€pHA, B KAUeCTBE CyOCTpara B THAPONIOHHUKE, aHTHCIICKUBATEINeH YI0OpeHU
Y HOCUTENEH SJ0XUMUKATOB H T. JI.

Pe3yabTarhl ONBITHO-NPOU3BOACTBEHHBIX MCIBITAHUN LEONUTCOACPKALIUX TY-
(hoB [larbHEBOCTOUHBIX MECTOPOXKACHUN IS arpOXUMHYECKHX IIeJeld U KUBOTHOBOJI-
cTBa. B HacTosee BpeMs B poliecce MpOBEISHUS T€0I0T0Pa3BeIOYHBIX paboT 1 KOJIH-
YECTBCHHO-KAaYECTBEHHON OLIGHKM MECTOpOKIAeHUM neonutoB JlanbHero Bocroka
HAKOIUICH OIPE/ICICHHBINA TOJOKUTENBHBIN OIBIT 10 UX HCIOJIB30BAHUIO B KadeCTBE
MHUHEPAILHOH MOAKOPMKH U YIOOPEHHH.

Mecmopooicoenue Jlromoeckoe (CaxanuHckas 0011.): Ha ntunedadpuke «Ilepomaii-
CKas» ToOaBlieHHEe B KOPM HBILIAT 3 % 1E0NrTa MOBBICHIIO KATETOPUHHOCTh MPOYKIINU
¢ 73,8 no 84,1 %; B CBUHOBOJCTBE — MPH JOOABJICHNH B PALIMOH MMUTAHH K KOpMaMm (He-
3aBHCUMO OT UX COCTaBa 1 KonmaecTna) 1,5-3,5 % 11eonnToB Ha eXXeHEBHYIO YCpETHEH-
HYIO HOpPMY CPEIHECYTOUYHBIN MPHUBEC yBEIUIMIICS Ha 2,5 %, yOoiHbIi BeIxox — Ha 3,4 %,
uMHa Tymu — Ha 7—-12 %; ypokaliHOCTh Kaprodens yemuuwmiack 1o 42,6 1/ra;
IPY BHECEHUH YHCTOTO 1eouTa (pakuun 1-5 mm B konmmuectse 40 r/m? mpubaska ypo-
’Kas TOMaroB cocTaBuiia 0 19 % c yiydiieHreM KauyecTBa IUIOA0B.

Mecmopooicoenue Cepedounoe (XabapoBckuil kpaif), B 28 KM ceBepo-3amajgHee
. HuxonmaeBcka-Ha-Amype. [1o npoBeneHHBIM 1a00paTOPHO-TEXHOIOTHICCKUAM U TIOTY-
MPOMBIIIICHHBIM HCIIBITAHUSIM [IEOJUTOBBIX PY/: B pbiOoX03siiicTBe «bakcyp» mpupon-
HBIE BOJIBI C coziepkanneM Fe?™ 2,76 Mr/ii OuMInaiuch MPOXOKICHHEM Yepe3 [EOIHUTO-
BbI€ (PUIIBTPHI 10 AOMYCTHUMBIX KOHIEHTpauuii ¢ 3 PEeKTUBHOCTHIO OUMCTKH 10 99 %o;
ucneitanusmu B BHUU «Boareo» ycTaHoBIEHO, YTO KIMHONTHIOIUTOBBIE PY/IbI MO-
3BOJISIIOT OCYIIECTBUTH OMHOCTYIIEHUYATYI0 OYMCTKY BOJBI, UCKITFOYMB JOPOTOCTOSIIHE
OTCTONHHMKH; MOPIEHUTOBBIE BRICOKOKPEMHHUCTHIE [IEOTUTHI N3YHYaTUCh IS YITy4IIeHUS
TSHKENBIX OeCCTPYKTYPHBIX TIOUB ¢ BHeceHneM 10 20 T/Ta, 9TO COMPOBOXKAATIOCH MOBHI-
IICHUEeM ypoxKasi 3e€pHOBBIX 10 15,6 %, oomieit mo 12,8 %; mobGaBka k kopmy 5 %
35-40 %-ubIx rieonutos gaet 10,5 % npuBeca *KUBOK MacCHI IBITUIAT.
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[MponsBeneHbl TEXHUKO-DKOHOMHYECKUE pacyeThl OTPaOOTKH MECTOPOXKAEHHS OT-
KPBITHIM CITIOCOOOM C OKYIIaeMOCTHIO B 3 Toj1a, peHTabenbHoCcThio Ooee 30 %. I1pu pac-
YEeTHOM MPOU3BOIUTENBEHOCTH Kapbepa 650 ThIC. T/Tox 00eCIIeYeHHOCTD 3KCILTyaTalioH-
HBIMU 3aracamu kapbepa coctaBut Oonee yeM 130 rer.

Yyeyesckoe mecmopooicoenue (IIpuMOpcKkuid Kpaii): UCCIeTOBaHMSIME THXOOKEeaH-
ckoro ¢ummana @I'BHY « BHUPO» (TMHPO) moka3ana BO3MOXKHOCTH HCIIOIE30BaHMS
LIEOJTUTOB JUTA YAAJICHUs] aMMOHUS M3 BOJBI, OUMCTKH IMTHEBOH BOIBI ropoaoB [ Ipumopss;
B INTHUIEBOACTBe Ha OpoinepHbix ¢(adpukax «Muxaiinosckoit», «HOOuIeiHo»,
«BocTo4yHO» MPUMEHEHNE LIEOIUTOB B KAYECTBE KOPMOBBIX 100aBOK COMPOBOXKAATIOCH
MIPUPOCTOM Beca IBIUIAT A0 22,8 %; B CBHHOBOJICTBE BEC ITOPOCAT TIPU POXKACHUM OBLIT
Bhltie Ha 120—160 r mpu cOXpaHHOCTH MOJIOJTHSKA;, B pACTEHUEBOJICTBE MTPH BhIpaAIIBa-
HUH TOMAaTOB CHIKAJIOCHh KOJIMYECTBO HUTPATOB B OBOIIAX, CTAOMIM3UPOBAJICS KaJHii-
HBIA PEKUM TIOYBBI; Ha OBOIIHOM 0a3e B I. Xa0apOBCKE MOTEPH OT MOPYX YMEHBIIIIINCH
B 4-5 pas.

Mecmopooicoenue Xonzypyy B Pecniyonuke Caxa (SIkyTuns), paspabarsiBacTcsi IEpHO-
muaeckn OO0 «CyHTapueoiuT» B 3aBUCHMOCTH OT 3asBOK moTpeduteneit. [lo kaue-
CTBEHHBIM XapaKTEPUCTUKAM LIEOIUTOBBIE MOPOABI MPUTOAHBI 7Sl UCIIOJIb30BAHMS KaK
aIcCOpOLIMOHHOE CBHIPbE, MUHEPAIbHAs MTOJKOPMKA JUIS PACTEHUH M KUBOTHBIX, B CTPOH-
TeNBHBIX 1eNaX. [01oBas MPOM3BOAUTENBHOCTE MPEANPHUIATUS O J00BIYE IEONUTOB
50 toIc. T, HoTepu 4 %. T0TOBOI poAyKUKEH SIBIsIETCSI Ie0IUTOBas MyKa gpakuuii: 0-3,
3-10, 1020 mm. CognepkaHue IMOJE3HOTO KOMIIOHEHTa B IEpepabOTaHHOM ChIphbE
50-90 %. CebecToMMOCTh €MMHOM TOTOBOM IIEOTMTOBOH TpoAykiuu B 2015 . cocTaBmia
890,61 p./t, onToBas (morosopHas) — 919 p./1.

Mecmopooicoenue Ilacmbuwnoe B UYyKOTCKOM aBTOHOMHOM OKpYTE, IO TpeIBapH-
TENBHBIM OLICHKaM PEHTa0eTbHO 1Sl ocBOeHUs. [Ipy MPOEKTHON MOIITHOCTH TPEIpHs-
tust 100 THIC. T/TOI 00ECIICYCHHOCTS 3aracamu OyzieT J0CTaTo4HoM Oomee yeM Ha 10 nieT.

BeiBogpl. Takum 00pa3zoM, npuBeNeHHBIE B PadOTe MaTepUalbl MTO3BOJISIFOT OTMe-
TUTh, 4TO B J|aTbHEBOCTOUHOM PETMOHE MMEETCS Ha/IeKHas ChIpbeBasi 0a3a MPUPOIHBIX
LIEOJIUTOB, IO KOJIMYECTBEHHO-KAYECTBEHHBIM U TEXHOJOTMYECKUM IOKA3aTeNsIM IpHU-
TONHBIX JUIS IPAKTUYIECKOTO MTPUMEHEHHUS B KaUeCTBE HETPAAULIMOHHBIX BHJIOB arpOXH-
MHYECKOT'0 CBhIPbsI, OTPAaHUYEHHO OCBOEHHBIX JUISI 3THUX LEeNeil.
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Zeolites as unconventional multipurpose mineral fertilizers applied
in the Far East
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Abstract
Research relevance. Unconventional mineral fertilizers, such as zeolites, bentonites, perlites, diatomites,
etc., along with the traditional nitrogen-phosphorus and organic fertilizers, play a major role in developing
the raw material base of agriculture. The successful experience of using unconventional mineral fertilizers
both in Russia and abroad shows the increased fertility and improved structure of the soil. The most
extensively studied zeolites are suitable for multipurpose use as ameliorants, feed supplements, water
purifiers, etc., according to their mineral composition and structural features.
Research aim is to attract the attention of economic authorities to the development of zeolite deposits and
the practical use of zeolite raw materials for the needs of agriculture and other areas of production.
Methods of research. In the best known Far Eastern region more than 14 zeolite deposits have been
explored for development with total reserves of about 1462 million tonnes by categories A+B+C, making
up 97.82% (58,1242.6 thousand tons) of Russia s reserves. To determine the suitability of zeolite-containing
rocks for agrochemical purposes, the actual material was analyzed according to its physicochemical and
quantitative-qualitative composition, methods of zeolite-containing raw materials dressing, methods of
field development, and other technical and economic indicators.
Results. The experimental study results revealed that the most promising deposits are Seredochnoe
(Khabarovsk territory) and Chuguevskoe (Primorye territory). They are economically profitable for
resource development and opencast mining.
Summary. Zeolite-containing complex raw materials are recommended for wide application in
agrochemistry, construction, agriculture, etc.

Keywords: zeolites; agricultural chemistry, agronomic ore; prospects; the Far East of the Russian
Federation.
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O6ocHOBaHMe CTPOUTENLCTBA FOPU3OHTaNbHON CKBaXMUHbI
Ha OHOM M3 MecTopoXAeHU! 3anagHon Cudupu
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1 TroMeHCKmit MHAYCTpUanbHBIA yHUBEpcuTeT (dhunman), r. CypryT, Poccus
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Pegpepam
AKkmyanshocme. B yciosusax ucmoweHus 3anacog yeneeo00pooos 0080IbHO OCHPO COUm npoodnema
yeenuuenus 00oviuu Hepmu. Pewumsv 5my npooiemy MONCHO 08YMA NYyMAMU. pedanu3ayuen 2eon020-
MEXHUYECKUX MEPONPUSMULl No NOBbIUEHUIO Hedmeomoauu niacmog u uHmeHcuurayuu 0oowyu
Hemu u CMpoumenbCmMeom HOBbIX CKEANCUH.
Lenvy uccnedosanusn. B cmamve 0ano 060CcHO8aAHUE CIMPOUMENLCMEA 2OPUZOHMATILHBIX CKEAICUH OIS
000b14U Hedhmu U3 HUSKONPOHUYAEMBIX OMILONHCEHUT AYUMOBCKOU MONUU NO OOHOMY U3 MECHOPONCOEHUT
3anaonoii Cubupu. Paspabomka ykazauHwix 3anedicell Hepmu 6epmuKaIbHbIMU CK8ANCUHAMU NPUSHAHA
HeyenecoobpasHoll.
Memooonozua uccnedosanus. Ha nabopamopnoii ycmanogxe «npon-2000» 6 gpuruane Tromenckoeo
unoycmpuanvhozo yrueepcumema 6 2. Cypeyme GbINOIHEHbl UCCIE008AHUS NO ONpedeneHUio
NPOHUYAEMOCTU KEPHOBO20 MAMEPUANA NPOOYKMUSHBIX NIACMO8 AYUMOSCKOU monwyu. [Iponuyaemocmo
onpedenena Kaxk no 6030yxy, max u no azomy. C yuemom Kpusvix ¢pazosvix npoHuyaemocmeti no ooe,
Hegmu, 6030yXy U A30MY O AUUMOBCKUX OMAONHCEHUL COCEOHE20 MECTNOPOICOEHUS U COOMBEMCMBYIOUUX
IMAUPUYECKUX 3A8UCUMOCHIEN COeNaHbl NPEONONOANCEHUS OMHOCUMENbHO NPOHUYAEMOCIU NO Hedhmu.
Pezynomamut. Paccuuman ooicudaemelii 0ebum 2unomemuyeckol 20pU30HMANbHOU CKEAMCUHDBL
¢ pasHol OUHOU 20PU3OHMANLHOL0 UHMEPBANd NPOOYKMUBHO20 NIACMA.
Buoigoovt. Coenan 661600 0 yenecoobpasHOCMU CMPOUMENbCMEA 20PU3OHMANLHOU  CKBAICUHBL
8 2€07102UYECKUX YCLOBUAX NPOOYKIMUSHBIX OMIONCEHUL AUUMOBCKOU MOTUU OAHHO20 MECTOPOHCOEHUS.

Knrwuesvle cnoea: zopusonmanvhas ckeascuna; pazoeas nponuyaemocmns, 0ebum, 006wviua neghni.

Beenenne. B ycioBusaX UCTOLIEHHS 3alIaCOB YIIIEBOAOPOJOB JOBOJIBHO OCTPO CTOUT
npobneMa yBenuueHus: JoObrun HedTH. Pemenne 3Toi mpoOiaeMbl MpeAronaraeT IBa
MYTH: PEaTN3alMIO I'e0I0ro-TeXHUIECKUX MEPOIIPUSTHII 1T0 MOBBIIEHUIO HEPTEOTAAYH
TUTaCTOB M MHTEHCH(pHKAIH JOOBIYM He(hTH U CTPOUTETHCTBO HOBBIX CKBAYKHH.

ITo onroMy w3 MectopokaeHuit 3anagHoi Cubupu B 2018 . yTOYHEHBI KOHTYPHI
HE(TEHOCHOCTH TPONYKTUBHBIX ILIACTOB, NPUYPOYCHHBIX K aYMMOBCKOHM TOJIIIIE.
[o pesyneraram reosorn4eckux M3bICKAaHUK BBISBICHBI ABE HEOOJNBIINE MO pa3Mepam
3ajexu He(TH, KOTOphIE NpeNnoyiarajiochk pa3palarblBaTh CaMOCTOSITEIBHON CETKON
CKB2)KHH, HO C YYETOM HHU3KOTO KO3 (HUITMeHTa HEDTEHACHIIICHHOCTH U HEOOIBIINX
TEOJIOTHUECKUX 3aMlacoB HEPTH B COYETAHUH C HU3KUMH (DMIIBTPAIIMOHHO-EMKOCTHBIMU
CBOMCTBaMH pa3pabOTKy dTHX 3aJIeKel cOwin HepeHTabebHO. B ycinoBusx coBpemMeH-
HOM pBIHOYHOM KOHBIOHKTYpHI («ciaHueBas peomonusk B CLLA, manneMust KopoHaBHpyca,
CJIOKHASI T€OTIOJMTHYECKask 0OCTaHOBKA M T. .) pa3padOTKa yKa3aHHBIX 3aJICKEH CTaHO-
BUTCsI SKOHOMHYECKH €Ille MeHee 1ienecoodpasHoii [1, 2].

Heab padorbl. B pamMkax JaHHOTO HWCCIIEAOBAaHUS BBITOMHACTCS O0OOCHOBAHHE
SKCIUTyaTallly HOBBIX 3aJIeXei He()TH ¢ IPIMEHEHNeM TOPU30HTANIBHBIX CKBaxkuH. [Ipemrmo-
JaraeTcs, 4To LelecooOpa3Ho JKCILTYaTHPOBATH HOBBIE 3aJICKH BO3BPATHBIM (hOHIIOM
CKBa)XMH C BBILIEJEKAIMX [IACTOB COPTHIMCKOM CBUTHI. MIMeeTcss HECKOIBKO CKBAKUH
Ha BBILIEJISKAMX MPOIYKTUBHBIX TOPU30HTAX, 0OBOIHEHHOCTh KOTOPBIX MPEBBILIIAET
98 %. JlaHHBIE CKBaYKUHBI Y K€ BBITOHIIIN CBOE IPOEKTHOE Ha3HayeHue [3, 4]. C yueTom
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pasHoctu mryoun Gonee yeM B 600 M mpeacTaBisieTcss BO3MOKHBIM BBITIOJTHUTD 3a0ypH-
BaHHe OOKOBOT'O CTBOJIA C TOPU3OHTAJIBHBIM OKOHUYAHUEM C BBIMICNEKAIINX TPOLYKTUB-
HBIX TUTACTOB COPTHIMCKOM CBUTHI HA HOBBIE 3aJiexku He(TH [3, 6].

Ta6auua 1. Pe3yjbTaThl onpeaeaeHusi NPOHUIAEMOCTH KEPHOBOI0 MaTepuaJia
NMPOAYKTHBHBIX OT/I0KEHHI a4UMOBCKO# ToTH Ky

Table 1. Results of determining the Achimov strata productive deposits cores permeability Kn

. JlaBieHue, pu KOTOPOM
Cpena, B koTopoit IIponunaemoctsh Bpewms
2 IIPOU3BOANIOCH OIIPEACIICHUE
TIPOUCXOIUII 3aMep K, MKM 9KCIICPUMEHTA £, C
MPOHUIIAEMOCTH P, aT™M
Aot 13,23 0,40 1,150
Boznyx 87,35 20,15 1,652
Hedrs (mpenmnomnaraemas) 7,40 - -

HMccnenopanne. MMeercss KepHOBBIM Marepuan M0 3aI€KaM auMMOBCKOM TOJILU.
Kak monaror Bemymme reonorn HedrerazomoOsiBaromiero ympasienus (HIY)
000 «Ia3npom noObr4a YpeHToil», yKa3aHHBIH KEPHOBBIN MaTepHa MOKET ObITh IPHHST

i

SMPCH 2000 D&Y

HId “TEHAKOH"

HN “TEHAKOH-" : HIP “TEHAKOH"

Puc. 1. ®ororpaduu 1aGopaTopHOTO U3MEPEHHUS IPOHUIIAEMOCTH KEpHa:
a — 10 BO3MYXY; 6 — 10 a30Ty
Fig. 1. Photos of core permeability laboratory measurement:
a — air; 6 — nitrogen

AJIA OIIPCACIICHUA (bPUILTpaL[I/IOHHO—CMKOCTHLIX CBOMCTB HOBBIX 33..1'[6)1(6171, IMMOCKOJIbKY
ObLI OTO6paH 13 COMMOCTAaBUMBIX IO I'€OJIOTUYCCKOMY CTPOCHHIO 3aJIeKEeH Ha COCCOAHEM



ISSN 0536-1028 «Hz6ecmus 8y308. 'opnuiii srcypuany, Ne 5, 2021 47

MecTopokaeHHH. OCOOEHHOCTH JTUTOJIOTHYECKOTO CTPOCHUS], TPaHyJIOMETPHYECKOTO CO-
CTaBa, YCJIOBUI1 0CaJIKOHAKOILUIEHHsI, BO3pacTa OTIOKEHHUH, CBOUCTB IJIACTOBBIX (IIIOU-
JIOB TIOJTHOCTBIO UICHTHYHEI [7, 8].

Ha naboparopnoii ycranoBke «npoH-2000» B dhunane TroMeHCKOT0 HHIYCTpHAb-
HOTO yHUBepcuTeTa B I. CypryTe BBIIIOIHEHBI HCCIEI0BAHU IO ONPEIEIICHHUIO IPOHUIIA-
€MOCTH KEPHOBOT'O MaTepualia NpoAyKTHBHBIX IIACTOB a4MMOBCKOM Tommy. [IpoHuiiae-
MOCTh OIpeneleHa Kak IO BO3AyXy, Tak M MO a30Ty. Pe3ynerarsl HcciienoBaHUR
npencTaBieHsl B Ta0m. 1.

Tabauna 2. Pe3yasTaTbhl pacyeToB 0XKMAAEMOI0 [1e0UTa THIOTEeTHYECKOH
TOPH30HTAJILHON CKBAaKMHBI € Pa3HOil /UIMHOH TOPH30HTAJILHOIO WHTepBasa
MPOAYKTHBHOTIO MJIACTA
Table 2. Results of calculating the expected yield of a hypothetical horizontal well
with different lengths of the productive formation horizontal interval

LM Dy M k,mxm? | w,Ma-c | AP, MIla Feo M R, M 0, M’/cyT
300 8.4 7.4 1,35 3,8 0,1 1600 28,66
400 8.4 7,4 1,35 3,8 0,1 1600 31,76
500 8,4 7,4 1,35 3,8 0,1 1600 34,63
700 8,4 7,4 1,35 3,8 0,1 1600 40,01
1000 8,4 7,4 1,35 3,8 0,1 1600 47,81

3areM ¢ y9eToM KPHUBBIX (Da30BBIX IMPOHHUIIAEMOCTEH 110 BoJe, HE()TH, BO3AYXY U a30-
Ty 7151 a4IMOBCKHX OTIIOKEHUH COCETHETO MECTOPOXKACHHUS M COOTBETCTBYIOIIMX IMITH-
PHUECKUX 3aBUCUMOCTEN cleNaHbl IPEANoI0KEeHHS OTHOCUTENBHO MMPOHUIIAEMOCTH TI0
HedTH (yKazaHHbIE 3aBHCHMOCTH MOTYT COIEp)KaTb KOMMEPYECKYIO TaliHy, IOTOMY
B paMKax JIaHHOH cTaTtbu He npuBoasarcs) [9, 10].

[o pesynmbraraM uccie0BaHMiA BEIIOIHEHBI pacyeThl 0KHUIAEMOT0 JIeOnTa 10 TOpH-
30HTAJIFHOM CKBakMHE. Bee ocTampHbIe TapaMeTphl, HeOOXOMUMBIE JJIST PACIETOB, B3STHI
JUIA IPYTUX MECTOPOXKAEHH PErroHa (C COMOCTAaBUMBIMH T'€OJIOTHYECKHIMHU YCIOBH-
svn) [11, 12].

®dotorpaduu 1a60paTOPHBIX UCCICIOBAHMUI MO OMPEETICHUIO TPOHUIIAEMOCTH Kep-
Ha IIPUBEAEHBI Ha pucC. 1.

J1eOUT rOpU30HTAIBHON CKBAXKMHBI paccuuTaH 1o dpopmyste Ixomm, m3/cyt [13, 14]:

2 2
sznth(Pm_P%) " A+ A =(LI27 ) h h

8 +—2In| — || ,
bu L/2 L\ 2mr

H

-1

e k — IPOHHMIIAeMOCTh IUIAcTa, MKM%; /i, — He)TeHaChIeHHas TONIIMHA IUIACTa, M;
b, — obbemHBII KOOQOHUIMEHT HepTH; | — IMHAMHYECKas BA3KocTh, Ila - c;
P, P, ,;— IaCTOBOE U 3a00HHOE JABICHHUE COOTBETCTBEHHO, MIIa; L — iMHa ropusoH-

TaJILHOTO YYaCTKa, M; ¥, — PaJiiyC CKBaXKUHbI, M; A — 60JIbIIIast I0JIyOCh JJLIUIICA KOHTYpa
MUTaHUS TOPU30HTAIBHON CKBAXKUHBI:

rae R — paauyc KOHTypa NUTaHUs, M.
Pesynbrarel BEIMMCIIEHHH IPEACTaBIEHBI B Ta0N. 2, Tne AP =P —P_ ., 1 — BA3KOCTb
HeTH.
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Kax BHAHO IO pe3yibTaTaM pacueToB, Jake He Mpuleras K TUIPaBINIECKOMY pa3-
PBIBY ITACTa, MOYKHO TOIYYUTH MPOMBINUIEHHBIN puToK He(TH [15, 16]. C yueTtom ot-
CYTCTBHSI KOHTAKTHBIX C BOJIOH 3amacoB He()TH M HU3KOHM OKHIAeMOl 00BOJHEHHOCTH
(Tak Kak BBISBJICHHBIC 3aJIE)KU HE(PTH TMIPOJMHAMUYECKU M30JIMPOBAHbI OT 3aJIeXeH,
BBEJICHHBIX B Pa3pabOTKy), MOKHO IPEINOJIOKUTH BEICOKYIO HAKOIIEHHYIO 100BIUY I10
HeTH IpeaIaracMoi TOPU30HTATEHOW CKBaXKUHBI [17, 18].

Jlanee BBINOIHEHBI PACUeThl OXKUAAEMOT0 Je0UTa FOPU30HTAIBHON CKBasKHHBI C yde-
TOM TOTO, UTO B Hell OyieT nmpou3BeieH rupasindeckuii pa3peiB miacta (I'PIT) [19, 20].
Macca npormanTa npusaTa 60 T, pacyeT BolnonHeH 1o Meroauke fO. I1. XKenrosa [21, 22].
Pesynbrarel pacyeToB npuUBeeHbI B Ta0MI. 3.

Tadmuua 3. Pe3yabTaThl pacueToB 0:KM12€MOr0 1e0MTa THNOTeTHYECKO rOPU30HTAILHOM
CKBA:KHHBI ¢ PA3HOI JJIMHOIl TOPH30HTAJILHOIO MHTEPBA/IA MPOIYKTHBHOIO ILIACTA MPH
ycioBuM BbinoiHeHus: B Heii I'PII ¢ maccoii npormmanTa 60 T
Table 3. Results of calculating the expected yield of a hypothetical horizontal well
with different lengths of the productive formation horizontal interval with fracking
involving 60 tons of proppant

LM By M k,mxm? | p,Ia-c | AP, MIla Feo M R, M 0, M’/cyT
300 8.4 21 1,35 3,8 0,1 1600 86,00
400 8.4 21 1,35 3,8 0,1 1600 95,29
500 | 84 21 135 3.8 0.1 1600 103,89
700 8,4 21 1,35 3,8 0,1 1600 120,05
1000 8,4 21 1,35 3,8 0,1 1600 143,42

Ecnu conoctaBuTh 0XHMIOaEMbIil 1€OUT ¢ 1eOUTaMU aHAJOTUYHBIX TOPU30HTAIBHBIX
CKBa)KUH MECTOPOKIICHUI PETHOHA, TO MOIYYUTCS PE3ybTaT BhILIE cpeaHero [23, 24].
KonkpeTHble 1eOUTHI TOPU30OHTAIBHBIX CKBaYKUH HE MOTYT OBITH NPUBEICHBI B PAMKAX
CTaThH, TaK KaK COCTaBJIIIOT KOMMEPYECKYIO TaliHy.

BoiBoasl. [TogBoas uTor ncciueoBaHus, MOYKHO CAEATh BBIBOJ O LIETIECO00Pa3HOCTH
CTPOUTENILCTBA TOPU30HTAIIBHOM CKBaXKMHBI B T€OJIOTHUECKUX YCIOBUSIX MPOAYKTUBHBIX
OTJIOKEHUIN a4UMOBCKOM TOJIIIM JAHHOTO MECTOPOKACHHUS.
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Rationale for horizontal well construction in a West Siberian oilfield

Andrei V. Orochko!, Aram P. Ianukian!
! Industrial University of Tyumen, Surgut, Russia

Abstract

Relevance. The problem of oil production increase is urgent today due to hydrocarbon reserves depletion.
There are two possible solutions: either implement geological and technical measures for enhancing oil
recovery and intensifying oil production or construct new wells.

Research objective. The paper provides a rationale for horizontal wells construction to produce oil from
low-permeability deposits of the Achimov strata in one of the oilfields in West Siberia. The development of
these oilfields by vertical wells was considered futile.

Methods of research. In the Surgut branch of the Tyumen Industrial University, the permeability of the
Achimov strata productive layer cores was determined on the Epron-2000 laboratory bench for both air
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and nitrogen. The assumptions regarding oil permeability were made considering phase permeability
curves for water, oil, air, and nitrogen for the Achimov deposits of the neighboring field and
the corresponding empirical dependencies.

Results. The expected yield of a hypothetical horizontal well with different lengths of the productive
formation horizontal interval was calculated.

Conclusions. A conclusion is made about the feasibility of building a horizontal well in the geological
conditions of the Achimov strata productive deposits in this field.

Keywords: horizontal well; phase permeability; yield of well; oil production.
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Abstract
Introduction. Exploring the feasibility of employing iron ore concentrates of various quality and
composition as medium solids in heavy media separation of coal is a task of utmost importance for coal
beneficiation plants. Titanomagnetite concentrates are promising medium solids being as good as
magnetite concentrates as to physical and mechanical properties and processing behavior.
Research aims to study the feasibility of using titanomagnetite concentrates of AO Sviatogor as medium
solids for AO UK Kuzbassrazrezugol coal beneficiation in heavy suspensions.
Research methods. Heavy media separation of —50+25 mm fraction coal was studied using a laboratory
facility. Medium solids of various densities were employed and their quality indicators, such as density,
size, magnetic fraction content, and stability of the suspension, were determined. Coal was fractionated
in zinc chloride.
Object of research is titanomagnetite concentrates of the Volkovsky deposit. Float and sink fractions of
heavy media separation were examined for total carbon, sulfur, and ash content. Economic benefit from
substituting titanomagnetite concentrate for magnetite concentrate was calculated for the Krasnobrodsky
coking coal beneficiation plant.
Research results have shown that the quality characteristics of titanomagnetite concentrates of the
Volkovsky deposit, such as granulometric composition, density, magnetic fraction content, and
suspension stability meet the requirements for medium solids used in the process of heavy media
separation of coal at AO UK Kuzbassrazrezugol. In the process of heavy media separation, the best
result has been obtained under a separation density of 1900 kg/m3: ash content of the float fraction is
6.57% and total carbon recovery into the float fraction of coal is 95.8%. Under suspension density
increase from 1700 to 1900 kg/m’, it was recorded that the medium solids loss with the beneficiation
products has grown by 1.2 times. The results of the heavy media separation of —=50+25 mm fraction coal
and fractionation in zinc chloride are similar. Economic benefit from substituting Volkovsky
titanomagnetite concentrate for Korshunovsky magnetite concentrate at AO UK Kuzbassrazrezugol
makes up RUB 66—69 million a year.
Summary. Study of heavy media separation with titanomagnetite concentrates of the Volkovsky deposit
as medium solids and using coal of AO UK Kuzbassrazrezugol has shown high process performance and
economic benefit.

Keywords: titanomagnetite concentrate; Volkovsky deposit; coal; medium solids; heavy media
separation, suspension stability.

Introduction. The research aims to examine the feasibility of employing
titanomagnetite concentrates of AO Sviatogor and Volkovsky GOK under construction
as medium solids for coal beneficiation at AO UK Kuzbassrazrezugol in heavy
suspensions.

AO Sviatogor beneficiation plant treats several types of copper and copper-zinc ore
including Volkovsky copper-iron-titanium-vanadium ore, from which the
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titanomagnetite concentrate with the 5-7% content of TiO, is obtained after the copper
circuit [1, 2]. Besides, Volkovsky GOK has currently passed the design phase and
headed over to the construction phase. Volkovsky GOK will process 10 million tons of
ore at a separate enterprise manufacturing titanomagnetite concentrate with a high
content of titanium [3].

High-titanium titanomagnetite ore with a content of titanium dioxide of more than
3% 1is scarcely processed globally [4] due to problems associated with the specific
character of titanium reduction and the development of infusible masses in the hearth
of the blast furnace. Low-titanium iron ore is beneficiated in the Kachkanar GOK with
further processing of the agglomerate and pellets at the enterprises of EVRAZ NTMK
(Nizhny Tagil Metallurgical Plant). Chinese enterprise of Panzhihua Iron and Steel
Company Ltd. is the world’s only enterprise to carry out a complete process cycle of
low- and high-titanium iron ore.

Main Russian steelworks work at a strictly defined furnace charge which virtually
eliminates the use of titanomagnetite concentrate or its palletizing products. There are
3 large titanomagnetite deposits not far from PJSC Magnitogorsk Iron and Steel Works
(MMK), namely Medvedevsky, Kopansky, and Suroyamsky deposits. However, despite
having a severe shortage of ore, MMK has no plans for developing them and works on
the imported ore from Kazakhstan (SSGPO JSC) and Metalloinvest MC LLC since the
sinter plant, blast furnace, and convertor require fundamental reconstruction to adjust
them to operate on titanomagnetite.

In such conditions, it is important to find fields of titanomagnetite concentrates
application other than metallurgical enterprises; fields where physical properties of
titanomagnetite concentrates are important, particularly density, size, and magnetic
susceptibility, rather than metallurgical properties. This refers to various types of medium
solids, including medium solids for heavy media separation (HMS) of coal [5-7].

Materials and methods. The objects of research were two titanomagnetite
concentrates: concentrate 1, taken from AO Sviatogor beneficiation plant (BP), and
concentrate 2, obtained after concentrate 1 refinement in accordance with the Process
Regulations for the Volkovsky GOK BP. The content of chemical components in
concentrate 1 sample is: Fe,O,; — 59.39%, Cu — 0.031%, S — 0.25%, TiO, — 6.90%,
V,0; - 1.61%, and P — 0.12%. The content of chemical components in the sample of
concentrate 2 is: Fe,0; — 62.70%, Cu — 0.024%, S — 0.11%, TiO, — 5.92%,
V,0, —1.46%, and P — 0.014%.

The granulometric composition of the concentrate samples was analyzed using
standard screens with openings of 315, 160, 71, 45, and 40 um and water washing.
The —40 pm class was studied on the ADAP apparatus. The density was determined by
standard methods [8, 9].

The content of the magnetic fraction in titanomagnetite concentrates was determined
on a laboratory tubular magnetic analyzer. The magnetic field strength was 120 kA/m.

A detailed study of the suspension stability parameter is an important step in heavy
media separation. The term suspension stability means the ability of a finely dispersed
powder of a heavy solid to be suspended in a dispersion medium for a long time.
The higher the concentration and dispersion of the solid, the higher the stability is [10-12].

In order to analyze the behavior of titanomagnetite suspension consisting of a
concentrate and water in different ratios, and the way the concentrate size affects its
stability, experiments were carried out to determine the sedimentation time and rate of
a suspension with a density of 1700, 1800, and 1900 kg/m?3.

To carry out the experiments, a 2.5-liter cylinder, a stirrer, a ruler, and a stopwatch
were used. All experiments were carried out under the same conditions. Before
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measurements, the suspension was thoroughly mixed with a stirrer in a flask for 2 min,
then the height of the clarified layer was measured for 5 min after a certain period of
time (30 s). The experimental conditions for stability determination of a suspension
based on titanomagnetite concentrates are given in Table 1.

To carry out the actual experiments on HMS, a sample of coal and rock with
a fraction of —50+25 mm was assembled in a ratio close to the original machine grade
of the Krasnobrodsky— Koksovaya (Coking) coal beneficiation plant (CBP).

Fractional analysis of a coal sample in zinc chloride with a density of 1400, 1500,
and 1800 kg/m? collected at AO UK Kuzbassrazrezugol and the obtained fractions
yield and quality assessment were carried out in accordance with the requirements and
procedures of GOST 4790-93 “Solid fuel. Determination and presentation of float and
sink characteristics. General directions for apparatus and procedures”. Fractionation
was carried out in zinc chloride solutions of specified densities starting with the lowest
density solution.

Table 3. Granulometric composition of titanomagnetite concentrates 1 and 2
in accordance with the requirements of normative documents (ND), %
Ta6uuna 3. ['panyaoMeTpuyeckuii COCTaB THTAHOMATHETHTOBBIX KOHIEHTPATOB 1 1 2
B co0TBeTCTBMU ¢ TpedGoBanusavmu HJI, %

Grade F (fine) Grade T (thin)

content of fractions

actual value

content of fractions

actual value

Size, pm
in accordance of fractions in accordance of fractions
with ND, % content, % with ND, % content, %
Less than 20 10-25 7 25-35 3
Less than 40 50-60 52 60-75 74
More than 150 2-10 3 0-5 0

Coal samples HMS were studied on a heavy-medium laboratory facility. The —-50+25 mm
gain size machine grade was prepared for separation by washing the material with
water on a screen with openings of 1.0 mm.

To calculate the masses and densities of the titanomagnetite suspension in the
experiments, the density of water was 1000 kg/m3, and the medium solids density
according to the analysis results was 4400 kg/m3. The main formulae for suspension
parameters calculation were taken from [13, 14]. In these experiments, all calculations
were made for suspension active volume of 30 1 (0.03 m?). The experimental conditions
are given in Table 2.

Coal separation in titanomagnetite suspension was carried out starting from
the suspension lowest density of 1700 kg/m?. For the purposes of monitoring, prior to each
experiment, the actual density of the active suspension was determined by collecting
and weighing the particular amount of pulp.

The mass, ash content, and content of total carbon, and the content of total sulfur
were determined in separation products. The losses of medium solids with beneficiation
products were further determined.

Results and discussion. Titanomagnetite concentrates analysis for compliance
with the requirements to magnetite medium solids.

The results of granulometric composition analysis of concentrates 1 and 2 and its
comparison to the requirements of the normative documents (ND) are presented in
Table 3 [8, 9].

According to analysis results, concentrate 1 can be attributed to size grade F (fine),
while titanomagnetite concentrate 2 can be attributed to size grade T (thin).
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It should be noted that titanomagnetite concentrates 1 and 2 have a smaller amount
of slime and coarse fractions as compared to the regulated ones and, as a consequence,
a more stable granulometric composition, which is good for suspension stability.

The practice of coal enterprises using HMS has shown [8] that coal beneficiation
plants work on iron concentrates of intermediate size. The plants of AO UK
Kuzbassrazrezugol use the Korshunovsky GOK iron concentrate supplied according to
specifications as a magnetite suspension. Only the class of more than 150 pm (no more
than 20%) is subject to regulation. The remaining indicators are provided for reference.
Therefore, concentrates 1 and 2 meet the size requirements for medium solids.

Table 4. The results of suspension stability determination under different densities
Tabuuua 4. Pe3yibTaThl onpeesieHUs! yCTOHYUBOCTH CYCIEH3UH IPU PA3JIHYHOI NJIOTHOCTH

Height of clarification, m, under suspension density, kg/m?
Time, s actual design
1700 1800 1900 1700 1800 1900
Test 1, concentrate 1, pm = 4400 kg/m3

30 0.022 0.034 0.011 0.022 0.034 0.011

60 0.045 0.044 0.018 0.023 0.010 0.007

90 0.060 0.055 0.021 0.015 0.011 0.003

120 0.080 0.066 0.035 0.020 0.011 0.014

150 0.095 0.078 0.044 0.015 0.012 0.009

180 0.115 0.089 0.055 0.020 0.011 0.011

210 0.130 0.100 0.063 0.015 0.011 0.008

240 0.141 0.109 0.070 0.011 0.009 0.007

270 0.151 0.117 0.079 0.010 0.008 0.009

300 0.160 0.126 0.087 0.009 0.009 0.008

Mean value 0.016 0.013 0.009
Clarification rate, m/s 0.000053 | 0.000042 0.000029

Test 2, concentrate 2, pm = 4575 kg/m?

30 0.021 0.011 0.005 0.021 0.011 0.005

60 0.055 0.020 0.007 0.034 0.009 0.002

90 0.086 0.029 0.012 0.031 0.009 0.005

120 0.100 0.037 0.015 0.014 0.008 0.003

150 0.110 0.044 0.020 0.010 0.007 0.005

180 0.114 0.049 0.023 0.004 0.005 0.003

210 0.118 0.054 0.026 0.004 0.005 0.003

240 0.122 0.060 0.030 0.004 0.006 0.004

270 0.125 0.064 0.032 0.003 0.004 0.002

300 0.131 0.068 0.034 0.006 0.004 0.002

Mean value 0.013 0.007 0.003
Clarification rate, m/s 0.000044 | 0.000023 0.000011

The average material density of titanomagnetite concentrates 1 and 2 according to
four measurements was 4400 kg/m? for concentrate 1 and 4575 kg/m? for concentrate 2.
Thus, according to the analysis, the density of titanomagnetite concentrates 1
and 2 corresponds to the recommended density range for magnetite medium solids
4300-4600 kg/m? [5, 6].
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According to the results of magnetic analysis, the content of magnetic fraction in
titanomagnetite concentrate 1 made up 97.02%, which meets the requirements for
magnetite medium solids (not less than 90%). Titanomagnetite concentrate 2 has an
even higher content of magnetic fraction due to a higher content of iron.

The results of studying the suspension clarification height (stability) at different
densities of titanomagnetite are given in Table 4, where p_ is the true density of medium
solids.

Table 5. Results of heavy media separation of —50+25 mm coal fraction
Ta6uuuna 5. Pe3yabTaTsl T:KeJI0CpeaHOl cenapanuu yris ¢ppakuun —S50+25 mm

Yield Content, %
Number Recovery
of test Product product, medium C S Ash Cuotal, %
% solids, g total. ol content, % )
1 Float
fraction 73.96 19.76 67.50 | 0.49 8.17 91.0
Sink
fraction 26.04 8.29 19.00 | 0.74 66.10 9.0
Total 100.00 28.05 54.87 | 0.55 23.25 100.0
2 Float
fraction 76.91 23.85 65.90 | 0.46 7.48 94.7
Sink
fraction 23.09 6.85 12.30 | 0.49 72.00 5.3
Total 100.00 30.70 53.52 | 0.47 22.38 100.0
3 Float
fraction 77.59 26.58 67.10 | 0.45 6.57 95.8
Sink
fraction 22.41 7.08 10.20 | 0.37 74.20 4.2
Total 100.00 33.66 54.35 | 0.43 21.73 100.0

It follows from Table 4 that the titanomagnetite suspension clears up over time, and
the more time passes, the less intensive the process is.

According to the results of suspension stability analysis, it was found that as
the density of the titanomagnetite suspension increases from 1700 to 1900 kg/m?, the
clarification height of the medium solids decreases from 0.016 m to 0.009 m for
concentrate 1, and from 0.013 m to 0.003 m for concentrate 2.

Thus, suspension density growth results in its greater stability.

The lowest particle clarification rate was obtained at a suspension density of
1900 kg/m? — 0.000029 m/s (concentrate 1) and 0.000011 m/s (concentrate 2). The total
content of solid in the suspension at this density was 26.7 and 25.3%, respectively,
which defines the suspension as sufficiently stable with an admissible viscosity level of
no more than 7 - 103 Pa - s [12, 15].

The results of analyzing the rate of titanomagnetite suspension clarification show
that the higher the suspension density, the lower the rate of titanomagnetite subsidence,
and therefore the higher the suspension stability.

Besides, the finer concentrate 2 has lower suspension clarification rates, which
means that with a decrease in the medium solids size, the stability index of the
suspension increases.

It follows from the research results that a higher stability of the titanomagnetite
suspension was obtained at a density of 1900 kg/m? on both concentrates.
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Coal fractionation. Heavy media separation. As part of the research on coal sample
fractionation in zinc chloride, it was found that pieces of coal in the sample have a
rather wide density range — from less than 1400 to more than 1800 kg/m3. Most of the
coal is concentrated in a fraction with a density of less than 1400 kg/m?.

According to the established classification for hard coal applied for energy purposes,
the rock fraction yield is estimated based on a density of more than 1800 kg/m?3, while
the concentrate yield is estimated based on a density of less than 1800 kg/m3.

a b

Fig. 1. Illustration of the experiment — a, the end product — b
Puc. 1. Mmroctparys SKCnepuMeHTa — a, KOHSUHbIH POAYKT — b

When studied for coal fractionation in zinc chloride at densities of 1400, 1500, and
1800 kg/m?, the theoretical yield of concentrate made up 66.07% with an ash content
of 5.89%, the theoretical yield of a middling product made up 7.44% with
an ash content of 24.09-36.68%, and the yield of waste made up 26.49% with ash
content 73.46%.

The experimental results of —50+25 mm coal fraction HMS are presented in
Table 5.

As a result of tests on HMS of —50+25 mm class coal sample in titanomagnetite
suspension of different densities (1700-1900 kg/m?), the following has been defined:

— the best result has been obtained with a separation density of 1900 kg/m3: the ash
content of float fraction is 6.57%, the total carbon recovery in coal float fraction is 95.8%;

— as the density of the suspension grows from 1700 to 1900 kg/m?3, it has
been recorded that the loss of medium solids with beneficiation products grows by
1.2 times.

Figure 1 presents an illustration of the experiment and the float product.

According to the features of the concentrates obtained at JSC UK Kuzbassrazrezugol,
the ash content is in the range of 5.8-9.2%. Thus, the obtained result (6.57%) falls into
this range.

Comparison results of the coal quality analysis after laboratory HMS and the data of
fractionation in zinc chloride according to the standard method are given in Table 6.
Data comparison showed that they are comparable both in products material composition
and coal washability.

The economic benefit for the Krasnobrodsky coal beneficiation plant of JSC UK
Kuzbassrazrezugol was calculated based on the research results.

The economic benefit of substituting titanomagnetite concentrate of AO Sviatogor
for the Korshunovsky iron concentrate for 1 ton of concentrate made up RUB 7,693.4,
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and for the entire quantity of annual supplies the economic benefit made up RUB
66.1 million.

When using titanomagnetite concentrate from the new Volkovsky beneficiation
plant, the economic benefit for 1 ton of concentrate made up RUB 8,077.9, and for the
entire quantity of annual supplies the economic benefit made up RUB 69.4 million.

Table 6. Comparison results of fractionation and heavy media separation
Taomuma 6. CpaBHHTEIBHBIE Pe3YJIbTATHI GPAKIMOHUPOBAHHUS H TSKEJI0CPEAHOIl cenapanun

Values, %
Indicator
HMS | fractionation
Material composition of the source
Ash content 22.50 23.70
Content of volatile substances ignoring the 47.10 47.20

content of moisture

Process performance of fractionation
Fraction with a density of more than 1800 kg/m>:

yield 22.41-23.09 26.49

ash content 72.00-74.20 73.46
Fraction with a density of less than 1800 kg/m?:

yield 73.96-76.91 73.51

ash content 7.48-8.17 8.73

Summary. Titanomagnetite concentrates with the content of titanium dioxide of
more than 3% are currently scarcely used in metallurgical production.

The study of Volkovsky titanomagnetite concentrates qualitative characteristics,
including the granulometric composition, density, magnetic fraction content and
suspension stability, has shown that they may be employed as medium solids in the
process of heavy media separation of coal at JSC UK Kuzbassrazrezugol.

According to laboratory studies, the best result of heavy media concentration of coal
with —50+25 mm fraction in titanomagnetite suspension was obtained at a separation
density of 1900 kg/m?: ash content of the float fraction is 6.57% and recovery of total
carbon in the floating fraction is 95.8%.

Comparison of the experimental results on heavy media separation to the data of
traditional coal fractionation in zinc chloride has shown that they are comparable both
in products material composition and in coal washability.

The economic benefit of substituting Volkovsky titanomagnetite concentrate for
Korshunovsky iron concentrate at JSC Kuzbassrazrezugol made up RUB 66—69 million
a year.
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HUccaenoBanue Tﬂmeﬂocpezmoifl cenmapanuu yrjis ¢ MCIoJib30BaHUuEM
THTAHOMATHETHTOBOM CyClI€eH3UN

Bynaros K. B.!, I'azaneesa I. .1, ByzynoBa T. A.!, Illuraesa B. H.!
! Hay4HO-HCCIIeI0BATeIbCKHUIA U IPOSKTHBINA HHCTUTYT « YpanMexaHoopy, EkarepunGypr, Poccust.

Peghepam
Beeoenue. Hccneoosanue B03MOMCHOCHU UCHONL30BAHUS  JHCENE30PYOHBIX KOHYEHMPAMO8 PA3ZHO20
Kauecmea u cocmasa Kaxk ymsoicenumenell 6 npoyecce MsANCENOCPEOHOU cenapayuu yens seisaemcs
akmyanvHoli 3adauell 0aa yeneobocamumenvhvlx adpux. Tumanomacnemumosvle KOHYEeHMPAmMbvl
AGNAIOMCS NEPCHEKMUSHBIMU YMAIICETUMENAMU U He YCHYRAIOm MA2HemumosebiM KOHYeHmpamam no
PuU3UKO-MeXAHUYECKUM U MEXHONO2UHECKUM CEOUCMBAM.
ILlenv pabomer — usyuenue GO3MOICHOCMU UCHONL30BAHUS MUMAHOMASHEMUINOBHIX KOHYEHMPAMos
AO «Cssamozopy» 6 xawecmee ymsxcerumenst npu oboeawjenuu yenss AO « YK Kyzbaccpaspesyzonvy 6
MAICENBIX CYCHEH3USX.
Memooonozus. [Iposodunucs ucciedoganus msicenocpeonoli cenapayuu yensa gpaxyuu —50+25 mm na
n1abopamopHoll yCmaHo8Ke ¢ UCNONb306aHUeM Ymadicenumerneti paziuiHol nI0OMHOCIU U OnpeoeseHuem
ux noxazameneu Kayecmed, MaxKux Kaxk WIOMHOCHb, KPYRHOCMb, COOepiicanue MAeHUMHOU @pakyuu u
ycmouuugocme cycnensuu. IIpoeoounocs Qpaxyuonuposanue yeis 8 X10pucmom yuHKe.
Obvekmom  UCCe008AHUT  AGIANUCL — MUMAHOMAZHeMuUmMosvle  KoHyenmpamel  Bonkoeckoeo
Mecmopodcoenus. Bennviswan u nomonyswas pakyuu maxjicenocpeoHou cenapayuy Uccieo08anich Ha
codepoicanue obuezo yanepooa, cepul u 3on6Hocmu. Paccuumolieancs sxonomuueckuti agpgpexm om 3amenvl
MazHemumo6o2o0  KOHyeHmpama Ha mumanomaznemumogelli  0aa  Kpacnobpoockoii  kokcogoil
yeneobocamumenbHoU Gabpuxu.
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Pe3ynvmamut uccined08anuil NOKA3au, 4mo KaiecmeeHHvle XapaKxmepucmuKkyu mumaiomacHemumossix
KOHYeHmpamos Bonkogcko2o mecmopodicoenusl, makue KaKk epanyioMempuiecKuil cocmae, niomHoCmb,
codepoicanue MAzHUMHON GPakyuu U YCMOUHUBOCHb CYCNEeH3UU, COOMEEnCmeyIom mpebosanusm K
VMANCENUMENSIM,  UCNONb3YeMbIM 6 Npoyecce — MANCENOCPeOHOl — cenapayuu — yeis — Ha
AO «YK Kyzbaccpaspesyeonvy. Jhyuwuii pesyiomam 6 npoyecce msicelocpeoHol cenapayuu noiy4eH
npu naomuocmu pasoenenusi 1900 ke/m3: 3omvnocms  echaviswieni gpaxyuu cocmaensem 6,57 %,
usgneueHue obujeco yenepooda 6o ecnavieuiyo gpakyuro yens — 95,8 %. Ipu yseruuenuu niomuocmu
cyenensuu ¢ 1700 0o 1900 k2/m? ommeueno yeeruuenue nomeps ymsxicenumens ¢ RpoOyKmamu 0002aujeHus
6 1,2 paza. Pezynomamul msicenocpeonou cenapayuu yens gpaxyuu —50+25 mm u ppaxyuonuposanus ¢
Xnopucmom yutke Onusku. Ixonomuyeckuil d¢pghexm om samewenus Kopuiynoeckoeo macnemumogozo
xonyenmpama Ha AO « YK Kyzbaccpaspeszyeonvy» Ha mumanomacHemumosulil KoHyenmpam Bonkosckoeo
Mecmopoocoenuss cocmasnsem 66—69 man p./200.

Bu1600b1. Hccnedosanus npoyecca madlceiocpeoHoll cenapayul ¢ npumMeHeHuemM mumanomacHemumossix
KoHyenmpamos  Boakoeckoeco — mecmopoowcOenuss 6 Kauecmee — ymsjceiumens — Ha - yene
AO «YK Kysbaccpaspe3yeonvy npoOeMOHCMpUposanu GblCOKUe MeXHONo2uYecKue nokazamenu u
9KOHOMUYeCcKull Ighpexm.

Kniwoueesvle cnosa: mumanomacnemumosoliil KoHyenmpam, Bonxosckoe }Vt@CWlOpOJfC@@HM@,’ Yeoib,
ymsoiceaumennp, mﬂDICEJlOCp@()HLZﬂ cenapayust,; ycmoﬁwueocmb CYCNEH3UU.
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FEO3KONOrnA, PALMOHAIIBHOE NPUPOAONONb30OBAHUE
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MporHo3 3arpasHeHuUs aTMocepbl NPy cny4YanHom Bbibope
AUCKPETHbIX NbINALWMX YHACTKOB Ha 6a3e YNCNEHHOro MoAenupoBaHus

Awmocos . B."™*, BaknaHos A. A.2, Makapos [I. B.!, Macno6oeg B. A."
' YHeTuTyT npobrnem npombilwneHHoi akonorm Cesepa KHLL PAH, r. Anatutsl, Poccus
2 BcemupHasi METeoporioruyeckas opraHusaums, r. XXexesa, LLseiiapus
*e-mail: p.amosov@ksc.ru

Peghepam
Ienv pabomer. Oyenxa MemooOM UYUCIEHHO20 MOOCAUPOBAHUsL YPOBGHEU 3ACPAZHEHUS AMMOChepul
2. Anamumul 6 3asucumocmu om OUCKPEMHO20 PACRONONCEHUS USMEHSIOUe20CA YUCAAd YYACMKO8
NbLLEHUs, GbLOUPAEMBIX CYUALHBIM 00PA30M, U CKOPOCMU 8EMPOBO20 NOMOKA.
Memoouka. Komnviomeprnoe molenuposanue adpoOuHaAmMuky U NepeHocda Nulld 6 MpPexmMepHoll
2eomempuu 6vinonneno ¢ nomowvio npoepammer COMSOL. [[ns eviuucienus azpoOuHAMUYecKux
Xapaxmepucmux NPUMeHsLI0C, RPUOTUNCEHUE HECIHCUMACMOL HCUOKOCMU C NPUGTeYeHUeM CMAHOAPMHOT
(k—¢)-mooenu mypoynenmnocmu. Hnmencuenocms nolienus 3a0a8aniacs Kak QyHKyus OUHAMUYECKOU
CKOpOCMU NpU  CYXOM COCMOAHUU OMBANbHLIX X60CMO8 HA nosepxwocmu nasdica. Ilpoyecc
PACAPOCMPAHEHUsT NbLIeBbIX 3A2PAHEHULl MOOEAUPOBALCS NOCPEOCMEOM YUCLEHHO20 DeluleHUs.
KOHGEKMUBHO-OUDDY3UOHHO20 YPAGHEHUsL NepeHoca NpuMecu ¢ Y4emoM CKOPOCHU OCeOaHUs.
Yucnennvle IKCnepUMeHnbl NPOGOOUNUCH NPU CLYHAUHOM 8b160pe OUCKPEMHbIX YUACMKO8 U 8apuayuy
ckopocmu eempa om 5 00 23 m/c u nnowaou neiienus om 2 0o 10 ea.
Pezynemamot u ux ananus. [lonyuenvi npocmpancmeennvie pacnpeoenenusi aspoOUHAMUYECKUX
Xapaxkmepucmux MoOenu u pacnpeoeneHus Nuliedblx 3azpasHeHull (vacmuybsl noliu ouamempom 35 mxm).
Haubonvwemy  3aepsiznenuto  noogepicena  ammocgpepa  pationa  Cmapvle  Anamumol.
Tpoananuzuposansl u 0606ueHbL 00 PYHKYUOHATNLHBIX 3A6UCUMOCTE PACYEMHbIE YPOGHU 3A2PSI3HEHUSL
ammocepvl 6 yeumpe 2. Anamumeol. [Ipunsmoer 60 6HuMmaHue OUANA30HbL 3HAYEHUL BAPLUDYEMBIX
napamempog MoOeiu ¢ y4emom OCPeOHeHUs. N0 KOMUYeCmey UCHbIMAHUL Ol KOHKPEMHOU Niowaou
nolrenus. Pacuemmnole 3a8ucumMocmu KOHYeHmMpayuu noliu om nAowaou NelieHus npu QUKCUPOBAHHOU
ckopocmu eempa 6 yewmpe 2. Anamumovl ORUCHLIBAIOMCS JTUHEUHLIMU (QYHKYUAMU. 3A8UCUMOCHTb
KOHYEeHmMpPayuy noliu On CKOPOCMU 6empo8020 NOMOKA NPU (YUKCUPOBAHHOU NLOUAOU NbLLEHUSL MONCEMN
ObIMb ANNPOKCUMUPOBAHA CIMENeHHOU QyHKYUell.
Boioovt u oonacme npumenenus. O600wjennas @GYHKYUOHANbHAS 3AGUCUMOCHb  NO38O/sIEm
NPOCHO3UPOBAMb KOHYEHMPAyuio neliu 8 2. Anamumvl 6 3a6UCUMOCMU OM NIOWAOU NbLIEHUs
CAYUAUHBIM 00PA30M BbLIOPAHHBIX OUCKPEMHBLIX YY4ACMKO8 X8OCMOXPAHUAUWA U CKOPOCMU BEMPOBO2O
nomoka. I[lonyuennas 3a8Ucumocnis no360jsiem cOelams NPOSHO3 KPUMUYECKOU NIOWAOU NbLLEHUsl, RPU
KOMOPOU YPOBeHb 3aepA3HEeHUs. amMocgepbl docmuzaem npedeibHO 00NYCIMUMbIX KOHYEHMPAayuil.

Knroueevie cnoea: xsocmoxpanunuwe, cxopocmv sempa; niowade noiieHus, OUCKDEMHOCHb;
CAYUaiHblll 6b160p; 3a2pA3HEHUe AMMOCcepbl; YUCIEHHOe MOOeIUPOBAHUE.

Paboma evinonnena 6 pamkax memvr HUP Ne 0226-2019-0047 u nooodeprcana zpanmom PODOU
19-05-50065 Mukpomup «Komnnexcnaa oyenka 6030eiicimeus MUKpoOUacmuly 8 6blopocax 20pHuIX u
Memannypzuieckux npeonpuamuii Mypmanckoit obnacmu Ha IKOCUCHIEMbL U COCHOAHUE 300POGbA
Hacenenun ApKmuKu».

BBenenne. MoaenupoBaHue MPOILIECCOB MBUICHUS — aKTyaJIbHOE HAIpaBICHUE HA-
YYHBIX UCCIIEOBaHMA, BOCTpeOOBAaHHOE BO MHOTHX PETHOHax Mupa. B wactHoCTH,
B HacCTOsIIIee BpeMsi B paMKax nporpaMmmMbl BceMUpHON METEOpOI0ruuecKoi opraHmsa-
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1y «Sand and dust storm warning advisory and assessment system» (SDS-WAS) yka-
3aHHOE HalpaBJIeHUE aKTUBHO Pa3BUBAETCS JUIS IPOTHO3a MBUIBHBIX Oypb [1, 2].

OO0BEKTOM UCCIIEOBaHMS SIBISETCS 0COOBIH BH/T JIOKAIBHBIX Oyph OT TEXHOTCHHBIX
WUCTOYHUKOB Ha mpumepe xBocToxpanminuma AHO®-2 (r. Amnarutel, MypmaH-
cKas 00J1.), KOTOpOE B JIETHEE BPEMSI TO/ia IIPU CHIIHHOM CEBEPO-3alaIHOM BETPE CyIIIe-
CTBEHHO 3arpsi3HseT arMocgepy roposa. B panee BHITOTHEHHBIX HCCIEIOBAHUAX, Oa-
3UPYIOIIUXCS HAa aHAITU3E OTBITAa ¥ IPUMEHEHHH TTOIX0JI0B (POPMAIIN30BaHHOTO OTHCa-
HUs Tpo1ieccoB mbuieHus [3—12], corpynuukamu denepaibHOrO UCCIEI0BATENIBCKOTO
neHTpa Komsckoro Hayunoro niearpa PAH (®UIL] KHI] PAH) nokazano BiustHEE BBICO-
ThI TBUTSIIEH TOBEPXHOCTH XBOCTOXPAHUIIUIIIA HA YPOBEHb 3arps3HEHHS IPU3EMHOTO
ciost atMocepsl TBIIBI0 BHU3 IO BETPOBOMY ITOTOKY IPH BapHaIllié CKOPOCTH BETPA,
a TakKe MPOAEMOHCTPUPOBAH APPEKT MECTOIONIOKEHUSI OMMHAKOBBIX TIO TLIONIA M
MNBUIAIIAX yYaCTKOB IMOBEPXHOCTH XBOCTOXPAHWIIUINA IPU IITOPMOBOM BETPOBOM
notoke [13].

T
il DD 020

OTcToitHbIit

121314

Puc. 1. CxeMaTHYHOE PACIIOIOKEHNUE HAa TEPPUTOPHUH XBOCTOXPAHIINIA YYaCTKOB
1—20 npuIAIIEl TOBEPXHOCTH
Fig. 1. Location diagram of the dust sources areas /—20 on the tailing storage

B 2020 1. B myOnuKanusx aBTOPOB M3JIOKEH MeTomu4Yeckuii moaxox [14] k oueHke
YpOBHE# 3arpsi3HEHUs] aTMOC(EPHI C YYETOM TUCKPETHOTO PACIIONIOKEHUS MBUISIIIX
Y4aCTKOB XBOCTOXPAHIIIUIIA ¥ BAPHUAIUU CKOPOCTH BETPOBOTO MOTOKA U TIIOMIA Y TThI-
nerus. [IpogeMOHCTpHUPOBAH TOIXOM K OICHKE 3arpsI3HEHUS aTMOC(ephl ¢ UCITOIIBb30-
BaHHWEM 3HAUYCHUH CPEIUHHOTO AMaMETpa JaCTHUI BTN, TTO3BOJISTFOIIHI CYIIECTBEHHO
COKpaTHUTh TPYAO3aTpaThl HA BHITIOJHEHUE YHCICHHBIX SKCIIEPUMEHTOB MPAKTHIECKU
0e3 CHIDKCHHSI TOYHOCTH BBIYUCIICHUH [15].

IIpouecc mpuIeHUs ¢ TOBEPXHOCTH IUISKA B Pa3HbIE TOIbI U Pa3HbBIE MECSIIBI POUCXO-
JIAT C Pa3HbIX MPOCTPAHCTBEHHO PAa3HECEHHBIX YYACTKOB IUISDKA, HA KOTOPBIX TIPH OTpeie-
JICHHBIX METEOPOJIOTHICCKUX TapaMeTpax W TEXHOJIOTHUSCKUX OIEPAITUIX BO3HHKAIOT
OraronpusATHBIC TS TIPOIIECca MBIICHNS YCIIOBHS. IMEHHO Takue CUTYyaITiH C YIeTOM Ba-
pyammy CKOpPOCTU BETPOBOTO MOTOKA, KOJIMYECTBA TUCKPETHBIX yYaCTKOB, BHIOMPACMBIX
CITy4aliHBIM 00pa30M, a 3HAYMUT, U TUIOMIA/IN MBUICHUS] PACCMOTPEHBI aBTOPAMHU.

Hacrosimee uccnenoBanue, BBIMOJHEHHOE Ha 0a3e YMCIEHHOTO MOJACITHPOBAHUSA,
SIBIISIETCS MIPOIOJDKCHUEM M3BICKaHUI aBTOPOB TIO OIEHKE 3arps3HeHHs aTMOC(ephl ¢
YIETOM JUCKPETHOTO PACHOJOXKCHHUS TMBULIIUX YYaCTKOB XBOCTOXPAHWIIHIIA.
IIpu 3TOM TPUHATH BO BHUMAaHHUE KaK BapHAIMsI CKOPOCTH BETPOBOTO ITOTOKA, TaK U
M3MEHEHHE TUTOIIAN TBUICHHUS 10 BCEH MOBEPXHOCTHU IUISHKA XBOCTOXPAHIIIUIIA TIPH
CITy4aifHOM BBIOOPE MBUISIIUX YYaCTKOB.
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ITocTranoBka 3amayu. Llens nccnenoBaHus — Ha MPUMEPE pailoHa XBOCTOXPAHUIIU-
mia, OMKaiero K I. ANaTUTh, OLCHUTh YPOBHU 3arps3HEHUs] aTMOCQEPHI ropoaa B
3aBUCHMOCTH OT CKOPOCTH HaOeraromero BEeTpOBOrO MOTOKA M IUIOMIAIU NBUICHUS TIPU
CJIy4aiiHOM BBIOOpE ABAALIATH AUCKPETHO PACHONIOKEHHBIX MBUIAIINX YI9acTKOB (puc. 1).

Ornrcanne UCTOIb3yeMON aBTOPCKOH KOMITBIOTEPHON MOJEIH MPEACTABICHO B pa-
6orax [13—15]. MacTpymenT uccnenosanus — nporpamma COMSOL [16].

Taoauna 1. YuacTKu nbLIeHHs, IJIOIAAL NbIJIEHUS H KOJIHYECTBO HCIBITAHMI
Table 1. Dusting areas, area of the dusting surface, and the number of tests

ITinomans KonnuectBo
. Homepa y4acTKoOB NbLIEHUS
NBIICHHUS, Ta HUCIIBITAHUHA
2 9 9;1,7;11; 16; 20; 13; 17; 3
4 10 12,8; 17, 14; 2,13; 14,9; 19, 18; 4, 14; 8, 20; 20, 19; 5, 1;
6, 14
6 12 8,2,16; 20,18,3; 4,3,8; 5,17,4; 10,3,9; 2,19, 18;
19,8, 14; 7,18,16; 11,3,1; 16,9,6; 3,19,8; 1,8,6
8 11 11,6,13,3; 3,12,18,8; 3,2,20,4; 1,11, 18, 20; 13,7,5, 20;
17,13,10,5; 18,6,5,12; 2,12, 11, 17; 14,7, 17, 16;
19,13,3,1; 4,12,3, 14
10 8 14, 10,9, 13, 3; 18,16, 15,17, 11; 4,3, 5, 10, 20; 8, 1,20,19,7;
20,17,7,14,9; 5,16,7,6,18; 10,2,12,11,6; 2,17,19,11,7

[Ipu uncieHHOM MOAETMPOBAHUY TPUXOTUTCS BEIOMPATh MEXTY KEITaeMON TOTHO-
CTBIO PACYETOB M BOBMOXKHOCTSIMH KOMITBIOTEPHOU TeXHUKH. [loCTpoeHHEe B KOMITBIO-
TEPHON MOJIEJIM HOBBIX YYaCTKOB IbUICHHUS MPUBOAUT K HOBOW T€OMETPHH B 007aCTH
XBOCTOXPAaHWIHINA. [IJIs BHIMOIHEHUS PACUETOB HEOOXOIUMO CIeHEPUPOBATh PacyeT-
HYIO CETKY, UTO OmpeiessieT TpeOyeMblii U BBITIOHEHUS PacieTOB 00bEM OIepaThuB-
HO# mamsaTu. ['eHepanms ceTkn B pexknme Coarse (YUCI0 KOHEYHBIX DJIEMEHTOB —
29 367, uncno crenener cBoOoasr — 157 981) mpuBena K MpaKTHYECKH MpeneTbHOMN
BeJIMUMHE 00beMa OINEepPaTHMBHON mamsTH KomibioTepa (okojo 6 I'0). JlanmpHeitmee
YMEHBIIICHUE pa3Mepa CeTKH MPUBOUT K MPEBBIMICHUIO BOBMOKHOCTEH BEIUUCITUTENb-
HOI TEXHUKH U C yYETOM HEOMPENCICHHOCTH 0 PsiAy MapaMeTpoB MOJIEIHN MPEICTaB-
JsieTCs HellenecooOpa3HbIM.

[IpunATHIE B pacyeTax mapaMeTphl BAPHLHUPOBAHUS CIIETYIOIIHE:

— CKOpPOCTh BeTpoBoro motoka — 5, 11, 17 u 23 m/c Ha BeicoTe +10 M OT OCHOBaHWHS
MOJIEIIH;

— miomanb neuieHus 2, 4, 6, 8 u 10 ra.

N3 20 yuacTkoB mbuieHUs (TUIOMAAb KaXKIOTO — 2 Ta) MOXKHO COCTaBUTh OOJIBIIOE
YHCIIO COYCTAHUN YYaCTKOB, 00ECIICUMBAIONINX OOIIYIO TUIOMIAAb MbUICHUS 2 ra (OIUH
y4acTok), 4 ra (1Ba yyactka), 6 ra (Tpu ydactka), 8 ra (uerbipe yyactka) u 10 ra (marb
y4acTkoB). YpaBHenue ducina coueranuii C,' u3 n (y Hac 20) 1o m, KOTOpble OTIHYa-
FOTCSI TOJTBKO COCTABOM 3JIEMEHTOB, a MOPSAOK UX CIICIOBAHHS HE BaXXCH, UMEET BUJ]
C' =n!/[m!(n—m)!] [17, 18].

[IpakTuyeckas peanu3aius TaKOr0 OrPOMHOTO YHCHA COUETaHUU (Hampumep, AJs
riomiaael neuieHus 2, 4, 6, 8 u 10 ra ono coctasut 20, 190, 1140, 4845 u 15 504 Bapu-
aHTa COOTBETCTBEHHO) B paMKaX CO3/IaHHBIX MOZIEJIel Upe3BBIYAHO TPYHI03aTpaTHA.

[TosTOMYy Ha TaHHOM 3TaIlle IS JAJTBHEUITUX UCCICIOBAaHUH BRIOpaH OOBEKTHBHO
peanu3yeMblil Iy Th, Ipeanonararomui 50 UCIBITaHIA. YKa3aHHOE KOJIMYECTBO MUCIIBI-
TaHH MOCTPOEHO C TIOMOMIBIO Pa3paboTaHHOW aBTOPCKOH MporpamMmel. 3ajieiicTBoBa-
HO HECKOJBKO BCTPOEHHBIX moxamporpamm kommuisitopa MS FORTRAN POWER
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STATION 4.0 (SYSTEM_CLOCK(Count), @ RANDOM SEED(PUT=Seed),
RANDOM NUMBER(R)), npeanonaraercs paBHOMEPHOE paclpeAeieHHe Clydaii-
HBIX YHCEJ KaK B uara3oHe riomany neuieHus (ot 2 go 10 ra), Tak u B HyMepanuu
yuacTkoB mbuteHus (ot / po 20). B pesynbrare chopmupoBaHa HH(OOPMAIHS 110 KOJIH-
YeCTBY M HOMEPaM Y9IacTKOB IbLTeHUS (Tabm. 1).

Kax BunmHO m3 maHHBIX TaOm. 1, HanOobIee KOJTUICCTBO HCIBITAHUN MPEICTOUT
BBITIONTHUTG JIJIS TUTOIIAU mbUIeHus 6 ra. [Imomaau meUIeHus M0 MOPSIAKY YMEHbIIe-
HHS KOJIMYeCcTBa ucnbIiTanni — 8, 4, 2 u 10 ra.

Tab6auna 2. PacueTHble VISl Ka’KA0I0 yYacTKa NbLICHHUS] 3HAYeHUs MOJIHOH Beaunyunsl BIIM
NPH BApHALMHU CKOPOCTH BeTpa
Table 2. Calculated values of the total value of the vertical mass flux for each dusting area
with a variation of wind velocity

CkopocCTb, o BIIM, o BIIM, o BIIM, o BIIM,

Mm/c Ne kr/(M? - ¢) Ne kr/(M* - ¢) Ne kr/(M* - ¢) Ne kr/(M* - ¢)

5 1 1,0525 - 1076 6 | 2,0363-10° | 11 | 2,2001-10° | 16 | 2,6635-10°
11 2,4688 - 1073 4,7940 - 107 5,1649 - 1073 6,2570 - 1073
17 1,3631 - 10+ 2,7353 - 10 2,8851 - 10+ 3,5215 - 10
23 4,5693 - 10 9,1815- 10 9,6720 - 107 1,1809 - 1073
5 2 1,2256 - 107 7 1,9515-10° | 12 | 2,2103-10°° | 17 | 2,6940 - 10
11 2,8760 - 107 4,5961 - 107 5,1933 - 107 6,3310 - 107
17 1,5914 - 10+ 2,6273 - 104 2,9067 - 104 3,5662 - 104
23 53355 - 10* 8,8202 - 10* 9,7478 - 10* 1,1960 - 1073
5 3 1,4572 - 10°¢ 8 1,8032-10°° | 13 | 2,2080 - 10° | 18 | 2,6800 - 10°°
11 3,4210 - 1073 42474 - 107 5,1901 - 107 6,3017 - 107
17 1,9113 - 10+ 2,4305 - 10 2,9105 - 10* 3,5570 - 10
23 6,4080 - 10 8,1599 - 10 9,7621 - 10 1,1932 - 1073
5 4 9,5203 - 1077 9 | 1,5890-10° | 14 | 2,1994-10° | 19 | 2,6813-10°
11 2,2326 - 107 3,7438 - 1073 5,1718 - 1073 6,3074 - 107
17 1,2692 - 10 2,1452 - 10* 2,9045 - 10 3,5656 - 107
23 42539 - 10 7,2039 - 107 9,7435 - 107 1,1962 - 1073
5 5 1,3577 - 10°% | 10 | 2,0519-10° | 15 | 2,2469-10° | 20 | 2,6467 - 107
11 3,1851 - 1073 4,8301 - 107 5,2830 - 1073 6,2287 - 107
17 1,7808 - 10+ 2,7492 - 104 2,9685 - 104 3,5263 - 10
23 5,9696 - 10 9,2278 - 10°* 9,9576 - 10°* 1,1832 - 1073

B npuHATON KOMIBIOTEPHON MOIENH pacdyeT KOHBEeKTHBHO-AH((y3noHHOTO TIepe-
HOCA MEJKOAUCIICPCHON TBUTH BBITIONHACTCS IS 7 WHTEPBaIoB KpymHOCTH [13, 14].
Takum 00pa3om, I €IMHCTBEHHOTO 3HAYEHUsI CKOPOCTH BETPOBOTO MOTOKA TPeOyeT-
cs BRIMONHUTH 350 BhIuucieHuid. [lepBoHaYanbHO OCYIIECTBIAECTCS MOATOTOBKA HC-
XOJIHBIX JIaHHBIX, a TI0 3aBEpIICHUI0 — 00paboTKa pe3ynbTaToB pacueToB. [lepen BbI-
MOJTHEHWEM pPacyeToB TMepeHoca TBUIH Yepe3 PydHYH 0o0paboTKy H TpOUEAypy
BBIUMCIICHUS 10 aBTOPCKHUM MpOTrpaMMaM OIIPENEeNSIOTCS 3HAuYeHUs AMHAMUYECKON
CKOPOCTH M BEPTUKAILHOTO TIOTOKA MACCHI JIS KAKIOTO YIACTKA MBIJICHUS.

C y4eToM IpeIeCTBYIOIIETO OIbITa BEIYUCICHUN U 00pa00TKY pe3yiibTaToB [13, 14]
MPEJICTABIISIETCS. BOBMOXKHBIM OTPAaHUYUTHCS YETHIPHMS 3HAYCHUSAMU CKOPOCTH BETpa —
5,11, 17 u 23 M/c, 4T0OBI peaTn30BaTh 0003HAYECHHBINM 00BEM BBIYUCICHUH U 00pa0OTKH
pe3ynsraroB. [Ipu a3ToMm ob1iee konryecTBo pacueToB nepenoca meim — 1400.

UT0oOBI COKpaTUTh 00BEM BRIYHCICHHUH M MPOIecC 00pabOTKHM pe3yabTaToB, Mpe-
JIaTaeTcsl BOCIIONB30BAThCS OIBITOM aBTOPOB [15] M BBINOIHHUTH MCCIEAOBAHHE IS
CPEIMHHOIO IHaMETPa YaCTHI] MbUIA. DTO MO3BOJIMT B 7 pa3 COKPaTUTh 00bEM BBIYHC-
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JIEHUH IIPU HE3HAUUTEIBHOW MOTEPE TOYHOCTH pacdeToB. ENMHCTBEHHBI MUHYC CO-
CTOUT B TOTepe MH(GOPMALUH 10 3arps3HEHHI0 aTMOC(epbl MEJIKOM MBUIBIO JHaMe-
TpoM MeHee 10 MKM. YKa3aHHBIH HENOCTaTOK MPEATNONIaraeTcs yCTPaHWUTh IOCIE
3aBEPILUCHHUS [TOJTHOTO LIUKJIA UCCIICAOBAHUI C MHTEPBAIbHBIM PACHIPEAETICHUEM ITBUTH
10 pa3Mepam.

MeTtonuka ucciaegoBanuii. MeToauka nNpoBeJeHNs UCCIIEIOBAHUN ABIISIETCSA aHa-
JIOTUYHOM MCIIONIb30BaHHOU panee [13—15]:

— JUId YKa3aHHBIX 3HAYEHUI CKOPOCTH BETPa PACCUUTHIBAIOTCA CTALlMOHAPHBIE a3PO-
JUHAMHUYECKUe HapameTpbl MOAEIH (CKOPOCTHBIE Mo, Ko3(duuuenTsl TypOyneHT-
HOH Bsi3kOCTH). JlJIs1 3TOr0 MCIONIB3yeTCs MOJENb BO3AYIIHOM TUHAMHUKU OOTEKAHHS
HEOIHOPOAHOW MOBEPXHOCTH B PaMKax MPUOIIDKEHUS HECKUMAEMOH KUIKOCTH, J0-
TIOJTHEHHAS CTAaHAAPTHOU (h—€)-MOeNnbi0 TypOyJIeHTHOCTH;

— Yepe3 OIepalLnio OCPEAHEHNUS ONPEIENIAI0TCA 3HaUE€HUS IPOJ0IBHOMN COCTAaBIISIO-
el CKOPOCTH BeTpa Ha BbIcoTe +10 M HaJ KaKIbIM y4acTKOM IBUICHUS U BEIMYWHA
ko3¢ dunreHTa TypOyJICHTHOH BA3KOCTH U TypOyneHTHO! andy3un 11 o6IacTu Mo-
JeTUPOBAHUS;

— JUIS K&KI0TO Y4acTKa IbUICHHS IIEPECUUTHIBAIOTCS 3HAUECHHS IUHAMUYIECKON CKO-
POCTH Y BEIMYMHBI BEPTUKAIBHOTO MoToKa Macchl (BIIM) anst cpenuaHOTO IriameTpa
pa3mepa nsiiH [ 14] ¢ ucnone3oBanueM 3apucuMocT Westphal D. L. et al. [8]. B kaue-
CTBE IIPUMeEpa pacyeTHBIX JaHHBIX B TA0M. 2 AJIS KaXKA0TO y4acTKa MbUICHHS IpUBee-
HBI IPOTHO3HBIE 3Ha4eHus BeanunHbl BIIM npu Bapuauy cCKopocTy BeTpa;

— PacCUMTHIBAIOTCS CTALIMOHAPHBIE MOJISI PACIPEAEICHNUS IbUIM B 00IaCTH MOAETIH-
pOBaHMA IPU YKa3aHHBIX BapHaLUAX IapamMeTpoB mozenu. /i ompeneneHus mpo-
CTPaHCTBEHHOTO PaCIpe/IeIICHHsI 3arPsI3HEHHUS UCTIONIB3YETCsl ypaBHEHNE KOHBEKTHBHO-
I Qy3nOHHOTO TepeHoca. B YMCIIeHHBIX SKCHEpUMEHTaX MPUMEHSIOTCS 3HAYCHUS
K03 GUIreHTOB TypOyneHTHOH anddy3nu, KOTOpbIE MOITyUeHBI ONepauel ocpeaHe-
HUS 110 00bEMY MOJIENIUPYEMOH 00IacT KO3 PHUIHEHTA TypOYJISHTHOHN BA3KOCTH C TI0-
MpaBKOM Ha IVIOTHOCTh Bo3ayxa U yucio [Ipanamia-Imunra [13, 14]. Ins ckopoctu
BeTpa 5, 11, 17 m 23 M/c mpuHATHIE B pacdeTax KodhOUIMESHTH TypOyieHTHOH nuddy-
3un umeroT 3Hauenns 49, 108, 170 u 230 M%/c cOOTBETCTBEHHO.

I'panynomerpudeckuil cocTaB OTBAJIBHBIX XBOCTOB C MIOBEPXHOCTH YCTOSABILIETOCS
wishka xBocroxpanuinma AHO®-2 npencrasnen B auccepraunonHoi padore Ctpu-
xkeHka A. B. [19]. lns meum cpenunaHoTo rametpa (35 Mkm) B npubmmkernn CTokca
ckopocThb ocenanus pasHa 0,0955 m/c.

B cBsI3u ¢ U3MEHEHUAMU PAacUETHOM CeTKH, 00YCIIOBICHHBIMU 3aJaHUEM AUCKPET-
HBIX Y4YacTKOB MbUICHHA (puc. 1), BHIMOTHEH BBHIOOP NeMI(UPYIOMNX TapaMeTpoB B
CXeMax ammpoKCHMAIMH KOHBEKTUBHBIX CIIAraeMbIX Ui 00ECIEUeHUsT YCTOMYMBOCTH
pacueToB B IIMPOKOM JMAINAa30HE CKOPOCTEH, 3a/1aBaeMbIX Ha BXOAHOM rpaHuLie MoJe-
7. B yacTHOCTH, yCTOWYMBOCTB BBIYMCICHUH Ha BCEM AMAINIa30HE CKOPOCTEM BETPOBO-
ro TIOTOKa Ha BbIcoTe +10 M OT ocHOBaHUs Mojenu (5—23 M/c) obecrieunig: penraTeb
(Direct UMFPACK) u nemndupyrommue kodddunmentsl (Crosswind diffusion) mis
ypaBHEHHs cOXpaHeHus uMItyiibea 1 Turbulence isotropic uist ypaBHeHUH (k—€)-Monenu
Ha ypoBHe O0,7. Jln MOCTHXKEHUS TOJOKHUTEIBHBIX 3HAYEHUNH KOHLEHTpPALUU
NBUIM TPU PEeIIeHNH KOHBEKTHBHO-AM((Y3MOHHOTO ypaBHEHHUS HCIIONB30BaH TOT XK
pemarens (Direct UMFPACK) u nemndupyromuii koagdunment (Isotropic diffusion)
Ha ypoBHe 0,65.

AHa/u3 pe3y/IbTaTOB YHCJICHHBIX IKCIIePHUMEHTOB. [Ipexae uem aHaIn3upoBarh
MPOCTPAHCTBEHHBIE paclpeneieHns KOHIICHTPAINH MU TTOJIE3HO CPaBHUTH 3HAYE-
Hus BIIM no yyactkam neiienud (tadn. 2). Bugno, yto BIIM makcumanes juig yyact-
KoB /6—2(), a MUHUMAJEH Ui ydacTKkoB /—5. B menouke yyacTkoB /—2—3 BeIMYMHA
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BIIM mocTeneHHO pacTeT, a B 1enouke 6—7/—8 — ymenbpmaercs. [Ipeacrasmsiercs, 9To
MPUYUHOM pasznnduil B 3HaueHUsIX BIIM 11 mpocTpaHCTBEHHO PA3HECEHHBIX y4acT-
KOB IIBIJIEHUS ABJISIETCA HEOAHOPOIHOCTD IOJISI CKOPOCTH JUISl 3TOTO paiioHa, CBI3aHHAs
C HaJJMYMEM B MOJIEJIN CEBEPHEE XBOCTOXPAHWIMIIA TPEATOpUi XUOHH.

Hekoropele pe3yabTaThl YHCIEHHBIX DKCIIEPUMEHTOB 10 IPOTHO3Y MPOCTPAHCTBEH-
HOT'0 paclipeleseHNs KOHIIEHTPalUK IbUIHM IPeACTaBIeHbI Ha puc. 2, 3.
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Puc. 2. IlpocTpaHCTBEHHOE pacIpeeieHue OCPEAHEHHOW I0 KOJUYECTBY HCIIBITAHUN
KOHLICHTPAIMU TbUIA B IIONEPEYHOM K HAIPaBICHHIO BETPOBOTO IOTOKA M3MEPEHUH MU
BapHAINH IUIOMIAIH TBUIIIEH TOBEPXHOCTH M CKOPOCTH BETPOBOTO MOTOKA
Fig. 2. Spatial distribution of the dust concentration averaged by the number of tests in
the measurement transverse to the direction of the wind flow with variations in the area
of the dusting surface and the wind flow velocity

Hanpumep, Ha puc. 2 mis ckopoctr BeTpa 17 u 23 M/c puBeIeHB KPUBBIE TPO-
CTPaHCTBEHHOTO pacIpeeNleH s MbUTH (OCPETHEHHBIE TI0 YMCITy UCIBITAHNH /IS aHa-
JTU3UPYEMBIX TUTOMIAIeH MBUICHHUS) B MOTIEPEYHOM K HAIpaBJIEHUIO BETPOBOTO TIOTOKA
n3MepeHnu. C y4yeToM TOro, 4TO U1 HEOPraHMYeCKOW MBUIH, COepIKaIlel IByOKHUCHh
kpemHus B unrepsaie 20-70 %, B kauecTBe MaKCHMAaJILHOM Pa30BOi KOHIIEHTPAIIUU
ycranosiena Benuuuna 0,3 mMr/m® wim 3 - 107 kr/m? (IIpedenvho donycmumvle KoH-
yeumpayuu (IJ[K) 3aepasuaowux eewjecms 6 ammoc@epHom 8030yxe 20pOOCKUX U
cenvckux nocenenuii: ucuenuueckue Hopmamugwl, ¢ usmenenusmu, yme. 31.05.2018
No 37. M.: ©edepanvhulil yenmp cucueHvl u snudemuonocuu Pocnompebnaosopa,
2019. 55 c.), MOXHO CIeNaTh CISIYIONTNE BBIBOIBL:

— paiion Crapble AmaTuThl TOABEPKEH HawOoiblieMy 3arpssHeHuto. [Ipu stom
KpUBBIE 3aTPA3HEHUS] HE UMEIOT CTOJb SPKO BEIPAKEHHBIX MAKCUMYMOB ISl YKA3aHHO-
ro paifoHa, KaK 3TO MPOTHO3WpoBanoch B padorax [13, 14]. [IpuunHa crmaxuBaHus
rpaKOB — OCpEIHEHHE 110 YUCITY HCIIBITAaHN;

— Ju1st ckopoctu Betpa 5 u 11 m/c mpessimnennit ypoBHs [1/IK He mpornosupyercs
(110 3TOI MpUUKHE PUCYHOK HE MIPUBOAUTCS);

— 715l CKOPOCTH BeTpa 17 M/c mpH IUIOIAAM bUIEHHs Oosee 8 ra IpOrHO3UPYIOTCS
npeBbiieHusa [1/IK, 94To MoXkeT HeraTMBHO BIMATH HE TOJBKO Ha pailon Crapbie
ATIaTHTHI, HO ¥ Ha BECh TOPOT;

— ISl CKOPOCTH BeTpa 23 M/C TOIBKO MUHUMAJIbHA TUIOMAAb MBUICHS 2 Ta He SB-
JISIETCSI TOTEHIMATBLHO OMACHOH, TIPH OOJIBIIMX IUIONMIA/ISMX MBUICHUS ISl BCErO Topo/a
MPOTHO3 HEraTUBHBIH.
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AHanu3 pacueTHBIX 3HAYEHUI OCpPEeTHEHHOMN MO KOJMYECTBY HCIBITAaHUIN KOHIICH-
TpaluHy MbUTK B LIEHTpe I. ANaTUTHI IPU BapHalllu ABYX ITapaMeTpPOB MOJIEIMPOBAHUS
(mnomaay MeIJICHUS! K CKOPOCTH BETPOBOTO MOTOKA) CBUACTENBCTBYET:

— MPUCYTCTBYET JIMHEWHAs 3aBUCHMOCTh HCKOMO (DYHKIIMH OT TUTOIIA/IH TTBUICHUS;

— KOHIICHTPAIIUS ITBUTA OT CKOPOCTH BeTpa Orke K CTeIeHHOH GyHKITHH (puc. 3).
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Puc. 3. 3aBUCHMOCTD OCPEJHEHHOM 110 KOJMYECTBY MCMBITAHUII KOHIEHTPALUH HBLUIA
B LICHTPE I. ANaTUTHI OT CKOPOCTH BETPOBOTO IOTOKA NpU (PUKCHMPOBAHHOM TUIOLIAAN
TBUICHHS
Fig. 3. Dependence of the dust concentration averaged over the number of tests in
the center of Apatity on the wind flow velocity at a fixed dusting area

AHanu3 3aBUCHUMOCTEH OCPEIHEHHOW M0 KOJMYECTBY HMCIIBITAHUN KOHIICHTPAIUU
MIBUTH B IIEHTPE T. ANIATUTHI OT CKOPOCTH BETPOBOTO MOTOKA NPU (PUKCUPOBAHHBIX 3HA-
YEHHSIX IDIOMIAIN MBUICHHUS CBUAETENhCTBYET (puc. 3), uTto ¢ kodddunnenTom gocro-
BEPHOCTH, OJTM3KUM K eAuHHIle, o0CyKaaeMast PyHKIHsI OTIICHIBACTCS CTCTICHHOU 3a-
Bucumocteio C = A4 - VB tne V — ckopocTs BeTpa, M/c. 3HaueHus kod(PuuueHTon
A v B ipu pa3HbIX 3HAYCHUX TUIOIA M MTBUICHUS PUBEICHBI B Ta0. 3.

IMocnenyromuii ananu3 ko3 GuIrieHToB 4 U B okasail, 4To JJis NepBoro ko3ddu-
[IUEHTA C JJOCTOBEPHOCTHIO, OIM3KOH K eIMHUIIE, CTIPABE/ITNBA JTHHEHHAS 3aBUCHMOCTh

A=10"2(7,6796S —2,6126),

rae S — oA b NbUICHNUS, Ta.

s BTOporo ko3¢ duureHTa MOXHO UCTONb30BaTh cpeanee B = 3,0041 (makcu-
MaJIbHOE OTKJIOHEHHE 3HauYeHHH Kod(HuuneHTa B oT ero cpeHero 3Ha4eHus! CoCcTaB-
nset 2,54 %). YpaBHeHnEe 0000IIEHHON QYHKITUHN IBYyX NIEPEMEHHBIX, C TTIOMOIIBIO KO-
TOPO MOXKHO OPHEHTHPOBOYHO IMPOTHO3WPOBATH YPOBEHb OCPEAHEHHOM IO YHCIY
UCTIBITAHUI KOHIIEHTPAIIMY TBUTH B aTMOC(epe B LIEHTPE I. ATIaTUTHI:

C, =1072(7,6796S —2,6126)1**.

CrpaBeIMBOCTh TaHHOTO BRIPAKEHUS MPOBEPEHa B IUAINa30HE 3HAYCHUM, yKa3aH-
HBIX paHee. BMecTe ¢ TeM npeicTaBiseTcs, 9To ero BIIOJIHE MOXKHO DKCTPATIOIHPOBATh
1 Ha OOJbBIINE IUIOMAAM MBIIEHHSA. MOXHO YTBEPXKIATh, YTO IHAMIA30H CKOPOCTH
BETPOBOTO MTOTOKA BITOJIHE JOCTATOUCH.
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[IpuBeneHHast aHanUTHYECKas 3aBUCUMOCTh OCPETHEHHOM 110 KOJIMYECTBY UCITBITA-
HUI KOHLIEHTpalUY MbUIH B IIEHTPE I. ANIaTUTHI OT CKOPOCTH BETPOBOTO MOTOKA U TIJIO-
I1a]T1 MBUIEHUS TI03BOJISIET OLIEHUTh KPUTHYECKYIO TUIOMIA b, IPH KOTOPO B UCCIIENy-
€MOM JMana3oHe 3HAa4eHH CKOpocTH BeTpa gocturaercs yposenb IIJIK. Ha puc. 4
npuBeseH rpad K 3aBUCUMOCTH IUIOLIAIU IBIIEHUS] OT CKOPOCTH BETPa, KOTOPBIH Ipe-
KPacHO ONHCHIBAETCA CTeNeHHoN GyHkimel Buna S, = 340971297, Tlosenenue rpa-
¢uka ¢pusHmUecKku BepHOE: C YBEIMUCHHEM CKOPOCTH BETpa HEOOXOAMMO COKpaIlaTh
TUIOLIA/Ib MbUIAIIEH moBepxHOCTH. Ecim npu ckopoctu BeTpa 10 M/c KpuTHieckas mio-
maab cocrasisieT moutu 40 ra, To npu ckopoctd 20 M/c —Bcero Srau T. A.

Ta0nnua 3. 3nayenns ko3puuuenTos A u B B pyHknusax n1uHeiiHoil
annpoKCHMAIMU  OCPeJHEHHOH MO0 KOJIMYecTBY HCIBITAHUIA
KOHIEHTPAIMH NBUIH B IIEHTPe I. ANATHTHI OT CKOPOCTH BETPOBOTO
MOTOKA NPU QUKCHPOBAHHOI MJIOIAAN NbLICHUS
Table 3. Values of coefficients A and B in functions of linear
approximation of the dust concentration averaged over the number
of tests in the center of Apatity as a function of the wind flow velocity
at a fixed dusting area

HE;;:;?“’M Koaddunment 4 Koaddumuenrt B
2 1,2824 - 1071 2,9798
4 2,9034 - 1071 2,9881
6 43294 - 1071 2,9822
8 5,6072 - 1071 2,9897
10 7,6101 - 1071 3,0805

[IpencraBieHHbIi B CTaTbe MaTepUal MOYKHO PacCMaTPUBaTh KaK M3JIOKEHHE YCO-
BEPIICHCTBOBAHHOTI'O METOAUYCCKOTO IMOJAX0Ja K OICHKE YPOBHA 3arpA3HCHHUA aTMOC-
(depsl . ATaTUTH TP TBUIEHUH XBocToXpaHunuima AHO®-2 u miraHupOBaHUIO TTPH-
POIOOXPaHHBIX MEPONPUATHH MO 3aKPEIUICHHIO XBOCTOB M CHIDKEHHIO MBIICHHS.
B ycoBepiieHCTBOBaHHOM TMOIXOZ€ YYHUTHIBAETCS BIHMSHUE JBYX MapaMeTpoB (TUIO0-
b TMBUICHUS, KOTOpas 00eCIeunBaeTCs CIyYaifHBIM BRIOOPOM IBUTAIINX YYaCTKOB
10 IOBEPXHOCTH TUISIKA, U CKOPOCTh BETPa), KOTOPHIE OKA3bIBAIOT OMPEIEIISIONIEE BO3-
JIeHiCTBHE HA YPOBEHB 3arpsA3HEHUsI aTMOC(EPHI BHU3 110 BETPOBOMY ITOTOKY.

BuiBoasl. Ha 6a3e mocTpoeHHBIX KOMIIBIOTEPHBIX MOJIENEH (B TPEXMEPHOIt mocTa-
HOBKE) BBIITOJTHEHO MCCIICIOBAHUE MPOIIECcCca 3arpsa3HeHus aTMOCc(epsl I. ATIaTUTHI PU
neuieHnH xBocToxpanuwnuima AHO®-2 (MakcuManbHas MpoekTHas BbicoTa). [Tlomumo
BapHallii CKOPOCTH BETPOBOT'O MOTOKA OT 5 10 23 M/C B UCCIICHOBAaHUH MIPUHSATO BO
BHMMAaHHE U3MEHEHHE TUIONIAIX MbUIeHUs oT 2 10 10 ra mo Bcel MOBEPXHOCTH IUIHKA
obwekra. [Ipu Bapualuy miomay NsUICHUS IPUMEHEH TIOXO0]T TUCKPETHOTO PACIIONO-
JKEHUS MBUTAIINX YIACTKOB U UX CIy4aifHOTO BRIOOpA.

JInst OlleHKH BEPTHKAIBHOIO MOTOKA MacChl UCIONb30BaHa 3aBucuMocTh Westphal D. L.
et al., koropas 6azupyercs Ha PyHKIIMOHATHLHOW 3aBUCUMOCTH OT THHAMHUYECKOMN CKO-
pOCTH B UETBEPTOH CTeNeHu. /JJuHaMrIeckast CKOPOCTh BBIYHCISETCS Yepe3 OCPEeaHEH-
HYIO CKOPOCTh BETPOBOTO MOTOKA Ha BhIcOTE +10 M HajJl KOHKPETHBIM yYaCTKOM ITbLIE-
HUSL.

AHanu3 MPOTHO3HBIX 3HAYEHWH YPOBHEH KOHIIEHTPAIWU TMBUTH CPEIUHHOTO IHa-
MeTpa (35 MKM) B pacCMOTPEHHOM JTHANa30HE apaMeTPOB MOJIETH CBHJIETEILCTBYET:

— HauOOIbIIIeMY 3arps3HEHUIO TTO/IBEpKeHa atMocdepa paiioHa Ctapbie ATIATHTHI,
TP 3TOM BCIIEJICTBHE ONEPAIlUN OCPEIHEHUS 10 YHCIY MCIBITAHUN Ha rpadukax oT-
CYTCTBYIOT SIPKO BBIPQKEHHBIE 3KCTPEMYMBI B 3TOM paiioHe;
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— pacdeTHbIE 3aBUCIMOCTH KOHIIEHTPAIIMHU IBLIH OT TUIOIIA/N MBbIICHUS MPH (PHK-
CHPOBaHHON CKOPOCTH BETPa € BBHICOKUM KO(Q(PHUIIMEHTOM JOCTOBEPHOCTH ONKUCHIBA-
I0TCSI TMHEHHBIMH (DYHKLUSIMU;

— 3aBUCHUMOCTb KOHIIEHTPALMH MTBUTH OT CKOPOCTH BETPOBOTO MOTOKA MIPH (PUKCHPO-
BaHHBIX 3HAYCHUSIX IUIOLIAIU MBUICHUS alllIPOKCUMUPYETCS] CTEIICHHON (yHKIHEH.

320 ¢
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240
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H
(=l

KpI/ITI/ILIeCKaﬁ IJIOIIAab IIBIJICHHUS, Ta

5 10 15 20 25
CkopocTb BeTpa, M/c

S

Puc. 4. 3aBUCHMOCTb KPUTHYECKOH ILIONIAAN NBUICHUS OT CKOPOCTH
BETPOBOT'O MTOTOKA
Fig. 4. Critical dusting areas as a function of wind flow velocity

[TosryueHo 0600IIEHHOE aHAIUTUYECKOE BBIPAXKEHHE, O3BOJISIOLIEE IPOTHO3UPO-
BaTh KOHLEHTPALHMIO MBUIH KaK (YHKIHUIO ABYX MapaMeTPOB (IUIOMIAIN MBUICHHUS U CKO-
POCTH BeTpa), KOTOphIE B 3HAUUTEIBHOM CTETIEHU OIPEAEIISIIOT YPOBEHb IBLIEBOTO 3a-
rpsi3HeHust atMocdepbl. BIoIHEH NporHo3 KpUTHYECKOM IUIOLIany MBbUICHUS, IpU
KOTOpOW ypoBeHb 3arps3HeHus armocdepsr nocruraet [1JIK npu Bapuamum ckopoctu
BETPOBOTO MOTOKA.
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Forecast of atmospheric pollution with a random selection of discrete dusty areas
(based on numerical modeling)

Pavel V. Amosov!, Aleksandr A. BaklanovZ, Dmitrii V. Makarov!, Vladimir A. Masloboev!
! Institute of North Industrial Ecology Problems KSC RAS, Apatity, Russia.
2 World Meteorological Organization, Geneva, Switzerland.

Abstract

Research aim is to estimate levels of atmospheric pollution in the city of Apatity by numerical modeling,
depending on discrete locations of the changing number of randomly selected dusting areas, and the wind
flow velocity.

Methods of research. Computer simulation of aerodynamics and dust transport in three-dimensional
geometry is performed using the COMSOL program. To calculate aerodynamic properties, the approach
of the incompressible fluid and standard (k—¢)-model of turbulence were used. The dusting intensity was
set as a function of the dynamic velocity at the dry state of the dump areas on the beach surface. The spread
of dust pollution has been modeled by numerically solving the convective-diffusion equation of impurity
transfer taking into account the deposition rate. Numerical experiments were performed with a random
selection of discrete areas and variations of wind flow velocity between 5 and 23 m/s and dusting area
between 2 and 10 ha.

Results. The spatial distributions of the model's aerodynamic properties and the distributions of dust
pollution (dust particles with a diameter of 35 um) were obtained. The Starye Apatity area is most exposed
to atmospheric pollution. The estimated levels of atmospheric pollution in the center of Apatity were
analyzed and generalized to functional dependencies. The ranges of values of the variable parameters of
the model are considered, taking into account averaging the number of tests for a specific dusting area.



ISSN 0536-1028 «Hz6ecmus 8y308. 'opnuiii srcypuany, Ne 5, 2021 73

Calculated dependences of the dust concentration in the city center from the dusting area at a fixed of the
wind flow velocity are described by linear functions. It is demonstrated that the dependence of the dust
concentration on wind flow velocity at a fixed dusting source area value can be approximated by a power-
law function.

Summary. A generalized analytical formula has been derived it allows predicting dust concentrations in
the city of Apatity depending on the dusting area of randomly selected discrete tailings storage areas and
the wind velocity. The obtained dependence allows us to make a forecast of the critical dusting area at
which the level of atmospheric pollution reaches the air pollution critical values.

Keywords: tailings storage; wind velocity, dusting area, discreteness, random selection; air pollution;
numerical modeling.
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LLinaku BnarogaTHoro meaennaBsunbHOro 3aBoAa
(coctaB u reoakonorus)

Epoxwun 1. B.™, 3axapos A. B., JleoHoBa Jl. B.!
" WHeTuTyT reonorim u reoxummn YpO PAH, r. Exatepunbypr, Poccust
*e-mail: erokhin-yu@yandex.ru

Peghepam
Llens pabomui. Ypanvckuii pecuon yorce 6onee 300 nem agnaemesa memannypauveckum yeumpom Poccuu,
U 30eCb HAKONULOCL 02POMHOE KOIUYECHE0 OMBANbHbIX WNAK08. H3yuenue ux MunepaibHo2o cocmasa
AGNACMCA AKMYANbHOU 3a0ayell, MaK KaKk MHO2ue WadKy npedcmagisom cobot NOMeHYuanbHyo pyoy,
KOMOPYIO MOXCHO OONONHUMENbHO nepepabomams. A8mopamu npogedeHo u3yueHnue MUHepanbHO20
cocmasa wnaxkos bnacooammnozo medennagunvHozo 3a600a, NONYUEHHBIX Npu  nepepabomxe
cynohuoHvIX pyo.
Memoouka npoeedenus ucciedosanuil. Xumuyeckuil cocmag MUHepanog YyCmaHoeieH ¢ NomMoubio
CKAHUpyoue2o 91ekmpoHHo2o mukpockona JSM-6390LV ¢upmer Jeol ¢ snepeooucnepcuonnou (3/C)
npucmaskou INCA Energy 450 X-Max 80 ¢pupmuvr Oxford Instruments (Mucmumym 2eonozuu u 2eoxumuu
YpO PAH, e. Examepunbype). [ns ananusa ucnoib308aiuch NOAUPOSAHHble nempozpaguueckue
WAL, 6bIPE3AHHBIE U3 KYCOUKOS WLNAKA.
Pesynomamul u ux ananu3. Bnepsvie usyuena munepanozus wnaxos brazooammnoeo medennaguibHo2o
3a800a. H3yuenue eujecmeeHHo20 COCMAasa WiAK08 NPOBOOULOCL C MOYKU 3PEeHUsl KAACCUYecKoll
MUHEPANo2uU U ¢ UCHONb30BAHUEM COBPEMEHHOU 00A3AMeNbHOU HOMEHKAamypol MedcOyHapooHot
MUHEPANo2U4ecKoll accoyuayui. YcmanoenieHo, 4mo OHu ClOHCeHbl 2e0eHOeP2UMOBbIM Apeamom co
BHAUUMENbHBIM cooepiicanuem cyivuoos (mpounruma, earenuma u Cu-Fe-S ¢az), a makoce
nocmosinHeiM  npucymemeuem  Al-ananoca  umveauma,  gasauma, cemamuma, —MacHemumd,
secmepgenvouma, Opelmeaynmuma, e20 JHCere3ucmoz0 auanozd (8 npupooe OaHHOe cOeOUHeHuUe
Heuzeecmno) u aiiapeenmyma. Omu wiaKu 06paz’oeanruct npu BbINIAGIEHUU Meou U3 Keapyeeo-
NONUMEMATIUYECKUX PYO, OHU HECYNM 209KONOSUYECKYIO YePO3Y OKpydcarujell cpede.
Oobnacms npumenenusn pe3ynibmamos. [JanHvie WIAKU MOICHO NYCKAmMb 8 nepepadomyy, nOCKONbKY
OHU coOepicam N1e2ko bioelseMble 3010Mo, cepebpo u nonumemanivl. Iloumu écs nopooa cocmoum u3s
2edenbepauma, KOMopbwlll MONHCHO UCHONb308ANb 8 WUXINAX OOMEHHbIX Nedell.

Knioueevile cnosa: zeoembepeum; mpounum; zanenum; munepanozus, wnaxu; Brazodammuviii
MeOennasuibblil 3a600.

BBenenne. bnaronarusiii 3aBon noctpoex B 1908 1. B mpeaenax MoHeTHO ka3eH-
HOW JauM (HbIHE CeBepHas OoKpawHa moc. MoHeTHbIH), B 20 KM ceBepo-BOCTOUHEE
r. ExarepunOypra. [Ipeqnpustie ObUT0 CO3AaHO AJS TOXYYESHUS MEAH W3 KBapIEBO-
MOJIMMETAJUTHYCCKUX Py U3 PACTIOIO0XKEHHOTO PsiAoM biiaromarHoro MecTopoXaCHHUS.
Coneprxanue Menu B pyue — 3—4 %, OMyTHO A00BIBATIOCH 30JI0TO U cepebpo. Toruium-
BOM CITY>KUJI yroyib EropiimHckoro MecTopokIeHus U ToHeIkuii kokc. Ha 3aBone mpo-
M3BONWIICS OOKMT MEIHBIX PYJ W TUIaBKa Ha POIITEWH, IMOJHUMABINAS COACPIKAHUE
Mmean 110 25 %, IS 9ero UMENUCh 2 IaxXTHBIC ITe4d (BarepikakeThl). B cyTku Ha Kax-
nmo#t meun nporiasisuiochk mo 1100—1400 mymoB pymel. Kpome Toro, memancs oOxur
PYZIBI U TUTaBKA Ha INTEIH, MOJHIMABIIAs COiep KaHne Meau 10 65 %, a Taxke TiaBKa
Ha YEPHOBYIO ME/Ib B OTPAKATEIbHON NIeuu ¥ padMHUPOBAHKUE YSPHOBON Meu. 3aBO
ObUT paccunTaH Ha Mpou3BoACTBO 30—35 Thic. myq0B Menu B rofl. OTINYHTEIBHBIM
MPU3HAKOM MEJIU 3TOTO 3aBoja OBLJIO BBICOKOE COJIEp)KaHUE B HEW 30i10Ta U cepedpa.
B ogHOM TIyZie Menn HaxXOMUIIOCh 0 4 30JI0THUKOB 30JI0Ta M OKOJIO TIoy(yHTa cepedpa,
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T. €. CTOMMOCTb 30J10Ta M cepedpa BIBOE MpEBbIIIaia CTOUMOCTh MeAU. BrimnasneHo
WTHIKOBOM Meau, myasl: B 1908 . — 10 430, B 1909 . — 23 661, B 1910 . — 23 490,
B 1911~ — 23 871, 8 1912 . — 21 225, B 1913 r. 3aBox 11aBKy MeIN HE TIPOU3BOINIL,
B 1914 r. Benmurasmit oxosio 3000 mynoB. KpoMe Menn w3 oTCOPTUPOBAHHOM PYIEI BHI-
miaBsuid ceuHet: B 1910 . — 225 mymos, B 1913 1. — 3001 myn. YepHoBas menp u
OCTaBILIMECS MOCTE €€ MOJTYUYeHU IIUTaKH, CoiepKalue OIaropoaHble MeTalibl, Mpo-
JaBaJICh Ha BJIEKTPOJIU3HBIE 3aBOABI B PoccHu M SKCTIOPTHPOBANIKCE 33 TPAHUILY AJIS
JanpHelend nepepaboTky. 3anacsl pyabl OKazaauch HEBENUKH, B 1914 1. 3aBox Obl1
OCTAHOBJICH B CBSI3U C UCTOIICHUEM MECTOPOXKACHUS U HauaBiuelcs [IepBoil MupoBoit
BOMHOM, TaK KaK MPaBUTEIHCTBO 3allPETUIIO BBIBO3 33 TPAHMUILY I[BETHBIX M OIaropos-
HBIX METAJJIOB, a TAKXKe CBIPhsI, KOTOPOE COIEprKajIo 3TH MeTauisl. Uepes HEKOTopoe
BpeMsI TIOCIIe 3aKPBITHS 3aBOJ ObLT JEMOHTUPOBaH [1].

20kV X220 100pm 11 70 BES

Puc. 1. Bremnuii Bua reeHOEpPruTOBOIO IITaka CO CTPYKTYpOil criHHEKC.
BSE-u306paxenue, COM JSM-6390LV
Fig. 1. Exterior view of hedenbergite slag of spinifex structure. BSE image,
SEM JSM-6390LV

OT100p 00pa3uoB HLIaKa U MeTOAbI HcciegoBanus. [llnaku bnaronatHoro 3aBoza
SBJISIFOTCS. OCHOBHBIM TEXHOTCHHBIM 3arpsA3HUTENIeM B pailoHe nmoc. MOHEeTHBIH, Ipak-
THUYECKU BCSl CEBEPHAsi U BOCTOYHAs 4acCTh I10CEJIKA IIepechillaHa 0TBaJIbHBIMU Macca-
MU OPCATIPUATHA. MHorue KOTTCIPKM U YaCTHBIC JOMa CTOAT WM CTPOATCA Ha 3EMIJIC,
3apayKeHHOM HIJIAKOBBIM MaTEePHAaIOM.

O100p TmpoO OCYILIECTBICH C CEBEPO-BOCTOUYHOW OKpaWMHBI TOCENKa (TPHUBS3Ka
¢ GPS-naBuraropa — N 57°0627.6”, E 60°91°23.7”), BOnu3u npeanonaraeMoro MecTo-
HaXOKJEHUS 3aBOJIa U €T0 IUIAKOOTBaIA. 34€Ch OCTPOEH IPAaBOCIAaBHbIM XpaMm, a Tak-
e OOJIbIIOe KOJIMYECTBO YacTHBIX A0MOB. Illnaku BcTpedaroTcst Bes3le, HEKOTOpbIE
KyCKH UMEIOT pazMmepsl 1o 1 M. CoOpaHbI 1 U3yUueHBI 00pa3Libl YePHOTO [[BETA, TOHKO- 1
CPEIHE3EePHHUCTHIE, C HU3KUM COZIEpKaHUeM 1op (10 5 %) 1 mapukamMu Cyib(UI0B.

Bce ananutmueckue pa®oThl BBIMOJIHEHBI B MHCTUTYTE T'€OJOTHM M T€OXHUMUHU
(UIT) ¥pO PAH (1. ExarepunOypr). IlerporeHaple KOMIIOHEHTHI LIJIaKa ONPEAEIICHBI
Ha peHTTeHo-QIIyopeciieHTHOM BoTHOBOM criekTpomeTpe XRF 1800 dupmer Shimadzu
(amamutuk H. I1. [opOyroBa). [loTepu npu npokamTuBaHUN U OKHCHOE YKEJIe30 Ompe/e-
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JISUTHCh METOAOM MOKpoi#t xumuu (ananutuk I. C. HeynokoeBa). XuMU4eCKHii coCTaB
MOPOJI000Pa3yOIMIUX U PYAHBIX MUHEPAJIOB OIPENENIeH C IMOMOIIBI0 CKAaHUPYIOIIETO
ANIeKTpOHHOTO MUKpocKkoma JSM-6390LV ¢upmer Jeol ¢ areprogucnepcnorroi (D1C)
npucraBkoii INCA Energy 450 X-Max 80 ¢upmsr Oxford Instruments (amamutux
JI. B. Jleonosna).

IosyyeHHBIE pe3yabTaThI H UX 00Cy:KAeHHE. B pe3yibrare nuccienoBanuii okasa-
JIOCh, YTO OTOOpAHHBIE IINIAKK CIIOKEHBI TeCHOSPTUTOBBIM arperaroM CO 3HAYUTEIb-
HBIM cojiepKaHueM cynbpumoB (Tpomnura, ranenura u Cu-Fe-S ¢az), a Takke mocro-
SHHBIM TIPUCYTCTBHEM WIIbBaWTa, (hasyInTa, reMaTuTa, MarHeTUTa W pa3HOOOpPa3HBIX
CTHOHMIOB M apCeHMO0B. XMMHMYECKMH COCTaB nuiaka, sec. %: P,0; — 0,07,
Si0O, - 43,84; TiO, — 0,12; Cr,0, — 0,01; AL,O; — 2,00; Fe,O, — 8,50; FeO — 20,00;
MgO —-0,56; MnO - 0,06; CaO —20,82; K,0 - 0,37; Na,0 - 0,22; S - 0,83; Sb - 0,23;
As—0,02; Cu-0,18; Zn - 0,49; Pb — 0,77; cymma — 99,09.

Tadoauua 1. XuMHYeCKHH COCTAaB CWJIMKATOB B NIaKe, Mac. %
Table 1. Chemical composition of silicates in the slag, wt %

aﬁgf;fa Si0, | TiO, | ALO; | Fe,05 | FeO | ZnO | MgO | CaO | K:0 | Cymma
['eoenbepeum
1 50,13 - - - 17,49 - 1,16 | 31,21 - 100,00
1xp 49,52 - - - 24,13 - 0,97 | 2537 - 100,00
21 50,59 - - - 15,66 - 0,97 | 32,78 - 100,00
2Kp 49,58 - - - 22,69 - - 27,73 - 100,00
3 49,26 - - - 25,08 - 0,90 | 24,76 - 100,00
Anromounveaum
30,68 | 1,09 | 10,20 | 5,14 | 37,62 | 0,67 - 14,61 | 0,12 | 100,13
5 31,49 | 0,75 | 12,42 | 2,01 | 37,85 | 0,54 - 15,05 - 100,11
31,15 | 1,18 | 12,91 | 0,87 | 38,40 | 0,49 - 14,60 | 0,33 99,93
Munepan uz epynnvt ocymunuma (?)
51,17 - 28,51 | 2,97 - 0,20 - 12,91 | 3,92 99,63
8 51,21 - 24,81 | 6,42 - 0,18 - 13,55 | 3,91 | 100,08

I'eoenoepzum (CaFe[Si,0,]) sBnsgeTcs MaBHBIM MOPOA00OPa3yIOMIUM MHHEPAIOM
nuIaka, ero copepxanue gocruraet 80 06. % mopoasl. OH cliaraeT UTrobIaThle MHIU-
BUJIBI, TOJMMIMHON He Oonee 30 MKM, ¢ XapaKTEpHOM JJIsl IIJTAKOB CTPYKTYPOH CIHMHU-
¢exc (puc. 1). MuHepan uMeeT HECKOJIBKO BapHaOeNIbHbI XUMUYECKHI COCTaB, HO
YBEPEHHO OMpEeIsIeTCs Kak refeHoepruT (Tadm. 1, ananussl 1-3). B kpymHbBIX nHAN-
BUJIaX THPOKCEHA IIEHTPaNbHAs YacTh OTIUYAETCS MEHEee JKEJIEe3UCTHIM COCTaBOM —
Ca, ,(Fe, 5,Ca, ;,Mg, ,,)1.00[Si, ;O] (ananu3 1), a kxpaeBas 4acTh UMEET OOIIEE Ke-
nesucteii cocta — Ca, (Fe, ,Ca) | Mg, (), 00[S1, ;O] (ananms 1xp). B menknx un-
JTUBHJIAX TMHPOKCEHA KAKOW-IMOO 30HAILHOCTH HE OTMEYAETCsl U COCTaBHI ellle Oonee
xenesuctoie — Ca, (FeoCa; Mg, 1¢); 0o[S1; 00O0,] (anamu3 3). Kak BumHO M3 Kpu-
CTAJUIOXUMHYECKHX MEPECUYETOB, B reIcHOEPrUTe MOCTOSHHO MPUCYTCTBYIOT MUHAJIBI
BoJUTacTOHMTA (B mpenenax ot 8 xo 40 %) u nuorcuna (6—7 %).

B npuponHbIX ycnoBusx refleHOepruT OOBIYHO BCTPEIAETCSI B KOHTAKTOBO-METACO-
MaTHYeCKUX TMOpoJax, B JKeJIe30-MarHe3WalIbHBIX M HM3BECTKOBUCTBHIX CKapHax [2],
B IEJIOYHBIX TPAaHUTAX U CHEHNTAX, U3peKa B KUMOepiuTax u mereopurax [3]. B Tex-
HOTCHHBIX YCJIOBHUSX TeJCHOEPTUT BIIOJIHE OOBIYHBIH MUHEpANl OJIOBSIHHBIX IIJIAKOB,
a KaK TUONCUA-TeeHOCPIUT XapaKTepeH JUis IIaKoB (heppOoXPOMOBOIO, MEACTUIABHIIb-
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HOTO U BaHaIMEBOTO Mpoun3BoacTBa [4]. Kpome Toro, reqeHOEpTUT 4acTo YHOMHUHAETCS
KaK MUHEpPaJ IPeBHUX MeeTUTaBHIIbHBIX MIUTAKOB [5].

Daanum (Fe,[Si0,]) cnaraer penkue MeIKHe H30METPUYHBIE 3€PHA, Pa3MEPOM JI0
10 MKM, B MHTEPCTHLIMSAX KpUCTAIIIOB reneHOepruta. [lo XxuMudeckoMy cocTaBy,
mac. %: SiO, — 30,75; FeO — 65,99; ZnO — 1,10; CaO — 2,16, muHepan yBepeHHO
ompenensiercs kKak ¢asuuT. Ilo JaHHBIM KPUCTAJUIOXMMHUYECKOTO Iepecdera
(Fe, 4oCay 1sZn, 3), 0ol S1; 0O4), 0OMMBHH OoTHOCHTCA K uncToMy Qasnuty (Fay ) u co-
JIEPPKUT MUHANBI KalbIinoonuBrHa (10 4 %) v Bwmemura (o 1,5 %). MatepecHo, uto
B MeJICTUIaBIIIBHBIX IITakax CpemHeypalbCKoro MeaeruiaBribHoro 3aBoma (CYM3a)
tdasumut comepxkut 10 4 % ZnO [6], B otxomax Kapabarmickoro 3aBoga — ¥ IUHK, JIO
2,6 % ZnO, u xanenuii, 10 1,3 % CaO [7], a B HUKeIIeBBIX ITaKax PexkeBckoro 3aBoja
MMeeT MOBBIMICHHBIN Kanbiiui, 70 3 % CaO [8]. Ecau paccmarpuBarh XUMHUYECKUI
COCTaB MPHUPOJHBIX ONMBUHOB, TO OHH OOBIYHO cofep:kar He Oonee 1-2 % CaO [9],
XOTSI B OJTHOM M3 XOHJIPUTOB yCTaHOBIIEH HEOOBIUYHBIN ONMBHH, oboramiennblii CaO u
AL O, [10].

20kv  X1,600 10pm 11 70 BES

Puc. 2. AmromouneBaut (Ilv) ¢ tpomnurom (Tr), ranerutom (Gln), marHeTu-
oM (Mgt) 1 Munepanom u3 rpynnsl ocymunura (?) (Os) B arperare regeHnoep-
ruta (Hd). BSE-u306paxenune, COM JSM-6390LV
Fig. 2. Alumoilvaite (Ilv) with troilite (Tr), galena (Gln), magnetite (Mgt), and
a mineral from the osumilite group (?) (Os) in the hedenbergite aggregate (Hd).
BSE image, SEM JSM-6390LV

Hnveaum (CaFe?* Fe**[Si,0,]JO(OH)) sBnsieTcs peiIkuM MHHEPAIOM B H3y4EeHHOM
nake (puc. 2). OH ciaraeT KOpPOTKOIPHU3MAaTHUECKHE HHIUBUABI, pa3MepoM 10
10-15 MKM 1O YUIMHEHHUIO, B MHTEPCTHLMAX KPUCTAIIOB refeHOepruta. Munepai
UMEET YCTOWYMBBIN cocTaB (Tali. 1, aHanu3el 4—6) U OTHOCHUTCS K WIBBAWUTY, TOYHEE,
K €r0 IIMHO3EMHUCTON Pa3HOBUIHOCTH, Tak Kak comepkut ot 10 no 12 mac. % Al O,.
W3 npyrux npumeceil B MuUHEpae MOKHO BbLIenuTh TUTaH (Ti0, 1o 1,2 mac. %), nuHK
(Zn0 mo 0,7 mac. %) u xamuai (K,O 10 0,3 mac. %). KpucramnoxuMu4ecKuii nepecyer
naer  dopmyny  Ca, oo(Fe*'| ,Zn 3), oo(Aly o Fe* 40); 00[(Si; 96 Tig 04);.000,]O(OH)
(tabn. 1, ananus 5), U3 KOTOPOH BUIHO Mpeolnaganue aJlOMUHUS HaJl )KEIe30M B I10-
3UIAY TPEXBAJICHTHBIX AIEMEHTOB. M3 3TOTO CitenyeT, 4to (hopMyiia MIUHEpala T0JhKHA
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BeirAneth Tak: CaFe?",Al[Si,0,]JO(OH), n, mo Bcell BUAMMOCTH, MBI UMEEM JIETI0
C HOBBIM MHUHEPAJIOM — aJIFOMOMIBBAUTOM.

B npuponHbIX yCIOBUSX WIBBAUT BCTPEUACTCS B KOHTAKTOBO-METACOMATHUECKUX
MECTOPOXKICHHSIX JKelie3a, [TABHBIM 00pa3oM B Kelle30-MarHe3uadbHBIX U W3BECTKO-
BUCTBIX CKapHax [11], B He()eIMHOBBIX CUEHUTAX U IEIOYHBIX I'paHuTax [12], a uHOrIA
B MUPPOTUHOBHIX pyaax [13]. B mmakax nibBauT He ONMUCHIBAJICS.

Hd

20kv  X1,700 10pm 1170 BES

Puc. 3. I'emarut (Hm) ¢ tpomnurom (Tr), ranenurom (Gln), maraerutom (Mgt)
" MuHepanoM u3 rpynnsl ocymmimra (?) (Os) B arperare renenoepruta (Hd).
BSE-u306paxenune, COM JSM-6390LV
Fig. 3. Hematite (Hm) with troilite (Tr), galena (Gln), magnetite (Mgt), and
a mineral from the osumilite group (?) (Os) in the hedenbergite aggregate (Hd).
BSE image, SEM JSM-6390LV

Munepan u3 zpynnot ocymunuma (?) o0Opasyer TOHKHE KOPOTKOIIPU3MATHIECKHE
WHIWBUABL, JUIMHOK A0 25 MKM, B HHTEPCTUIHAX KPUCTAIUIOB reaeHoeprura (puc. 2).
Hepenxo MHIUBUIBI CATAIOT MYYKOOOpa3HbIE arperarbl, KOTOPBIE XOPOIIO BHIACIISIOT-
csi B BSE-kapTuHKe, Tak Kak BBINISAAT HauOojee TEMHBIMUA Ha (JOHE OKPYKAIOIIHX
JKeNe3uCcThIX MUHepaloB. [1o xuMudaeckoMmy coctaBy (Tabin. 1, anamusel 7—8) He MOI-
XOIUT HH K OJHOMY M3 M3BECTHBIX MHHEPAJIOB, BEPOSITHEE BCETO, SIBISIETCS HOBBIM
KaJbIIMEBBIM MUHEPAJIbHBIM BHJOM M3 TPYIIBEI OCyMuiInTa. MHOTIAa CONEpKUT TpH-
meck Harpus (Na,O mo 1,5 mac. %).

Maznemum (Fe*'Fe’*,0,) cnaraer penkne MelKne H30METPHYHBIC 3€pHA, pa3Me-
poM 10 10 MKM, B HHTEPCTHIIUSAX KPUCTAIUIOB TeICHOSPTUTA 1 HCKITIOUUTEIHHO B aCCO-
mpauud ¢ TpowntutoM (puc. 2). Ilo nmaHHBIM XHMMHYeckoro cocraBa, Mmac. %:
Si0, - 1,73; TiO, — 1,96; Cr,0, — 1,39; AL,O, — 3,25; V,0, - 0,46; Fe,O, — 59,05;
FeO - 30,13; CaO — 0,68; ZnO — 0,96, MuHepan yBepeHHO ONpeAeNaeTCs KaKk MarHe-
tut. Kpucrammoxumuueckuii nepecuer naer popmyny (Fe?* o.Ca, 320, 3), o;(Fe¥, o
Al 1,51, 07T1 05Cr0 04V o.01)1.9904- B III1aKax MarHeTuT sBISETCS HIMPOKO PACIPOCTpa-
HEHHBIM MUHEpaioM [6].

TI'emamum (Fe**,0,) cnaraer peikue IIIacTHHYATHIC 3€PHA, Pa3MEPOM JI0 25 MKM
N0 YAJIMHEHUIO, B MHTEPCTUIUSIX KPHCTAIJIOB TeACHOEpPruTa, a WHOTHA U B HHX
camux (puc. 3). Ilo JaHHBIM XHMMHYECKOTO COCTaBa, COAEPKUT HebombIme mpumecH Siu Al
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(ne 6onee 2-3 mac. %). Cyns 1o B3aMMOOTHOILEHUSIM C IPYyTUMH MUHEpaiaMu, reMa-
TUT B IaHHOM IIJIaKe KPUCTAIM30BAJICS paHbIlle MAarHETHUTA U SIBIISICTCS TUIIOTCHHBIM,
a He HaJIOXKEHHBIM THITepreHHbIM. B 1takax remarut BcrpeyaeTcst JOCTaTOYHO YacTo, 0CO-
OCHHO TIPH TUIABKE JKEJIE30PYAHOTO CHIPhsI, COAEPIKAIIIETO TPEXBAJIEHTHOE XKele3o [ 14].

CynbphuaHas MUHEpAIN3alns SBISETCS BTOPOCTEIIEHHBIM KOMIIOHEHTOM B IIIIAKe,
cymmapho aocturas 10 06. %, 1 B OCHOBHOM IIPENICTaBIICHA TPOUIIUTOM C PE3KO IO~
YMHEHHBIM rajieHuToM U cynbhumamu Cu-Fe-S.

18%

Mgt o

20kV  X6,500 2um 1170 BES

Puc. 4. Al-amanor wmmeBamta (Ilv) ¢ Tpommurom (Tr), ramemmtom (Gln),
maraetutoM (Mgt), BectepBensantoM (Ws) u Opeiitraynturom (Brt) B arperare
renenoeprura (Hd). BSE-n306paxkenune, COM JSM-6390LV
Fig. 4. Al-analogue of ilvaite (Ilv) with troilite (Tr), galena (Gln), magnetite
(Mgt), westerveldite (Ws) and breithauptite (Brt) in the hedenbergite aggregate
(Hd). BSE image, SEM JSM-6390LV

Tpounum (FeS) sBnsercs maBHBIM Cyab(GUIHBIM MUHepajioM B make. OH oOpa-
3yeT B TIOPOJIC KPYITHBIC IAPHUKH, Pa3MEPOM J0 5 MM, a TAK)KE BBIITOIHSACT UHTEPCTUITIH
MEX]Ily KpHcTauiaMu refeHOepruta. YacTo CONEpKUT BKIIOUCHUSI CUIIMKATOB, CYJb-
(hunoB, apceHU0B U CTHOHUIOB. MHOT/Ia B TPOMJIMTE OTMEUAESTCS KalJICBUIHBIA OpHU-
EHTHPOBAHHBIN pacmaf rajnenura (puc. 2). Ilo xumuueckomy coctaBy cyabhua 10cTa-
touHo omHOponHbIH (Fe — 62,1-62,9 %; S — 36,1-36,6 %), XOTS MeCTaMH COACPIKUT
mpumeck Cu (mo 0,8 mac. %). Kpucrammoxumudecknii mepecdeT gaet (opMyrTy
(Fey 9oCuy 91)1 0051 00> 9TO TOTHOCTBIO COOTBETCTBYET TPOUIIMTY.

B npupone nanHbId Cynbhua SBISCTCS OOBIYHBIM MUHEPAJIOM YIBTPAOCHOBHBIX
Y OCHOBHBIX IIopoz [15], a Takke pa3nuyuHbIx MeTeopHuToB [ 16]. B mutakax o orMeuancs
B 0oTX0Aax PexxeBckoro HukeneBoro 3aBona [8]. Temmeparypa miiaBieHUsI TPOWIHUTA
orieHmBaeTcs B mpenenax 1186—1193 °C [17, 18].

Tanenum (PbS) o0pa3yeT KamieBUIHYIO, OPHCHTHPOBAHHYIO (IBTEKTHUICCKYIO),
BKpPAIJICHHOCTh B Marpuile TpowauTa. Kpome Toro, raJeHUT ciaraeT OTHOCHTEIHLHO
KPYITHBIC 3epHA, pazMepoM 10 10—15 MKM, B MHTEPCTHUIMSIX KPUCTAILIIOB TeIcHOSPTH-
ta. [To XuMHU4YeCKOMy cocTaBy Cynb(u] OMH30K FTAIOHHOMY TalIeHUTY, XOTS 4acTO CO-
nepxut npumecu Mean (Cu o 1,1 mac. %) u xenesa (Fe mo 2,7 mac. %).

B nmpupone raneHnT — 0OBIYHBIN MHHEpA MHOTHX CYAb(UIHBIX Py U BCTPEYaeTCs
B IIJTaKax, 00pa30BaBIIMXCS MPH MX IIaBke. Temieparypa MjaB/IeHUs rajJieHUuTa ole-
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HuBaetcs B npegenax 1096 °C [18]. Temneparypa 3BTekTHKH B cucteme PbS-FeS mo-
JydeHa 3KCIepUMeHTanbHo B mpenenax 850 °C [19], u uMeHHO 3Ty 1U(PYy MOKHO
CUMTAaTh TeMIIepaTypoi oOpa3oBaHus HIakoB biarogaTHoro 3aBoza.

Cynvpuowvt uz cucmemut Cu-Fe-S Taxxe BCTpEUarOTCsl B MATPULIE TPOWINTA, XOTS
1 CYIIICCTBEHHO peke, UeM rasieHuT. [IpeobmanaroT nBe ¢asbl cyabhUI0B ¢ COCTaBaMH,
Mac. %: S —31; Fe—22; Cu—-46 u S — 35; Fe —43; Cu—21. [IpupoasasIx coequHeHII
C TaKUM COCTaBOM MOKa He 00Hapy»eHO, a BOT TaK Ha3bIBAEMbIC «PacCIUIaBHBIE TBEP-
npie pactBope Cu, Fe) S2-7 B 9KCIIEPHMEHTAIBHBIX HCCICA0BAHHMAX OCBCIICHBI J10-
CTaTOYHO IIMPOKO, OHU CYIIECTBYIOT B IIMPOKOM AnanazoHe Temmneparyp ot 1012 °C
1o 325 °C [20].

X2,000 10um 11 70 BES

Puc. 5. Tpownur (Tr), ranenut (Gln), xene3ucTelii aHajor OpeWTraynTuTa
(FeSb), amnmaprentym (Alr) m Opelitrayntur (Brt) B arperare remenOGepruta
(Hd). BSE-u3o6paxenue, COM JSM-6390LV
Fig. 5. Troilite (Tr), galena (Gln), ferruginous analogue of breithauptite (FeSb),
allargentum (Alr) and breithauptite (Brt) in hedenbergite aggregate (Hd). BSE
image, SEM JSM-6390LV

ApceHuTHO-CTHOHHUTHAS MUHEpaTU3alHs MPEACTaBIeHa CIeAYIOIINMH MUHEpaia-
MU: BECTEPBEIbIUTOM, OPEUTrayITUTOM, €T0 KeJIE3UCThIM aHaJIoroM (B IPUPOAE AaH-
HOE€ COEIMHEHHE TI0Ka HEU3BECTHO) U aJUIAPTECHTYMOM.

Becmepgenvoum (FeAs) cnaraer Menkue 3epHa, pa3MepOM JI0 5 MKM, Ha TpaHMILIE
arperara TpowiuTa. Yacto HaxomuTcs B cpacTaHuu c Opeiitraynturom (puc. 4).
[To xumMHYeCKOMY COCTaBy apceHU OIM30K K 3TATOHHOMY BECTEpBENbANUTY (Tabm. 2,
aHanu3bl 1-3), X0Ts1, KaK ¥ IpUPOIHBINA aHAIOT [21], 4aCTO COAEPKUT MPUMECH HUKEIS
(Ni no 4,4 mac. %), kobasbera (Co 10 2,1 mac. %) u cypeMsi (Sb 1o 5,3 mac. %). B pu-
POJZie BECTEPBEJIBIUT SIBISIETCS PEAKUM MHUHEPAJIOM U BCTPEYAETCS B IENOYHBIX U yib-
TPAOCHOBHBIX MOPO/AX, B IIIAKaX MOKa HE OTMEYaJICs.

bpeiimzaynmum (NiSb) ciaraer Menkue 3epHa B TPOUIUTE, pazMepoM 10 10 MkMm,
B aCCOLMAIIMU C BECTEPBEJHIUTOM, CBOMM JKEJIE3UCTHIM aHAJIOTOM U aJIapreHTyMOM
(puc. 4, 5). ITo xuMUIeCKOMY COCTaBY CTHOHUJI OTIIMYAETCS OT ATAJIOHHOTO OperTray-
TuTa (Tadi. 2, aHamu3bl 4—5), Tak Kak copepkut npumecu xenesa (Fe o 3,5 mac. %),
meau (Cu o 2,0 mac. %), kobansra (Co 1o 1,5 mac. %) u Mbltibsika (As 1o 5,3 mac. %).
B npupone OpeitrayntuT SBISETCS PEAKUM MHHEPAIOM U BCTPEYASTCS B TUAPOTEP-



82 “Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 5. 2021 ISSN 0536-1028

MaJbHbIX kuiax B accommanuu ¢ Co-Ni-Ag pygamu [22]. OnuceiBajics B IITaKax
CBUHIIOBOTO U cepeOpstHOro Mpou3BocTBa [23].

Kenezucmotit ananoz opeimeaynmuma (FeSb) cnaraet Menkue 3epHa B TPOUIIU-
Te, pazmepom A0 10 MKkM, B acconranuu ¢ OperTraynTuToM, TaJIeHUTOM H aJlJIapTeHTy-
MoM (puc. 5). ITo XuMHYIEeCKOMY COCTaBy CTUOHHUI JOCTATOYHO XOPOIIIO COOTBETCTBYET
coenuHernio FeSb (tabm. 2, ananuzsl 6-7). K npumepy, MUHEpasl mepecunThIBaeTCs Ha
kpucraoxumuueckyro dopmyiny (Fe, ,,Ni, ,C0, 1sCUy 7)1 01(SbposAg 04)000 (AHATHS 6).
Crubnup conepxxut npumecu Hukens (Ni go 4,1 mac. %), meau (Cu go 2,4 mac. %),
kobansra (Co 1o 2,6 mac. %) u Meimbsika (As 1o 8,3 mac. %). B mpupone munepan
TOKa HE Haii/leH, B IJIaKaX He YIIOMHHAJICS.

Ta6auuna 2. XuMH4YeCKHii cocTaB CTHOHUIOB U ApPCEHUI0B U3 HLIaKa, Mac. %
Table 2. Chemical composition of stibnites and arsenites from slag, wt %

Jowep 1 cr Fe Co Ni Cu As Sb Ag Au | Cymma

Becmepesenvoum

0,53 37,61 1,95 4,30 - 50,60 5,06 - - 100

0,28 38,28 | 2,03 3,85 | 0,47 | 51,90 3,18 - - 100

3 0,25 37,16 | 2,09 4,42 - 50,80 5,31 — - 100
bpeiimeaynmum

- 346 | 1,18 | 26,66 | 2,04 2,10 | 64,56 - - 100

5 - 1,94 | 1,49 | 26,80 | 1,95 547 | 62,35 - - 100

JKenezucmuiil ananoe bpetimeaynmuma
6 - 23,45 | 2,63 4,09 | 2,44 1,90 | 65,49 - - 100
7 0,15 30,55 | 1,30 0,97 | 0,39 8,32 | 58,32 - - 100
Annapeenmym
0,16 1,43 | 0,31 0,78 | 1,17 - 15,69 | 68,98 11,48 100
- 1,38 - 0,55 | 1,33 - 15,86 | 70,08 10,80 100

Annapzenmym (Ag Sb) cnaraer Menkue 3epHa B TPOUIINTE, PA3MEPOM 110 2—3 MKM,
B aCCOIMAINH C TaJCHUTOM U JIpyruMu cTOHUAaMu (puc. 5). Ilo xumMuyeckomy co-
cTtaBy MuHepan (Tabm. 2, aHamm3bl 8—9) XOpOIIO COOTBETCTBYET TEOPETHUCCKOMY
cocraBy amnaprentyma Ag.Sb: Ag — 84,17 %; Sb — 15,83 % [24]. U3 cymecTBeHHBIX
npuMeceii B CTHOHMIE 0TMEYAETCs 30JI0TO, COIEPKaHue KOoToporo jocturaeT 11,5 mac. %.
Kpome Toro, B MwuHepaje MNPHCYTCTBYIOT HE3HAUUTEIbHbIC TNPUMECH HHUKES
(Ni mo 0,8 mac. %), meau (Cu mo 1,3 mac. %), kobansra (Co mo 0,3 mac. %) u sxenesa
(Fe mo 1,4 mac. %). B npupoze annapreHTyM sIBIIsSI€TCSI PEAKUM MHHEPAJIOM U BCTpeya-
eTCs TTIaBHBIM 00pa3oM B pa3inuuHbIX Sb-Ag pynax [25]. B murakax, 1mo Bcel BHIAMO-
CTH, HE OIUCHIBAJICS.

BouiBoabl. Takum 06pa3om, utaku biarogaTHoro 3aBosia 10 CUX MOP SIBJISIFOTCS TEX-
HOT€HHOHU py[o# Ha O1aropogHble MeTaslIbl (30J10TO, cepedpo), a TakKe Ha CBHHEI U
muHK. Kpome Toro, n3ydeHHbIe IIJJAKKM MOXHO ITyCKaTh B JOIOJHUTENFHYIO Iepepa-
0OTKy, TaKk KaK relecHOepTUT MOXKHO HCITONIb30BATh B IIMXTaX JOMEHHBIX reueid. Benp
JIAaHHBIN MIPOKCEH TPAAUIIMOHHO SBIIICTCS OCHOBHOM COCTABJISIONIEH 0(ITFOCOBAaHHBIX
arioMepaToB, KOTOPBIE MO3BOJISIIOT yOpaTh M3 COCTaBa JIOMEHHOM IIMXTHI CHIPOW U3-
BECTHSK — HEKeNaTeJIbHbI KOMIIOHEHT, CHWXKAIOMHUKA 3PQPEKTUBHOCTh IUIABKH.
[Ipu 3TOM NMPOM3BOAMTENHHOCTH TMe4eH MoBBILACTCS Ha 15 % M COOTBETCTBEHHO
YMEHBIIAETCS PACXOA KOKCA.
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K coxxanenuro, Ha JaHHBIN MOMEHT IINIaky briaromaTHoro 3aBosia paccesiHbl 1Mo Beei
CEBEPO-BOCTOYHOM TEPPUTOPUU NOC. MOHETHBIN, U B 3TOM 3aKIIOYAETCS T'€03KOJIOTH-
yeckas npodnema. Jleno B TOM, YTO M3yYEHHBIE IIUTAKH B KAYECTBE BTOPOCTENICHHOTO
MUHEpaja COAep KaT TPOMIIHT, KOTOPBIH, KaK U BCe CYIb(UABI, B OKPYKAIOIIEH BOOHA-
CBIIIIEHHOH CpeJie TOBOIBHO JIETKO pa3pyIaeTcs. DTO MPUBOIAUT K TOMY, YTO MTPH OKFIC-
neHnu cynbduaa GopMUPYIOTCS KUCIOTHEBIE BOMBL. KpoMe TOTo, TOMyTHO BCKPHIBAIOT-
cs1 BCe MUHEPAJIbl, 3AKOHCEPBUPOBAHHBIE B TPOUJIUTE, & UMEHHO T'AJICHUT, apCEHUBI U
CTHOHUBI. B OKpyXalomyro cpey MmomnajgaroT TaKue HIEMEHTHI KaK MBIIIbSIK, CBUHEII,
CypbMa, KoOallbT, HUKeIb, Me/lb, cepa U np. Ha ganHO# Tepputopuun nmoc. MoHETHBIH
pacrosararoTcsi 4aCTHbIE IOMa C OrOpOJaMH, ¥ BCE 9TH TOKCUYHBIE DJIEMEHTBI yXKE 1aB-
HO ITONAJIAI0T B ULy MECTHOTO HACENCHMUS.

3axuouenne. TakuM 00pa3oM, BIiepBbIe H3yUeHa MUHEPAJIOrus 1akoB biarogar-
HOTO MEZCTUIaBUIBHOTO 3aBOJA. YCTAaHOBIIEHO, YTO OHHU CJIOKEHBI TeleHOSpTrUTOBBIM
arperaroM CO 3HAYUTENBHBIM COAEpXKaHWEM CylIbPUIOB (TpOWIWTa, TaJCHHTA H
Cu-Fe-S ¢a3), a Takxke MOCTOSHHBIM NPUCYTCTBUEM Al-aHasnora wibBamta, (asimnra,
reMaTuTa, MarHeTHTa, BECTEPBENbANTA, OpEUTraynTuTa, ero KeJIe3uCTOro aHaiora
(B mpupoae AaHHOE COeTUHEHHE MTOKAa HEM3BECTHO) U aJlapreHTyMa. JlaHHbIe IIaKu
SIBIISTIOTCS] OTXOJAMH ITPOM3BOICTBA MPH IIABICHNH MEIN U3 KBapLIEBO-TTOTUMETAIIIIH-
YECKUX Py M UX MOXKHO ITyCKaTh BO BTOPHUYHYIO mepepabortky. [Ipu sTom camu ntaku
HECYT I€03KOIOTMUECKYI0 YTPO3y OKPYKAIOIIEH cpene.
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Slags from Blagodatny Copper Smelter
(composition and geoecology)

Turii V. Erokhin!, Anatolii V. Zakharov', Liubov V. Leonova!
! Institute of Geology and Geochemistry UB RAS, Ekaterinburg, Russia.

Abstract
Research objective. The Urals has been Russia’s metallurgical center for more than 300 years and
accumulated a huge amount of waste slag. It is vital to study the composition of the slag since it is
potential ore and can be further processed. The authors have studied the composition of the Blagodatny
Copper Smelter slags obtained during sulfide ore processing.
Methods of research. The chemical composition of minerals is determined with a JSM-6390LV Scanning
Electron Microscope by Jeol equipped with the INCA Energy 450 X-Max 80 energy dispersive attachment
by Oxford Instruments (Institute of Geology and Geochemistry UB RAS, Ekaterinburg). Polished
petrographic thin sections cut from slag pieces were analyzed.
Results and analysis. This paper has been the first to study the mineralogy of slags from the Blagodatny
Copper Plant. Slags composition was studied classically; the modern mandatory nomenclature of the
International Mineralogical Association was used. It was found that the slags are composed of a
hedenbergite aggregate with a significant content of sulfides (troilite, galena, and Cu-Fe-S phases),
as well as the constant presence of an Al-analogue of ilvaite, fayalite, hematite, magnetite, westerveldite,
breithauptite, its ferruginous analog (this compound has never been found in nature), and allargentum.
These slags were obtained by smelting copper from quartz-polymetallic ores; they pose a geo-ecological
threat to the environment.
Scope of results. These slags can be recycled because they contain readily releasable gold, silver, and
polymetallic ore. Almost all of the rock consists of hedenbergite, which can be used in blast furnace
charges.

Keywords: hedenbergite; troilite; galena; mineralogy, slags; Blagodatny Copper Smelter.
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Abstract
Introduction. Despite being underused due to its low heat transfer, silt coal is an attractive thermal
energy source. Silt coal is molded into briquettes by press machines, mostly roller presses marked by
high reliability and relatively simple design, to increase heat transfer. The quality of the resulting
briquette depends on the pressing force of the working elements.
Research objective is to determine the relationship between the force parameters of the press and the
physical and mechanical properties of the pressed material.
Methods of research. The interaction between the rollers and the pressed material is analyzed in the
deformation zone pressing area. A plane problem is solved considering the uniform distribution of
material pressure across the roller generatrices. An elastic-visco-plastic rheological model is used to
describe the stress-strain state of the pressed material. The model best reflects the behavior of an actual
physical medium.
Results. For the adopted rheological model, analytical dependencies between the pressure put on the
pressed material and the press angle have been obtained for various stages of material deformation.
An analytical relation between the pressing force, the moment of resistance to roller rotation, press design
parameters, and the physical and mechanical properties of the pressed material has been determined.
Conclusions. The obtained dependencies will contribute to a more conscious choice of the press power
equipment that ensures roller compression and the drive of the required power to produce high-quality briquettes.

Keywords: roller press; design parameters; briquette; pressing force; moment of resistance to
rotation, elastic-visco-plastic model; press angle.

Introduction. Concentrate and waste are the products of rock beneficiation in
opencast coal mines. Silt coal is usually stored in tailings storage facilities [1]. Recently,
there has been a growing tendency to process coal-bearing waste [2, 3]. Silt coal is
molded into briquettes to increase heat transfer [4, 5]. The process is mostly performed
by roller presses marked by high reliability and relatively simple design [6, 7].
The press force parameters must ensure the production of the required quality [8, 9].
This research aims to determine the relationship between the force parameters of the
press and the physical and mechanical properties of the pressed material.

Methods of research. The following assumptions were made while studying the
process of silt coal interaction with the rollers of the press:

1. The force acting in feed and motion zones consists mainly of silt coal friction
(sliding friction) against the roller surface and pressure caused by the gravity of silt coal
with the bulk density and located above the pressing area [10]. These forces are tiny
and incomparable with the forces acting in the pressing area, and therefore can be
neglected. So, in the deformation zone pressing area, the rollers are exposed to the main
force action from the silt coal.
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2. Roller surface pressure along any generatrix is evenly distributed [11], which
means that a plane problem is solved.

3. In the pressing area, the layers of the material stop sliding against each other and
against the surface of the rollers [12] due to a significant increase in the material-rollers
friction. As a result, the elementary horizontal layer of the material in the pressing area
does not change its orientation and shifts down vertically. Material is therefore deformed
under the conditions of horizontal uniaxial compression in the pressing area.

4. The material in the pressing area is displayed as a rheological model. Its parameters
are defined by experiment according to the existing methods [13]. Press angle a, . is
also regarded as known from the uniaxial compression tests.
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Fig. 1. Scheme of interaction of press rollers with compacted waste
Puc. 1. Cxema B3auMoeiicTBHS BAJIKOB IIPEcca C YIUIOTHASMBIMH OTXOJaMHU

Considering the accepted assumptions, the scheme of roller-pressed material
interaction may be represented as shown in Figure 1.

Force F . from the deformed material, which creates the roller compression
inhibiting moment of thrust about the O, axis, meets the optimal force of pressing for
the particular material, as far as the briquette quality is concerned [14]:

F;)ressa = Mcompr’
where M is the moment of compression created by the power equipment of

compr

the press about the O, axis, N - m; a is the distance between the bearing axis O, and the
roller axis of rotation O,, m.
Under F a>M,_, . the required quality of briquettes will not be achieved. Under

eSS compr

F_a<M the required quality of briquettes will be achieved, but the capacity of

press compr’®

the power equipment will not be used effectively.
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So, by the pressing force, we shall mean force £ directed along the roller radius.
On arm a, F_  creates the moment of thrust about the O, axis that is as big as all the
radial forces exerted on the surface of the roller in the pressing area.

The modified roller radius, m, is determined by the formula [15]:

R =R-— H, briquette

0 2 )

where R is the roller radius, m; H, qustte
briquette, m.
The briquette compaction ratio is determined by the formula:

is the average thickness of the finished

Kcomp — pbriquette — H() , (1)

p bulk H, briquette

where py ;... 18 the density of the finished briquette, kg/m®; p, .. is the bulk
density, kg/m3; H, is the distance between the generatrices of rollers along the upper
boundary of the pressing area, m.

It follows from the right triangle AOB (Figure 1) that:

H,-H,.
cos (Xpress — % — (RO _ 0 2 briquette ]RO_I- (2)

Considering equations (1) and (2), we obtain the press angle formula:

Koy = 1) Hyy
a Tress = arccos 1— ( comp ) b“quelte )
p 2R,

Let us consider the deformation of the elementary rod BB, (Figure 1). Angle a is
read from the line which connects the roller oscillation axes. Axis Ox is directed
alongside the deformed element with a reference rigidly bound to the left edge of the
element (moving frame). The deformation begins to be counted when the length
of the deformed element is H, which agrees with the angle a = a_ .. So, the initial
conditions will be as follows: at x = 0: pressure on the element p = 0, element length
H=H,,anglea=a,,..
The linear speed of any point on the roller surface is

V =R, = const,

where o is the rotational angular velocity of the roller, s7!.

Let us break the linear velocity down into two components: the horizontal V, . and
vertical V__ (Figure 1). Then the approach velocity of the two points B and B, (lines
BB, and OO, are parallel) is:

V(a)=2V,

horiz

=20R;sino. 3)
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Velocity V(o) agrees with the speed of material deformation in the pressing area:
V(a)=x"(a).

Following Figure 1, the length of the deformed element at an arbitrary moment is
H briquette
H(o)=24C=2 RO—AOJrTCl .

After the right triangle AOB has been considered, let us rearrange the equation into
the following form:

H (a) =2R, (1 —cos oc) + Hbriquem. 4)
BB, deformation at an arbitrary moment is

x(a)= H(ocpress)—H(oc).
Considering (4) we get

x(a)=2R, (cosa —cos ocpress). (5)

The Bingham body (Figure 2) best reflects the behavior of the actual physical
medium, so it is used in a rheological model.

Ideal elastic and elastoplastic are the two stages of material deformation.

Elastic limit deformation x, corresponds to the moment when the pressure becomes
equal to the yield stress p = O,;iq (the moment of the Saint-Venant’s body action), while
X, 18 the final deformation (Figure 2).

At the ideal elastic stage of material deformation, the pressure is lower than the
yield stress: p <o, 4.

Elastic deformations x = x,, are typical for this stage, and only Hooke's body resists
deformation p,, which is equal to pressure p.

Pressure

p(a)=bx(a),

where b is the material’s modulus of rigidity, N/m3.
Considering equation (5) we obtain

plo)= 2R0b(coscx —COS QL ) (6)

When the pressure p reaches the value of the yield stress o,;,, equation (6) will
become:

ploy)=0c,= 2R0b(cos Ol —COS Ol ) (7)

Let us derive angle o, from equation (7):

Or

o, = arccos( +eosa,. }

0
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Let us refer to angle o, corresponding to deformation x, as the angle of the elastic
limit deformation.

At the elastoplastic stage of material deformation, pressure does not exceed the
yield stress p > 6,4
The following dependencies are typical for this stage:

p:pb :Gyie|d+pu;

!

pp = l"lxplaslic;
by = bxy;
x = xy + xp]astic’

where x | . is the plastic strain, m; Py is the resistance to deformation, N/m?, by the
Newton’s body; u is the coefficient of dynamic viscosity of the material, N - ¢/m3.
Considering

!

X =y -E
plastic — b ’

the differential equation of the behavior of the model under p > 6,; ,, will become
, b , b
P'(a)+=p(a)=bx"(a)+ =0
K [
Since x'(a) = V(a), then considering equation (3) and having denoted b/ = 1, we get:
P'(a)+1p(a) =2b0OR, sina+T0,,. (8)
Equation (8) is the first-order linear differential equation, the general solution to

which is as follows:

2bR,® .
pla)= 1+RE2 (tsino—cosa)+o

+ Cexp(—10).

yield

Having denoted
_ 2bRyw

K ,
1+7°

we get
p(o)=K(tsina—cosa)+o, +Cexp(—ta).
The integration constant C is derived from the condition p(a,) = 6,;4:
C =K (cosa, —tsina, )exp(to, ).

Having denoted

A=(cosa, —tsina, )exp(to, ),

we get
C=KA.
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Then the partial solution of the differential equation (8) becomes:
p(o)=K(tsina—cosa)+o, +KAexp(—ta). )
Let us break pressure p(a) acting on the roller surface in a point B, from the direction

of the horizontally deformed element into two components: radial p (o) and
circumferential p (a) (Figure 3).

p
0 0
——————— - — & — — — - — — — — — — — —
) Ideal elastic
¢ X1 deformation
b Db T 7 - - -
Xy ‘
e sz zoigt. ()
Elastoplastic
Hy deformation
Gyiel# Gyield u T Du
xplaslic' Hbriquene
fffffffff S A
e Y

Fig. 2. Rheological model of the compacted material
Puc. 2. Peonornueckast MOJEIb YILIOTHAEMOTO MaTepyania

The radial component p (a) creates the thrust force aiming at pulling the rollers
apart, while the circumferential component p (o)) counteracts the roller drive torque:

p,(a)=p(a)cosa; p.(a)=p(a)sina. (10)

Let us select an infinitesimal arc d/ on the roller surface (Figure 3); along the arc,
the force can be considered constant. Infinitesimal increment of the angle a equal to da
corresponds to the arc. The relation between the arc and the angle is expressed
by the ratio:

dl = R do. (11)

Then the elementary radial force P (a) acting on the surface of the roller with dIB
area, considering equations (10) and (11) is

P (a)=p(a)cosaBR,do, (12)

”

where B is the width of the rolling face, m.
Force (12) creates the elementary moment of thrust dm
equal to

mruse () about axis O,

dmy, (o) = p(a)cosaBR,L(o)da, (13)

where L(a) is the arm of the elementary radial force P (a), m.
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It follows from the right triangle O,0,C (Figure 3) that:
L(a)=asin(a+p). (14)

Considering expression (14), the equation of the elementary moment of thrust (13)
becomes as follows:

dmg,. (o) = p(a)cosa BRasin(o+B)do.

The value of the complete moment of thrust will be expressed by the following
integral:

0 0
= .[ dmy,. (o) =aBR, I p(a)cosasin(o+B)do.

Q.

M

thrust

o3

press press

Finally, the pressing force, according to the definition, will be

0
My = BR, I p(a)cosasin(a+p)da. (15)
a

press

Dpress

Similarly, elementary circumferential force P (a) acting on the surface of the roller
with the area dIB, considering (10) and (11), is

P.(a)= p(a)sinaBRda. (16)

T

Elementary torque dm (o) from the action of force (16) about the axis O, is
dm, (o) =BR; p(a)sinado.

The complete moment of resistance counteracting the roller rotation about the
axis O, (Figure 1) is found by summing all elementary moments in the pressing area:

M. . = jl dmc(oc)zBR(f j‘ p(a)sinado. (17)

resist

o [o3

ress press
For the press drive calculation, it should be taken into account that the moment of
resistance M_.  counteracts the rotation of only one roller.

By substituting equations (6) and (9) into equation (15), we get:

press

)cosasin(a+B)d(x+

press

F =BR, T2R0b(cosoc—cosoc

P

0
+I(Ktsinoc—Kcosoc+c5T + KAexp(—ta))cosasin(a+B)da |.

%
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After integration, we obtain the pressing force formula:

F BRO {Roblicos(al _B)_ COS(OLpreSS _[3) _ COS(3a1 +B)_COS(3apress +B)

press = 2 6
—cos(a, +P)+ cos(oclnress + [3) +

COS 0L, [cos(Zocl +B)- cos(20cpress + B) - 2sin[3>(otl — Ol )]
_I_
2

+

(18)
75 [sin(3a, +B)~3sin(, ~) - 4sinf ]+ cos (3ot +B) + 6eos e, +) -

—3cos(a, —B)—4cosﬁ]+ %[COS(ZGI +B)—2a, sinf— cosB]-I—

+%{exp<_wl)[tsin(2al +B)+2cos(2a, +B) sinB]_ tsinB+2cosp sinﬁ}}

2 + 2
T +4 T T +4 T

By substituting equations (6) and (9) into equation (17), we get:

4
2 .
M ... =BR, { I 2Rob(cos 0L —COS Ol )smadoc +
o ress

P

0
+I(Krsinoc—Kcosoa+cT +KAexp(—roc))sin0Ldoc:l.

%

After integration, we obtain the formula for the moment of resistance to roller
rotation:

Kt , . K .
M, =BR; {—Rob(cos Ol —COS Ty )2 + Tr(sm 20, —20, )+ Esm2 o, +

(cosa, —1)+KA4

10

19
exp(—ta, )(tsina, —cosa, )—1 (19)
T +1 '

Results. The pressing force obtained from equation (18) makes it possible to
determine the value of the moment of compression M, that balances torque F, .
from the deformed material. It will help to select the size of the hydraulic cylinder to
create the proper pressing force.

The moment of resistance M, t found from (19) is equal to the required torque
M, created by the press drive about the axis O1 (Figure 1), which helps to select the
size of the drive.

Conclusions. The present paper introduces a condition for the proper quality of a
briquette in terms of the pressing force value.

A relationship is determined between the press geometry and the deformed

material.
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The laws of material pressure change depending on its physical and mechanical
characteristics for different stages of deformation have been obtained.

As a result, the dependencies between the pressing force, moment of resistance,
the physical and mechanical characteristics of the material, and rollers geometry were
found. By defining the pressing force value, it is possible to choose press power

d(l pr(a)
/
/ R
~
FI'CSS A 0
b pA0) e P
— o)
—_— I . O |
_
0] /
B | ~ “
N
l c
<
7
a /
/
/
/
/
/ L(a)
/
/
/
0,

Fig. 3. Scheme of the effect of deformable material on the roller
Puc. 3. Cxema Bo3neiicTBHS AeOpMUPYEMOro MaTepraia Ha BaJoK

equipment aimed at ensuring the roller compression, on reasonable grounds. In turn,
the value of the moment of resistance to roller rotation from the deformed material will
make it possible to select a drive with the proper power to obtain briquettes of the
proper quality, assessed by the compaction coefficient.
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TeopeTnyeckoe 060cHOBaHHE CHIIOBBIX MIAPAMETPOB BAJIKOBOIO Mpecca

Jopodeer O. A.!, llumkun E. A.!, Cepedpennnkosn A. A.2, AGpamenxos /1. 3.

! TUXOOKEeaHCKHI rOCY1apCTBEHHbIN YHUBEPCHUTET, T. XabapoBck, Poccusl.

2 TIOMEHCKHIi MH/LyCTpUAJIbHBINA YHUBEPCUTET, T. TroMeHb, Poccust.

3 HoBOCHOMpPCKHIA TOCYAAPCTBEHHBIN apXHUTEKTypPHO-CTPOHMTENBHBIA yHUBEpPCHTET, I. HoBOCHOMpCK,
Poccus.

Pegpepam
Beeoenue. Omxo0wi yeneobozaujenus s6IAI0MCA NPUGTEKAMETbHbIM UCHIOYHUKOM MENI080U IHEPSUL.
Ozpanuyennoe UCnONb308aANUEe MAKUX OMX0008 CEA3AHO ¢ UX HU3KOU menioomoadei. /s nosvluenus
Menioomoauy omx0008 ux No0Gepearom OPUKEMUPOSAHUIO C NOMOWbIO NPecco8o2o 0O0PYO0SAHUSL.
st 6pukemuposanust. npeuMyuweCmeeHHo UCHOAb3VION GANKOGbII Npecc, KOMOPbLl XapaKmepusyemcst
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BbICOKOU HAOEXHCHOCMBIO U CPASHUMENLHO NPOCMOU Koncmpykyuetl. Ha kauecmeo nonyuaemozo dpukema
8aUAEM YCUnUEe NPECCOBAHUA PADOYUX DNEMEHMO8 npeccd.

Lenv pabomur. Hccredosanue Hanpasneno Ha YCMAaHoBNIeHUe CEA3U MENCOY CULOBbIMU NApaMempamu
npecca u UIUKO-MEXAHUHECKUMU XAPAKMEPUCTMUKAMU NPECCYeMO20 MaAmepuald.

Memooonozus. Hccneoosanue 63auMoOelicmeus 6aak08 ¢ NPeccyemMbiM MAmepuaiom npou3eo0umcs
6 30He npeccosanus ouaza deopmayuu. C yuemom pasHoOMepHOCIU pacnpedenenus 0a6leHus Mamepuand
600716 00PA3YIOWUX BATKOE Pewaemcs niockas 3a0aud. Jlns onucanus HanpasceHHo-0ePopMupo8anHo20
COCMOSAHUA NPECCYEMO20 MAMEPUATLA UCROTb308AHA YNPY20-6A3KO-NAACMUYECKAS. PEONI0SULECKAs MOOEeNb
Kak naubonee NOIHO OMPAXCAIOUAsl NOBEOeHUe PeanbHOU QUIULECKOT CPeobi.

Pesynvmamut. [[ia npuHamoui peoiocuieckoli Mooenu Nouy4eHbl AHAIUumu4ecKue 3a6UcUmMocmu 0aei1eHus
Ha npeccyembvlii Mamepual om yend Npeccosanus O PA3HbIX Cmaouil 0eopmuposanus mamepuaid.
Yemanosnena ananumuueckas céa3b yCunus npecco8anus U MOMEHMA CONPOMUSLEHUs BPAUeHUI0 6ATIKA
¢ KOHCMPYKMUSHLIMU NAPAMEMPAMU Npecca, d maxice QU3UKO-MeXaHuyecKuMu XapaKmepucmukamu
npeccyemozo mamepuand.

Bui6oowi. Ilonyuennvle 3agucumocmu noseonam 0Oonee OCOZHAHHO NOOXOOUMb K 6blOOPY CULOBO20
000py008anus npecca, obecneuusaouie2o cocamue 8aiKos8, d maxdice K ebloopy npugoda HeodXooumol
MOWHOCIU OISl NOTYYEHUS KAYEeCMEEHHbIX OPUKEMO8.

Knrouesvie cnoea: sankogulii npecc, KOHCMPYKMugHvle napamempul, Opukem, Yycuiue Nnpecco8amus;
MOMEHmM CONPOMUBTLEHUS BPAUJEHUIO, YIPY20-8A3KO-NIACIIUYECKAS MOOEeTb, Y20l NPECCOBAHUSL.
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OnpepeneHne AMHaMUYeCKUX YCUNUN B NOABecax NyTu
WAXTHOW NoABeCHOU MOHOPENLCOBON [OPOry

Llapenko C. H.", UrHaTkunHa E. J1."™*, KocTeHko A. B.!
1 KamyaTckuid rocyaapcTBEHHbI TEXHUYECKUI YHUBEPCUTET, T. MeTponaBnosck-KamyaTckuit, Poccus
*e-mail: sel_post@mail.ru

Pegpepam
Beeoenue. B nacmoswee epems waxmuas noO8ecHas MOHOPENbCOBAs 00PO2d UCNOAb3Yemcs OJisl
oocmagku nooetl, 060py008anUs U MAmMepuanos. Imom uo 6CnoMo2amenbHO20 MpAHCNOPmMd sA6asAemcs
nepcnekmusHelM, Max Kax oonaoaem paoom npeumyujecms, Komopbvie no360J;A10M UCNONb308AMb €20 8
Da36eMBNIEHHbIX BLIPADOMKAX € OOCMAMOYHO OONLWUMY Y2IaMU HAKIOHA U MATLIMU PAOUYCAMU
3axpyenenuti. 11008ecHoOll MOHOPENbLCOBBII MPAHCNOPI CYUJECBEHHO OMAUYAEMCS OM HANOYGEHHO20
mpancnopma, nod3mMomy pe3ynomamsl UCCIe008AHULL PeHCUMOB MOPMOICEHUs, KOMOopble ObLiU NOTYYeHbl
panee, Helb3s UCHOAL306AMb 6 NOTHOI Mepe.
Llenvto pabomul signsemcs onpedenenue OUHAMUYECKUX YCUTULL 8 NOOBECaAX MOHOPENbCOBO20 NYMU,
BIUAIOUUX HA KPENb 20PHOTL 8bIpabOmMKU 8 MECHAX UX KPenieHus ¢ y4emom napamempos H00BUIHCHO20
cocmaesa 60 6pems MOoPMOJICEHUSL.
Memooonozua. [{ns onpedenenus usmMeHeHus yCuiuil 8 no08ecax u nepemewjeHus eOUHol MexaHuyeckou
cucmembsl paspabomana Mamemamuieckas Mooeib MOPMOICEHUs NOOBUICHO20 COCMABA WAXMHOU
NO0BECHOU MOHODENLCOBOT 00PO2U C YUEMOM MeCma PACNONONCEHUS. NOOBUINICHBIX eOUHUY HA CeKyuu
MOHOPENbCo8020 NYMu.
Pezynomamut. Onpedenenvl 3a8UCUMOCIU  GEPMUKANLHO20 NepeMewjeHuss YeHmpa Macc eouHoll
Mexanuueckoll cucmemyl u ee y2ia OmKI0HEeHUs, OMHOCUMENbHO CIAMUYecKo20 NOLOJICEHUS 0T BDEeMEHU
mopmodicenus 01 CAyHas, K020d MOPMO3HAS MENeNHCKA NOCIe MOPMOUCEHUS HAXOOUMCS HA PACCMOAHUY
1 m om nauana cexyuu Monopenscoo2o nymu. Ilonyuenvt epaduxu 3a8ucumocmeri 20pu30HMATLHLIX U
BEPMUKATILHBIX PeaKylii Ynpy2ux onop MOHOPeibco8020 NYMU 0N 8PEMEHU MOPMOJICEHUS. YCMAaHOo61eHO,
4Mo Mecmo pacnonodcets NOOGUINCHBIX eOUHUY HA CeKYUU MOHOPENbCOB020 NYMU, d MAKIHCE UX MACCHL
U HAYanibHAs CKOPOCMb MOPMOJICEHUS OKA3bIBAIOM GIUAHUE HA 3HAYEHUs PeaKyuil Ynpyaux onop u
maxum 06pazom IUAIOM HA YCUnUs, Oeticmsayloujue Ha Kpenb 20pHOLL bIpAOOMKU.
Bui6oowt. Paspabomanmylo mamemamuyeckyro Mooens mopmModiceHus HOOBUICHO20 COCMABA WAXMHOU
NO0BECHOU MOHODENbCOBOU O0POU MONUCHO UCHONL308AMb O UCCIEO08AHUA GIUAHUA OUHAMUYLECKUX
Yeunuil, Komopwvle 803HUKAIOM NpU MOPMONCEHUU U OeliCI8YIOm HA Kpenb 2OPHOlU 8bIpabomKu, npu
9Mom HeobXo0UMO YUUmsi8ams MAccy, MecmononodiceHue nOOBUNCHBIX eOUHUY, d MAKICe HAUATLHYIO
CKOPOCMb MOPMOICEHUS.

Knrouegvle cnosa: noosecnas MOHOpenvcosas 00po2a, MopModiceHue; eOUHas MexaHuiecKds
cucmema; nooGUICHbIE EOUHUYDLL, OUHAMUYECKUE YCUTUSA, N00BeC, CeKYUs MOHOPENbCOB020 NYMU.

Brenenue. YronbHas NpOMBIIIICHHOCTh Poccuu 00s1a1aeT 3HAYUTEIBHBIMU 3aria-
CaM¥ yIJII ¥ UMeeT BO3MOXKHOCTH A1 3(h(heKTHBHOTO MX M3BIECUCHUS M MUCIIOIH30Ba-
HUS B IENAX CTaOMIIBHOTO 00€CTIeYeHNsI BHYTPEHHUX MOTPEOHOCTEH B YTOIBHOM MTPO-
IYyKUUW U Pa3BUTHS SKCHOPTHBIX MOCTaBOK. OAHOW M3 Ba)XKHEHIIMX 3a/ad, CTOSILIUX
nepes yrojibHOH MPOMBIIITICHHOCTHIO, SBJISIETCSl 00eclieueHHe ONTHMATBHON TepPUTO-
PHATBHO-TIPOM3BOICTBEHHON M TEXHOJOTHYECKON CTPYKTYpPBI HPOM3BOJACTBEHHBIX
MOIITHOCTEH 110 100bIue 1 mepepadoTke yIiisl 1 ux cOamaHncupoBaHHOTO pazButus (Pac-
nopsixeHue IlpaBurensctBa Poccuiickont ®enepanun ot 13 mrons 2020 r. Ne 1582-p
«O0 yTBep>KACHUH MPOTrPaMMBbl pa3BUTHS YTOJIBLHON MPOMBIIIeHHOCTH Poccnu Ha mie-
puon g0 2035 romay).
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OTnensHOro BHUMAaHHSA 3aCITyKUBAeT TEXHOIOTMUECKAsi MOAECPHU3ALMS IEHCTBYIO-
IIEr0 TPOU3BOJICTBA, CO3J[AHNE B3aMMOCBS3aHHBIX TEXHOJIOTMYECKUX KOMIUICKCOB IO
JoOBIYe U MTPe0Opa30BAHMIO YIS B MPOIYKIIUIO C BEICOKON TOOABIEHHOW CTOMMOCTHIO,
BHEJIPCHNE HOBBIX BUIOB TEXHUKH JUIS TOPHBIX PadoT.

Ocoboe MecTo Tpu 3TOM 3aHHMAET M TPAHCIIOPTHOE 00OPY/IOBaHUE, KOTOPOE CIIy-
JKUT HE TOJIBKO JJISl TPAHCIIOPTUPOBKHU YIIsl, HO U AJIsl IEpeMEelIeHUs] 000pyAOBaHUS U
mronei. [Ipu 3Tom HeoOxoaumo obecrieunts TpeGoBaHus 3P dekTuBHOCTH U Oe3omac-
HOCTH JKCIUTyaTalny.

b

Puc. 1. Cxema cui, peictByromux npu ropmoxenun I1C va MII:
1 — CTBIK CEeKLIMIA; 2 — TOPMO3HAsI TENIEKKA; 3 — TAroBas TeNexka; 4 — cuenka; 5 — cexuus MIT; 6 — noaBecs
Fig. 1. Diagram of forces acting on a monorail track when rolling stock brakes:
1 —butt joint; 2 — braking trolley; 3 — traction trolley; 4 — tram shackle; 5 — monorail section; 6 — suspension

[TaxTHas mompBecHast MoHOpenbcoBas nopora (LIITM/I) ncnoms3yercs 11 TOCTaBKA
JTIFOZIEH, 000PYIOBAHHS M MATEPHAIIOB. DTOT BUJI BCIIOMOTATENILHOTO TPAHCIIOPTA SIBJISETCS
MEPCIEKTHBHEBIM, TaK Kak 00IaaeT psiioM MPEUMYIIECTB, KOTOPbIE O3BOJISIOT UCIIONIB30-
BaTh €0 B Pa3BETBICHHBIX BBIPAOOTKAX C IOCTATOYHO OONBLIMMH yIIIaMU HAaKJIOHA U Ma-
JBIMU paauycaMu 3akpyrieHud [1-4]. B pabore [5] npencraeneHs! pa3paOoTKu moaBec-
HBIX MOHOPENBCOB C YKa3aHMEM MX NPEUMYILECTB M OTPaHMYEHUS B HCIOIb30BAHUM.
VreneHo BHUMaHUE Pa3BUTHIO MOHOPEIBCOBBIX JOPOT ¢ AKKYMYIIATOPHBIMH IIPUBOJAMHU.

[IpuHIMI 1EHCTBUS MOHOPEIHCOBBIX TOPOT OCHOBAH Ha MEPEMEIIEHUH TPY30B 110
TIO/IBEIIIEHHOMY K KPOBJIE BEIPaOOTKHM MPH MOMOIIH MOJIBECOB MOHOpebcoBoMy IyTH (MIT),
BBIMIOJTHEHHOMY M3 JByTaBpoBod Oanku. Ilo HwkHuM monkam MII nepemerna-
IOTCS1 XOJIOBBIE TENEKKH C MOABELIIEHHBIMU K HUM TPaHCIOPTHBIMU COCYaMH, CIIELH-
AJIU3UPOBAHHBIMU KOHTEHHEPAMH WM MaKeTaMH U1 MEPEBO3KH BCIIOMOTATENBHBIX
MaTepHalloB, a TAK)Ke BarOHETKaMU JUIsl JOCTaBKH Jitonel. [lepemelnenne cocraBieH-
HBIX U3 HUX COCTaBOB OCYIIECTBIISAETCS C IOMOIIBIO KAHATHOM TSTW WA JJOKOMOTHBA-
MU CIIe[[HaJIbHON KOHCTpYKIuH. Mcrnonb30BaHue JOKOMOTHBOB IT03BOJISIET 00€CIIEUNTh
ABTOHOMHOCTb MEpPEIBUKEHMSI cOcTaBa. Bo BpeMsi TOpMOKEHHUS OJBUKHOTO COCTaBa
LITIM/] BO3HMKAIOT AMHAMUYECKUE HArpy3ku, aeictByrouue Ha MII u sneMeHTHI
nmoaBecoB. B paborax [6—10] paccMOTpeHO BIHSHUE MOTEPEYHBIX U MPOAOIBHBIX Ha-
rpy3ok Ha MII Bo Bpems HOBWKCHHS W TOPMOXKeHHUs moasmkHOro cocraBa (IIC).
UccnenoBanus [11-14] HanpaBiieHbI Ha BBISIBICHUE CUJI U YCKOPEHUN, AMHAMUYECKUX
BO3IEICTBUI a3pOAMHAMHYECKUX CHJI BETpa U BUOpaLUii, BO3AEHCTBYIOIINX Ha Hacca-
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JKUPOB IIPU JIBUKEHUU U TOPMOXKEHUU II0JBECHON MOHOPEIBLCOBOU JOPOTH, JJIS IIOBBI-
HIeHus 6e30MacHOCTH M KOM(OPTa TOPHIKOB Ha MO3EMHBIX TOPHOIOOBIBAIOIINX MTPE.-
npusTusax. Pesynprarel aHanusa BiusHHS Cckopoctd Ha MII mpu 3kcTpeHHOM
TOPMO>KEHHH TOJIBM)KHOTO COCTaBa MpuBeneHb! B padore [15].

OpHako MpeAcTaBIEHHbIE PE3yJAbTaThl HE YUUTHIBAIOT BEC M PACIIONOXKEHHUE IOJI-
BIKHBIX eauHul Ha MII, a Takke ynpyro-1mapHApPHYO CBSI3b MEKIY €TI0 CEKLUSIMU.

Ilenb crarby 3aKiI04aeTCs B ONPENEICHUN IUHAMUYECKUX YCUIIAN B ITOJBECAX MO-
HOPEIBCOBOTO IYTH, NEHCTBYIONINX HA KPellb TOPHOM BEIPAOOTKH.

be b

b, by

L

ittt —

l; IK

Puc. 2. Ilonoxenue tenexex LLITIM/I nocne octanoBku I1C:
1 — xabuHa MaIIMHUCTA; 2 — TOPMO3HAs TENekKKa; 3 — TATOBas TENEKKA; 4 — CIEMHOE YCTPOUCTBO;
5— CEKIUSI MOHOPEIILCOBOTO ITYTH, 6— TIOABCCHI
Fig. 2. Position of mine suspension monorail trolleys after the rolling stock is stopped:
1 — driver's cab; 2 — braking trolley; 3 — traction trolley; 4 — coupling; 5 — monorail section; 6 — suspension

MertonoJiorusi npoBegeHust uccaenoBanmii. [Ipu nocTtpoeHun pacueTHON CXeMbl
OyzeM momnararb, YTO TOPMOXKCHUE MPOUCXOJUT MTHOBEHHO, T. €. TIOCJIE TOPMOKEHHS
COCTaB M MOHOPEIIBC C TIOJIBECaMK 00pa3yroT eNnHyI0 Mexanudeckyto cuctemy (EMC),
KOTOpas MorydaeT Bech UMIyNbe co cTopons! 1IC. /lunamuka mporecca paccMarpuBa-
eTcsl B TIpeenax OIHOTO TpoieTa. VHepIuoHHOe BIHSHHWE COCENHUX MPOJIETOB,
a Taxoke 11C (n1m ero yacTu) y4uTBHIBaeTCA ¢ MOMOUIBIO KO3()()UIIEHTOB MPUBEACHHS
Macchl. [lofBeckl MOHOpENbCa MPEACTaBAM B BUAE YIIPYTHX CBsi3el ¢ kodddunmueHTamu
TOIIEPEYHOM KECTKOCTH C; U Cy, 1 CyMMAPHBIM KOI(Q(YHUIMCHTOM MPOIONBHOI KeCT-
KOCTHU ¢, = ¢, T ¢, (pHC. f). Koa¢ddunmenTs! sxecTKOCTH U1 pa3HBIX THIIOB MTOIBECOB
ompeeseHsl B padote [9].

IlonoxxeHne neHTpa Macc MPEICTABIEHHOM Ha pUC. | MEXaHHMYECKOH CHCTEeMbI
(Ryl, Ry2 — BEPTHKAJIbHBIE PEAKIUM YIIPYIHX OMOpP; R, — TOPU30HTAJIbHAS PEAKIMs yIIpy-
rux onop; V' — ckopocts IIC B MOMEHT TOPMOXKEHHS; . — IIPUBECHHAS Macca TOPMO3-
HOM TENEXKKH; [ — PaccTosHME, ONPENENIAIONIee IONOKEHHE TOPMO3HOW TEJIEKKH;
(p — YTOJI [TIOBOPOTA CUCTEMBI) IIPH OTCYETE OT Hauasla CeKIMH ONPEAEIIeTCs 3aBUCUMOCTBIO!

[ = mpé+%mpl—i-mTlT +m, (I, —i—ll()+i:kimi(lT 1) |M
i=1

n
M =2m +m +m, +Zkimi,

i=1
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rzie [, — paccTosiHuE, onpesensonee noaoxenue nenrpa macc EMC; M — macca cucre-
MBI; 71, [ — macca u UIMHA CEKIIMM MOHOPEIbCA; M., [ — Macca TOPMO3HOH TENEKKH 1
PacCTOsHUE JI0 HEE; /M, — Macca KAOUHBI MAIIMHUCTA; [ — PACCTOSHHUE MEKLy TOPMO3-
HOM TEJIEXKKOM M KAOMHOM MAIIMHKCTA; /71, — MAcca i-i TENEeXKKH; [, — paCCTOSHUE OT i-i
10 TOPMO3HOM TENEXKKH; k;, — KOOQDHUIHMEHT IPUBENAECHUS MACCHI.

Koa¢pdunment npruBeaeHust Macchl ONpeNeIIieTCsl CHCTEMOM:

L; [ —1>0;
k, = 1—ﬂ; 1<l —1<0;
0; I —1 <.

Kunernueckas sneprus paccmarpusaemoit EMC:

-2 -2 2
7‘ — Ilec + jt{Vc + ”lc(p
2 2 2

b

TIe X¢, Ve — HPOEKIUU BEKTOpa CKOpPOCTH 1eHTpa Mace C (puc. 1) Ha KOOpAWHATHBIE OCH.
MoMeHT HHEpLUK CUCTEMBI J, OTHOCUTENBHO LIEHTPA MacC OIpe/eNeTcs 1o GpopmyIe:

2
mpl

1, (1 P 2
J, = +m | =L+ == | +=(I-1) |+
2 2 2

12

+m, (L 1) +m (L~ ~1) +Zn:k,.m[(lc ~1+1).

i=1

Ha ocHoBe ypaBHeHus Jlarpamxka 2-ro pojia mojydyuM CUCTEMY YpaBHEHUH IBUKe-
Hust EMC:

Mi +cx, =0;
My, +c, (y.+0L)+c, (v.—o(l-1))=Mg; @
My+c, (y.+ol)l —c, (yc —(I-1))(I-1)=0.

Bynem paccmarpusarh amxeHne EMC OTHOCHTENBHO MOJOKEHUS CTAaTUYECKOTO
paBHOBECHS, MTO3TOMY MOCTOSIHHYIO Harpy3Ky, KOTOpas YMCJIEHHO paBHa MPOU3BEe-
HUIO0 Mg, IpH peIeHUH CUCTeMBI ypaBHeHuH (1) He OyaeM mpuHUMAaThL BO BHUMaHHE.

Pemenwne 1-ro ypaBHeHus cuctemsl (1) nmeeT BHI:

x,(1)=Csin(o+y,), ()

c M <
(’01 = _X, I/O = e V’ MCOCT = mT +mK +Zmi’
M M

i=1

e C=Vj/o,, u, = 0 — ammuTyna u gasa IpogoIbHBIX KOJIE€OaHUH; (0, — 9acTOTa Ipo-
nonbHEIX Konebanuii EMC; V) — HauanbHas CKOPOCTb, KOTOpas ONPENEIAETCS HCXOAS
U3 JomyiueHusi, yto paccMarpuBaemas EMC mnomyunt mnonssii ummnynasc [IC;
M, —wmacca [IC; V' — cxopoctb I1C B MOMEHT TOPMOXKEHHS.

COCT
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W3 2-ro u 3-ro ypaBHeHuii cucremsl (1) momyuum BeIpaKeHHUE AJIs yIvia IOBOPOTa U
ypaBHEHHE MONEPEYHbIX IEpPEMEIIeHNH [IeHTpa Macc:

Mjﬂ-(cy1 +cy2)y

e (-1) 3)
'y, dycH3 _o, )
dr* g e “4)
rac
_ 1 M 12 M. 11 2\, }10 l
a_W(JC(Cy1+Cy2)+ Cylc + C‘yz( — C) )’ B L

YpaBHenue (4) SBISETCS GUrapMOHMYECKMM yPABHEHUEM, U €TO PEILIEHHE UMEET BHJL:
V. (1) = 4, sinw,t + B, cosw,f + 4, sinw,t + B, cos 0,7, (5)
e A, ;, B, , — NPOU3BOJIbHBIE [OCTOSHHBIE, ONpPEEIsieMble U3 HaYalbHBIX YCIOBHIL;

®, — 2-1 coOCTBEHHas 4acToTa KojeOaHuii cucrembl (yriosble konebanus EMC);
0, — 3-1 COOCTBEHHAs 4acTOTa KonebaHuil cucteMsl (pononbHbie konebanus EMC),

o= (o) o= [{arda).

[ToncraBuB 3aBucuUMOCTS (5) B hopmyiy (3), MOTYyYUM BBIpayKEHHE TSI YIIa TTOBO-
pota ¢ (puc. 1):

M ) cy1+cy2 . , C,tc,
t)= o, ———2= [sinw,t+ B, | 00, ———= |[cosm,f +
(P() cyllc_cyZ(l_lc)(Az( 2 M } 2 2( 2 IY; 2

c,+c, . c,+c
+4, (mg - %J sinw,t + B, (mg —%jcosmg}. (6)

Hawubonee pacnipoctpanenHoit npu skcmyaranuu LLTIM/] Oyaer cutyanust, koraa
EMC umMeer HadaIbHBIE OTKIOHEHHS OT MOJIOKEHUS CTATHYECKOIO paBHOBECHUA U HaA-
YaJbHYIO CKOPOCTB:

y(0) = yp; 0(0) = ¢y; y(0)=FVop;  0(0)=0. (7

Ucxonsa u3 ycnosui (7), BhIpaXKeHUs AJIs IIPOU3BOIBHBIX NOCTOSHHBIX A,, U B, ,
MOJIy4YUM B BHUJE:

V. c,+c, V. c.,tc,
4,=- ()2(P0 2 ( - yz_mgj; A4y = Oz(PO 2 ( ylM )/2_(’35];
Cl)2((’)2_@3) 0)3(0)2_033)

®)
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el —c,(1-1,) Yo c,+c
By =— 2 2 - _ M
M(co2 0)3) W, — O

T'opu3oHTanbHBIE U BEPTUKAIBHBIE PEAKIIUN YIIPYTUX ONOP ONPEIAEIISIFOTCS 3aBUCH-
MOCTSIMU:

x1 = _Cxlxc; Ryl = _Cyl (yc +(plc +yst +(pstlc);

9
2Xes Ryz =—Cyl(yc—(p(l—lc)+ysl—(Pst(l—lc)), ( )

r1e y,,— CTaTUYECKMi Nporub HEeHTpa Macc; @, — CTaTHYECKMI yroy oBOpoTa:

e 2 ve,(1-1) c,,(I-1)-c,l
= M yl7c y2 c : :M y2 c ylc.
Vst g o @y 4 cc [

yI¥y2 y17y2

Pacdernsie 3aBucumoctH (5) u (6) ¢ yueTom BeIpaxeHHH (8) MO3BOISAIOT UCCIIEA0-
BaTh AMHAMUKY Ipoliecca TOpMOKeHHs moABrkHOro coctasa LLIIIM/] ¢ pa3subiMu Ha-
YJaJlbHBIMU YCJIOBHSMHU M TOJOKEHUSAMH B Tipeaenax cexiuu MII, a 3aBucumoctu (9)
CJIEyeT UCTIONB30BAaTh JUIS OTIPEENICHHS JHHAMIUECKUX HArpy30K, ACUCTBYIOIINX HA
KpeTib.

Ves M , pax
A 0P
4-10° | 10,004
2-107 0,002
0 0
2-10° —-0,002
_4 . 10’3 1 1 1 1 1 >
0 0,05 0,10 0,15 0,20 0,25 030 1c

Puc. 3. Beprukanbnoe nepemenienue nenrpa macc EMC y, 1 yron OTKIOHEHHS CHCTEMBI (b
OTHOCHUTENFHO CTATHYECKOTO MOJIOKEHHS B 3aBUCUMOCTH OT BPEMEHH TOPMOXKECHUS £
1 - BEPTUKAJIBHOE MNEPEMEHICHUE IIEHTpa Macc; 2 — OTKJIIOHEHHE CHCTEMBI IIpu  TOPMOKEHUH,
3 — CTAaTUYECKOE TIOJIOKEHHE
Fig. 3. Vertical displacement of the single mechanical system center of mass y, and the angle of
deviation of the system ¢ relative to the static position, depending on the braking time #:
1 — vertical displacement of the mass center; 2 — system’s deviation during braking; 3 — static position

B kauectBe npumepa paccmotpum npouecc Topmoxenus LIHTIM/I co cnenyrommumu
napaMeTpamu: Macca i JumHa cexuun MITm = 72 xr; [ = 3 M; Macca 1 IiTnHa KaOWHEI
MammaucTa m, = 490 xr, b= 2,22 m; Macca U JUIMHA TATOBOM Tenexku m; = 700 kr,
b.= 1,09 m; macca u nnuHa TOpMO3HOM Tenexku m = 200 kr, b = 1,05 m; nnuna cuen-
KM MEXTy TOPMO3HOM TENEKKON M KaOMHOW MammuucTa b, = 0,3 M; IIMHa CUENKH
ME:Ky TOPMO3HOM U TATOBOM TENEKKOH b, = 1 M. XKecTKOCTh IOABECOB MPUMEM CO-
racHo [9]: ¢, = ¢, =2000 xkH/m; ¢ | = c, = 2000 kH/m.
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Ha ognoit cekuuu MII, ucxoast U3 JJIMHBI CEKIUU U PA3MEPOB TEIEKEK, MOKET
MaKCUMaJIbHO TIOMECTUTHCS TOJBKO JIBE TEIEKKH — TOPMO3HAS U TSTOBAs HIJIK TOPMO3-
Has ¥ KaOMHa MallnHKCTA.

3HaueHus: BosHUKaoWux npu topmoxxenuu [1C IHTIM/] Harpy3ok, BO3AeHCTBYIO-
mmx Ha 3aemMeHTsl MII, U3MeHsI0TCS B 3aBUCUMOCTH OT MECTa PACHOJIOKEHUS MO~
BWXKHBIX €MHUL Ha ceKUUU MII B MOMEHT TOPMOKEHUS.

R, xH R,, xH
A A

T

1
[
(=]

2000

1500
1000

500

—-500

~1000 ' L >
0 0,1 0.2 03 e

Puc. 4. 3aBucuMoOCTH IpPONONBHOM R, ¥ BEPTHKANbHOH R, peaKuui,
BO3HMKaIOIIKX B noziBecax MII B 3aBUCUMOCTH OT Bp€MEHU TOPMOKEHUS:
1 — rOpU30HTaJIbHAs COCTABIISIONIAS YCUIINS; 2 — BEPTHKAJIbHAS COCTABIISAIOIIAS YCHIIUS B
1-M nmozBece; 3 — BepTUKAIbHAS COCTABIISIOLIAs YCHIIMS BO 2-M MOZABECE
Fig. 4. Dependences of the longitudinal R_and vertical R reactions arising in
the suspension of a monorail track, depending on the braking time:
1 — horizontal force component; 2 — vertical force component in the 1st suspension;
3 — vertical force component in the 2nd suspension

Cxopoctb IIC 10 TOpMOXKEHHS TPUHUMAEM VTOpM = 3,5 m/c. PaccMoTpum ciyyaii,
KOIJ1a MOCIIe OCTAHOBKU TOPMO3HAs TEJIEKKA 3aHMMaeT mnonoxenue /, = 1 m (puc. 2,
rje b — JuiMHa KaOMHbI MAIIMHUCTA; b, — JUIMHA TATOBOH TENEKKM).

Pe3yabrartel. [l paccMaTpuBaeMoOro Cirydasl MOJIYYHM CIESIYIONTUE IMapaMeTphl
EMC: macca M =1 261 000 kr; yacToTa IonepeyHsIx konebanuii o, = 44,3 ¢!; acro-
Ta YIVIOBBIX Kojlebanuii , = 62,35 ¢!; yacToTa mpoobHBIX Konebanuii o, = 56,33 ¢!

s cinydast ¢ HaunOoJbIIMM JUHAMUYECKUM 3 dekTom nmeem:

y(0)=y,; 0(0)=-0,; »(0)=0; ¢(0)=0.

Ha puc. 3 npuBeneHb! rpagku 3aBUCUMOCTEH BEPTUKAIBHOTO IMEPEMEILICHHS IICH-
Tpa Mmacc EMC u yri1a OTKJIOHEHUST CUCTEMBI OTHOCHUTEIHHO CTATHIECKOTO TIOJIOKCHIS
OT BPEMEHH TOPMOXKEHUSI.

W3 puc. 3 BuaHO, 4TO HAHOOINBIIEE 3HAYECHUE BEPTUKATIBLHOTO IEPEMEILCHHS ), J0-
cruraercs uepe3 0,06 ¢ mocne Hauaga TOPMOKECHHUS, T. €. MPAKTUYECKH B CAMOM Hava-
ne, u coctaisieT 0,0035 m. [Ipu 3TOoM HanbombIIee 3HAYCHNE YTIIa OTKIIOHCHHS CHCTE-
MBI HaOmogaetcs gepe3 0,15 ¢ mocire 0CTaHOBKH MTOIBIKHOTO COCTaBa M COCTABIISICT
0,002 pax (0,11 rpan).

I'paduky 3aBUCUMOCTEH TOPU30OHTANIBHBIX R U BEPTHKAIbHBIX R, peakuuii ynpy-
TUX OIOP OT BPEMEHHU TOPMOXKEHUS TIOKa3aHbl Ha pucC. 4.

N3 puc. 4 BUIHO, 4TO MaKCUMaIbHOE 3HAYEHUE BEPTUKAILHON peakiuu 1-ro moj-
Beca Ry1 coctaniseT 16 kH. IIpu 3Tom 3HaueHUE TOM Ke peaklUK B CTATUYECKOM I10-

noxennu R, cocrasut 8 kH. Taxum o0Opa3oM, AuHaMu4YecKuil ko3duimeHt K, oy-
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JIET COCTaBJIATh 2, YTO COBMAJAECT C HM3BECTHBIMU B JIUTEpAType pe3ylbTaTaMu
AQHAJIOTUYHBIX JUHAMUYECKHUX 3a]ad.

VYeunus, Bo3HuKaromue B nogsecax MII, Bo3IelCTBYIOT Ha caMy Kpenb B TOYKaX
KperuieHus. Bennuuna Bo3aeiCTBYA 3aBUCUT OT KOHCTPYKIIMU [TOJIBECA, KOTOpas OIpe-
JieNsieT BenuunHy ko3 duiuenTa xxectkoctu noxaseca [9]. IlpeacraBneHnas B 3Ton
cTaTbe MareMaTrhdeckas MOJeb M03BoJseT yuuThiBaTh Bo3neictBue [IC na MII u
JlaeT BO3MOXXHOCTh HCCIIEJIOBATh BIUSIHUE JTUHAMUYECKUX YCHIIMM MIPU TOPMOKEHUU
noaBmkHOTO coctapa LIITIM/I Ha kpemb TOpHOI BHIPAOOTKH C YYETOM MECTOIOIIONKE-
HUS NOJBUYKHBIX €IMHULL IOCJIE OCTAHOBKH, a TAKXKE UX MACChl U HAYaIbHOU CKOPOCTH
TOPMOKEHHUS. DTO, B CBOIO OUepe/ib, MO3BOJISIET ONPEACIISATh HEOOXOMUMYIO KOHCTPYK-
IIUIO M KE€CTKOCTH mojBeca MII ¢ 1menpio CHIKEHUST TMHAMHYECKUX BO3JIEUCTBHI Ha
KpEIlb [IPU TOPMOXKECHHH.

BeiBoasl. C ucnonp30BaHuEM OTYUYSHHOH B paboTe MaTeMaTniyeCcKOi MOJIENN TOP-
MOKeHUS noAgBUKHOTO cocTtaBa LIIIM/] ycraHoBieHO cienyroliee. YCUINS MPHU Mpo-
nonbHBIX Konebanusax LITIM/] Ha mopsaOK MPEBBIIAIOT YCHIUS TPH TOMIEPEUHBIX KO-
nebanusx. 3 4ero BeITeKaeT HEOOXOJUMOCTD UCITOIB30BAHHS HECKOJIIBKIX TOPMO3HBIX
tenexek B IIC qns nepepacnpenenenus NpoJoabHBIX YCUIHM.

Junamuueckuii ko3puieHT peaknuu moaBeca MpH TOMEPEYHBIX KOJICOaHHSIX
LITIM/T Ky =2, 9TO COOTBETCTBYET PE3yJbTaTaM N3BECTHBIX THHAMHYCCKUX 3a1ad JIIs
ClIy4asi BHE3aIIHOTO IPUIOKEHUST HAIPy3KH.

Hcnonb3oBanue MoJeny MO3BOJSET UCCIAEAOBATh BIUSHUE TUHAMUYCCKUX YCUIUMA
MIpU TOPMOKEHUU MonBIkHOTO coctaBa [IITIM/I Ha kpernb ropHOit BEIpabOTKY ¢ yue-
TOM MAaCCBhl M1 MECTOIIOJIOKEHHS [TOIBUKHBIX €UHUIL] II0CJIE OCTAaHOBKHU.
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Determining the dynamic forces in suspensions of a track of a mine suspended
monorail
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Abstract
Introduction. The mine suspended monorail is currently used to transport people, equipment and materials.
This type of transport holds promise due to a number of advantages that allow it to be used in branching
workings with sufficiently large slope angles and small curve radii. Suspended monorail transport
significantly differs from ground transport, therefore, the earlier results of research on braking modes,
cannot be used in full.
The research aim is to determine the dynamic forces in the suspension of the monorail track, affecting the
support of the mine working in the points of their attachment, taking into account the parameters of
the rolling stock during braking.
Methods of research. A mathematical model of rolling stock braking of a mine suspended monorail has
been developed, taking into account the location of the railway vehicles on the monorail track section.
Results. Dependences of the single mechanical system mass center vertical displacement and its angle of
deviation relative to the static position on the braking time are determined for the case when after braking
the brake bogie is at a distance of 1 m from the beginning of the monorail track section. Dependences of
the horizontal and vertical reactions of monorail track elastic supports on the braking time are obtained.
1t was found that the location of the railway vehicles on the monorail track section, as well as their masses
and the initial braking speed, affect the values of the elastic support reactions and, thus, affect the forces
acting on the support of the mine working.
Conclusions. The developed mathematical model of mine suspension monorail braking can be used to
study the influence of dynamic forces that arise during braking and act on a mine working support.
However, the mass and location of moving units, as well as the initial braking speed, should be taken into
account.

Keywords: suspended monorail; braking; unified mechanical system; railway vehicles; dynamic efforts;
suspension; section of monorail road.
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«U3BecTns By30B. [OPHBLIN XypHan»:
UCTOPMUS, YHUKANbHOCTb, COBPEMEHHOE COCTOAHUE

WopuH A. I."*, ®paxy B. B.!
1 YpanbCkuit roCyAapCTBEHHbI TOpHbIA YHUBEPCUTET, T. EkaTepuHbypr, Poccust
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Pegpepam

B cmamve omcnescusaemes ucmopus medic8y308cKk020 HayuHo20 uzoanus « Mzeecmus gvicuiux yueOHvix
saeedenuti. TOpHwIll JICYpHALY, KOMOpOe 6CKOpe NOCle C80e20 OCHOBAHUSL CMAL0  6e0YUUM
meopemuueckum JICYPHAIOM NO RpOOLeMaM 2OPHOU HAYKU 6 CmpaHe U HA pe2ylapHoll OCHOge
pacnpocmpansanoce 3a pyoescom. Takoce 6 cmamve pacckasvieaemcs 060 8cex 21asHbIX peoaKmopax
«H36ecmuii ¢y306. Toproeo scypranay. Ilomumo smoeo, paccmampusaemes YHUKAIbHOCHb U30AHUS,
pacnpocmpanssuezocs bonee wem ¢ 40 cmpanax mupa, a makce 60300HO8NEHUEe NOO €20 I2UO0U
BLINYCKA OMEUeCmMBEHH020 JCYpHAla «Ypanvckoe 2opHoe obo3penuey, usdasasuiecocs ¢ 1897 2o0a.
B konye cmamou paccrkasvieaemcsi 0 co8pEMeHHOM COCMOSIHUU JHCYPHALA.

Knroueesvie cnosa: «Ussecmus eysos. T'opuviii oscypnany; «Ypaivckoe zoproe 0603peHues;
Ceeponosckuil 20publll UHCIUMYm, YpaniscKuti 20Cy0apCcmeeHHblil 20pHbLLL YHUSepCcumen.

Cepus «M3BecTHs By30B». Hadano camoii M3BECTHOM cepuyu HayYHBIX XKYpPHAJIOB
Cogerckoro Coro3a — «/3BecTust BrICIINX y4eOHBIX 3aBellcHHI (COKpalieHHO: «I3-
BECTHSI BY30B») — OBIJIO MOJIOKEHO HA COBEIAHWN PYKOBOAMTENIEH BBICHIMX y4EOHBIX
3aBelleHui, MoJUYMHEHHBIX MuHHUCTEpCTBY BbIcIIero oOpazoBanuss CCCP, xotopoe
npoxoamio B Mockse ¢ 18 mo 21 despans 1957 roma [1]. K cioBy, 310 ObLITO Bpemst
MepeMeH B CTpaHe: TOAOM paHbIe, B ¢eBpane 1956 roma, coCTOSIICS 3HAMEHHUTHIN
XX cwe3n nmaptuu, Ha kotopoM [lepsriit cekperaps LIK KIICC Hukura CepreeBuu
XpylieB 3auuTai A0KIaa o Kyasre tMyHocT CTanuHa. TOT UCTOPUYECKHM ITepros B
CTpaHE MPHUHATO Ha3bIBaTh «XPYIIEBCKOW OTTENEIbIO», U OH OTMEYasCcsl MHOTUMH I1e-
peMeHaMH B CaMBbIX Pa3HbIX 00NACTIX, B TOM YMCIIC U B BBICIICH IIKOJIE, I1e Hayalu
CO3/1aBaThCsl COBPEMEHHBIE HAYYHBIC JKypHAJbl, ODHEHTHPOBAHHBIE HA MEXKIYHApOJ-
HBIN ypoBeHb. KpoMe cepun «I3BecTus By30B» Ha TOM )K€ 3HAKOBOM COBEIIaHUH Oblia
co3mana emie onHa cepust — «Hay4uaple MOKIIaapl BRICIIEH MIKOJIBD — M0 13 oTpacisim
3HAHWM.

«/3BecTus By30B» Cpa3y CO3JaBAIMCh KaK CEPHUs MEXBY30BCKUX M3JaHUN IO ca-
MBIM Pa3HbIM 00JACTSIM HAayKH M TEXHUKH (KOTOPBIX IMOHA4ajy HACUUTHIBAJIOCH [BA
JECSTKa), a II03KE OHA JIMIIb PAacIIMpsIach. BoIycKaTs HayyHbIE )KypHaJIbI, BXOISIINE
B 3Ty CepHI0, ObIIO MOpyUYeHO MPO(UIBHBIM By3aM I10 Bceil cTpane, 1 B 1957-1958 rr.
Hay4HbI€ XKypHaJIbl CEPUH HauyaJIl BHIXOJUTDH HAa PEryIspHOIl OCHOBE.

«H3BecTus By30B. ['opHbIil :KypHa». ITak, Ha COBEIIAHUM PYKOBOJUTENIEH BY-
30B B 1957 rogy Obliy cO30aHbBI JBE CEPUU HAYUHBIX M3MaHMU: «V3BecTHs BY30B» U
«Hayunble noknansl BICIIEH MIKOIBD». [10 TeMaTHKe TOPHBIX HAyK BBITYCKaTh XKypHa-
76l OBUIO TIOPYYEHO ABYM BEAYIIMM y4eOHBIM 3aBEAECHUSIM: MOCKOBCKOMY TOPHOMY
WHCTHUTYTY (HBIHE — B cOcTaBe HannoHampHOTO HCCIe0BaTeIbCKOTO TEXHOIOTHUECKO-
ro yausepcuteta «MUCuCy») — xxypnan «Hayunsle gokaabl Beiciieit mkoisl. [opHoe
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neno» U CBepAsioBcKkoMy TOpHOMY MHCTHTYTY (HbiHE YITY — Ypanbckuii rocynap-
CTBEHHBIN TOpHBIN yHUBepcHuTeT) — «M3BecTust By30B. [OpHBIN XKypHam», MEepBHIi HO-
Mep KOTOPOTO BhIIIEI B CBET B siHBape 1958 roma. OxHako yxe B 1959 rony o6a uzna-
HUS OB OOBenAMHEHBI mon oOmoxkoi «M3Bectrss By3oB. [OpHBIN KypHAD,
¢ penakiueii B . CBepasioBeke (HbIHE — I. EkarepuHOypr), KOTOpbIH TaKUM 00pa3oM cTajl
OCHOBHBIM TEPUOJMYECKUM H3aHHUEM TOPHBIX M TOPHO-METAJUTyprHUeCKHUX BY30B,
a Tak)Ke TOPHBIX (DaKyIbTETOB MOJIUTEXHUUECKUX HHCTUTYTOB I10 BCEH CTpaHe.

i

rOPHbIU [
SRYPHAN

Wznanue «M3Bectust By30B. [ OpHBIi )KypHADY

Penaxnms u penxosierusi. Iiagnsle pedaxmopul ycyprana:

1958 1. (¢ suBaps o mapt) — Cepreii Anekceeud Denopos;

1958 — 1959 rt. — Cepreit AHAPOHUKOBUY BOIOTKOBCKUI;

1959 — 2000 rr. — Abpam Edumosuu Tpor;

2001 — 2009 rr. — Ban BacunbeBuy JleMeHTHEB;

2009 — 2018 . — Muxann BukropoBuy KopHUITKOB;

2018 — 2021 rr. — EBrennit ®enoposud Llpmum;

C 2021 . — Husz I'agwsim omiel Banues.

B nmepBom HOoMepe u3nanus «M3Bectust By30B. [OpHBIH jKypHam», CO3AaHHOTO 110
npukazy Munucrepcersa Boiciero oopasosanusi CCCP Ne U-86 ot 20 aBrycra 1957 roga,
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O0TMEYaJIOCh, YTO M3JaHHE TAKOTO POJia XypHala «...NMPEeIOCTaBUT MPOdeccCopPCKo-
MPEeoIaBaTeIbCKOMY COCTaBYy TOPHBIX BY30B H (DaKyJIBTETOB Ooiiee HIMPOKUE BO3-
MOXKHOCTH TSI ITyOMMKaIMK HAyYHBIX TPYAOB» [2]. BBITyck 3TOT cocrosuics Omaro-
Japs JOKTOPY TEXHHUYECKHX HayK, Npodeccopy, BHIHOMY YYEHOMY B 00macTh
noa3zeMHoro crpoutenscTBa Cepreto AnekceeBuuy denopoBy, KOTOPBIH pa3padoTai
CTPYKTYPY JXKypHalia, HaOpaJ MepBbIii COCTAB PEIAKIIMOHHOMN KOJIJIETHH U C(HOPMHUPO-
BaJ ammapar TeXHudeckor penakinuu. OJHAKO, cpasy Mocie BBIXoJa MepBOro HoMe-
pa, C. A. ®egopoB, KOTOPEII coBMeIan paboTy B peJakiuu ¢ 00S3aHHOCTSMU IIPO-
pekropa CBEpUIOBCKOTO TOPHOTO HWHCTUTYTa, a TaKXKe BO3MIABISAN Kadeapy
HIAXTHOTO CTPOMTENBCTBA, OTKA3AJICS OT JIOJHKHOCTH TJIABHOTO PEAaKTOpa, COCPEIo-
TOYMBIIKCH HA JIPYTHX 00SI3aHHOCTSX.

C. A. ®denopoB — nepBbIii pelakTop U3IAHUS C. A. BOnOTKOBCKHI — TJIaBHBII peqakTop
«3Bectus By30B. [opHBIii xxypHaI» sKypHana B 1958-1959 romax

Bropoit HoMep KypHalia BhIIIEN O/ peJlakiiueld TOKTopa TEXHUYECKUX HayK, MPo-
teccopa Cepress AHIApOHHKOBHYA BOJIIOTKOBCKOTO — CIIEMAINCTA B 00IACTH PyIHHY-
HOT'O 3JIEKTPOTPAHCIIOPTA.

B 1959 rony, xorna C. A. BooOTKOBCKOMY MHPEIJIOKHIIN BO3NIIABUTh Kadepy dJIeK-
Tpu(UKaK FOPHBIX PpadOT U NPEIIPUSTUH, €T0 IPEEMHUKOM Ha IIOCTY IVIaBHOTO pe-
JakTopa xypHana craia Adpam Edumosuu Tpon, KOTOpbI 3aHUMAI 3Ty OOIKHOCTh
Oonee copoka set (¢ 1959 nmo 2000 ). [lokTop TeXHHYEeCKHX HayK, podeccop, 3aBe-
noytoumid kadeapol aBTOMaTH3alMU MPOU3BOACTBEHHBIX MpoieccoB CBEpIOBCKOTO
ropHoro uHCTUTYTa, A. E. Tpon ObuT cienmanicToM B 00JaCTH yIPaBICHUS TEXHOIIO-
THYECKUMHU IPOLECCaMH M MIPOU3BOACTBAMU B FOPHOW MPOMBIIIJIEHHOCTH (OCHOBHOE
Hay4YyHOE HalpaBJIeHUE — UCCIICIOBAHNE CTATUKH U JUHAMUKH TEXHOJIOTHYECKUX MPO-
LECCOB TOPHOTO U OOOTAaTUTENILHOTO NMPOU3BOACTBA, MEXaHU3MOB U MAlllMH KaK 00b-
extoB aproMarm3anuy [3]). C ero uMeHeM CBS3aHO CTAaHOBJICHHE XKypHaJIa, IPUBIIEYE-
HHE BUIHBIX YICHBIX B pa3HbIX 00JIACTAX FOPHBIX HAYK K OITyOJIMKOBaHMIO Ha CTPAHUIIAX



112 “Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 5. 2021 ISSN 0536-1028

W3aHus CBOMX TpyAOB. B aToT mepuon «U3Bectust By3oB. [opHBINA KypHam» o0pern
CBOIO BBICOKYIO HAy4HYIO peryTanuto [4].

[Tocne cmeptu A. E. Tpoma xypran Bo3riaBui npodeccop MBan Bacunsesuu [le-
MeHTheB. C 1988 mo 2000 rox U. B. JlemenTreB 3anuman noct pekropa CI'U (B aToT
TIEPUOJT By3 OBLT IEPEMMEHOBAH B YPaJIbCKYIO TOCYIapCTBEHHYIO TOPHO-T€0IOTYECKYTO
aKaJIeMHIO), PUYEM OH CTaJl IIEPBBIM PEKTOPOM, H30paHHBIM KOJJIEKTHBOM, & HE Ha-
3HaYeHHBIM «cBepxy» [5]. Tlocae yxoma c atoit momxrocTH, ¢ 2001 mo 2009 rox
W. B. JlemeHTheB HCIIONHSIT 0053aHHOCTH MIIABHOTO penakropa «3Bectuii By30B. [op-
HOTO XypHaia». ClieuaincT 10 BOIPOCaM COBEPIIIEHCTBOBAHUS U Pa3padOTKN HOBBIX
TEXHOIIOTUH TOA3EMHON AKCIUTyaTaIlil MEIHO-KOTYeTaHHBIX M ITOJIAMETAUTHIEeCKIX
Mectopoxkaernuid, M. B. JleMeHThEB yaems1 O0IBII0e BHIMAHKE COBEPIIICHCTBOBAHUIO
Y pacIIMpPEeHHIO TEMAaTHUKH JKypHaja, YKPEIUIEHHIO CBSA31 By30BCKOM HAyKH U NMPaKTHKU
ropHoro fena [6].

A. E. Tpon O6onee 40 mer (1959-2000) M. B. JleMeHTbeB — TNaBHBIA penakTop
posniaBisin  «M3Bectuss  By3oB.  IopHblit n3nanus «M3Bectus By3o0B. TOopHbI kypHam»
JKYpHAID» B 2001-2009 romax

[Ipeemunkom M. B. JlemMeHTheBa cTaym HOKTOp TEXHUYECKHWX HaykK, mpodeccop
Muxann Bukroposua Kopanikos (TimaBHbIH pemakTop ¢ 2009 mo 2018 1) — 3aBeayrontuit
Ka(eapol MIaXTHOTO CTPOUTENBCTBA, U3BECTHBIA CIEIUAIUCT B OOJACTH TEXHOJIOTHH
1 0€30MaCHOCTH B3PHIBHBIX pa0oT, KPETUICHUsI TIO3eMHBIX TOPHBIX BBIPAOOTOK, OCBOCHUSI
NPOCTPaHCTBA KPYIHEHIINX TOPOIOB (B TOM YHMCIIE MOA3EMHOro mpocTpaHcTBa Exare-
puHOYpra, TIIe ero pa3paboTKH MOCITYKHIM OCHOBOM paszena I eHepanbHOro miaHa pas-
BUTHSI TOPOAIA), OE3yNPEUHBII OpraHN3aToOp U TAAHTIIUBEINA niefaror [7].

C 2018 mo 2021 rox >xypHan Bo3masul Esrennii @enopoBud LIpmuH, K0KTOp
TEXHUYECKUX HayK, podeccop, mpodeccop kadenps odorameHus mojJe3HbIX HCKOTIa-
empix YI'TY, cienuanuct B 00JIACTH TEOPUU M TEXHOJIOTHUHU MPEABAPUTEIHLHOIO 000-
raieHusl MUHEPaJIbHOTO U TEXHOTEHHOTO CBIPhS, a TaKXkKe MCCIEeNOBAaHUN IMOJIE3HBIX
MCKOIIaeMBIX Ha 000raTUMOCTb.
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C 2021 roga rmaBHBIM pemakTopoM uzfaHus «l3Bectus By30B. [OpHEIT XypHAI»
ctan Husz T'ageiv ormisl Banues, TOKTOp TEXHUUECKUX HaAyK, Mpodeccop, MPOpeKTop
1o Hay4yHOU pabote, nepsrlii ipopekTop (¢ 2008 mo 2019 ), 3aBexyrommii Kadenpoit
ropuoro nena (¢ 2009 1), cneruanuct B 001acTH pa3padOTKH POCCHIITHBIX MECTOPOK-
JICHHUH, NeHCTBUTENbHBIA WIeH MexTyHapoaJHON aKaJeMHH HayK dKOJOTHH, Oe3omac-
HOCTH YeJIOBeKa U MPUPOAbI, AKaJl€MUH TOPHBIX HayK.

MHorue Tofipl B Ka4eCTBE 3amMecmumerneil 21aeHo20 pedaKmopa sxypHana padbora-
JIM TaJaHTJIMBBIE YUEHbIE, N3BECTHBIE CIIEIMAIUCTHI B CBOMX HanpasineHusx: [lerp Ba-
cuwibeBud Baranos, Burammii I'eoprueBnu Cumanos, JleB AnatonbeBud COpOKUH,
Onmner I'eoprueBmnu Jlateimes. B HacTosmee BpeMs 3Ty TOKHOCTH 3aHMMaeT HOpwuit
WBanosu4 Jlenb, JOKTOP TEXHUYECKUX HayK, podeccop, 3aBeAyIomunil kageapoii oT-
KPBITBIX TOpHBIX pador YITY, crenmanuct B 00JacTH TEXHOJIOTHH TOPHBIX PaboOT M
KapbepHOTO TPAaHCIOPTA.

M. B. Kopauixos. C 2009 mo 2018 roxm E. ®. llpinun — rIaBHBIH PERAKTOp H3AHUS
BosmmaBisul  «M3Bectuss  By3oB.  [OpHBIIT «3Bectus By3oB. [opHbIit xypHam» ¢ 2018 mo
JKypHaID» 2021 ron

B cocraB nepBoii pedakyuonnon konnezuu Bouuu: noueHT B. M. ApamikeBuy,
npodeccop C. A. Bomorkosckwuid, morient [. Y. Bunecos, nornent I1. B. Baranos, po-
deccop A. U. Becenos, gouenr JI. K. XKyxkos, npodeccop I1. . Kokopun, npodeccop
B. C. Myunuk, npogeccop A. U. Henonyxenko, npodeccop B. B. Oruesckuii, Ko1ieHT
10. C. Tlerpos, npodeccop H. C. ITonskos, npodeccop E. ®. Paraukos, npodeccop
. B. Tormuues, nonent B. C. XoxpskoB — uMmeHuTHIe yueHble CBepanoBckoro, Moc-
KOBCKOTO, J[HETTPONIETPOBCKOTO TOPHBIX HHCTUTYTOB, Ky30acckoro moMuTeXHIYECKOTro
WHCTHUTYTA.

CoBpeMEHHYIO peNaKIHOHHYIO KOJUIETHIO KypHAajla MPENCTaBIAIOT BUAHBIE yde-
HBIe U3 pa3HbIx roponos Poccuu: Mocksel, Cankt-IlerepOypra, Kpachosipcka, UpkyT-
cka, Kemeponro, Kpacnonapa, ExarepunOypra, [lepmu, a Takke 3apyOe:KHbIC KOJIETH
u3 I'epmanun, bonrapun, Ionsmum, Monronaun, Ykpaunsl u Kazaxcrana.
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TemaTuyeckas HANPaBJIEHHOCTD KYPHAJIa, YHUKAJbHOCTB. Ellle B mepBoM BbI-
MycKe JKypHaJsia ObUla oIpeziefieHa HapaBleHHOCTh U3JaHus — MMyOInKays HayqHBIX
cTareil no npobaemMam ropHOW HayKH, TEOPUHU, TEXHOIOTUH U TEXHUKH TOPHOTO MPOM3-
BoAcTBa. CoyupeauTesneM KypHalla BEICTYIIajao MUHUCTEPCTBO 00pa30BaHusl.

B cBoii nepBbIii AecatuneTHuit oouieii (1968 1) xypHan npeacTasisi coboil yxe
CIIOKHBILIEECS U3IaHKUE, OTpakarollee HayYHbII OTEHIall TOPHBIX By30B COBETCKOTO
Coro3a B eproa MHTEHCUBHOTO PAa3BUTHS OTEUECTBEHHOM TOPHON MPOMBIIIJICHHOCTH.
Ot0 Ob1T IEpHON HOPMUPOBAHUS HAYUYHBIX IIKOJ IO 00ECIEUEHUIO pa3IMYHbIX OTpac-
JIE¥ TOPHOTO MPOU3BOACTBA, MOATOTOBKE HAYUHBIX KafpoB. 1960—1970-e rone! amns rop-
HBIX By30B 1 HMU cTann 0coOeHHO MI010TBOPHBIMH 110 HAYYHBIM Pe3yJbTaraM, KOTo-
pble He3aMeUIMTENIbHO IyOIMKOBAINCh Ha CTPAaHULIAX XKypHAa.

H. I BanueB — miaBHBIM pegakTop HU3AaHUs B. 3. Ko3uH — 6eccMeHHBIN TIIaBHBIM pegaKTop
«M3Bectus By30B. [opHblii xkypHam» ¢ 2021 rona «YpanbCKOro ropHOro 0003peHUs

B crarpsx oTpaxkancs B TOM 4YuCIie «3apyOeKHBII ONBIT», a caM KypHaj MepeBo-
JUJICSL Ha APYTHE A3BIKK M LIMPOKO PACIPOCTPAHSIICS 3a pyOe:KoM, IPUIEM HE TOJIBKO
B CTPaHaxX, KOTOPbIE B TO BPEMSI OTHOCWIIU K «colHanucTudeckomy jarepro». K 1968
rogy «/3Bectus By30B. [ OpHBIN *KypHam» cTai u3BecTeH yxe B 40 cTrpaHax mupa.

«Ero BeimuceiBaror CIIA, Aurus, @panuus, Anonud, bpasunusa, Konro, Yunu.
[Iupoxo nonynsipeH xypHain B Kopee, Jlemokparuueckoit I'epmannu, Bbername, MoH-
ronuu, bonrapun, YexocnoBakuu. Oxono 200 3K3eMIUIIPOB >KypHalia BBINHCHIBAET
Tlonbua, 1o 300 — Kutait u ap. TopHBI )KypHa SKCIIOHUPOBAJICS HA MEXAYHAPOIHBIX
MIPOMBIIINIEHHBIX W HAy9HO-TEXHUYECKUX BBICTaBKax: MiOHb 1959 . — B CLIA, HOsA6pB
1959 1. — B Mekcuke, ssaBapb 1960 1. — Ha Ky0e, mait 1961 1. — mexxayHapomHas sipMap-
ka B [Tonpme u CoBeTckasi IpoMBIIIIIEHHAs BbICTaBKa B SInmonuu, urone 1961 1. — co-
BETCKasl MPOMBINIUIEHHAs BRICTaBKa Bo Ppaniun, uioHb 1961 1. — B AHDIMH, OKTIAOPH
1961 r. — npombilieHHas BeicTaBka B uauu, uoHb 1963 1. — HaydyHO-TEXHUYECKAs
BbicTaBka B ['JIP, utons 1964 r. — B FOrocnaBum, utons 1964 1. — BeICTaBKa COBETCKUX
MEePUOANYECKUX U3AaHui B AnoHun, mait 1965 1. — MmexxnyHaponHas sspmapka B [lomb-
IIIe ¥ BBICTABKa COBETCKHUX MMEPUOTUICCKUX M3NaHNK B BammarTone u T. 1.» [8].
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Ha anrmmiickoM s3bIKe M3JaHKME BBIXOIWJIO MHOTO JIET IMOJ Ha3BaHHEM «Soviet
Mining Journal» («CoBeTckuii TOPHBII )KypHAI), TAE €KEKBaPTAIBHO ITyOJINKOBAINCH
BBIOOPOYHBIC CTATHH, MIMEBIIIHE «HAN0O0JIee MMUPOKYIO M OOIIYI0 00JIaCTh TPHUMECHEHHS
JUTSI THTEPECOB MUPOBON TOPHOJOOBIBAIOIIEH MTPOMBIIIEHHOCTHY [9].
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W3znanue «CoBeTckuii TOpHBIN XKypHaD» Ha aHIIUHCKOM sA3bIke. 1987 rox

[Tomumo asToro, B pamkax «3BecTust By30B. [ OpHBIi sKypHAID» PETYISIPHO BBIXOAU-
JI0 e1le OJHO U3JIaHUE — « Ypaibckoe 2opHoe 0003peHue». ITOT «KypHaJ B )KypHAIIE»
MO3UIIMOHUPOBAI ce0sl Kak BO30OHOBIIEHHOE M3/IaHUE CO3aHHOTO B 1897 rony KypHa-
na — opraHa COBETOB ypaJbCKUX TOPHO-, 30JI0TO- M IIATHHOTIPOMBIIIUIEHHUKOB, BBI-
xoauBirero 10 1906 roga. Y HoBoro «l opHOTO 0003peHMs OBUT COOCTBEHHBIHN KOJIJIEK-
THB, a Ha MOCTY IIABHOTO PEJaKTopa 0eCCMEeHHO Haxowics Bmamgumup 3uHOBHEBUY
Ko3un [10] — mOKTOp TEXHUYECKUX HAYK, OJIUH U3 CTapEHIINX 3aCiTy>KEHHBIX mpodec-
copoB YITY, cnennanuct B 001acT 00OTaIeHNsI OJIE3HBIX UCKOITAEMBIX, JCHCTBU-
TENbHBIN wieH peakomieruu «3sectuit By3oB. [opHOro xxypHamnay.
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Bcero ¢ 1993 mo 2006 rox ObLIO BBIMYIIEHO 32 TOMA, MOCBSIICHHBIX Pa3BEIKe, J10-
ObIue, mepepaboTKe MOJIE3HBIX UCKOMAEMBIX YPajIbCKOIO PETHOHA, X PONU M 3Haue-
HHUIO JJI PETHOHAJIBHON U pOCCUICKOM SKOHOMUKU. IlepeueHs cTaTeil OTAeIbHBIX HO-
MEpOB T'OBOPHT O OOTaTCTBE M MIMPOKOM PAa3HOOOPa3HH TEM — YTOJlb, XKEJIE30, ATFOMU-
HUH{, IparoleHHble KAMHH, MeJlb, TEXHOT'€HHbIE MECTOPOXKACHHS, IIUHK, 30J10TO, HE(TH,

W3BECTWMA ELICLINX YMEGHLIX JABEAEHNA |

rOPHLIA
XKYPHAA

Beimyck «VYpanbckoro ropuoro o6ospenusi» 2001 rosma, BHIXOAMBILETO B
pamkax m3ganus «M3Bectus By3oB. [opHsrit xxypHam» ¢ 1993 mo 2006 rox

OOJIMIIOBOYHBIE MPUPOIHBIE MaTepHalibl, CBEPXIIyOOKHE CKBAaXHWHBI, BOJAA, COJIH,
KBapll, PeaKO3eMeNbHbIE METANJIbl, XBOCTOXpAaHWJIHILA, TOP(, HUKEIb, XPOM, Mapra-
Hell, lIEMEHT, MUHepalbHble pecypcbl bamkoprocrana, Komu, Kyprauckoit, OpenOypr-
ckoit, UensOuHCKOM 0oOmacTell, ropHOE 00pa3oBaHMe, HAYKA U TEOJIOTHYECKHUE MY3€EH,
OypOB3pbIBHBIE TEXHOJOTUH, TUTAaH, BaHA[IUM, LUPKOHUM, HEMETaJIbl, TEXHOJIOTUU
oborareHus 1 onpoOoBaHus pya, 285 et BrICOKOropcKkoMy ropHO-000raTUTEIBHOMY
KOMOHMHATy U MHOTO€, MHOTO€ JPYTroe.
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OnyOnMKOBaHHBIC MaTEPHAIB TIPEACTABIISIOT, IO CYTH, SHIUKIONESIUI0 OCBOCHUS
MUHEPaJIbHO-CHIPhEBOH 0a3bl Ypasa, YHUKAIbHYH HHPOPMAIIUIO O COCTOSHUN TOPHO-
ro ziena Ha Ypane B koHue XX u Hauane X XI Beka.

CoBpemMenHoe coctosiHue. «I3BecTus By30B. [opHBIH xKypHam» BKiItoueH B «llepe-
YeHb PEICH3UPYEMbBIX HAYYHBIX M3aHUH, B KOTOPBIX JIOJDKHBI OBITH OITyOJMKOBAaHBI
OCHOBHBIC Hay4YHBIE PE3YyIbTAThl IUCCEPTALUN HA COMCKAHUE YUYCHON CTENEHU KaH U~
JlaTa HayK U JIOKTOpa Hayk». B cooTBeTcTBUY ¢ TpeboBanusIMu DenepaabHbIX TOCYIap-
CTBEHHBIX 00pa30BaTEIbHBIX CTAHAAPTOB IO MPOTPAMMaM MOATOTOBKY CIICIIUATINCTOB
B 00JIACTH TOPHOTO JIeJia KypHAN JOJDKEH OBITh 00S3aTeIbHBIM KOMIIOHEHTOM BY30B-
CKUX OUOITHOTEK.

B «M3Bectusax By3oB. [opHOM KypHaje» MyOIUKYIOTCS CTaThbH, aBTOPAMH KOTOPBIX
SIBIISTEOTCS CTICLUATKCTHI BBICIIEH IIKOJIBI, TOPHOW POMBIILIICHHOCTH, aKaJIEMUYECKUX U
OTpaClIeBbIX HAYYHO-HCCIIENOBATENbCKUX U MPOEKTHO-KOHCTPYKTOPCKUX WHCTUTYTOB.
C XypHaJIOM TECHO COTPYJHUYAIOT TPEJCTaBUTENM HaydHbIX mmkos CaHkt-IletepOypr-
ckoro, MockoBckoro, Kyzbacckoro, Hpkyrckoro, KpacHosipckoro, KaparanaumHckoro,
ITepmckoro, Jdonernkoro, Inenponerposckoro, Kpusopoxkckoro, Kazaxckoro, Tynbsckoro,
Marsutoropckoro, YpajisCKoro TEXHUUECKUX YHUBEPCUTETOB M MHOXKECTBA JIPYTHX TOPHBIX
BY30B U (DaKyJIBTETOB, HAYYHBIX [ICHTPOB U TOPHBIX MHCTUTYTOB PAH, MpOoeKTHBIX 1 Hay4-
HBIX opraHm3aiii. JKypHan myOiauKyeT CTaTbi Ha aHIJIMHCKOM SI3bIKE, a TAKKE CTAaThU
HMHOCTPaHHBIX aBTOPOB, MOCTETICHHO HApAIIKMBas MEXKTyHAPOTHOE IPU3HAHUE.
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“News of the Higher Institutions. Mining Journal”:
the past, the uniqueness, and the present
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Abstract
The article traces the history of the interacademic scientific publication, “News of the Higher Institutions.
Mining Journal”. Shortly after the foundation, it became a leading theoretical journal on mining in Russia
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and was regularly published abroad. The article is also dedicated to all editors-in-chief of “News of the
Higher Institutions. Mining Journal . The paper considers the uniqueness of the journal that was published
in more than 40 countries around the world. “News of the Higher Institutions. Mining Journal” has
resumed publication of “Uralskoe gornoe obozrenie” (“The Ural Mining Review”), which is a national
journal published since 1897. Finally, the article describes the current state of the journal.
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