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EOTEXHOIOMA: NOA3EMHAA,
OTKPbITAA, CTPOUTESIbHAA

VIIK 622.014.3:553.042 DOL: 10.21440/0536-1028-2020-7-5-20

O meToA0NOrMN KOMMIIEKCHOFO OCBOEHMSA 3anacoB MECTOPOXAEHUM
TBEepAbIX NONe3HbIX MCKoNaeMbIX AN pa3paboTku cTpaTerum
pa3BUTUA MUHEpanbHO-CbipbeBOW 6a3bl Poccuu

fAlkoBnes B. J1.!
L UHcTutyT ropHoro fena YpO PAH, r. ExatepuH6ypr, Poccus
e-mail: yakovlevwigduran.ru

Peghepam
Beeoenue. B cmamve onpedeieHo 3HAUEHUE MUHEPAIbHO-CHIPbEBO2O NOMEHYUANd 8 0OecneyeHul
aKoHoMuyeckoul bezonachocmu Poccuu. B co30anuu HadexicHol MUHEPANbHO-CbIPbeoll 6a3bl U pa3eumuuy
20PHOO0OBIBAIOWUX OMPACTIEll NPOMBIUUTIEHHOCTU DONbULAS PONb NPUHAONEINCUN 20PHOU HAYKE.
AKkmyanshocms u yenv ucciedosanus. Pazeumue 20pHOO00bIBAIOWUX OMPACLEN NPOMBIULIEHHOCMU
8 YXYOWAWuUxca 20pHOMEXHUUECKUX YCI08UAX, BbI36AHHBIX POCMOM 2IyOUHbI OMKPBLIMbIX 20PHbIX
pabom, CHUdICEHUEM COOEPICAHUS OCHOBHBIX NONE3HIX KOMNOHEHIO8 8 000bIBAEMOM CbIpbe, OMPAbOmMKa
3anacoé naubonee 602amvix MeCMOPONCOCHUU NOMPebO8ANU  COBEPUIEHCINBOBAHUS  MEXHUKU,
MEXHON02UU U OP2AHUZAYUU KOMNTIEKCHO20 OCBOEHUS HA 21YOOKUX 20PU3OHMAX OeliCMEYIOWUX SOPHBIX
npeonpuamuil U 0C60EHUs MECIOPOACOEH ULl HEGbICOKO20 KAYeCmea 6 OMOUNIEHHbIX PE2UOHAX CPAHbL
¢ Hepaszeumou UHGPAcmpyKkmypoul. B ceasu ¢ smum 03HUKAA HEOOXOOUMOCMb KOPEHHO20 NePecMompa
cmpamezuu pazeumus MUHepaIbHo-cbipbesoll 6aswvl Poccuu.
Memooonozus. Beinonnen ananuz nooxo0o8 K 000CHOBAHUIO KOMNIEKCHO20 OCB0€HUsA 3ANAcO8
MeCmopoNcOeHUll  MeepoblX  NONE3HbIX UCKONAEMbIX HA  OCHO8e NPUHYUNOG  CUCMEMHOCMU,
KOMNILEKCHOCHU, MENHCOUCYUNTUHAPHOCU U UHHOBAYUOHHOU HANPABIEHHOCIU C Y4emOoM NepexoOHbIX
npoYeccos ¢ yervro a0anmayuu 20PHOMEXHUYECKUX CUCEM 20PHBIX NPEONnPUSIULL K USMEHAIOWUMCS
VCOBUAM UX QYHKYUOHUPOBAHUA.
Pesynomameut. [Jano onpedenenue cmpame2uu paspabomxu 21y00oKo3ane2aioujux Kpymonaoanuux
MeCmOopONHCOEHUT C Y4emom HaPACMAHUSL 2€0JI02UYECKOT, 20PHOMEXHUYECKOU U MEXHUKO-IKOHOMUYECKOU
uHgopmayuu 8 OuHamMuxe pasgumus COpHuIX pabom. BuvldeneHvl 0COOEHHOCMU OCBOEHU 3ANACO8
MeCmOopOAHCOeHUIl 8 CEBEPHBIX U NPUPABHEHHBIX K HUM PE2UOHAX, 8 MOM YUCTE C YUemOM KOMNIEKCHO20
0CBOEHUsL MEPPUMOPULL NYyMeM CO30AHUL MUHEPATbHO-CIPbEBBIX YEHMPOB.

Knroueswvte cnosa: zopnoe oeno; munepanvioe coipve; CroACHOCMPYKIMYpPHbIE MECMOPONCOCHUS;
cmpamezusi; KOMNJIEKCHOE 0CBOeHUe; MeMOO0N02U,; NePexOOHble NPOYeECChl.

Cmambs nodzomosnena no mamepuanam uccieoosanuii no I'oczaoanuro Ne 075-01039-20-00, mema
MNe 0405-2019-0005.

Brenenune. IIpobGiaembl 3QPEKTUBHOIO U 0€30MaCHOI0 OCBOCHHS MHUHEPaIbHO-
CBIPBEBBIX PECYPCOB IIJIAHETHI B 11eI0M U Poccry B 94acTHOCTH BBIXOAAT 32 PAMKH TOp-
HOTO NMPOU3BOZICTBA, OOJIee TOTO, OHU MOTYT OBITh PELICHBI HE TOJIBKO C YYaCTHEM I'e0-
JIOTOB, TOPHAKOB, METAJUTYProB, SKOHOMHUCTOB, HO M CIIEIMAJINCTOB APYTUX OTPaCIeH,
TaK KaK HOCSIT F€OMOIUTHUECKUN XapaKTep.

Poccust 3aHMMaeT 01HO M3 BETYIIMX MECT B MHPE MO0 MHUHEPAILHO-CBIPhEBOMY TTOTEH-
ATy, KOTOPBI OIIEHUBAETCS KaK TOCTATOYHBIH /IS IIPOBEICHUS HE3aBUCHUMOH 1 d(pdek-
THUBHOHM YKOHOMUYECKOH TOIIUTUKH B 00eCTIeYeH s HAIIMOHAIBHOM Oe30IacHOCTH.
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BaxxHocTh AOOBIUM MOJE3HBIX MCKOMAEGMBIX Ul Pa3sBUTHS LMBWIM3ALMH YK€ Ha
PaHHMX CTAIUSX CBOETO PA3BUTH HAIIA OTPAKEHUE B HAYYHOM IMTOJXOJE K PEIICHUIO
npo0IieM rOpHOTO JAeja U METAILTYPrHH.

ITepBriii pycckuii akagemuk M. B. JlomoHOCOB, M30paHHBIN YJICHOM aKaJAeMUU
B 1742 r.,, B omyOnukoBanHoM B 1763 1. Tpyne «IlepBbie 0OCHOBaHUS METaTypTUu HIIH
pyaHbIX gem» [ 1], aBnsromeMcst pakTHUEeCKH IEPBBIM Y4eOHUKOM ropHoro aena B Poc-
cum, otMeTu: «Hayka, koTopas y4uT MUHEpasbl 3HaTh, IPUUCKUBATh U MPHUBOIUTH
B TaKOE COCTOSIHUE, YTOOBI OHH B OOILECTBE YETIOBEUECKOM OBUIN YTOIHBI, HA3bIBAETCS
TOpHAsl HayKa.

OTa OlLleHKa pOJIM TOPHOM HAyKH OCHOBBIBAJIACh HA €0 MHOTOTPAHHOM TaJIaHTE
B Pa3IUYHBIX 00ACTIX 3HAHUH, O YeM CBUAETEIBCTBYET CIIMCOK YWICHOB CO3IAaHHOM B
1724 r. Poccuiickoit akageMun Hayk [2], B koTopoM mnocie 3anucu Jlomonocos M. B.
(1711-1765 rr.) ykazaH nepedyeHb HayYHBIX CHeUUaIbHOCTEH: (DU3NK, XUMHUK, acTpo-
HOM, CHENHATHCT B 00JIaCTH TOPHOTO Jefia, reorpad, HCTOPUK, (PUIIOIOT, MOIT.

Ta0auna 1. HanmeHoBaHue crieUaIBLHOCTEl B 00J1aCTH FOPHBIX HAYK NPH U30paHun
B wieHbl Poccuiickoii akageMun Hayk

Table 1. List of specialties in the field of mining for membership in the Russian Academy

of Sciences
CrienHaibHOCTh T'oxbl n30panus qp;j:;:;;ﬁzoa
T'opnoe neno 1935, 1939, 1960, 6
1962, 1981

lopHoe meno n Merammyprus 1958 1
TexHU4YecKkne HayKH, TOPHOE JIETI0 1935 1
T'opHble HaykH, pa3paboTKa TBEPIBIX MOJIE3HBIX 5
HMCKOITa€MBIX 1979, 1981, 2000

Pa3paboTka TBEpIBIX MONE3HBIX HCKOMAEMBIX 1997 1
lopHoe neno u 3xomorus 1991 6
TopHble HayKH 1976, 1994, 2013, 2016 5
['opHoe neno. IIpoMBIIITIeHHBIH TpaHCIOPT 1935 1
["eonorusi, reodusmka, ropHOE JEI0 1984 1
l'eodusuka, ropHbIc HAYKH 1997 1
I'eonorwus, reopusnka, reOXUMUs, TOPHBIE HAYKH 1990, 1992 5
[erponorus, ropaoe aeio 2006 1
['eonorus TBEpABIX MONE3HBIX NCKOMAEMBIX 1991 2
KommniekcHoe ocBOeHNE MUHEPATBHBIX 1
pecypcoB, reonHpOpMaTHKa 2000

Hmozo 1935-2016 37

4 okts10pst 1736 1. 1y oOyueHust ropHoMy Jienty U Metajurypruud M. B. JlomoHocoB
Ob11 HarpasieH B ['epmanuio B MapOyprckuil yHUBEpCHUTET, T1ie oH oOy4ancs 10 1739 1.,
a 8 mrons 1741 1. BepHyincs B Cankt-IleTepOypr 1 MpUCTYIII K COCTABIICHUIO KaTajo-
ra coOpaHuil MUHEPaJIOB U OKAMEHEIOCTE MUHEPAJIbHOTO KaOWHETa KyHCTKaMephl.

O06yyasicb ropHomy neny B [epmanuu, M. B. JIoMOHOCOB 03HAKOMMIICS C TPYZIaMH
I'eopra Arpuxosnsl (1494—1555), KoTOpBIi B UCTOpHUYECKH 3HAYUMOM Tpyze «O TopHOM
Jelne ¥ MeTauTyprum» [3], craBiieM SHOMKIIONEIUEH, Jall OIHOEe MpeICcTaBIeHne 00
HCKYyCCTBE TOpHOro nmpomsicia kK cepenune X VI B. B kuure I atoro tpyna I'. Arpuxona
JaJl BBICOKYIO OLICHKY 3HAaYMMOCTH TOPHOTO JeJia: «...BEJIMKWE BBITOIBI U yAOOCTBa
npruoOpeTaroTCs MpH A00bIYe MONE3HbIX HCKONaeMbIx. Pazymeercs, Mbl ObLIM OBI JIU-
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IICHBI 3THX BBITOJ U YIOOCTB, €Ciii Obl HE OBLIO M300PETEHO JFOILMU TOPHOE UCKYC-
CTBO, COBEpILIEHHO He0OXoAnMOe AJIsl pofia YenoBeueckoro. [opHoe Aeno mpeyMHOXKa-
€T JIOCTaTOK YE€CTHBIMU U IOCTONHBIMHU CIIOCOOaMM».

B Poccuiickoil akagemMun HayK ONpeiesIeHUe «TOpHasi HayKa» MOJIY4YUIIO JajJbHen-
ee pa3BUTHE B HAMMEHOBAHHWH CHEINHAIbHOCTEH MPU M30paHUH B WICHBI aKaJIeMUHU
(Tabm. 1).

K umcny ocHOBoIoONarawmmx HCCIASIOBaHUN MPOOJIEM TOPHBIX HAyK, OMyOJIMKO-
BaHHBIX B niepuon 1950-2000 rr., otHOCsTCS TpyAs! akagemuxkoB PAH H. B. Menbuau-
koBa [4], B. B. Pxesckoro [5, 6], M. U. Aromxosa [7], K. H. Tpy6enxkoro [8, 9],
10. 1. Mamsmmesa, wreHoB-koppecrornenToB PAH /1. B. Kamryrona, JI. A. ITyuxosa [8],
npogeccopor E. @. Illemko [10], M. I. HoBoxxunosa [11], M. B. Bacunsesa [12],
OXBaTHIBAIOIINE 3HAYUTEIILHBINA NIEPUO]] CTAHOBJICHUS U PA3BUTHUS TOPHOTO JeTa.

Ta6auua 2. Hapactanue nHGpopMauyuu 0 MeCTOPOKAEHUH U NIPUHSATHE OCHOBHBIX
TEXHOJIOTHYECKUX PelIeHHii

Table 2. Growth of information about the field and basic process solutions

DTansl pa3Benku Pesynbratsl IIpuHrMaemble perieHus
[IpensapurensHas | OO6oCHOBaHWE KOHIUIUH. PazpabarbiBaeTcs TEXHHKO-
[Moxcuer 3anacoB mo 9KOHOMMYECKas IOKYMEHTaIUs:
kareropusim C; u C, 000CHOBBIBaETCS LIEJIECO00PAa3HOCTh
OCBOEHHMSI, CIIOCO0 pa3paboTKH,
TEXHOJIOTHHU A00BIYH U IEPEepadOTKH,
CTENEHb U XapaKTep KOMIUIEKCHOCTH
MECTOPOKACHNUS, OTIPEACIISIOTCS
TEXHHKO-9KOHOMUYECKHE ITapaMeTphl
JOOBIYH, OOOTAIICHUS 1
METaJUTypTHYECKOT0 Tepeiena
JeranbHast Yrtounenue reonoruueckoro | ITpu mosoxuTeNnsHOM OLIEHKE
cTpoeHus, GopM, yCIOBUIA MIPUHAMACTCS pEeLIeHHE O
3aJIeraHus Tell MOJIE3HOTO MIPOEKTHPOBAHUN TOPHOTO MPEATIPHUSITHSL.
HCKOIIaeMOT0, ero KauecTBa, | OCHOBHBIE I'€0JIOTUYECKUE ITapaMeTpEhl,
THIPOTEOJIOTHIECKUX U ompenesonye BpIoop crocoda
TOPHOTEXHUYECKUX YCIOBUH | pa3pabOTKH, TEXHUKU U TEXHOJIOTHU
MpernoIaraeMoi I00BIYU 1 IepepaboTKH, MPHHUMAIOTCS
paspabotku. [lepeBox 00BIYHO C ONIHMOKAMHU BCIIC/ICTBHE
3amacoB kareropuii C; u C, HEIOCTaTOYHON TOCTOBEPHOCTH
B Kareropuu A u B rHpOPMAIHH
OKcITyaTtanuoHHasl, | YcTpaHeHHne [TnanupoBanye OOBIIM TOJIE3HOTO
BEJIETCS BECh HEOTIPEJIETIEHHOCTH B HCKOTIaeMOT0 TI0 COPTaM, KOPPEKTHPOBKA
MIepHOJT OTPAOOTKH Te0JIOTNYECKOi 00CTAHOBKE | THIIOPa3MEpPOB TOPHBIX MAIINH U
MECTOPOKICHUS TEXHOJIOTHHU JJOOBIUH, PEKHMOB
yCpemHEeHUs 1 000TalIeHus

3axkaH4MBasi KPaTKyr HCTOPUYECKYIO CIPABKY O POJIM FOPHOIO Jiejia B JKU3HHU 00-
IIeCTBa, MIPUBOINM BBIJIEPKKY u3 Tpyna B. B. Ilyrtuna, koTopsrii, emie He Oymaydn mpe-
3uzneHToM Poccun, B «3amuckax TOpHOTO MHCTUTYTa» OTMedal: « YCTOWYMBOE pa3BH-
THE SKOHOMHKH Poccun B Onmpkaifime rofisl JOHKHO 0a3UpOBAThCSL... PEKAE BCETO 3a
C4eT MHHEpaIbHO-ChIPEBOTO MoTeHIHana. [loa ycToOMUNBBIM pa3BUTHEM... TIOAPA3y-
MEBAETCs TapaHTUPOBAHHOE 00ECIICUCHUE SIKOHOMUYIECKOH 0€30I1aCHOCTU CTPaHBbI I1y-
TEM CO3JlaHMs HaJIe)KHOW MUHEPAJIbHO-ChIPHEBOIl 0a3bl 711 yAOBIETBOPEHUS TEKYILITUX
U MEPCIEKTUBHBIX NOTPEOHOCTEN KOHOMUKU Poccuu ¢ y4eToM 3KOJIOrMYEeCKHUX, CO-
UaTbHBIX, IeMorpaduecKuX, 0OOOPOHHBIX U APYTHX (pakTropos» [13].

MeToanka u pe3yabTaThl HecaenoBanus. K urciy ¢pakTopoB mpuponHoi H3MEH-
YUBOCTH I€OJIOTHYECKHUX TTAPAMETPOB CIIOKHOCTPYKTYPHBIX MECTOPOXKICHUH, 000CHO-
BBIBAIOIINX HEOOXOMMOCTD HCCIIEIOBAHUS U yUeTa MepEeXOqHBIX MPOLIECCOB B TEXHO-
JIOTHHU UX pa3pabOTKH, OTHOCSATCS:
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Tadauma 3. 3aK0HOMEPHOCTH Pa3BHTHS TOPHO00BIBAIONIEH MPOMBIIIIIEHHOCTH
Table 3. Laws of mining industry development

3aKOHOMEPHOCTH

Ipu4uHbI, X MOPOXKIAIOLINE, U CIIOCOOBI y4eTa IPpH pa3paboTKe METOJOIOTHI
OCBOCHHSI TEOPECYPCOB

Poct 006eMOB J00OLIUH
IOJIE3HBIX UCKOMAEMBIX

Poct rmyOunsl pazpaboTku
MECTOPOKACHUHN TOJIE3HBIX
HCKOTIaeMBIX

YMEHbILIEHUE CPETHETO
COZIep)KaHus TIIAaBHBIX
TOJIE3HBIX KOMIIOHEHTOB B
JI0OBIBAEMOM CHIPhE

Pacnpenenenue pazmepon
MECTOPOXKICHUN

3anacsl pyJbl U MeTalIa
ecTb (GyHKIMS OOPTOBOTO
conepkaHus (MHHEpAIbHOE
coJiep)KaHue B KPaeBBIX
po0ax pyJHOTO Tesa)

Onepesxaromuii poct
H3BJIEKaEMBIX 00BEMOB
TOPHOW Macchl 10
CPaBHEHHMIO C POCTOM
00B5EMOB OCHOBHOTO
KOHEYHOTO MPOIYKTa

IloBeIIeHHE AOJIH

MOy THBIX KOMITOHEHTOB B
0011eit IeHHOCTH
MHHEPAJIBHOTO CHIPHS U
PpOCT 01 KOMIUIEKCHBIX
MECTOPOXKICHUN

Pacummpenue u cmena
HOMEHKIJIATYpPBl HCTOUHHKOB
MUHEPAIBHOTO ChIPbsI U
HanpaBJIeHUH ero
HCTIONb30BAHUS

Pemnraroniast 3aBUCUMOCTH
TEXHHKO-DKOHOMHUECKUX
MoKasaresieil paboThI
TOPHBIX MPEIIPHUITAN OT
MPUPOIHBIX YCIOBUI

Poct HapoaOHACECJICHUS B MUPE, Hay‘-IHO-TeXHI/I‘-IeCKI/Iﬁ nporpecc,
HOTpeGHOCTI/I YEJIOBEYECTBA B TCIIC, )KWJIBE, SHEPTUU U MaTEprUaIax.
PaBpLIB B YPOBHSAX HOTpe6J’[eHI/Iﬂ TOJIE3HBIX UCKOIMAa€MbIX Ha AYyNIY
HacCeCJICHUA B UHAYCTPUAJIbHO-PA3BUTHIX U PA3BUBAIOIIUXCS CTpaHaX

3a XX B. IPHPOCT MAaKCUMAIbHOU TTyOUHBI pa3paOOTKH YTOJIBHBIX U
PYIHBIX MECTOPOXJEHHMIT cocTaBui Oosiee | KM, a CpeTHUE TEMITbI
pocta — 6onee 10 M/roz. Poct riryOHHBI H3BIEKAaEMBIX €XETOTHO
3a11acOB MUHEPAJIBHOT'O ChIPbs TPEOYeT MO3TAHOTO MEePeXoaa Ha
HOBBIE NTapaMETPbI TEXHUKH U TEXHOJIOTHH TOPHOTO MPOM3BO/ICTBA

Cpennee conepxanne meau B Hadane XX B. —2 %, k 1960 . — 1 %.

B nHacrosmiee BpeMs Ha HEKOTOPBIX MECTOPOXKICHHSX, pa3padaTbIBaeMBIX
OTKPBITHIM CIIOCO00M, CHI3HIOCH 110 0,5 %. [lyis mosry4eHus: ToBapHOit
MPOAYKIMHU HY>KHOTO KauyecTBa MPUXOIUTCS YBEIHYUBATH T00BITY 1
nepepaboTKy 6ojiee OeIHBIX Py BO Bce OONBIINX 00beMax

YeM KpyIHEee MECTOPOIK/ICHHUE T10 3aracaM, TeM X MEHBbIIIE.
MecTtopox/eHus: OeaHBIX Py ABISAIOTCS Oonee KpymHbIME. 1o
naHHbIM akaja. B. W. BepHanackoro [15], 65 % MupoBsIx 3amacoB
HUMEIOT HU3KOE COZIep)KaHue MiHepaioB, 30 % — cpenHee U TOIBKO 5 %
— BBICOKOE, HO OHH y)K€ NPaKTHYECKU BBIPAOOTAHBI

3anacsl pyAbl M MeTaJla MOTYT yBEJIMYMBATHCS NIPH NIPUHITUH Ooliee
HHU3KOTO OOPTOBOTO coepkaHMsl. [IITHTeIbHbIE CPOKH OTPAOOTKH
MECTOPOXKICHUI 1 N3MEHEHHS NIOKa3aTeNe KOHIUIUI TpeOyIoT
HNEepUOUYECKO Fe0JIoro-3KOHOMUUYECKOH epeoLeHKH
MECTOPOXKACHUHN

Ha xene3opynubix kapbepax PO 3a nepuoj ¢ 1990 no 2016 r. BeIx0
TOBapHO# pyabl cHu3miIcs ¢ 41,1 10 35,8 %, B TO BpeMsi Kak 00bEMBbI
JOOBIYHU CBIPOH pyBI Bo3pociu ¢ 263 10 298,1 MuH T, T.€. Ha l T
TOBAPHOH PYABI MPUPOCT CBHIPOH PYIBI COCTaBUI 2 T

Bce MecTopokaeHus OJIE3HBIX UCKOTIAEMBIX SIBJISIFOTCS TOTEHLUAIBHO
KOMIUIEKCHBIMH, OJTHAKO B IIpoIiecce MepepadoTKH OCHOBHOTO
MOJIC3HOTO KOMITOHEHTa (3KeJie3a, MeJTH ) TIOMyTHBIE KOMITOHEHTEI,
coJieprKaIIrecs B CHIpbe B MAJIBIX KOJINYECTBAX, HAKAIIIMBAIOTCS B
MOJTYTIPOTYKTaX WM OTXOJAaX MPOU3BOJICTBA. B IBeTHON MeTamrypruu
U3 74 U3BIEKAEMbIX XUMHUYECKUX JIEMEHTOB 62 SIBIISIOTCS MOMYTHBIMU

Eme 350 net ToMy Ha3zax ObUTH M3BECTHBI BCETO 15 XUMHUYECKHUX
anemenToB. B XVIII B. ObutH OTKPHITHL 14 351€eMEHTOB, B TOM YHCIIe
THUTaH, XPOM, MapraHell, HUKelb, CTPOHIUH, HTTPUii, MOJHOIEH,
TeJTyp, BoibhpaM, miatuaa. OCHOBHAs Macca 3JIeMEHTOB OblIa
oTkpbITa B XIX B., a nepuoaudeckas CUCTEMa 31€MEHTOB — B 1869 r.
Paciumpenne HOMEHKIIATYPbl HCTOYHHKOB MHUHEPAJILHOTO ChIPbS
HPUBENIO K OTKPBITHIO COTEH MECTOPOXKICHIH HOBBIX MPOMBIIIIIEHHO-
TEHETUYECKUX THUIIOB U IPYTHX UCTOYHUKOB MUHEPAIBHOTO CHIPHSI

O0630p 1 KaccupuKays HakToPOB, BIUSIONIAX Ha CUCTEMY
SKOHOMHMYECKHX ITOKa3aTeNIeil TOPHBIX NPEeIIPHUATHH, TaHBI

akaza. H. B. MensaukoBsM [4]. ['opHO-Teonormyeckas rpymmna:
3amacsl, UX Ka4eCTBO, KaTeropys CJI0KHOCTH I'€0JIOTMIECKOT0
CTPOEHUSI, MOIITHOCTh MOKPBIBAIOIIIX MOPOJI, YrOJI MAACHHUS 3aJIeXKH,
riryOuHa pa3paboTky, KO3QGUIMEHT BCKPBIIIHN H JIp.
Ousuko-reorpaduyeckas rpymma: TeMieparypa Bo3ayxa paiiona,
xapakTep penbeda, reorpaduyeckas MUPOTa U JONTOTA, HATHYHE
BEYHON MEp3IOTHI.

Baxneiinee 3HaueHNe UMEIOT TAK)Ke: FOJ0BAs IPOM3BOICTBEHHAS
MOIIHOCTb NMPEATIPUSITHS, TIOKa3aTeIN KOHIUIUH, CHCTEMBI BCKPBITHS
U pa3pabOTKH MECTOPOXKICHHS, XapaKTePUCTHKA HHPPACTPYKTYPHI
paiioHa OCBOEHHS
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1. Tena mose3HOro KCKOMAEMOT0 3aJICTal0T B BUE JKHUII, JIMH3, INIACTOB EPEMEHHON
MOIIHOCTH, COACPKaT BKIIOYEHHUS MYCTHIX MOPOJ MIIM HEKOHTUIIMOHHBIX PYA Pa3HBIX
pa3mMepoB U (HOPMBI, OCIOKHEHbI CKJIQAYaThIMU WM Pa3pbIBHBIMH TEKTOHUYECKUMHU
HapYIICHUSMU;

2. DneMeHTHI 3aJIeraHusl, yCTOHYNBOCTh TOPHBIX MTOPOA, UX TPELIMHOBATOCTb, €CTE-
CTBEHHAas! OJIOYHOCTD, CJIOKHOCTB, MIPEAEIIbl MPOYHOCTH U Ae(hOpMaLlMOHHBIE CBOMCTBA
MEHSIIOTCS B LIIMPOKUX Mpeesiax;

3. ITo Mepe pa3BUTHUS TOPHBIX pabOT U3MEHSETCS KaueCTBEHHBIH COCTAB MOJIE3HOTO
MCKOIIaeMOI0, UMEET MECTO 3aKOHOMEPHasl MJIH CilydaiiHas 30HaJIbHOCTH 0Omiero Oa-
JlaHCa MUHEPAJIOB, BHICOKAas HEPABHOMEPHOCTb MX COAEP)KAHHA M TpaHyJIOMETpUuye-
CKOT'0 COCTaBa OT CIUIOIIHBIX 10 TOHKOBKPAIJICHHBIX PYI.

Bce 310 TpebyeT AeTanbHOM reOMeTpU3alty pa3MeLeHuUs TOJIe3HOr0 HCKOIIaeMOro
B HeIpax M y4eTa IIPH BEIOOPE TOPHOM TEXHUKHU U TEXHOJIOTHH, aAaTHBHBIX K H3MEHe-
HUSIM T€OJIOTUYECKON Cpelibl, INTAHUPOBAHHUS TOPHBIX PabOT B PEXKUMAX CEJIEKTHBHOM
BBIEMKU U YCPEIHEHHUS, CO3JaHNsl HHHOBAIIMOHHBIX TEXHOIOTUH JOOBIUU U PyAOIOATrO-
TOBKH C Y4€TOM 3aKOHOMEPHOCTEH MePEeXOqHbIX MPOLECCOB NPH U3MEHEHHH YCIIOBUI
(YHKIMOHUPOBAHHS TOPHOOOOTaTUTENILHOTO MPEATIPHUATHSL.

Bce MecToposkaeHus TIOJNE3HbIX MCKOTIAEMBIX YHUKAIBHBI, @ MX 3alachl ucueprae-
MBI 1 HEBO30OHOBUMBI, OOJBIINHCTBO MECTOPOKIEHHI MUHEPAIBEHOTO CHIPHSI SIBIISIOT-
sl KOMIIEKCHBIMU. MH(opMalus o MECTOPOXKACHUH 110 Mepe ero pa3paboTKu Hapac-
TaeT (Tabn. 2), a OCHOBHBIE PEIICHUs, IPUHATHIE MPH MPOESKTUPOBAHUH B YCIOBHSAX
HEONpeACICHHOCTH, TPeOYIOT IEPUOANIECKON KOPPEKTUPOBKH.

K guciy nanbonee 3HaYMMBIX BOIPOCOB, PEIIAEMBIX MPH MPOESKTUPOBAHUH U Pa3-
paboTke TIy0OKO3aNeTaloMUX CI0KHOCTPYKTYPHBIX MECTOPOKACHUH OONBIIONH TIy-
OWMHBI C LIENBIO0 aJanTaldl TOPHOTEXHUYECKOW CHCTEMBI MPEANPHUATHS K M3MEHSIIO-
IIMMCSI YCIIOBUSIM €ro (DYHKIMOHUPOBAHUS B AMHAMHKE PAa3BUTHsI TOPHBIX DPaldoT,
OTHOCSTCS:

1. Ouenka oObeMa M KayecTBa 3aracoB, MPUHATHE PEIICHHS O LENeco00pasHOCTH
MX KOMIUIEKCHOTO OCBOCHHS;

2. ObocHoBaHue crocoba pa3pabOTKH TTyOOKO3aJIETaroliero MECTOPOXKICHUS U
BO3MOXKHOCTH (11€1ecO00pa3HOCTH) MEpeXoAa OT OTKPHITOTO K MOJ3EMHOMY WJIH KOM-
OMHHPOBAHHOMY CIIOCO0Y;

3. O0ocHOBaHUE IpaHUI] Kapbepa, ero MIIYOHHBI, YIIOB OTKOCa OOPTOB, TIOCIIE0Ba-
TEJILHOCTh Pa3BUTHS paboveii 30HBI, BBIICTICHUE ITAlOB pa3padoTKH;

4. ®opMHupoBaHHE TPAHCIIOPTHOM CHCTEMBI Kapbepa BO B3aUMOCBSI3H C Pa3BUTHEM Ka-
PBEPHOTO MPOCTPAHCTBA U €ro paboueil 30HbI, MPUMEHEHHE HOBBIX BHIOB TEXHHYECKUX
CPEJICTB U CXEM TPAHCIIOPTA C 3aMEHON AEUCTBYIOIIMX, HO Yalle B JOIOJHEHUE K HUM;

5. IosTanHas pa3paboTKa MECTOPOXKICHUH, POpMUpOBaHUE BPEMEHHO HEPaOOunX
0OpTOB KapbepoB M MOCIEAYIONMas HX pa3padOoTKa ¢ MCIOIb30BaHUEM CHECUANTBHBIX
TEXHOJIOTUM U TEXHUYECKUX CpC€aCTB B3pbIBaHHA, SKCKaBalluu, TPAHCIIOPTA.

6. BCKpBITI/Ie HOBBIX TOPU30HTOB, B TOM YHUCJIC C BOBMOXXHBIM U3MCHCHHUEM (1)I/I3I/IKO-
MEXaHUYECKUX CBOMCTB U BCHICCTBCHHOI'O COCTAaBa ClIararolminux UX ropHbIX IMMOPOMI;

7. Pa3paboTka MECTOPOXKICHUI CIIOKHOTO T€OJIOTUYSCKOTO CTPOCHHUS 3aJICHKEH OC-
HOBHOTI'O ITOJIC3HOI'O0 MCKOIMAEMOI'0 IMPU HAJIMYWU IMONYTHBIX IMOJIC3HBIX KOMIIOHCHTOB,
3HAYUTEIBHON N3MEHUYUBOCTH UX COJAEPIKAHUS U JPYTHX CBOHCTB, TPEOYIOLINX CeleK-
TUBHOH pa3pabOTKH, YCPEAHEHHsSI M MIEPUOJMUECKOTO H3MEHEHHUS TapaMEeTPOB CUCTEM
pa3paboTKH, PyAOIOATOTOBKH U 00OTAIICHUS.

3aKOHOMEPHOCTH Pa3BUTHUS TOPHOTO Jiejia 00y CIaBINBAIOTCS 00bEKTUBHBIMH 3aKO-
HaMHU pa3sBUTUA IPUPOABI 1 O6HleCTBa, O6IIII/IMI/I 3aKOHOMCPHOCTAMU HAYUYHO-TEXHHUYC-
CKOTO Iporpecca, 0COOCHHOCTAMH KOHIEHTPALIMH MHUHEPAJIBHOTO CHIPhSl B HEApax M
cneunuKoit ux 00BN U nepepadoTk [ 14].
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B Tabn. 3 mpuBeneHbl 3aKOHOMEPHOCTH Pa3BUTHUSI TOPHOAOOBIBAIOLICH MPOMBIILI-
JICHHOCTH, a TaKXe IPUYMHBI, X MOPOXKAAIOIINE, U CIIOCOOBI yyeTa mpH pa3paboTke
METO/I0JIOTUH OCBOEHUS T€OPECYPCOB.

B cBs131 ¢ He0OOXOIMMOCTBIO yueTa 0COOEHHOCTEH OCBOSHHS 3a1aCOB MECTOPOKAE-
HUI TBEPIBIX MOJE3HBIX HCKOMAEMBIX, UX KOMIUIEKCHOCTH M BBICOKON M3MEHYHMBOCTH
TEOJIOTHYECKUX MapaMeTpoB TpeOyeTcsl KOPEHHOW MEepecMOTP METOJO0IOTHYECKOro
MOAX0/1a K 000CHOBaHMIO CTPATErHH KOMITJIEKCHOTO OCBOCHUS 3aI1acOB MUHEPAIBHOTO
CBIpBSI.

Heo0x0aMMoCTh KOMIUIEKCHOTO HCIONB30BaHUs JOOBIBAEMOTO CHIPbsl OCIIOKHEHA
MpPU pealn3alyy 3TOr0 Ba)XXHOTO MCTOYHMKA MHHEPAJIBHBIX PECYpCOB BCIEICTBUE
MMEBIIIETO MECTO OTPACJIEBOTO MOJIX0Ja K OCBOCHHUIO HEAp, KO BCE TEXHOJIOTHYe-
CKHE TIPOLIECCHI OT 320051 10 TOBApHOH MPOAYKLUUH TOPHO-000raTUTENTbHBIX KOMOWHA-
TOB OBLIM HalleJIeHbl Ha W3BJIEUEHHE OCHOBHOTO IOJIE3HOTO KOMITOHEHTa (Kelnesa,
MEH U JIp.).

Hauano HoBoMy 3Tamny B pa3BUTHU FTOPHBIX HayK MOJIOXKIIIO U3aHNE KOJIIEKTUBHOM
MOHOTpauH MPaKTUYeCKH BCEX BEAYIIUX Y4YEHBIX B oOnacTu ocBoeHus Henp [8],
B KOTOPOIi IIpe/ICTaBlIeHa KIaCCU(PHKALIUSA TOPHBIX HAYK, B COBOKYITHOCTH OXBaThIBAIO-
Iasi BOIPOCHI TOPHOTO HEAPOBENEHUS, TOPHOM CHCTEMOJIOTHH, T'€OTEXHOJIOIHH,
o0orameHus MONE3HbIX HCKOMAeMBbIX.

Bune-npesunent PAH axan. H. I1. JlaepoB B ipeAnciioBUM K MOHOTpad UK 141 BbI-
COKYIO OLIEHKY 3TOTO Hay4HOTo Tpyaa: «/laHHas kKHUTa mpeacTaBiseT co0oil HeoOby-
HBIA HAy4HBIM TPYI... BBIXOA HAayK HA MPUHIUINAIEHO HOBBIE MO3UIMH B TIOHUMaHUHU
MIpeaMeTa, CoAepKaH!uA U B IIEJIOM UX UACOJIOTHU U METOJ0JIOTHM».

B pasButue MeTOI0IOTHU U TEXHOJOTHI 0cBoeHus Heap B nepuon 1997-2010 rr.
ObUIM OITyONMKOBAHbBI HAyYHBIEC TPYAbI, B KOTOPBIX PACCMOTPEHBI: COCTOSTHIE, TTpoOIie-
MBI ¥ [IEPCIEKTHUBEI Pa3BUTHS TOPHOAOOBIBaOIIEH MpoMbIuieHHOCTH Poccnu u cTpan
CHI [16]; pa3BuTHE OTKPBITHIX TOPHBIX pa3pabOTOK BO BTOpoi monoBuHe XX B. [17];
METO/IOJIOTHYECKUE AaCIEeKThl CTPAaTerMd OCBOEHUS MHHEpalbHbIX pecypcoB [18];
METOIMYECKUE TTOIXOABI K yUeTy OOLIMX 3aKOHOMEPHOCTEH U PerHOHaIbHBIX 0COOCH-
HOCTEH MPH BBIOOPE CTPAaTErHH OCBOCHUS MECTOPOXKIICHUH TTOJIE3HBIX NCKoMaeMBbIX [19];
pa3BUTHE TEOPUH MPOEKTUPOBAHUA M peanus3alus HJell KOMIUIEKCHOTO OCBOEHHS
Henp [20]; HOBasi KOHIENMIUs pPa3pabOTKH MECTOPOXKACHUN TIIyOOKHMH Kapbe-
pamu [21]; KOMIUIEKCHOE OCBOCHUE MECTOPOXKIACHUN U TIIyOOKas repepadboTka MUHE-
pajibHOTO ChIpbd [22].

B nepuoa ¢ 2010 . yuactue UI'J] ¥pO PAH B uccienosanusx no Ilporpammam
IIpesunnyma PAH, Otnenenus Hayk o 3emie PAH, uHTerpalinoHHbIX MPOEKTax C UH-
ctutyramu Cubupckoro u JlanpaeBoctounoro otaeneHuii PAH coco6cTBoBano pas-
paboTke HOBOTO MOAXOA K MPUMEHEHHIO TPOTPaMMHO-IIETIEBBIX METOIOB HCCIIEI0BA-
HUI Ha OCHOBE COBOKYIHOT'O HCIOJb30BaHHS TMPUHIUIOB: CHCTEMHOCTH,
KOMIUIEKCHOCTH,  MEXIUCIMIIMHAPHOCTH, HWHHOBAIIMOHHOM  HAaIPaBICHHOCTH
(tabmn. 4). Takoit moaxon BriepBbIe ObLI MPUMEHEH B YHIAMEHTANBHBIX UCCIIEIOBAHU-
ax T YpO PAH:

1. IIporpamma Ne 27 Ipesunuyma PAH (koopaunatops! — akan. J. B. Pyaaksuct,
aka. JI. U. JleouTheB), mpoekT «Pa3paboTka HHHOBAIMOHHBIX TEXHOJIOTHH TOOBIUN U
PYAOIOATOTOBKH CTPATETHYECKOTO MUHEPATBHOTO CHIPhsl HA OCHOBE T€0JI0r0-TEXHOJIO-
THYECKOM OLIEHKU MECTOPOXKIACHUI U TEXHOTEHHBIX OOBEKTOB YPalIbCKOTO PErHOHAY;

2. IMporpamma Ne 3 OH3 PAH (koopaunarop — akan. K. H. TpyGeukoii), mpoexT
«TexHonmornuecknii 1 MHHOBALIMOHHBIN MOTEHLIMAT 3HEPro- U PecypcocOepekeHus
MIPU KOMIUIEKCHOM OCBOEHHHU HEJP B CJIOXKHBIX yCIOBHIXY;

3. MexaucuuruinHapubli mpoekt [Ipesnauyma YpO PAH «OcBoenune Henp 3emiu:
MEPCIIEKTUBBI PACIIMPEHHS] M KOMIUIEKCHOTO OCBOCHHS PyIHONH MUHEpPaIbHO-ChIPbe-
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BOIi 0a3bI TOPHO-METAIUTYPrHYECKOTO KOMIUIEKca Ypanay. B uccinenoBanusx npuHUMa-
JIM y4acTue ydeHsle IHCTUTyTa MeTaJulypruu 1 psia Apyrux uHCcTuTyToB YpO PAH;

4. Nnterpaunonssiii mpoekt ¢ Ul IBO PAH «HayuHble npuHIUIBI U TEOpETHYE-
CKHE OCHOBBI (DOpMHPOBaHMSI MHUHEPAIHHO-CHIPHEBBIX KOMIUIEKCOB M TOPHOIIPOMBIII-
JICHHBIX PaliOHOBY.

CyIHOCTh METOOJIOTUH KOMIIJIEKCHOTO OCBOEHMS 3allacOB MECTOPOXKISHHH J0-
CTaTOYHO apryMEHTHPOBAHHO M3JIOKeHa B MOHOrpadusx [23, 24] mo pe3ynsraTam uc-
cnenoBanui, BeimonHeHHbIX U/ YpO PAH.

TaﬁJmua 4. OcHOBHBIE NPUHIUIIBI METOAO0JOIHYECKOro Mo/IX0/1a K peuieHu 1o npoﬁneM
OCBOCHHUS HeAp
Table 4. Main principles of the methodological approach to the problems of subsoil
development

IIpunnun CymHocTb

CHCTEMHOCTh PackpbITHE OCHOBHBIX PABUII HCCIICOBAHMS, SKCIUTyaTaAllUH HIINA
OCBOCHHSI MHHEPAJIBFHOTO 00BEKTa, BBIIBICHHE MHOTOOOPA3HBIX THIIOB
BHCILIHUX U BHYTPECHHHX CBS3CH, BIUSIOIINX Ha MOCTPOCHUE
0000IIEHHOW MOJIENH HCCIIeyeMOH CHCTEMbI

KommiekcHOCTB HccnenoBanne He TOIBKO SBICHUH U MIPOIECCOB Pa3pabOTKU
MECTOPOXKICHHUH, HO U BO3MOXKHOCTH Han00JIee MOTHOTO
UCIIOJIb30BAHUS BCEX KOMIIOHEHTOB MUHEPAIILHOT'O ChIPbsl, OCBOCHUS
U pa3BUTHS TEPPUTOPUIL U PETHOHOB UX PACIIOJIOKCHUS

MexaucruuinHapHOCTh | OOBeMHeHNE YCHIIMHA B CMEXKHBIX 00JIaCTAX HAYYHBIX 3HAHUH 11
Pa3HOCTOPOHHEH OLIEHKH I10JIE3HOT0 (P eKTa U MOUCKa
HETPaJIMIIMOHHEIX OAXO0/I0B K HCIIOJIL30BAaHUIO OOTAaTCTB HEIp

WuHoBaumoHHast Obs3arensHOE TpeOOBaHKE, IPU3BAHHOE 00ECICYUTh
HAaIpaBJIEHHOCTb MaTepHaIN30BaHHBIN Pe3yJbTaT, ITOJYYCHHBIN OT BIOXKEHHS CPEICTB
B HaY4YHBIC UCCIICZIOBAHNUS, HOBYIO TEXHHUKY HJIM TEXHOJIOTHIO, B HOBBIC
(OopMBI OpraHu3anyy IPOU3BOJICTBA, OE30MACHOCTHU U yIPaBICHUSL

Ha ocHoBe aHanu3a HCTOPUYECKOTO OIBITA PA3BUTHSI HAYYHBIX UJEH U METONOJIOTU-
YEeCKHX MOAX0I0B K 000CHOBaHHUIO TEXHOJIOTHH U TapaMeTPOB TOPHBIX padoT U pe3yiib-
TaToB (pyHIaAMEHTANBHBIX U NpUKIaaHbix uccnepoBanuii U] YpO PAH no npoekram
IIporpamm Ilpesnnuyma PAH, Otnenenus nHayk o 3emse PAH, KommnekcHoit mpo-
rpammel YpO PAH copmynmupoBaHo omnperneseHre HHHOBalIMOHHOTO 0a3nca Kak Ha-
YYHO-TEXHOJIOTMYECKOM OCHOBBI KOMIUIEKCHOIO OCBOEHHUS PECYPCOB MUHEPAIBHOIO
CBIPbsl, BKJIFOUAIOLETO:

— 000CHOBaHNE HEOOXOMTUMOCTH HOBOTO METOAOJOIMYECKOTO MOAXO0Aa K PELICHUIO
npoOJieM OCBOCHHUS HeJp, OCHOBAaHHOTO Ha MPUHIMIAX CHCTEMHOCTH, KOMIUIEKCHOCTH,
MEKAUCIUTUTMHAPHOCTH ¥ MHHOBAIIMOHHON HANPaBIEHHOCTH C YUYETOM OCOOEHHOCTEH
IIPOEKTUPOBAHUS OCBOCHHSI HOBBIX MECTOPOXKACHUH, IIJIAHUPOBAHUS U YIIPABICHUS TEX-
HOJIOTHYECKUMH MPOLIECCaMy Ha AEHCTBYIOIINX TOPHOAOOBIBAIOIIHMX MPEANPHUITHIX;

— OIIpeJieNICHNE CTpaTeruu pa3paboTKy ITyOOKO3aIeTaloNINX KPyTONaAalonIiX Me-
CTOPOXKIEHUN C YYETOM HapacTaHMs T'€0JOTMYECKOW, TOPHOTEXHUUECKOM U TEXHUKO-
9KOHOMHYECKOH MH(OPMAaK B ANHAMHKE Pa3BUTHSI TOPHBIX PadoT;

— 0COOEGHHOCTH OCBOGHHUS 3aI1aCOB MECTOPOXKACHUH B CEBEPHBIX U MPUPAaBHEHHBIX

K HHUM pPETHOHAX IIyTEM CO3JaHUS MHUHEPAIBHO-CHIPBEBBIX LEHTPOB — OCHOBBI
KOMILUIEKCHOTO OCBOEHUSI HEIP U TEPPUTOPUI B CIOKHBIX IPUPOAHO-KIMMATUIECKUX
YCIOBUSIX;

— WHHOBALIMOHHBIN TEXHUYECKUM, TEXHOJIOTMYECKUN U OPTaHU3ALMOHHBIN IOTEH-
L[1aJI OCHOBHBIX IIPOLIECCOB FTOPHOTO POU3BOJCTBA;

— I'MC-TexHOIOTMM — WMHCTPYMEHT JUIsl MPHUHATHSA PELIeHHH 1O KOMIUIEKCHBIM
npobiemaM 0CBOEHHS HEJIp;
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— OLIEHKY pPECypCHOTO MOTEHLIMAA ¥ NEPCIIEKTUB Pa3BUTUS MUHEPATIbHO-CBIPHEBOM
0a3bl TOPHO-METAIUTYPIHYECKOTO KOMILIIEKca Ypaina;

— TEXHOJIOTHYECKYIO BO3MOKHOCTb U 3KOJIOTHYECKYIO 3()(hEeKTHBHOCTH BOBJICUCHHUS
B OKCIUTyaTalHI0 OTXOA0B J0OBIYH PY/ YEPHBIX U LIBETHBIX METAJIIOB.

K ocHOBHOMY HamnpaB/IeHHIO HHHOBAIIMOHHOTO COBEPIIEHCTBOBAHUS TEXHOJIOTHUe-
CKMX MapaMeTpOB MPOIIECCOB TOPHOTO MPOM3BOACTBA U OOECTIeUeHHs CTaObUIN3aluu
€ro mokasaTeJiell C pOCTOM ITyOHHBI KapbepOB U YXYALICHUEM yCIOBUI SKCILTyaTalluu
CIIelyeT OTHECTH TEXHHUUYECKOE MEPEBOOPYKEHUE U MOJCPHHU3ALNIO TEOTEXHUKH, obec-
MEYNBAIOLICH YHEPTO- U pecypcocOepeKeHUE MPH BEACHUH TOPHBIX PadoT.

ChopmynupoBaH HOBBIH MPUHIUIT Pa3MEIIECHHs! PYAOIOATOTOBUTEIBHBIX KOMILIEK-
COB — MakCHMaJbHOE TIPUONMKEHHE K MEeCTaM BBIEMKH. J{J1sl KapbepoB 3TO paszMelie-
HHE YCTaHOBOK CYXOi MAarHUTHOH cenapaiyy B IPHOOPTOBOH 30HE HIIM B HETIOCPENICTBEH-
HOW ONM30CTH K OTBaJIaM IYCTHIX MOPOJ, ISl TIOA3EMHBIX PYJHHKOB — OpraHU3aIHs
MOJI3EMHBIX PYIONOATOTOBUTENBHBIX KOMIUIEKCOB, YTO MPUBENET K CYIIECTBEHHOMY
CHIDKCHHUIO YPOBHsI 3arpsi3HEHHsI aTMoc(epbl U 00LIeMy CHHXKCHUIO TPaHCIOPTHBIX
pacxozos.

CdopmupoBaHa KOMIUIEKCHAsE MOJeNTb MHHOBALIMOHHON TEXHOJIOTHH JOOBIYHU U T1e-
PpepaboTKH TUTAHOMArHETUTOBBIX Py, OCHOBHBIMHU 3JIEMEHTaMU KOTOPOH SIBIISIOTCS:
TUIH3aLUS PYJ 10 TEKCTYPE, CONEPKAHUIO K 000TaTUMOCTH; OTKa3 OT CYIIECTBYIOIICH
BAJIOBOM BBIEMKH PYJI C Pa3BUTHEM CEJICKTHBHOW 100BIYM; OpTaHU3aLs YCPEAHEHHS 1
PYIIOTIOATOTOBKH C MEPEepabOTKOM Py [0 THUIIAM U MOJIydeHUEM 000COOJICHHBIX (WK
KOJUIEKTUBHBIX) BBICOKOKAYECTBEHHBIX KOHIIEHTPATOB; MOAEPHU3AIMS TEXHOJIOTUHU
TUTaBKH JKEJIe30PYIHOTO BHICOKOTUTAHUCTOTO CBIPhS, & TAK)KE CHIPbS C MOBBIIIEHHBIM
coJiepXaHNeM BaHa/IHs.

OcBoeHNE HOBBIX MECTOPOXKICHHH M paclIMpeHHe CHIPhEBOH 0a3bl B CEBEPHBIX
paiionax Ypamna, Axytuu u [JansHero BocToka TpeOyeT npuHIMNHATIBHO HOBOTO TIOJ-
X0lla K BBIPaOOTKe cTpaTeru (OPMUPOBAHUS TOPHONPOMBIIIIICHHBIX KOMILJIEKCOB C
€IMHON OTKPBITON MPOU3BOJICTBEHHONH MH(PACTPYKTYpO# AJsl pa3paOOTKU HECKOIb-
KHX MECTOPOXKJIEHUH B Ka)X/I0M M3 paiioHOB MX PACIIONIOKEHMSI, BKIIOYAIOIIENH NCTOY-
HUKH SHEPTHH, BOAOCHAOKEHHS, PEMOHTHBIE 0a3bl, 00BEKTHI COLUANBEHON c(hephl, Ie-
pepabarbIBaonie NpeanpusITHs U T. 1. TakuM 00pa3oM, MPHHIUI KOMILJIEKCHOTO
OCBOEHHS Hellp JIOTIOJIHAETCS PUHIIUIIOM KOMIJIEKCHOTO OCBOEHUS TEPPUTOPHIA.

Pa3paboTaHHbIi METOJONOTHYECKHN TOIXO0J BO3MOXKHO PEaji30BaTh HEMpPEphIB-
HBIM MOHUTOPWHIOM DPa3BUTHSI TOPHOTEXHUYECKOW CHCTEMBI TOPHOOOOTaTUTEIHLHOTO
MIPEINPUATHUS, CBOEBPEMEHHON pa3paboTKoil MepPeXoIHBIX MPOLECCOB HA BCEX CTAAMAX
OCBOEHHS MECTOPOXKICHHA M peanu3alueil pekoMeHJaluii 1o COBEPIIEHCTBOBAHHUIO
TpeOyoIuX U3MEHEHUS TapaMeTPOB M TEXHOJIOTHH B CBSI3U C U3MEHSAIOIUMUCS BHY-
TPEHHUMH ¥ BHEHIHUMH yCIOBUSAME (DYHKIIMOHUPOBAHUS TOPHOTO TPEATIPUSTHSL.

Oco0oe BHUMaHUE yIeIeHO MUHEPAIBbHO-CHIPbEBOi 0a3e ypalbCKUX MPeaIpUsITHH,
KOTOpasi COKpaIiaeTcs, Ho He ucromiaercs. OHa WM Helopa3Beaana, Uil He obecrieue-
Ha COBPEMEHHOM MPOEKTHON JOKYMEHTALUEH, MM HYXKJAETCS B COBEPIIEHCTBOBAHUU
TEXHOJOTUU NOObIUM U mepepaboTku. COBpEeMEHHBIN 3Tall pa3BUTHsI TOPHOAOOBIBAIO-
HIero KoOMIuIiekca TpedyeT pa3paboTKu CTpaTeruu pa3BUTHS €T0 ChIPbeBOi 0a3bl, obec-
TIEUNBAIOIIEH peaan3aIiio IPHOPUTETHBIX TPOrpaMM 0T€UECTBEHHOTO MallIMHOCTPOE-
HUS, METAJUIypru{, TPOMBIIUIEHHOCTH CTPOHUTEIBHBIX MAaTepHalioB U JPYIHX
(JlerupoBaHHBIC CTaM, SHEPreTHUecKas 0€30MacHOCTh, MAIMHOCTPOSHHE ISl APKTH-
YECKUX PErMoHOB), OCHOBAaHHOW Ha OMNEPEXAlOIIEeM ILIEJIEBOM IMOMCKE M YCKOPEHHOMH
KOMIUIEKCHOM T€0JIOTHYECKOM pa3Beke MECTOPOKIEHUI TBEPABIX IMOJIE3HBIX HCKOa-
€MBIX, yTJIeH, pelKUX 3eMellb, IParoleHHbIX U OJaropoAHbIX METAJJIOB U IIp. IOJIe3-
HBIX UCKONIaeMbIX. Pe3epBamu, BOCIOIHSIOMIMMY MOTaIlIaeMbIe 3ar1achl TOPHOPYIHOTO
CBIPBS, CIIEAyeT CUMTATh OaJIAHCOBBIC 3amachl TIIyOOKHX TOPH3OHTOB, 3a0ajaHCOBEIC
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PYZIBI, pecypchl TEXHOTEHHBIX 00pa3oBaHuid. Pecypchl apkTryeckoii 30Hb1 Ypaia peko-
MEHJIYeTCsI TOSTAIHO OCBauBaTh B COOTBETCTBHHU CO C(HOPMYITUPOBAHHBIM MIPHHIIUIIOM
KOMILIEKCHOTO OCBOEHHUS TEPPUTOPUH.

Pa3BuTHe mporpaMMHO-1IENIEBOTO METO/IA UCCIISIOBaHUI MPOOIEeM OCBOCHHS HEAP
000CHOBAaHO MyTEeM BBEICHHUS MPUHIHUNHAILHO HOBOTO MOHSTHSA «IEPEXOAHBIC MpPO-
LEeCCh» M Pa3paboTKH METOJOB Y4eTa MX 3aKOHOMEPHOCTEH NMPH MPOSKTHPOBAHHU H
OCBOEHHH TITyOOKO3aIETAI0OMINX CIOKHOCTPYKTYPHBIX MECTOPOXKACHUH MOJIE3HBIX HC-
KOIAEMBIX C LENbI0 aJaNnTalui TOPHOTEXHUYECKUX CHUCTEM T'OPHBIX MPEANPUATUN HA
OCHOBE HCCIICIOBAHUS M CHCTEMATH3allMd OCHOBHBIX (DAKTOPOB, OMPEACISIONINX H3-
MEHEHHE TOPHOTEXHUYECKHX YCIOBUI pa3BUTHsI TOPHBIX paboT MpH Mepexoe Ha yTou-
HEHHBIE TapaMeTPbl OCHOBHBIX TEXHOIOTHUECKHX MPOIIECCOB TOPHOTO MPOU3BOACTBA [24].

[TprMeHNTEIFHO K TOPHO-000TaTUTENFHOMY TPOU3BOJICTBY MEPEXOIHbIE MPOLIECCH —
3TO KOMILUIEKC OPTaHM3ALUOHHBIX, TEXHUYECKUX U TEXHOIOTMYECKUX MEPONPUSATUH,
HEOOXOIMMBIX JJIsI IepeBOJa BceX MOJACUCTEM MPEATIPHATHS B COCTOSIHNE, YUUTHIBAIO-
1Iee 3MEHEHHE yCIOBUI (BHEIIHMX M BHYTPEHHUX) AJISl €70 YCIEUTHOTO (DYHKIIMOHU-
pOBaHUsA U pa3BUTUSL.

B HayuHOM I1aHe MCCIEN0BaHUE MEPEXOIHBIX IIPOLECCOB — 3TO HOBOE HAIIpaBJie-
HHUE PAa3BUTUSI METOAOJOTHUYECKOTO MOAXONA K PEIICHHIO MPOOIeM OCBOCHHUS HEAP.
Peanu3anus Takoro noaxoaa 0co0eHHO HEOOX0MMa P MEPEX0/ie OT INIAHOBOH K pbI-
HOYHOM SKOHOMUKE. DTOT MOIXO0]] O3BOJISET IEPEUTH OT OPraHU3aLMU U TapaMEeTPOB
CHCTEMBI, CO3/IaHHOH B YCIOBHSIX HENOIHOTHI HH(POpMAILIKK, TyTEM pean3annun 0o6oc-
HOBaHHBIX MCCJIEJOBAaHHEM M3MEHSIOMINXCS YCIOBUN (DYHKIMOHHUPOBAHHS TOPHOTEX-
HUYECKOH CHCTEMBI KOHKPETHOTO pa3padaTbiBa€MOro WIIM OCBAUBAEMOTO BHOBb MECTO-
POXKIECHUS, K HOBOH CTPYKTYpE, OpPraHU3allHOHHO, TEXHOJOTMYECKH U TEXHHUYECKHU
COOTBETCTBYIOLIEH W3MEHUBIIMMCS XapaKTEPUCTHKaM TOPHOTEXHMUYECKUX U TOPHO-
TeOJIOTMYECKHX 1APaMETPOB BHOBb BCKPBIBAEMBIX 3al1aCOB MUHEPAIILHOIO ChIPbS, TPe-
OyIOIIUX APYTHX TEXHOJIOTHH ero J0ObIYM 1 mepepaboTKH, B TOM YHUCIIE C YUETOM H3-
MEHEHUS [TapaMETPOB BHEIIHEN CPEJIbI.

Juid peanusanyuy METOAOJIOTMYECKOTO IIOAXOAA, OCHOBAHHOTO HA YYETE IEePEXO-
HBIX MIPOIIECCOB, HEOOXOAUMBI:

— OIIEHKAa COBPEMEHHOT'O COCTOSHUSI KOHKPETHOT'O TOPHOOOBIBAIOIIETO MPEATIPHSI-
THsI, B TOM YHCJIE €r0 CTPYKTYpbl, CUCTEMBI YIIPAaBJICHHUS, IAPaMETPOB TEXHOIOIUU
BCEX 3BEHbEB N'OPHOTEXHUYECKOU CUCTEMBI,

— KOJIMYECTBEHHAs] U KauyeCTBEHHAs OIIEHKA BCKPBITHIX, TOOBIBAEMBIX U TEPCIIEK-
THUBHBIX 3aI1aCOB U IIEPUONYECKAS UX IIEPEOLICHKA;

— YCTaHOBJIGHUE COOTBETCTBUS MTApaMETPOB CUCTEM Pa3pabOTKH U MapaMeTPOB TeX-
HOJIOTHYECKHX TPOLeccoB (pa3pylIeHHsi TOPHOW MacChl, MOTPYy3KH, TPAaHCIOPTHPOBA-
HUSI, CENIEKI[H U YCPEIHEHHUsI, PYIOTIOATOTOBKY M 000TaleH s ), CHOPMHUPOBABIIUMCS
Y TIEPCIIEKTUBHBIM yCIJIOBUSAM HX (DyHKIIMOHUPOBAHUS;

— OLICHKA 3aI1acoB HIDKENEKAIUX OIOKOB 3ajeXkell Ha OCHOBE YTOUHEHHs OOPTOBOTO
COJEpkKaHMsl, KOJTMUECTBA U KAUE€CTBA OCHOBHOI'O U MOy THBIX MOJIE3HBIX UCKOIIAEMBIX;

— KOppPEKTHPOBKA IPaHUI] Kapbepa MO NIyOMHE FOpHBIX paboT ¢ yYETOM MPOrHO3a
TOPHO-TE€0JIOTMYECKUX YCIOBUHM, POCCUNCKUX U MUPOBBIX TEHJICHLIUI ITPOU3BOJACTBA U
NOTpeOJICHNs MUHEPATBHOTO CBIPBS;

— (¢opMHpOBaHHE KapbEepHOrO MPOCTPAHCTBA C YYETOM YCTOHYHMBOCTH OOpPTOB
KapbepOB;

— BBIOOp c11OCO0a BCKPBITHSI HOBBIX TOPU30HTOB, YTOUHEHHE 0OBEMOB JOOBIYHBIX U
BCKPBIIIHBIX Pa0OT ¢ BELIOOPOM ONTUMAIIFHOTO PEKUMa TOPHBIX PadoT;

— OLICHKA COOTBETCTBUS MAIlIMH U MEXaHU3MOB BCEX JIECHCTBYIOLIUX TEXHOJOTHYE-
CKHUX TIPOLIECCOB CPOPMUPOBABIIUMCS M IEPCIICKTUBHBIM YCIOBHSM HX DKCILTyaTalluH
U, KaKk pe3y’apTar, 000CHOBaHHE JOJITOCPOYHON CTPATETHH PA3BUTHS HPEANPUSTHS
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C YYETOM NEPHOINIECKOTO MEPexo/ia Ha HOBBIE TEXHOJIIOTUH, B TOM YHCIIE OT OTKPBITOM
K TMIOA3EMHON MM KOMOMHUPOBAaHHOM TEXHOJIOTHUH Pa3pabOTKHU 3a11acoB MECTOPOXKACHUSL.

CyIIHOCTh HOBH3HBI HCCIIEIOBAHUS TIEPEXOHBIX TPOLIECCOB MPH MPOCSKTUPOBAHUH
U pa3paboTke MTyOOKO3aJerarolX MECTOPOKICHUI COCTOUT B TOM, YTO €CIH INPH
OLICHKE TMHAMUKHU Pa3BUTHs TOPHOTEXHUYECKOH CHCTEMBI U MOKa3aresieil ee QyHKIu-
OHUPOBAHUS BO3HUKAET HEOOXOTUMOCTh U3MEHUTH NapaMeTPhl TEXHUKH TN TEXHOJO-
THH TOPHOOOOTaTUTEIBHOTO MPOU3BOJICTBA, TO CIEAYET YCTAHOBUTH HEOOXOANMOCTS,
COBOKYITHOCTh M TOCJIEOBATEIbHOCTD psiia NEHCTBUI (MEPONPHUATHI), YTOOBI TpH-
HSTH U peaJIn30BaTh MIPUHATHIC TEXHOJIOTUYECKIE HHHOBALIMOHHBIC PEILICHHS.

BriepBrle BblIEIEHBI IEPEXOAHBIC POLECCH B YaCTH OypOB3PHIBHBIX PadoT, cdop-
MYJIUPOBaHbI TPEOOBAHMSI K HOBBIM OYPOBBIM CTaHKaM, 00€CIIeUNBAIOIINM BBICOKOI (-
¢dexTrBHOE OypeHHe CKBRKUH B YCIOBHAX HHTEHCHBHOM pa3pabOTKH KPYTOIaJaroIInuX
MECTOPOXKICHUMN.

[MpeanoxkeHa METOAMKA TONTyYeHHUS WHPOPMALIMH O IPOYHOCTHBIX M TEXHOJIOTHYE-
CKMX CBOMCTBaX MaccHBa FOPHBIX MOPO/, MOJIy4aeMbIX B Ipoliecce OypeHHs, BKIoYast
JOTMOJTHUTENBHYIO HH(pOpManuio 00 yIiie HaKJIOHAa U KOOpIUHATaX CKBa)KUHBI, COCTOS-
HUH JJIEKTpOABHUTaTesiell OypoBOTro CTaHKa, CTENEHH N3HOCa OYpOBOTO HHCTPYMEHTA.

HoBu3sHa nccnenoBanuii B popMUpOBaHUH TPAHCTIOPTHBIX CUCTEM KaphepoB, C yue-
TOM 3apy0EKHOTO OMbITa [25], 3aKiIr0uacTcsl B 000CHOBAHHUHM 11E€11€CO00Pa3HOCTHU: pac-
TIOJIO’KEHHS TIEPETPY304HBIX MYHKTOB IPH IPUMEHEHUH aBTOMOOMIIBHO-KOHBEHEPHOTO
TpaHCHOpTa Ha OOPTY Kapbepa ¢ HadaJbHOU CTaJuH OTPaOb0TKH MECTOPOXKACHUS; 000C-
HOBAaHHC BO3MOXXHOCTU NPUMCHCHHA CHE310B C KPYTHIM YKJIIOHOM ITPU UCIIOJIb30BAHUHU
TYCCHUYHBIX CAMOCBAJIOB; MPCAJIOKCHBI BApHUAHTBI Pa3BUTHUA TpaHCHOpTHOﬁ CHUCTEMBbI
Kapbepa B MePEX0IHbIE IEPUObI Pa3paOOTKU MECTOPOXKICHUSI.

O060cHOBaH METOAMYECKHIA MOJXO/ K aIalTAllii TOPHOTPAHCIIOPTHBIX CHCTEM K U3-
MEHSIIOIMMCSL YCIIOBHSM Pa3padOTKH CIOKHOCTPYKTYPHBIX ITyOOKO3aJIeraloninx Me-
CTOPOXKICHUH, 0a3UPYIOIIMIACS Ha CICIYIOIIUX MPUHIIUITAX

— 000CHOBaHKE MAPaMETPOB TPaHCIOPTHHIX cucteM KapbepoB (TCK) nomxHo Oa-
3UPOBATHCA HAa MHOT'OBAPUAHTHOM IOAXOAC, OCHOBAHHOM Ha MMUTAlMOHHOM KOMIIbIO-
TepHOM MoneiupoBanun (yHkiuoHupoBanus TCK BO B3aMMOCBSI3M C KITFOUEBBIMU
napamMeTpaMy TOPHO-TEXHOJIOTUYECKOH CHUCTEMBI B LEJIIOM (Yepe3 TPeXMEpPHOE KOM-
MBIOTEPHOE MOJCITUPOBAHUE U T. 11.);

— METOAMKAa TEXHUKO-IKOHOMUYCCKOTO CpaBHCHUA BAaPpUAHTOB SBJISICTCA aJallTUB-
HOU 1 0a3upyeTcs Ha pe3yabTarax YKOHOMHKO-MaTeMaTHYECKOTO MOACTHPOBAHHS, T10-
3BOJIAIOIIETO paCCMAaTprBATh BApUAHTHI HE TOJIBKO TPAAUIIMOHHBIX, HO U HOBBIX BUIOB
(MHHOBAIIMOHHBIX KOHCTPYKIIHI) TpaHCIIOPTa;

— BBIOOP MPENNOYTUTEIHLHOTO BapHaHTa aJanTallid OCYLISCTBISIECTCS HE MO JIUC-
KPETHBIM 3HAYCHHAM, a Ha CIUIOMIHBIX MHOTOMCPHBIX (MHOFO(I)aKTOpHBIX) MOACIIAX
(B mpocreiiiieM cirydae — TPEXMEPHBIX), YTO CYIIECTBEHHO MOBBIIIIAET TOYHOCTH ITPOTHO-
3MpOBaHMs M 000CHOBAHHOCTH IPUHUMAEMBIX PEIICHUH.

CoBMecTHOE UCTIONIF30BAHUE YCOBEPIICHCTBOBAHHON METOTUKH TEXHUKO-DKOHOMU-
YCCKOro CpaBHCHHA BUAOB TPAHCIIOPTA U MHHOBAIMOHHBIX pCHICHI/Iﬁ B 00J1aCcTH Teo-
TEXHOJIOTHH MO3BOJIMIIO YCTAHOBUTH, YTO HA Kaphepax, pa3padaThIBaroIIuX ITy0oKo3a-
JIeTAlOIMe  MECTOPOXKACHUS, UUKIMYHO-TIOTOYHYI0 TEXHOJOTHIO C  aBTOMO-
OMIIbHO-KOHBEHEPHBIM  TPAHCIIOPTHPOBAHHEM  PYABl  1I€JIECOO0pa3HO  BBOIUTH
C caMoro Havaja ee JOOBIYH.

I[TepBbIM 3TarIOM pa3paboTKU CUCTEM YIIpaBIeHHs Ka9eCTBOM MUHEPAITLHOTO CBHIPBSI SIB-
JIsIeTCsl BCECTOPOHHEE U3YUCHHUE W ONpe/IeieHHe KOHTPACTHOCTH Ka4eCTBEHHBIX XapaKTe-
PUCTHUK MOJIC3HBIX UCKOIIACMBIX, BBIACIICHUC TEXHOJIOTUYCCKUX TUIIOB U COPTOB PYA.

BaxapiM sTanom PYAOIIOATOTOBKH ABJIACTCA MOACIUPOBAHUC KAYC€CTBCHHBIX Xa-
PaKTepUCTHK M0Je3HOTO uckonaemoro ¢ nomomisio ['MC-texnonornii [26, 27], BKITtO-
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Yass OJIOYHOE MOJICIIMPOBAHUE M TEOMETPHU3ALUIO TapaMeTPOB 00bEKTOB (PYAHBIX TET,
pacmpenencHus B pyAHOM Telle pyrnooOpasyIoluX MUHEpAoB, [oKa3aTens 00oraTu-
MOCTH, KOHTPacTHOCTH, 3aCOPEHHOCTH, COAEp)KaHUS LICHHBIX KOMIIOHEHTOB U Ip.)
C IIeJIbI0 PAHOHUPOBAHUA B KAPHEPHOM IPOCTPAHCTBE TEXHOIOTMYECKUX TUIIOB PYII.

HoBu3Hoil pazpaboTaHHONW METOIMKH MO BBIBICHHUIO 3aKOHOMEPHOCTENH N3MEHEHUS
COZIEpKaHMs ICHHBIX KOMIIOHEHTOB B PY/€ SBJISIETCS] TEOMETPHU3ALIUS KOMIUIEKCHOTO I10-
Kazaresnsi 000raTUMOCTH, KOTOPBIA YUHUTHIBAET TEKCTYPY U CTPYKTYpY pyd. Ha ocHose
MOTyYEHHON METOIUKH BO3MOYKHO BBIICJICHHE TIEPCIIEKTUBHBIX I Pa3pabOTKH y4yacT-
KOB B IIJIaHE U TI0 TIYOMHE, a Takke MPOU3BOICTBO KaJICHIAPHOTO TUIAHUPOBAaHUs 00be-
MOB JIOOBIYH C PEIICHUEM 3a/1a4H YIPABICHHUS KaueCTBOM MUHEPAIBHOTO CHIPBSI.

[TpuzHanneM 0OBEKTUBHON HEOOXOAWMOCTH HMCCIEIOBAaHHS MEPEXOAHBIX Mpolec-
COB B KaueCTBE HOBOTO HAyYHOTO HANpaBJICHHS MPH pa3paboTKe TEOPETHIECKUX OCHOB
CTPATETUU U TEXHOJIOTHUH KOMITJIEKCHOTO OCBOEHHS MECTOPOXKIEHHUH IBUIIOCH BKIIIOUE-
HUE B IUIaH HaydyHO-uccienoBarenbckux pador UITJ] YpO PAH B xauectse rocymap-
CTBCHHOTO 3aJaHusi TeMmbl (QyHAaMEHTaJbHbIX HccienoBaHuii Ha 2016-2018 rr.
«TeopeTnueckre 0OCHOBBI CTPATETUH KOMILIEKCHOTO OCBOEHUSI MECTOPOKACHUN U TeX-
HOJIOTUH WX pa3pabOTKH € yUeTOM 0COOCHHOCTEH MEPEXOAHBIX MPOIIECCOB B JUHAMUKE
pa3BuTusl ropHoTexHuueckux cucrem» (per. Ne 0405-2015-0010) u Temst 1 miana
HUP na 2019-2021 rr. «MeTonpl yueTa NepexoHbIX MPOLECCOB TEXHOIOTMUECKOTO
Pa3BUTHA IPU OCBOSHHUHU TITyOOKO3aJIETAIOMINX CIOKHOCTPYKTYPHBIX MECTOPOXKICHUN
MOJIe3HBIX McKomaeMbIx» (per. Ne 0405-2019-0005).

HccnenoBanue mepexoAHbIX MPOLECCOB — 3TO 0OBEKTUBHO HEOOXOAMMBIH My Th I1e-
peBoZia TOPHOTEXHUYECKON CHUCTEMbI MPEANPUATHS B COCTOSHHE, YUUTHIBAIOIEE U3-
MEHEHHUE YCIIOBHI (BHELIHUX W BHYTPEHHUX) JUIS €€ YCIEIIHOTO TOPa3BUTUS U QYHK-
LIMOHMPOBAHUS, OT OPraHU3ALIMOHHOMN CTPYKTYpHI U €€ IapaMeTpoB, CO3/IaHHBIX B yC-
JIOBUSIX HEMONHOTHl HMHQPOPMAalH, K CcUCTeMe, OOOCHOBAHHOW HCCIIEAOBAaHUEM
M3MEHSIONINXCS YCIOBUN (DYHKIMOHHUPOBAHHS TOPHOTEXHUYECKON CHCTEMBI KOHKPET-
HO OCBaMBAaE€MOI'0 MECTOPOXKJIEHHs, K HOBOI OpraHM3allMOHHON CTPYKType, TEXHOJO-
THYECKH M TEXHUYECKH OCHAIIEHHOM, COOTBETCTBYIOLIEH N3MEHUBIIUMCS T'€0JIOTHye-
CKHM XapakTepHUCTHKaM U JpPyTrUM IapaMeTpaM BHOBb BCKpBIBAEMBIX 3aracoB
MUHEPaJIBHOTO CBHIPbA, TPEOYIOMIMM JPYTrUX TEXHOJOTHMH JOOBYM U IepepaldoTKH,
B TOM YHCJIE€ C YYETOM U3MEHEHUS MapaMeTpOB BHEIIHEH cpesibl.

[Ipennaraemsplii METOIOIOTUMYECKUH MTOAXO0/, OCHOBAaHHBIA HAa UCCIIEAOBAaHUU TEepe-
XOJIHBIX TIPOIIECCOB, SIBJIAETCS YHUBEPCAIBHBIM, U MOXKET HCTIONIb30BaThCs MPH MPOEK-
TUPOBaHUH OCBOEHHS TITyOOKO3aJIETaoIINX MECTOPOXKICHUH, TUTAHUPOBAHUH, OPTaHH-
3allMd M YOpPaBIeHUM JOOBIYEH M pPYJONOArOTOBKOM MHHEpPATbHOIO ChIpbS Ha
JEHCTBYIOMIMX TOPHBIX MPENNPUATHAX C YUETOM HapacTaHUs TeoJornyeckoi nadop-
Malliy, BHEIPEHUs pa3paboTaHHBIX HHHOBAIMOHHBIX MEPOIPUSITHI, N3MEHEHUS Napa-
METpPOB U TOKa3aTeNell TOpHOTEXHUYECKON CHCTEMBI TOPHOTO MPEANPUATHS 110 Mepe
Pa3BUTHUS TOPHBIX paboT.

B uenom, mpeminaraemMblii METOJOJIOTHUECKHM MOJXOJ TMO3BOJIAET Oojiee TOIHO
y4ecTb reoJIOrHuecKre, TOpHOTEXHUUECKHE, IKOJIOTHYECKHE U OpraHU3allHOHHBIE 0CO-
OCHHOCTH OIICHHBAEMBIX MECTOPOXKICHUI U PalfOHOB UX PACIOJIOKEHHS, a TAKXKE 00ec-
NEYUTh MPEANOCHUIKH ISl CHCTEMHOTO NPUHATHS Hanbomee ) (EKTUBHBIX YHEPTO- U
pecypcocOeperarmnmx TEXHOIOTHYECKUX PEIICHHH.

Pacniopsbkenuem npaButenbcTBa Poccuiickort ®eneparuu ot 22 nexadps 2018 T
Ne 2914-P yrBepkaena «Crparerus pa3BUTHS MUHEPATILHO-CHIPREBOI 6a3b1 Poccuiickoit
Oeneparuu 10 2035 roga» Kak OCHOBA it (POPMHUPOBAHUS M pealiu3alliyd TOCyaap-
CTBEHHOM MOJIUTHKHU B 00JIACTH T'€0JI0IMYECKOTO U3yUeHHS HEAIP, BOCIIPOU3BOACTBA U MC-
TMIOJIb30BaHMsI MUHEPAJIbHO-CHIPHEBOM 0a3bl Ha (peiepaIbHOM U PETHOHAIBHOM YPOBHSIX,
a TaKKe I pa3paboTKH rocyapcTBeHHOM nporpamMmbl Poccutickoit deneparu.
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Munnpuponsl Poccun nopydeHo, ¢ yueToM 3aMHTEpECOBaHHBIX (peaepaibHBIX Op-
TaHOB MCIIOJTHUTENFHON BIIACTH, pa3paboTaTh U YTBEPAUTH B 3-MECSUHBIN CPOK TJIaH
MeponpuaTuil o peanusannu CTpaTeruu U 00eCIeYnTh €ro BhIIOJIHEHUE. BoI3biBaeT
COMHEHHUE BEPOATHOCTE Pa3pabOTKU U YTBEP)KACHUS TIIaHA MEPOIIPUSATHIH, a TeM boree
BBITIOJIHEHUE UX B YCTAHOBJICHHBIE CPOKH.

PacnopskeHneM peKOMEHIyeTcCsl «opraHaM HCIIOJHUTEIBFHONW BIAcTH CyObEeKTOB
Poccuiickoit @enepanuu B mpeesiax CBOEM KOMIIETEHIIMH PYKOBOICTBOBATHCS IOJIO-
xeHussMu Ctpareruu npu pa3paboTke IporpaMm COLUalbHO-3KOHOMHUYECKOTO Pa3BHU-
Ul cyOpexToB Poccuiickoit denepannn, HOPMAaTHBHBIX MPAaBOBBIX aKTOB W HMHBIX
JIOKYMEHTOBY.

IIpropuTeTHBIMU HAIIPABICHUSAMH HCCIIENOBAHUI B Ka4eCTBE HAYYHOTO COIPOBO-
xaenust «CTpareruy pa3BUTHS MUHEpaAITLHO-CBIpheBO# 0a3bl Poccuiickoii Denepammmny,
C Y4ETOM H3JIO)KEHHBIX B CTATh€ PE3yNbTaTOB UCCIIEA0BAaHUM, IPEIaracTcs CUUTATh:

— BOBJICUCHHE B OCBOCHHE paHEe BBISBICHHBIX MECTOPOXKICHUHN ¢ OSTHBIMU U TPYA-
HOOOOTaTUMBIMH PYZIaMH C HCITOI30BAHUEM HOBBIX TEXHUYECKUX H TEXHOJIOTHUECKHUX
peLIeHmi;

— pa3paboTKy U BHEAPEHHE COBPEMEHHBIX re0JIOr0-TEXHOIOT0-3KOHOMHUYECKUX Me-
TOJIMK YCKOPEHHOU MEPEeoIeHKH 3aracoB IMOJE3HBIX MCKOMAeMbIX Ha OCHOBE PHIHOY-
HBIX TpeOOBaHUIA;

— pa3pabOTKy MHHOBALIMOHHBIX TEXHOJIOTUH, HAPaBICHHbBIX HA yBETHMUCHHE KO3 (]-
(ULMEHTOB U3BJICUECHUSI MUHEPAILHOTO CHIPhSI M COKPAILEHHE €T0 MOTeph IpH J0ObIYe
U riepepaboTKe;

— pa3paboTKy W BHEAPEHUE TEXHOJIOTHIA JOOBIYN U KOMILIEKCHOTO MCIIOJIH30BAHMUS
CBIPBS, MOy THOTO U3BIEYEHHS TOJIE3HBIX HCKOMAEMBIX, B TOM YHCJIE U3 BCKPBIIITHBIX U
BMEILAIOIIUX [OPOJ, a TAKXKE NPH IepepadoTke 3abalaHCOBBIX PyA U OTXOJ0B HEIPO-
MOJIb30BAHMSL.

OCHOBHBIE METOJOJIOTHYECKHE TOAXOABI U HAyYHO-OPTraHU3aI[IOHHBIE MEPOTPHsI-
TS 110 3G GEKTUBHOMY OCBOSHMIO HEIp IPU OCBOCHUH MECTOPOXKICHUI B pErHoHax
CBOJATCS K CIEAYIOIIEMY:

1. Paszpaborarp IIporpaMMbl OCBOCHHUSI U Pa3BUTHS MHHEPaJIbHO-CHIPHEBOM 0a3bl
pernonoB Ha neproa 10 2030-2050 rr.;

2. BBINIOJIHUTH T€0JIOT0-3K0JIOT0-3KOHOMUYECKYIO OLIEHKY MECTOPOXKIEHUN, HAX0-
JUIINXCS B OKCIUTyaTalluy, MPOEKTUPYEMBIX H MOUIEKAIINX TOPA3BEIKE U MOCIEAYIO-
eMy OCBOGHHIO C y4eTOM 3amnacos 1o kareropusim A, B u C1 u C2;

3. BoigenuTs 0OBEKTHI MEPBOOUEPETHOTO OCBOCHHS IO OCHOBHBIM BHJaM MHUHE-
PaJIbHOTO CHIPBS C YUYETOM COCTOSIHMS M NMEPCHEKTUB pa3BUTHA UH(PACTPYKTYpPHI, OT-
JlaBasi MPENMOYTEHHE KOMIUIEKCHOMY OCBOECHHIO TEPPUTOPUIN IMyTEM CO3AAHUS MHUHE-
PaJIbHO-CHIPBEBBIX LIEHTPOB;

4. IIpoBecTH TEXHONOTMYECKHUN ayaUT Ha JAEMCTBYIOIIUX TOPHBIX MPEANPHUATHIX
C LIENBIO Pa3pabOTKN MHHOBALMOHHBIX TEXHOIOTUM OLIEHKH, 100BIYH, PYIOIOATOTOBKHY,
oOoraieHns 1 IpOU3BOJICTBA TOBAPHOM MPOAYKIUH C Y4€TOM BHYTPEHHEH U BHEIIHEH
NOTPEOHOCTH B CHIPhE U IICHOBOH MEPCHEKTUBBI, B TOM YHUCIIE C YYETOM MEPCIEKTHB
Pa3BUTHS MUHEPAIBHO-CHIPHEBOI 0a3bl pErHOHA.

BoiBoabl. Ha ocHOBe aHann3a UCTOPUYECKOTO OIBbITA Pa3BUTHSL HAYUHBIX UIEH U
METOJOJIOTUYECKHX MOAXO0I0B K 000CHOBAHHIO TEXHOJIOTHI U [TapaMeTPOB TOPHBIX pa-
00T u pe3ynbraToB QyHAAMEHTAIBHBIX U NpUKIagHbx ucciepoBannii U YpO PAH
no npoektaM IIporpamm [pesunuyma PAH, Otnenenus nayk o 3emue PAH, Kowm-
mwiekcHoi mporpammbl YpO PAH chopmynmrpoBano ompezaeneHre WHHOBAIIMIOHHOTO
0a3nca Kak HayYHO-TEXHOJOTMYECKOH OCHOBBI CTPAaTErHMM KOMIUIEKCHOTO OCBOCHHS
PECYPCOB MUHEPATIBHOTO CHIPbHS, BKIIOYAIOIIETO:
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— 000CcHOBaHUE HEOOXOIUMOCTH HOBOTO METOAOIOTHUECKOTO MOAX0Aa K PEIICHUIO
npo0ieM 0CBOSHHUS HEZIP, OCHOBAHHOTO Ha PUHIIAIIAX CUCTEMHOCTH, KOMIIEKCHOCTH,
MEXIUCIUIINHAPHOCTH ¥ MHHOBALMOHHOMN HAIPaBICHHOCTH C YIETOM OCOOEHHOCTEH
MPOEKTUPOBAHMSI OCBOEHHS HOBBIX MECTOPOXKIEHHUH, IJIAHUPOBAHUS W YIIPAaBICHUS
TEXHOJIOTMYECKUMH MPOLeCCaMy Ha JEHCTBYIOMINX TOPHOAOOBIBAIOIINX MPEIIPHUSTHIX;

— CO3/1aHUE€ MHHEPAIBbHO-CHIPhEBBIX IIEHTPOB — OCHOBBI KOMIUIEKCHOTO OCBOEHHS
HEZIp ¥ TEPPUTOPHI B CIIOKHBIX IPUPOTHO-KIMMATHIECKUX YCIOBHSIX;

— MHHOBAL[MOHHBIA TEXHUYECKUM, TEXHOJIOTMYECKHHA U OpraHU3allMOHHBIA IOTEH-
1[MaJI OCHOBHBIX MPOIIECCOB TOPHOTO MPOU3BOJICTBA.

I'maBHBIM MOKa3aTeseM, XapakTepU3yIOIIUM BBICOKYIO CTENIEHh HOBU3HBI UCCIIEA0-
BaHUM, ABIETCS JalbHEUIIEE pa3BUTHE IIPOrPaMMHO-IIEIEBOTO METOAOIOTHYECKOTO
MOAXO0/1a K UCCIICIOBAHUIO IPOOIEM OCBOEHHS HEIp IIyTeM BBEACHUS IPUHLUIINATIBHO
HOBOT'O MOHATHUS «IEPEXOJHBIE MPOLECCh» U y4eTa 3aKOHOMEPHOCTEW MX pa3BUTHUS
NpHY pa3paboTKe MHHOBAIIMOHHBIX TEXHOJOTHH TOOBIYH U PYIOMOArOTOBKH MUHEPAIb-
HOTO CBIPBSI.

IIpeanoxeHa popMyIHPOBKA CYITHOCTH METOJOIOTUH KOMIIEKCHOTO OCBOCHHUS 3a-
MIaCOB MECTOPOXKACHUIN TBEPABIX MOJE3HBIX NCKOAEMBIX.

Cmpamezusi 0c60eHUA 2NyOOKO3aNe2aAI0ue20 CLONCHOCMPYKIMYPHO20 MECHOPOiC-
OeHusi — JONTOCPOYHBIH MJIaH IEHCTBHUM Ha BCEX dTarax pa3BeKH, IPOCKTHPOBAHUS U
Pa3paboTKH MECTOPOXKAEHHS [0 MOMyUYSHHsI TOBAPHOM NMPOLYKIIMK Ha OCHOBE METOJ0-
JIOTHYECKOTO MOX0/1a HA MPUHLUIIAX CUCTEMHOCTH, KOMILIEKCHOCTH, MEKANCIIUILIN-
HapHOCTH ¥ MHHOBAIlMOHHOM HaNpaBIEHHOCTH, YUUTHIBAIOIIUX HAPACTaHUE T€OI0TH-
yeckod MHGPOpPMaMM O MECTOPOXACHWH TPU NPUHATHH 3apaHee CIUIAHHPOBAHHBIX
TEXHOJIOTHYECKUX M TEXHUYECKHUX PEIICHUH B KaYeCTBE PEaKIMU HAa U3MEHEHUSI BHY-
TPEHHUX M BHEIIHUX YCJOBUI (PyHKIMOHUPOBAHUS TOPHOTO MPEATIPUATHS, BKIIIOUAS
UCCIIEZIOBAaHUE MEPEXOTHBIX MPOLECCOB M yUeT 3aKOHOMEPHOCTEM MX pa3BUTHS NPHU
MIPUHATHY WHHOBALMOHHBIX TEXHOJIOTUH OIIEHKH, TOOBIUH, PYAOIIOATOTOBKH U 000ra-
IICHHAS MUHEPAIBHOTO CHIPBS.

Ilepexoonvie npoyeccvol — TEXHUYECKHE, TEXHOJOTHUECKUE U OpPraHU3alMOHHBIC
JIeHCTBUS IPU peau3aliyl MPUHUMAEMBbIX HHHOBALIMOHHBIX PELICHUH 10 aJanTaluu
TOPHOTEXHUYECKOW M OpPraHM3allMOHHO-TEXHOJIOTHMYECKOW CHCTEMBI MPEAIpUATHS
K U3MEHSIOLIMMCS YCJIOBHSIM €T0 (Q)YHKIIMOHUPOBAHUSL.

Msuoronetnuit onbiT yuactus UIJl ¥pO PAH B BeimonHeHnu (QyHIaMEHTAIbHBIX
U TpUKIaaHbIX uccnenoBanui no Ilporpammam Ipesunnyma PAH, OTtnenenus Hayk
o 3emine PAH, MexXaucMIIMHAPHBIM H UHTETPALMOHHBIM MPOEKTaM C HHCTUTYTaMHU
Ypansckoro, Cubupckoro u JlabHEBOCTOUHBIX oTAeeHnid PAH mo3BosisieT roBopuTh
0 HEOOXOAMMOCTH KOPEHHOTO nepecMoTpa CTpareruu pa3BUTUSI MUHEPAILHO-ChIphe-
Boii 06a3bl Poccuu 1 MmeTomonoruu 000CHOBaHUS KOMIUIEKCHOTO OCBOSHHS 3aI1acoB Me-
CTOPOXKJIEHUI TBEPJBIX MOJNE3HBIX HCKOMaeMbIX. [IpuBeieHHbIE B CTaThe PEe3yIbTaTh
UCCIIEIOBAaHUM aKaJeMU4YE€CKUX MHCTUTYTOB TOPHOTO MPO(UIISI COOTBETCTBYIOT LIETISIM
u 3aadaM CTpareruu pa3BUTHsI MUHEPAJIBHO-CHIpheBOii 0a3bl PD He Tonpko 10 2035 roxa,
HO M Ha OoJiee AajeKylo MEPCHEeKTHBY M MOTYT OBbITb YYTEHBI IpH JaibHEHIel ee
JIopaboTKe, B TOM YKCJIE OpraHaMH UCIOJHUTENBHOM BiIacTu cyObekToB Poccutickoi
®denepanuu.
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Solid mineral deposits integrated development methodology for Russian mineral
resource base development strategy
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Abstract
Introduction. The article evaluates the importance of mineral resource potential for Russian economic
security. The mining science plays crucial role in creating reliable mineral resource base and in mining
development.
Research aim and relevance. The development of mining sectors in the deteriorating mining engineering
conditions, which were caused by increasing depth of opencasting, the impoverishment of mined raw
materials, and reserves depletion in the richest deposits required improved engineering, technology
and organization of integrated development in the deep horizons of operating mining enterprises and
development of low quality deposits in remote regions with poor infrastructure. In this regard, it is required
to drastically revise the strategy of Russian mineral resource base development.
Methodology. Approaches to solid mineral deposits integrated development rationale were analyzed
based on the principles of consistency, complexity, interdisciplinarity and innovation taking into account
the transition processes in order to adapt mining engineering systems of mining enterprises to changing
operating conditions.
Results. The definition is given to the strategy of deep-seated pitching deposits exploitation, taking into
account the growth of geological, mining and technical, and economic information in the dynamics of
mining development. The aspects of developing deposits in northern regions and in the regions considered
equivalent to northern are highlighted, including complex development of territories through mineral
resource centers creation.

Key words: mining;, mineral raw materials; complex deposits; strategy, integrated development;
methodology, transition processes.
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K 060cHOBaHMI0 NapaMeTPOB KPYTOHAKNOHHbLIX aBTOCHE3A0B NPY
BCKPbITMM rNYOGOKMX rOPM3OHTOB KUMOEPNMTOBLIX KApbEePOB

Nens 10. U.2*, Tne6oB W. A.%, ByaHes A. B.%, Ucakos C. B.}, ManueB P. C.!
1Ypanbckuid rocyaapCTBEHHbI FOPHbI YHUBEPCUTET, . EkaTepuHbypr, Poccus
2 HcTuTyT ropHoro aena YpO PAH, r. ExatepuH6ypr, Poccus
*e-mail: lel49@mail.ru

Peghepam
Lens pabomet — ob6ocnosane ONMUMATLHBIX YKIOHO8 A8MOO0PO2 NPU IKCHILYAMAaAYUU NOIHONPUBOOHBIX
agmocamoceanos u paspabomra aHaIumu4ecko2o Memooa paciema oovema OonoIHUMeENIbHO20 pA3HOCA
Hepaboyux 60pmos Kapbepa om pasmewjeHus asmompaHCnOPMHbIX KOMMYHUKAYUL NPpU 8CKPLIMUU
21y60KUX KUMOEPIUMOBbIX KAPbepos MPaccamu CNUPAIbHOU GopmbL.
Axkmyansnocms uccnedosanusn. Ilepexo0 na 6ckpvimue KpYMOHAKIOHHLIMU ABMOCHE30aMu npu
UCNONBL30BAHUU  NOTHONPUBOOHBIX ABMOCAMOCBANO8 ABNAEMCS OOHUM U3 OCHOBHBIX HANPABIEHUL
nosblUeHUs IPPekmusHocmuU ompadomKu 21yOoKUX KUMOEPIUMOBLIX Kapbepos. B ceasu ¢ smum secoma
AKMYAIbHLIMU CHAHOBAMCS BONPOCHL 000CHOSAHUS YKIIOHO8 A6MO00PO2 U pa3pabomKka Memooa paciema
O0ONOTHUMENbHO20 PA3HOCA OOPMOB Kapbepa Om pasmewyenus AgmompaHCROPMHbIX KOMMYHUKAYUL.
Memoouka npoeedenus uccinedosanuii. Ilpu 000cHo8aHUU YKIOHA ABMOOOPO2 015 NOTHONPUBOOHBIX
aABMOCAMOCBANIO8 UCNONB30BANCA YUIUECKUL NPUHYUN HAUMEHbULE20 OeliCMEUs, MA060-OUHAMUYECKUE,
MOpMO3Hble U MONIUBHbIE XAPAKMEPUCMUKU CAMOCEAN08, 4 MAKMHCe IKCNEPUMEHMANbHbIE OaHHbIe.
Bseoeno nosoe nonsamue «yoenvroe deticmsuey. OnmumanbHulil YKIOH N0 KPUMePUIo y0erbHo20 0eticmeus
coomeemcmeyem MUHUMATbHLIM DHEP2O3AMPAmMam Ha NOObeM 20PHOU MAcCbl NpU MAKCUMATbHOU
npoU3B00UMENbHOCY MPAHCHOPMHBIX cpedcms. Paspabomannviii ananumuueckuil memoo pacuema
00beMa OONOTHUMENLHO20 pa3HOCa OOPIMO8 Kapbepa XapaKmepu3yemcs KOMIAEKCHbIM YHemom OCHOGHbIX
MmexHono2UYecKUx napamempog eckpvimus. Ilpeonodcen epagpuueckuii memoo onpeoeneHus yena
Hepaboueco bOopma Kapvepa, AGNAOUE20CA  KOHMPOIUPYEMbIM — NAPAMEMpPOM NpU  GCKPbIMUU
KPYMOHAKAOHHbIMU A8MOCHE30aAMU.
Pesynomameul.  Ycmanoeneno, umo OnmumanibHble 3HAYEHUs YKIOHO8 NO DUIUYECKOMY KpUMepuio
yoenbHo2o Oeticmeusi onpedensiiomes 3asucumocmsamu KIIJ] mpancmuccuu, ckopocmeii 08uUdCeHUs: U
YO0enbHo20 pacxo0a monauea NOIHONPUBOOHLIMU ABMOCAMOCEANAMU OM CYMMAPHO20 CONPOMUBTEHUS
ogudicenuio na ykaouax. Jnsa asmocamoceanog CAT-745C onmumanvivle 3navenus yKIoOHO8 AGMOO0PO2
co ujebeHouHbiM noKpvimuem Haxoosmcs 6 ouanaszone 0,18—0,24. Yemanoenenvt saxonomepnocmu
GNUAHUS OCHOBHLIX 20PHOMEXHUYECKUX (DAKMOPO8 HA 00beM OONOTHUMENbHO20 pa3HOcd 6OpmMos om
pasmewjenus asmompancnopmHulx kKoumyrnukayuil. Haubonvwee snusanue na 06vem pasnoca okasviéaem
enybuna xapvepa, YKIOH CAUPANbHBIX ABMOCHE3008 U MOWHOCMb pyOHo2o mena. Ilpu ysenuuenuu
MOWHOCIMU PYOHO20 meNa 8auaHUe YKIOHA cHuxcaemcsa. Takum obpasom, enedpenie KpYmOHAKIOHHO20
BCKpbIMUSL 8 NEPBYIO 04epedb PeKOMEHOYem s Ha KUMOEPIUmosbix Kapbepax npu paspabomre pyoHbix
men HeOONbUIOL MOUHOCTIU.
Oobnacmey npumenenus pesynsmamos. I[lonyuennvie pe3ynbmamvl peKOMeHOYyemcs UCHONb3068aMmb
6 npakmuke npoeKmupoBanUs U IKCHAYaAMayuu 21y60Kux Kumobepaumogulx Kapbepos npu GHeOpeHuU
NOIHONPUBOOHBIX ABMOCAMOCBAN08. Pe3yniomambl mo2ym Haiimu npumenenue Ha pyoHsix Kapbepax npu
BCKPbIMUU 271y OOKUX 20PU30HNO8 CHUPATLHBIMU A8MOCHE30AMU.

Kniouesvie cnosa: Kapbep; enyOuHa Kapvbepa, NOTHONPUGOOHLU A8MOCAMOCEAL, YKIIOH A8MOCbe30d;
NPUHYUN HAUMEHbULe20 OelCMEUs; PACX00 MONAUBA; OONONHUMENbHBIN PA3HOC OOpMA; Y20l OMKOCA
bopma; MOWHOCb pYOHO20 mead.

BBenenue. OHUM U3 TEXHOJIOTHUECKUX PEIICHHUH 110 MOBBIIICHUIO d3PPEKTUBHO-
CTH OTpabOTKH ITyOOKHX KaphepoB U PACHIMPEHHUIO O0JIACTH MPUMEHEHHS OTKPBITOTO
crocoba pa3paboTKu MPH OCBOCHUU KOPEHHBIX MECTOPOXKIICHWUN alMa30B SIBISICTCS
MIEPEXO0]l C OMpeeIeHHON TIIyOHHBI Ha BCKPBITHE KPYTOHAKIOHHBIMU aBTOCHE3AAMHU.
TepMUH «KpyTOHAKIOHHBIE aBTOCHE3/IbI» OBLI BIIEPBBIC TPUMEHEH B TPYIaX HHCTUTY-
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Ta «SKyTHUMpOanIMas» B CBS3U C PACCMOTPEHUEM IEPCIIEKTHB HCIIONB30BAHUS TPU
0TpaboOTKe MTYyOOKHUX KUMOEPIUTOBBIX KAPhEPOB CIICUATH3UPOBAHHBIX aBTOCAMOCBA-
710B (TYCEHUYHBIX WU TIOTHOIPUBOIHBIX C HIAPHUPHO-COYIEHEHHON paMoil), criocoo-
HBIX paboTaTh Ha YKIOHAX aBTOIOPOT, 3HAYHMTENLHO MpeBbimatomux 8—10 %, xapak-
TEpHBIC [UJII aBTOCAMOCBAJIOB ¢ KoliecHOW dopmymoit 4 x 2 [1]. B cBasm
C KOHCTPYKTHBHBIMHU HEIOCTATKAMHU, HU3KOH SKOHOMHUYHOCTBIO H OTCYTCTBUEM CEpHUii-
HOTO MPOU3BOJCTBA KAPhEPHBIX TYCEHUYHBIX aBTOCAMOCBAJIOB B HACTOSIIEE BpEMs B
MPOEKTaX PACCMATPUBAIOTCS TOJLKO MOJHOTPUBOAHBIC [MIAPHUPHO-COUICHEHHBIE aB-
TOCAaMOCBaJIbl C KoJecHOH Qopmynoir 6 x 6, B ocHoBHoM ¢Gupm VOLVO wu
CATERPILLAR, momy4uBIIMX IOCTAaTOYHO IMHPOKOE PACIpPOCTpaHEHHWE B OTeue-
CTBEHHOW TOPHOH MPOMBIIIIEHHOCTH (Tabm. 1).

Tabuauna 1. TexHuyeckne XapaKTepUCTHKH OJHONPHBOJAHBIX ABTOCAMOCBAJIOB
Table 1. Technical characteristics of four-wheel drive dump trucks

BwmecTn- Mori- Co06- [lIupuna
Dupma- I'py3o- i P Koadpdu- | Yuenbuast
TEJBHOCTh | HOCTh CTBEHHas | aBTOCAMO-
npousBo- | Mozens | mombem- LUUEHT | MOIHOCTh
Ky30Ba |JBUTaTeis | Mmacca cBana By,
JIATENb "octh G, T 3 tapsl Ky | Ny, KBT/T
Vo, M N,, kBT [C MM

CATER- | 725C | 236 110 | 2390 | 229 | 2820 | 096 | 450
PILLAR | 730c | 280 133 | 2800 | 237 2900 | 0,83 4,44
735C | 327 150 | 3370 | 310 | 3300 | 091 | 434
745C | 41,0 185 | 3810 | 329 | 3450 | 0,80 5,15
VOLVO | A25D | 24,0 11,7 | 2240 | 216 | 2859 | 090 | 490
A30D | 280 136 | 2520 | 230 | 2041 | o082 | 497
A35D | 325 152 | 2890 | 283 | 3208 | 087 | 475
A40D | 37,0 169 | 3130 | 313 | 3432 | 085 | 460

OCHOBHBIE ITPEUMYIIECTBA TOJTHONPUBOAHBIX aBTOCAMOCBAJIOB 3aKIIIOYAIOTCS B HC-
MOJIB30BaHUU KPYTOHAKIIOHHBIX aBTOCHE3IOB (I 10 25-30 %) W TpaHCHOPTHBIX OepM
MEHBIICH MUPUHBI IO CPABHEHHIO C aBTOCAMOCBAJIaMH C KOJIECHOH (opmyroit 4 x 2,
YTO MO3BOJISET YBEIUYUTH YIJIbl HAKJIOHA HEpaObounx OOPTOB KapbepoB, COKPATUTH J0-
MOJTHUTEIbHBINA 00BEM BCKPBIIIH OT Pa3MEIICHHUS TPAHCIIOPTHBIX KOMMYHUKAIU U T10-
BBICHTh SKOHOMHUYECKHE TI0Ka3aTe I OTKPHITOTO criocoba paspadboTku [2—4]. B Hacro-
Aliee BpeMsi Ha OTEYECTBEHHBIX NTYOOKHX Kapbepax MMEETCS OTpAaHHYEHHBIA OTBIT
IKCIUTyaTalliH TIOJTHOTPHBOIHBIX aBTOCAMOCBAIIOB. B CBSI3M € 3TUM OCTaeTCs aKkTyalb-
HBIM BOTIPOC 000CHOBAHHMS ONITUMAIILHOTO YKIIOHA aBTOJJOPOT JUIsl YKa3aHHBIX MOJIeIeH
ABTOTPAHCIOPTHBIX CpeAcTB. HOpMAaTHBHBIMH JTOKYMEHTaMH, PErIaMEeHTHUPYIOIIUMH
BEJIMYUHB! YKJIOHOB KaphepHBIX aBTOAOpOT, ABistorcss CHull 2.05.02-91. Ilpomviiu-
JleHHblll mpancnopm, pazpabotanHelii HHCTUTYTOM «lIpomtpancHUMnpoexr», a Tak-
xe Ilpasuna bezonacnocmu npu edeHul 20pHbIX pabom u nepepabomie meepovix no-
qesnvix uckonaemwvix (CHull 2.05.02-91. I[lpomviuinennoviii mpaucnopm. Muncmpoti
Poccuu. M.: LTUTII Muncmpos Poccuu, 1996. 128 c.; @edepanviibie HOpMbL U NPABUILA 6
obaacmu npomwviiunennol bezonachocmu «Illpasuna bezonacrnocmu npu 6e0eHUU 20PHLIX
pabom u nepepabomie meepovix noae3HbIX uckonaemwvix» / Yme. [lpuxazom Pocmexnao-
sopa om 11.12.2013 Ne 599. Examepunodype: U] « Ypan FOp Hzoamy, 2015. 212 c.).

B cootBercTBUm ¢ Tpeboarmsimu CHull 2.05.02-91 mpononsHBIA YKIOH aBTOO-
POT ¢ TBEPBIM MOKPBITHEM IIPH JBHXCHUH [0 HUM aBTOCAMOCBAJIOB ¢ KoJIeCHOH (op-
Mymoit 6 x 6 cocraBiser 15-17 %. Ha xaprepusix aBTomoporax III-if kareropuu co
CPOKOM CIIY>KOBI IO OITHOTO TOJIa JOIYCKAaeTCs YBEIUYIHMBATh YKIOH Ha 3 %, T. €. 110
18-20 %. B 2012 r. Oba yTBepKIeHa akTyanmsupoBaHHas pepaxipst CHull 2.05.02-91,
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COIVIACHO KOTOPOM JUIsi aBTOCAMOCBAJIOB C KOJlecHOW (popmyioii 6 x 6 morryckaeTcst
YBEJNIWYEHHE MPOJOIHHOTO YKIOHA aBTOJJOPOT B COOTBETCTBHUH C JaHHBIMHU IIPEITPHS-
THS M3TOTOBUTENS, THIIOM U COCTOSHHEM JOPOXKHOTO TIOKPBITHS, & TaKKe TEXHUYE-
CKHAM COCTOSTHHEM aBTOMOOWIS. B ciydae He0OX0MMOCTH, OTIpeensieMOi TOPHOTEX-
HUYECKUMH YCIOBUSIMHU KCIUTyaTallH, YKIOHB BHYTPUKAPbEPHBIX aBTOAOPOT MOTYT
OBITh MOBBILIEHHI MIPU COOTBETCTBYIONIEM TEXHUKO-IKOHOMHUYECKOM OOOCHOBAaHUH U
obecrieueHUM 0€30MIaCHOTO MBIKEHUS aBTocaMmocBanoB 5], (CI137.13330.2012. Ilpo-
Mmolunennvltl  mpawcnopm.  Axmyanusuposannas peoakyus CHull 2.05.07-91%
(c Hamenenuamu Ne 1, 2, 3). Odmmansaoe n3nanue. M.: Munpernon Poccun, 2012. 248 ¢.).
Uccnenosanusmu, BeimonHeHHBIME OAO «benopycckuil aBTo3aBo», pEKOMEHTyeTCs
OTpaHUYMBAThH YKIIOH aBTOAOPOT AJISl OJHONPHUBOIHBIX aBTOCAMOCBAJIOB B PEaIbHBIX
KapbepHBIX YCIIOBUSX (PETHOHBI C BBINIAJEHUEM OCAIKOB B BHJIE JTOXKAS U MOKPOTO
CHETa) YCIIOBUSAMH CIEIUICHUS IHH ¢ aBromoporoi (¢ = 0,25-0,40) na yposae 20-22 %.
B To ke BpeMs aBTOpaMy OTMEYaeTCsl, YTO MPUMEHUTENFHO K KaphepHBIM YCIOBUSIM
M0 TPOXOIUMOCTH W MAaKCHMAJBHO JOMYCTUMOMY YKIIOHY aBTOIOPOT T'yCEHWYHBIN
JIBUKUTEIHh HE UMEET CYIIECTBEHHBIX TPEUMYILECTB Mepest KoecHbIM [6, 7]. MHCTHTY-
ToM «SKyTHUNpoanma3» B 2012 . mpoBeneHbl YCHEIIHbIE ONMBITHO-IPOMBILIUIEHHBIE
UCIIBITAaHUS TIOJIHONMPHUBOAHBIX aBrocamocBaioB CAT-740B B ycnoBusx Kapwepa
«YnagHbli» Ha yKIIOHAX aBToaopor A0 24 % [8]. Takum obpa3om, TeopeTHaeckoe 060c-
HOBaHWE W OJHO3HAYHbIE PEKOMEHIAINH TI0 BEJIMIHHE YKIIOHOB KaphEPHBIX aBTOJIOPOT
JUTSI TTIOJTHOTIPUBOAHBIX aBTOCAMOCBAJIOB B HACTOAIIEE BPEMS OTCYTCTBYIOT.

IIpu nepexone Ha BCKpBITHE KPYTOHAKIOHHBIMU aBTOCHE3AaMU Ba)KHOE 3HAYEHHE
UMeeT pacueT o0beMa JOTMOIIHUTEIBHOTO Pa3Hoca Hepabounx OOPTOB Kaphepa OT pas-
MEIIEHUsI aBTOTPAHCIIOPTHBIX KOMMYHHUKAILIMH, B 3HAYUTEIHHON CTETICHH OIPEIeIIso-
IIETO IeTIeco00pa3HOCTh B A3G(HEKTHBHOCTH MTepexoaa. OOBIYHO HA IPAKTHKE CTPOSITCS
o0bemHbIe MozenH kapbepoB B cucreMax AutoCAD u MINEFRAME c paznmnyaeim
YKJIIOHOM BCKPBIBAIOLIUX BHIPAOOTOK, PACCUUTHIBAIOTCS OOBEMBI BCKPBIILIU B KOHEYHBIX
KOHTYpax KapbepoB U MPOU3BOIUTCS CPaBHEHUE ITUX 00beMOB. OIHAKO TaKOM METO[
SBJISIETCS] BEChMa CIIOKHBIM U TPYAOEMKHM JUIsl YCTAHOBJIEHHUS OCHOBHBIX 3aKOHOMED-
HOCTEH BIUSHUS TapaMeTPOB KPyTOHAKIOHHBIX aBTOCHE3/I0B Ha pa3HOC OOPTOB Kaphe-
poB. B 3TOM citydae sydie HCIoab30BaTh aHATUTHYECKHE METOBI pacyeTra. AHAIN3
CYIIECTBYIONINX aHAJIMTHYESCKIX METOMOB IMOKA3bIBAET, YTO HU OAWH W3 HUX HE 00e-
CIEYMBAET KOMILJIEKCHOTO yUeTa TEXHOJIOTHUECKUX MapaMeTpOB BCKPBITUS U HEOOXO-
JUMOM TOYHOCTH pacueToB. Takum oOpa3om, pa3paboTka aHATUTHIECKOTO METOAA SIB-
JIIeTCS TAK)KE aKTyaJIbHOM 3ajauei.

MetomoJsiorusi npoBeneHuii ucciaenopanuii. B YITY paspaborana mMeromnka
000CHOBaHUS ONITUMANIBHBIX YKIIOHOB aBTOAOPOT IIPH SKCILTyaTalliy aBTOCAMOCBAIIOB
C KoJlecHOM (hopMmyIoi 4 x 2 Ha HArOpHO-TITYOWHHBIX Kapeepax [9]. MeTtonnka 6a3upy-
ercs Ha (PU3MIECKOM MIPUHIIAIIE HAUMEHBIIETo AeicTBrUsA. OCHOBHBIE MOJIOKEHUS Me-
TOJVKY TPUMEHUMBI U JIJIS TIOJTHOIPHUBOIHBIX aBTOCaMOCBalioB. [IpuHIAIT HaMMeHb-
HIETO JACHCTBHUSI OTHOCUTCSI K MHTETPaJbHBIM BapHAllMOHHBIM NMPUHLUIIAM MEXaHUKH,
COIIaCHO KOTOPBIM M3 BCEX BO3MOXKHBIX JBM)KEHUH MEXaHHMUECKOW CHCTEMBI MCTHH-
HBIM SIBIISIETCS TO, JJI1 KOTOPOTO HEeKoTopas (u3ndeckas BelIMYHHa, Ha3bIBaeMas Jei-
CTBHMEM, MMEET 32 BPeMs MEPEMEIICHNs CHUCTEMBI dKCTPEMYM, OOBIIHO MHUHHMMYM.
Haubonee pacnpocTtpanenHol ¢opMoi TpeacTaBiIeHUs NMPUHIUNA sSBIsSeTcs (GopMma
l'amunerona. B yka3anHoi GopMme MpUHIMIT HAUMEHBILIETO IEHCTBUS YTBEPXKIAET, YTO
13 BceX BOBMOXKHBIX TPACKTOPHH IepeMelIeH sl ICTUHHOM Oy/eT Ta, AJ1sl KOTOpO ek -
CTBHUE, PABHOE HHTETPATY OT Pa3HOCTH MEXy KUHETHUYECKOUN U MOTEHLINATIbHOMN JHEP-
TUEH, COOTBETCTBYIOIEH ITUM TPACKTOPHUAM, UMEET MUHUMAJIbHOE 3HaueHue. B 1o-
CJIEZIHUE TONBI IPUHIIMIT HAUMEHBLIETO EHCTBUS IIHUPOKO MPUMEHSETCS JUIA PEIeHUs
MIPYKJIATHBIX 33189 MEXaHUKU U TEPMOJITHAMHKH, B YACTHOCTH I ONTHUMHU3AINH TTapa-
METPOB CHUCTEMBI JdHceCmKoe Koieco—oedhopmupyempill peibc, MOIEIAPOBAHUN Ka9eHUS
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nedopmupyemoro kosieca u ap. [10]. C onpeneneHHBIMU JOMYIICHASIMH 3TOT TPUHIIHIT
MO)KHO PaclpOCTPaHUTh Ha TPAHCIIOPTHBIE CUCTEMbI KapbepoB. B 3TOM citydae neiicTBre —
9TO (U3MIECKas BETUUNHA, MIPEICTABIIIIONAs COO0H MPOM3BEACHNE KOIIMIECTBA YHEP-
THH, PacXoJyeMoil Ha TiepeMellleHrue TOPHOM MacChl TPAHCIIOPTHBIM CPEJICTBOM, U Bpe-
MCHH €ro mnepeMericHus. BBeleHHOE aBTOpaMu MOHSTHE yoenvHoe Oeticmsue (D)
MpeCTaBIsAeT cO00 MPOU3BEICHUE YICIBHBIX 3aTPaT SHEPTUU HA TIOABEM FOPHOM Mac-
CBI TPAHCIIOPTHBIM CPEICTBOM Ha 1 M M BpeMeHHU IOJbeMa TOpHOU Macchl Ha 1 M.
MosxHO 3amucarb

D =PT,
rae D — ynenbHOe ACHCTBHE, T * C/T - M; P — Belnn4nHa yaenbHbIX 3aTpaT dHePruu (au-
3€JLHOI0 TOIUIMBA) aBTOCAMOCBAJIOM Ha TOABEM | T TOpHOU Macchl Ha 1 M, I/T * M;
T — cyMMapHOe BpeMsl ABUKEHHSI aBTOCAMOCBAJIA 110 YKJIIOHY B IPY30BOM U IIOPOKHS-
KOBOM HaITpaBJIeHHUIX IIPH MOAbeMe TOpHOI Macchl Ha 1 M, C.

U Ka

08 | 1,08 N o e

07 | 104 . ~
wa

06 [ 100 \'""-* .

05 L 096

0,06 0,10 0,14 0,18 0,22 0,26 030  wo+i

Puc. 1. 3aBucumoctu KIIJI Tpancmuccun asrocamocsana CAT-745C n, u
MIONIPABOYHOIO KOO QUIMEHTa, YUYUTHIBAIOIIETO H3MCHEHHE YACIHHOTO
pacxozia TOTIIMBA MPH HOMHHANBHON HArpyske ABHTAaTelNls K, OT CyMMapHOTO
COIIPOTHBJICHHUS IBIKEHUIO (0 + i)
Fig. 1. Dependences of the efficiency coefficient of the CAT-745C dump
truck transmission m_ and the correction coefficient, which takes into ac-
count the change in the specific fuel consumption at the rated engine load k_,
on the total resistance to movement (w, + i)

[IpeumyiecTBa KpUTepHs yoensHoe Oeticmaue TI0 CPABHEHUIO C YISIbHON HEpro-
€MKOCTbIO P U BpeMeHeM ABMXeHUs 1 (IPOM3BOAUTENBHOCTBIO) 3aKIIIOUACTCA B €r0
KOMIUIEKCHOCTH. ONTHMANbHBIA YKJIOH MO KPUTEPHUIO YAEIBHOTO AEHCTBUS IOJDKEH
COOTBETCTBOBATH MUHUMAJILHBIM YIEIBbHBIM SHEPro3arparaM Ha HOABEM FOPHOM Mac-
Cbl Ha | M IpU MaKCHMMaJIbHOM MPOM3BOAUTENBLHOCTH TPAHCIIOPTHBIX CPEACTB (MHHU-
MaJIbHOM BPEMEHH ABIKEHHMS 110 YKJIOHY B IPY30BOM M IOPOXXHSKOBOM HAIlPaBICHUSX ).

Torga ynenvHOe neiictue D, T - ¢/T + M, Ipu paboTe aBTOCAMOCBAJIOB Ha MOABEM
TOPHOM Macchl

2,725-10_3gﬂ(kT+1)((c00/i)+1)+ 9,
M 1000iGa,
y 3,6(G, +k.G)((w, /i) +1) . 3,6
0,367N ky1, iv

D:

1)

i
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e G — rpy30noabEMHOCTL aBTOCAMOCBAIAa, T; G, — COOCTBEHHAs Macca aBTOCaMOCBaa,;
k. — ko> PuLMEHT NCTIONB30BAaHUS TPY30HOALEMHOCTH; k — KOO()(OUIIMEHT Taphl aBTO-
camocBaa; 0, — KO3Q(QUIMEHT CONPOTUBIEHHS KAYEHUIO; | — YKIIOH y4acTKa TPacChl;
N, — K03OQULHEHT NOoNe3HOT0 AeHCTBUA TPAHCMUCCHH ABTOCAMOCBAA; g, — yAEIbHbIN
pacxoj1 TOIUIMBA TP HOMUHAJILHOM Harpy3Ke ABUrarens, r/kBT - 4; g — ynenbHbli pac-
XO/[ TOIIMBA ITPU ABUKCHUU ITOPOKHUX aBTOCAMOCBAJIOB B TOPMO3HOM PEIKUME, KI‘/‘-I;
v_; — CKOPOCTb IIOPOKHET0 aBTOCAMOCBAJIa Ha CITyCKe C YKIOHOM 7, KM/4; ky — ko3 du-
OUCHT HUCITOJIB30BaHUA MOIIHOCTHU ABUTI'aTECIIs.

D,r-c/t' M

0,06 0,10 0,14 0,18 0,22 0,26 i

O0aacTh ONTHUMAIIBHBIX 3HAUCHUI
—8— (g = 0,02 —8— (= 0,04

Puc. 2. 3aBucumocts ynenbHOro neiictBus D aBrocamocBanoB CAT-745C
OT MPOIONBHOTO YKJIOHA aBTOIOPOTH i ¥ CONPOTHBIIEHHUS KaueHHIO (),
Fig. 2. Dependence of the specific action D of CAT-745C dump trucks
on the longitudinal slope of the road i and rolling resistance o,

ITonp3ysick yKa3aHHOM METOOMKOM, MPOBENEM pacueT YAEIbHOIO ICHCTBUS i
MOJIHONPHUBOAHBIX aBrocaMocBalioB CAT-745C, nnaHupyembIX ISl UCIIOJIb30BAHUS
pH 1opadboTke kKuMOepauToBEIX KapbepoB AK « AJIPOCAY. TexHudeckas XapakTepH-
cruka aBrocamocBana: G =41 t; G, = 32,87 1; k.= 0,80; k_= 1,0; nBurarens CAT C18
ACERT; N, =381 kBr; g, = 210 r/ kBt - 4. CkopocTn Ha yKIOHaX aBTOA0POr CO Lie-
OEHOYHBIM TIOKPHITHEM OIPEIEIISIOTCS TI0 TATOBO-TNHAMIYECKOW M TOPMO3HOH Xapak-
TEPUCTUKAM aBTOCAMOCBAIa.

B atom cirygae ¢popmyiry (1) MOXKHO IpEACTaBUTh B BUE

MNa I‘Uri Ivni

2,725-10"°g, (k, +1)((@ /D+1) | [36 36
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IJIE U,;, V,;— CKOPOCTH IPH JIBHKEHHHU TPY’KEHOTO aBTOCAMOCBaJIa Ha MOIBEM U TIOPOK-
HETO MpH ABMXCHUHU Ha CIYCK COOTBETCTBEHHO, YCTaHOBJICHHBIE T10 TATOBO-IUHAMU-
YECKOM M TOPMO3HOM XapaKTepUCTHKAM MPU CYMMAapHOM COIMPOTHUBIICHUH JBUKCHHUIO
(wq + 1), KM/4.

Bripaxennem g /1000iGv,; MOXHO MpeHEOpEUb, TaK KaK €0 3HAYEHHUE HE IPEBbI-
maet 2-3 % oT o0miero pacxoaa JU3EIbHOTO TOIUTMBA TPH ABIKEHHH T'PYKEHOTO U
MOPOXKHETO aBTOCAMOCBAJIOB M HE BIMSAET HA TOYHOCTH pacueToB. Koadduuuent mno-
JIE3HOTO JIEHCTBHS TPAHCMUCCHH aBTOCAMOCBAJIA 1), IIPU U3BECTHBIX 3HAUYEHHUAX CKOPO-
CTel IpU IBM)KEHUH Ha MOABEM PACCUUTHIBACTCS IO BBIPAXKECHUIO

Uri (Ga + krG)((DO + I)
0,367N,,

2

Na =

I7ie v,, — CKOPOCTh IPY’>KEHOTO aBTOCAMOCBaJIa Ha YKJIOHE [ IPY CONPOTHBIEHUH Kade-
HHUIO 0, KM/Y.

f(x)

1E+72 f(x) = exp(d — cx)
1E+68
1E+64 '—'11209
1E+60 e
flxy= (1 + —}
1 X
1E+56 I
1
1
1E+52 :
1
1
1E+48 -9
=] o o o o o o o o (=) o o
~ > — ™ Yo} ~ <] — I¢] 0 ~ 2] tgy
S S — A =1 =1 =1 N N N N N
— — — — — — — — — — — —

Puc. 3. [lpumep ompeneneHust TAaHTEHCa yriia Hepabodero 6oprta kapeepa tgy
Fig. 3. Example of determining the tangent of the non-working side of the quarry tgy

PacueTsl nmpou3BeaeHBI IPU U3MEHEHUH CONpOoTUBIeHUs KaueHuto ot 0,02 no 0,04,
XapaKTEPHOM JUTSI MeOEHOYHOTO TOKPBHITHS aBTOAOPOT, M M3MEHEHWH MPOIOJIBEHOTO
ykiona asropopor ot 0,04 mo 0,28. YCTaHOBJIEHO, YTO 3HAYEHME 1), B IUANA30HE U3-
MEHEHHsI CyMMapHOTO corpoTuBieHus asmxennto 0,06-0,26 xapakrepusyercs OTHO-
CUTEIILHOM CTa0WILHOCTBIO U BapbupyeTcs B quanazone 0,79—0,82. [Ipu yBenuueHuu
(wq + 1) ¢ 0,26 n, cuuxaerca no 0,68-0,72.

VienbHbIi pacxo/ TOILIMBA NPH HOMUHAIBHOM HAarpy3Ke JBHUrareis g, — IacnopT-
Has BeJIMYMHA, XapaKTepu3yromas (akTHIeCKHil pacXo/] TOTUIMBA IS TIOTYYCHHS Ofl-
Horo kBt - 4 monesnoi sHepruu. BMecre ¢ TeM g, TakKe HE ABIAECTCSA NMOCTOSHHOM
BEJIMYMHOM, @ 3aBUCHT OT CTETICHN HCITOIB30BaHMSI MOLITHOCTH JBUTATEINS U YHCIa 000-
POTOB, KOTOPBIE B CBOIO OUEPE/Ih ONPEACISAIOTCS CYMMapHBIM CONTPOTHBICHUEM JIBHKE-
Hu1o (o, + 7). Ha puc. 1 npeacrasnena 3aBUCMMOCTb IOMPaBOYHOIO Kod(Qduuuenra k
YUHTBIBAIOIIETO M3MEHEHME g, B 3aBUCHMOCTH OT CyMMapHOIO CONPOTHBIECHMS
JIBUKEHUIO, TIOydYeHHasi Ha OCHOBAaHUH TOIUTMBHO-3KOHOMHYECKOW XapaKTEePHCTHUKU
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aBrocamocBana no meronuke W. C. Ilnunme [11]. [Ipu 3HaYMTENBHBIX Harpyskax
[(wg +1)>0,22] g, yBenuuuBaetcs 10 10 % OT HOMUHAJILHOTO 3HAYEHHMS.

OnTuManpHOE 3HAYEHHE YKIOHOB 10 KPUTEPHUIO YAEIBHOTO IEHCTBUS OyIeT coOoT-
BETCTBOBATh YCIIOBHUIO

D — min.

YeranosneHo, uto 11 aBrocamocBanioB CAT-745C ontuManbHOE 3HaYEHHE YKIIO-
HOB aBTO/IOPOT CO IIEOCHOUHBIM MOKPBITHEM B KaphepHBIX YCJIOBHSX MO KPUTEPHIO
yAETBHOTO AeHCTBHA OyneT HaxoauThes B aquanasone 0,18-0,24 (puc. 2).

AHaJIn3 COBPEMEHHBIX METOOB pacueTa JOHNOJIHUTEIHHOTO pa3Hoca OOPTOB OT pas-
MEILEHHUS aBTOTPAaHCIIOPTHBIX KOMMYHHUKAIMK MMOKa3bIBACT, YTO HauOonee mpuemiie-
MBIM JUIsI TOPHOTEXHUYECKUX YCIIOBHH KUMOECPIUTOBBIX KAPHEPOB IPH BCKPBITHH KPY-
TONAAAIOUINX PYIHBIX TEN OKPYIIoW (OPMBI CIMPAJIbHBIMU ABTOCHE3JaMHU SIBISIETCS
AHAIMTUYECKUI MeTol, pa3paboTaHHbl B KpuBOpoXXCKOM ropHOpYAHOM HUHCTUTYTE [12].
JlonoMHUTENbHBIH 00beM pasHoca OoptoB V, M3, mpu crnupansHOW (GopMe Tpacchl
ompezensercs no Gopmyne:

BH?
V = > Kﬂ, (2)

rie B — IIMpyHa TPaHCIIOPTHOH 6epMbl, M; H — ITyOMHa Kapbepa, M; i — YKJIOH CIIUPaJlb-
HOM Tpaccel, 1omu ea.; K, — koodpuument, yunThiBalommii JONOTHUTENBHOE YBEIe-
HUE 00beMa TOpPHBIX Pa0oT, 00YCIIOBJICHHOE HEOOXOMUMOCThIO pa3HOca OOPTOB Kaphepa
JUISL pa3sMEeHUsI CUCTEMBI CIIMPATbHBIX ChE3]J0B MPU BCKPBITHH HOBBIX TOPU3OHTOB, €11,

[(HK + rotgy)2 + (HK + rotgy) Btgy} 1n(1 + (HK/rOtgy)) - (HE/Z) - Hthy(rO + B)
n= I

K

K , (3)

r7ie I, — paauyc AHa Kapbepa, M; ¥ — CPEJHEE 3HaYEHUE yIla OTKOCa Hepabouux 60pToB
Kapbepa, rpa.

OCHOBHBIM HEJOCTATKOM PaccMaTpUBaEMOI0 METOAA SBISIETCS TO, UTO B (opmyJie
(1) ncnonb3yercs yxe H3BECTHOE 3HAYSHUE YITIa OTKoca Hepabouero 6opra y. B To xe
BpEMs YToll Yy OIlpedessieTcss KOHCTPYyKIuel Hepabodero OOpTa M 3aBHCUT OT YKJIOHA
CIHUPAILHON TPAcChl i, IUPHUHBI TPAHCIIOPTHON OepMbI B, KOJMYECTBa BHTKOB CITH-
PalIbHOIi TPACCHI 1, BBICOTBI YCTyIa /i, 1 IPYruX (pakTopoB. Yrom 0TKoca Hepaboyero
OopTa SBJISETCS TaKKe KOHTPOJIMPYEMBIM MapaMeTPOM M HE JIOJDKEH MPEBbIIIATh 3Ha-
YEHMsI, YCTAHOBJIEHHOTO 110 YCIOBUAM yCcTOHUMBOCTH. [Ipn 3TOM yunTHIBatoTCs Ciemxy-
fonme (GPU3NKO-MEXaHMYECKHE CBOMCTBA TOPHBIX MOPOJ;: MIIOTHOCTD, YTOJI BHYTPEHHE-
ro TpeHUus, clelUieHHe B obpasne u KodQQPUUUEHT CTPYKTYpHOTO OcCiIabiIeHus
B MaccuBe. CpenHee 3HaYeHHWE KOHCTPYKTHBHOIO yIjila Hepabodero Oopra Kapbepa
ompezensieTca no popmyse:

H

tgy:((HK/hy)—l)bﬁinBB+HKctga’ )

rie h, — BBICOTAa Hepabodero ycryma, M; b, — mmMpuHa OepMBI 6E30MACHOCTH, M;
n, — CpeJlHee KOJIUYECTBO BUTKOB CIMPAIbHON TPACCHI; 0L — YToJl OTKOCA HEpabouero
ycTyna, Tpaj.
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V, mutH M3

400
300
200
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i, %

Puc. 4. 3akoHOMepHOCTH M3MEHEHHS 00beMa JOMOTHHUTEIBFHOTO Pa3HO-
ca 60pToB V OT PYKOBOMSILErO YKJIOHA CIUPAJIbHOH TPAcChl i, ITyOUHSEI
kapbepa H_u paquyca Ha kapbepa I, (aBrocamocBansl CAT-745C)
Fig. 4. Regularities of changes in the volume of additional spacing
of the sides V from the leading slope of the spiral route i, the depth
of the quarry //_and the radius of the bottom of the quarry r, (dump trucks
CAT-745C)
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B cBoro ouepenn, cormacuo [12]:

n ztg—yln 1+i . ()

B -

27 fhtgy

[MoacraBuB BolpaxkeHue (5) B dopmyny (4) m obo3naumB x = tgy; a = B/2ni;
c=(H/h,—1)bs + Hctga; d = H,, nony4nM ypaBHeHHE:

ax? In(1+9]+cx—d =0.
X
ITocie mpeo6Gpa3oBaHus Oy YHM

b ax2
(l+—} =exp(d —cx).

X

JlanHHOe ypaBHEHHE pemaercsi TpadUuecKy MyTeM HaXOXKICHHS TOYKH Iepecede-
HUS TPaQUKOB ABYX (QYHKIHAN
2
ax
b
f(x)=1+—| ,
X

f (x) = exp(d — cx).

Takum 00pa3oM, 3a1aBasi UCXOAHBIC TaHHBIC H, hy, B,i,ryq, rpaduyecku omnpee-
msist tgy, HaxonuM 3Hadenue K 1 00beM JIOMONHUTENLHOTO pa3Hoca 60pToB Kapbepa V
o hopmynam (2), (3). [Ipumep onpeneneHus TaHTeHca yriia Hepabodero 60pra Kapbe-
pa tgy npuBenen Ha puc. 3. Mcxonueie mannbie: H = 450 m; A, = 30 m; by = 10 m;
B_=30mMm;i=0,08; r,=100 m; a=75° INomygaem tgy = 1,21 mmm y = 50,4°.

Pe3ynbTarhl. AHaIN3 u 00cy:xk1eHue. Pazpaborana Metoarka 000CHOBaHUS ONTH-
MaJIbHBIX YKJIOHOB aBTOIOPOT MPH IKCIUTyaTallMy TOJTHOIPUBOAHBIX aBTOCAMOCBAJIOB
B ITyOOKHX Kapbepax. ONTHUMaIbHbIE YKIOHBI 10 KPUTEPHUIO YAEIBHOTO ASUCTBHS Clie-
IyeT paccMaTpuBaTh Kak 0a30BbIe 3HAUEHHSI, KOTOPBIE PEKOMEHIY€eTCs] IPUHUMATh IIPU
MPOEKTHPOBAHUN TPAHCIIOPTHBIX CHCTEM INIyOOKHMX KaphepoB. YCTAHOBIEHHBIN Aua-
Ma30H ONTHMAJBHBIX YKJIOHOB Ui aBrocamocBaioB CAT-745C (i = 0,18-0,24) ue
MPOTUBOPEYHT ACUCTBYIOIIUM HOPMATHBHBIM JJOKYMEHTaM, PErIaMEHTUPYIOIIUM JKC-
TUTyaTalxIo MOJTHOMPUBOJHBIX aBTOCAMOCBAIOB. BMecTe ¢ TeM mpenyioskeHHas: MeTo-
JMKa [TO3BOJIAET 1aTh YETKOE TeopeThueckoe ((huznieckoe) 000CHOBaHHE PALIMOHANb-
HBIX YCJIOBUH SKCIUTyaTallud JaHHBIX TPAHCIIOPTHBIX CPEICTB B NIyOOKHX Kapbepax.
OxoHuaTeIbHOE PEIIEHHE 110 PYKOBOISIINM YKJIOHAM CIIELyeT IPUHUMATh HA OCHOBE
IKOHOMHYECKUX KPUTEPHEB, YUUTHIBAIOIIUX BIMSHUE YKIOHA HA TEXHOJIOTHUYECKUE T1a-
paMeTpsl TOPHBIX paboT, C yU4eTOM YCIOBHUI 0e30MacHOM KCIUTyaTalliy U Pe3yJIbTaToB
OTIBITHO-IIPOMBILIIEHHBIX UCTIBITAHUH HA KOHKPETHBIX MpeAnpusTHsIx. Pacuers cie-
JyeT MPOBOAMTH AJIsl KOHKPETHBIX MOZEJIECH MOMHONPHUBOIHBIX CAMOCBAJIOB HA OCHOBE
UX TSATOBO-AMHAMHYECKUX XapaKTEePUCTUK.

Ha ocHoBe pa3paboTaHHONM METOJUKH yCTAHOBJIEHBI 3aKOHOMEPHOCTH BIIMSIHUSA OC-
HOBHBIX TOPHOTEXHHMUYECKHX (PaKTOPOB HAa OOBEM JOIMOJHUTEIHHOTO pa3HOca OOPTOB
Kapbepa OT pa3MeIlleHNs] aBTOTPaHCIIOPTHBIX KOMMYHUKalui (puc. 4). Pacdersl mpoBo-
JUIUCH Ha MpUMepe THIOTETHYECKOTO Kapbepa C TOPHOTEXHHYECKHUMHU YCIOBHSIMU,
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MaKCHMaJIbHO MPUOIIMKEHHBIMH K YCIIOBHSIM KUMOEpIMTOBBIX KapbepoB AK «AJTPOCA»
(TTAO). /lnana3oH u3MeHeHHs paanyca THa Kaphepa (MOIIHOCTH PYIHOTO Tejia) ObLT TaK-
K€ NPHMHAT TI0 PEaIbHBIM ITapaMeTpaM KMMOEPIUTOBBIX Kapbepos (I, = 50-400 m). B pe-
3ylbTaTe pacueToB YCTAHOBJIEHO, YTO HauOoJblIee BIUSHIE HA JONOJHUTENBHBIA pa3-
HOC OOPTOB OKa3bIBAaET NIyOHHA Kapbepa, YKIOH CITUPAITBHBIX aBTOCHE3I0B K MOIIHOCTh
pyaHoro Tena. BBuay orpaHn4eHHOM rpy30I0/beMHOCTH IOJIHOMPUBOIHBIX aBTOCAMOC-
BajioB (10 40—45 T) mmprHA TPAHCTIOPTHBIX OEPM HE OKa3bIBACT CYIIICCTBEHHOTO BITHS-
HUS Ha 00BEM JIONIOJTHUTENILHOTO pa3Hoca. [Ipy yBeTHYeHUH MOLITHOCTH PYITHOTO Tella OT
50 1o 400 M BIUSHHE YKIIOHA CHUKACTCS, YTO OOBSICHIECTCS COKPAIICHUEM KOIMIECTBA
BUTKOB CIIMPAIBHO# Tpacchl. Tak, mpu ykione 8 % u nryoune kaprepa 700 M mpu yBenu-
YEHUH MOIITHOCTH pynHOro Tena ¢ 50 10 400 M 00beM TOTIOIHUTENLHOTO Pa3Hoca GOPTOB
cokparmaercs ¢ 339,8 mo 223,1 muta M3 (Ha 106,7 mua M3), a TIpH YKIIOHE aBTOCHE3/I0B
30 % o6bem cokpamraercst Ha 20,6 MiTH M3, T. €. B 5 pa3 MeHbIie. Takum o6pazom, addek-
TUBHOCTh KPYTOHAKIIOHHOTO BCKPBITHSI TAK)KE CHUIKACTCS C YBEIMUEHUEM MOIIHOCTH
PYAHOTO Tela, YTO MOATBEPKIACTCS IKOHOMIUECKHMH PACUETaMH.

Oo0nacTh NpuMeHeHUs pe3yabTaToB. [lodydeHHbIE pPe3ynbTaThl PEKOMEHIYETCs
UCIIONIb30BATh B MPAKTUKE MPOCKTUPOBAHMS M IKCILUTyaTallUH ITYyOOKUX KHMOEPIUTO-
BBIX KapbepOB MPH BHEIPESHUH TIOJIHOTIPHBOTHBIX aBTOCAMOCBAJIOB. Pe3yabpTarsl MOTYT
HAWTH NMPUMEHEHNE Ha PYJHBIX Kapbepax MPH BCKPBITHU TITYOOKHUX TOPHU3OHTOB CITU-
paTLHBIMH aBTOCHE3/IAMH.
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Rationale for the parameters of steeply inclined ramps of kimberlite pits deep
horizons exposing

Turii I. Lel', Igor A. Glebov?, Aleksei B. Budnev', Sergei V. Isakov!, Ruslan S. Ganiev'
1 Ural State Mining University, Ekaterinburg, Russia.
2 Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

Research aim is to substantiate optimal road grade when operating 4WD dump trucks and to develop
analytical method of calculating the volume of additional spacing of non-mining slopes of an opencast
from motor transport lanes placement when exposing deep kimberlite pits with spiral routes.

Research relevance. Transition to steeply inclined ramps and 4WD dump trucks is a basic trend in
improving the efficiency of deep kimberlite pits mining. In this regard, the issues of substantiating road
grades and developing the method of calculating the volume of additional spacing of non-mining slopes of
an opencast from motor transport lanes placement are becoming increasingly relevant.

Research methodology. When substantiating road grade for 4WD dump trucks the physical principle of
minimal action was used as well as dump trucks tractive and dynamic, braking and fuel conditions together
with some experimental data. A new notion of “specific action” has been introduced. Optimal grade by the
criterion of specific action complies with minimum energy for mined rock lifting under maximum hauling
capacity. The elaborated analytical method of calculating the volume of additional spacing of non-mining
slopes of an opencast is characterized by the integrated record of basic process parameters of uncovering.
Graphical method of finding the angle of the non-mining slope has been proposed being a controlled
parameter at uncovering with steeply pitching ramps.

Results. It has been determined that optimal grade value by physical criterion of specific action are
determined by the dependences between transmission efficiency, road speed and specific fuel consumption
by 4WD dump trucks and the total traction resistance in slopes. For CAT-745C dump trucks optimal values
slopes for macadamized roads within the range of 0.18—0.24. The patterns of basic mine engineering
factors influence on the volume of additional spacing of slopes from motor transport lanes placement.
Major effect on the volume of flattening is brought about by the depth of the pit, spiral ramps grade and ore
body thickness. So, the introduction of steeply inclined uncovering is primarily recommended in kimberlite
open pits when mining thin ore bodies.

Scope of results. The obtained results may be applied in deep kimberlite open pits design and operation
when introducing 4WD dump trucks. The results may also be applied in ore open pits when uncovering
deep horizons by spiral ramps.

Key words: open pit; pit depth; 4WD dump truck; ramp inclination; principle of minimal action, fuel
consumption, additional spacing of a slope; angle of slope; ore body thickness.
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O6ocHoBaHMe METOAMKM NPOEKTMPOBAHUA NepeaBUKHbIX
APOOUNBHO-Neperpy304HbIX YyCTaHOBOK

YupkuH A. A, Kantemupos B. [1.>*
L Ypanbckuit rocyaapCTBEHHbI YHUBEPCUTET MyTen cooblueHus, r. EkatepuHbypr, Poccus
2 HcTuTyT ropHoro aena YpO PAH, r. ExatepuH6ypr, Poccus
*e-mail: ukrkant@mail.ru

Peghepam
Beedenue. Ha cospemennvix copHodobwisaiowux npeonpuamusax ¢ Poccuu u sa py6esxcom wupoxo
npuMeHaemcs OMmKpolmblil Cnocob paspabomxu pyoHsix Nose3Hwlx uckonaemuix. IIpu smom s ghexmusno
UCNONL3YEMCS.  YUKAUYHO-NOMOYHAS MEXHONOUS C NEPEOSUNCHLIMU  OPOOUTbHO-NEPePy30UHbIMU
yemanoskamu (ILI1Y) paznuunoti koncmpyKyuu.
Lens pabomur. Obocnosanue MemoouKu NPOEKMUPOBAHUs NePeOBUNCHBIX OPOOUTLHO-NEPecPy30UHbIX
YCMAHOBOK.
Memooonozus. Paboma npoekmuposwjukog u KOHCMPYKMOPO8 NO BblOOpY MUnd KOMNOHOB0YHOLU
cxemol ITJJITY u snemenmos ee KOHCMPYKYUL, d MAKHCe NO COBEPULEHCTNBOBAHUIO YCTNAHOBKU 6 YeloM
6 3HAUUMENbHOU Mepe 3ampyOHeHd U3-3d OMCYMCMEUsT €eOUHO020 MemoOUecko2o Hnooxooa
K NPOEKMUPOSAHUIO NEPEOBUICHBIX OPOOUTLHO-NEPEeSPY30UHbIX YCMAHOBOK 8 MOOYIbHOM (O10YHOM)
ucnonHenuu. MHO208APUAHMHOCHL  PA3PAOOMAHHBIX  KOMNOHOBOUHBIX ~DEUleHUll  NepedBUICHbIX
OpOOUNbHO-NEPecPY30UHbIX YCMAHOBOK mpedyem hopMynuposanus oouux NPUHYUNos, npedsbasisleMblx
K NPOEKMUpOBaHUI0 yCmanogok 0anHo2o muna. B cmamve vinonnensvt ananusz kowempykyuti ITJJITYV
u 000CHO8AHUE ONMUMATLHOU KOMROHOBOUHOU CXEMbL YCMAHOBKU 6 MOOYIbHOM UCNOIHEHUU 8 COCMAge
MpAnCnOPMHOL CXeMbl Kapvepa.
Pezynsmameut. Boinonnennvlie uccieooganus, 6 mom uucie 8 UI'J] YpO PAH, nossonunu pazpabomamo
UCXOOHblE MPeOOBAHUS K NPOEKMUPOBAHUIO YCMAHOBOK OAHHO20 MUNA, 8 COOMEEMCMBUL C KOMOPbIMU
KOHCIMPYKMOPAMU NPOU3B00CMEEHHO20 00beOUHEeHUs « Yparmaui3aso0y Ovll pazpabomaH mexHuyecKull
npoexm nepedsudichoi ycmarnosku TIIITY-2000 npouszeooumenvrocmoto 2000 m3/u, cocmoswei u3s
mpex mooyneil na 6aze konycnou opoounxku KK/ 1500/180.
Bu16oovt. K nepcnexmuenvim koncmpyxyusm T[ITY 6 modynibnom ucnonnenuu, paspabamvléaemvim
6 Hacmosujee epems, ciedyen OMHecmu 08YX- U MPEXMOOYIbHblE YCIMAHOEKU, OCHAUAEMbLE LeKOBbIMU
U KOHYCHbIMU OpoOUKamMu KpynHo2o Opobnenus. Ilepenoc ma HO8oe Mecmo MoOynel YCMAHOBKU
NPOU3BOOUMCA € NOMOWBI) MHOZOYENE8020 2YCEHUUHO20 MPAHCROpMeEPa  2py30n00beMHOCMbIO
0o 1000 m. K smum munam IIJ[I1Y 6 nocrednee 8pems nposasisemcsa nosvluleHHblll UHmepec, 0 Yyem
ceudemenvcmayem 60abuloe KOIUHeCmao 3anameHmo8anHblX MexXHUIeCKUX peueHul.

Knrouesvie cnoea: nepedsuscnas Opobunvro-nepezpysounas ycmanoska; KOHycHas OpoGUTKA;
NPOU3BOOUMENLHOCY, 2YCEHUYHDLIL MPAHCNOPMED, IeHMOUHbLI KOHEelep, OMKPblMble 20pHble PAdOMbL.

BBenenue. Ha coBpeMeHHOM dTarie pa3BUTHSA OTKPBITHIX TOPHBIX Pa0OT Kak Ha
OTEUECTBEHHBIX, TAK U Ha 3apYOCKHBIX Kapbepax Bce OoJblliee 3HAUYCHHE TPHOOpETaeT
MPUMEHEHUE MUKINYHO-I0TOUHOM TexHosoruu (LI1T) ¢ nepeaBmxHBIME JPpOOUILHO-
Neperpy304HbIMH YCTAHOBKAMH B MOAYJIBHOM (OJIOYHOM) KOHCTPYKTHBHOM HCIIOJHE-
Huu. [IpuMeHeHne MOAYIbHOTO MPUHIUIA KOHCTPYKTUBHOTO MCIIOJTHEHHUS BBI3BIBAET
HEOOXOMMOCTh OPMYITHPOBAHUS KOMIUIEKCA TPEOOBaHNH, KOTOpPBIE IOJKHBI OTIpeie-
JIATH KOMIIOHOBOYHYIO CTPYKTYpPY Ka)J10ro Mojtyis (0J10Ka) KapbepHOI nepeiBUKHON
JPOOMITLHO-TICPErPy30YHON YCTaHOBKH. JIaHHBIM KOMITJICKC TPEOOBAHMIA JOIDKEH YUH-
TBIBaTh BCE MHOTOOOPa3ne TOPHO-TEXHOJIOTUIECKUX (PaKTOPOB, KOHCTPYKTUBHBIE OCO-
OCHHOCTH KapbhepHOW MEPEABIKHOM APOOUITBHON YCTAHOBKH KakK B II€JIOM, TaK U OT-
JIETBHBIX MOJYJEH, BXOASIINX B YCTAHOBKY.
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OTIMYUTETBHON 0COOCHHOCTHIO OTKPBITHIX TOPHBIX PA0OT ABISETCS CTOWKAs TCHICH-
YIS K YBEIIMUYCHHUIO TITyOHHBI KAPhePOB, POCTY PACCTOSHUIA TPAHCTIOPTHPOBAHKS TOPHOH
MAacCHI U, CIeI0BATEIBHO, CHIYKCHUIO TIPOU3BOIUTEIBHOCTH BCEH TPAHCIIOPTHON CHUCTE-
MBI B Kapbepe, SHeprod(pGeKTUBHOCTH U SKOHOMHYECKOH 3(P(PEKTUBHOCTH CHCTEMBI
B IEJIOM. YUWTHIBasi JUHAMUKY TOPHBIX Pa0dOT B Kapbhepe, MPUMEHEHUE MEPEABIIKHON
JPOOMIIEHON YCTAHOBKU KaK CBSI3YIOIIETO 3BEHA MEXKIY IUKINYHBIM aBTOMOOWIEHBIM
Y HENPEpPhIBHBIM KOHBEHEPHBIM TPAHCIIOPTOM HE JIOJDKHO BBI3BIBATH OTPHUIIATEIBHBIX,
CICPKUBAKOIIUX (PAKTOPOB YIS TPAHCIIOPTHOW CUCTEMBI Kapbepa, ObITh SKOHOMUUYECKU
3 PEKTUBHBIM Ha MPOTSIKEHUU BCETO IEPHOJA MPOU3BOACTBA TOPHBIX paboT B Kapb-
epe [1-5]. JpoOuibHO-Tieperpy304Hasl YCTaHOBKA JIOJDKHA YIOBIIETBOPSATH ITOHSTHIO
«TEXHOJIOTMYHOCTH», HO JIAHHOE MOHATUE JOBOJIBHO HIMPOKO M MOXET MEHSTHCS B 3a-
BUCHMOCTH OT KOHKPETHBIX TOPHOTEXHHUUYECKUX YCIOBHM, UYTO ONPEACIICT pa3paboTKy
HOBOTO METOJMYECKOTO TIOAXO0/Ia K IPOSKTUPOBAHUIO YCTAHOBOK JAHHOTO THIIA.

IIpoBenenne ncciaenqoBanuii. COBPEMEHHBIN 3Tal Pa3BUTHS OTKPBITHIX TOPHBIX
paboT Ha OTCYCCTBEHHBIX M 3apyOCIKHBIX Kapbepax XapaKTePH3YeTCs YBEIMYCHHEM
€IMHUYHON MOITHOCTH OOOPYIOBaHMS BO BCEX 3BEHBSIX TPAHCIOPTHON CHCTEMBI Ka-
pbepa. OMHOBPEMEHHO C YBEIIMYCHHEM SAMHUYHON MOITHOCTU 000pyIOBaHUS IPOUC-
XOIUT YBEJIMUYCHUE U TIIYOMHBI KaphEPOB, UYTO HEPEAKO MPUBOJUT K TEXHUYCCKOMY
MPOTUBOPEUHIO C HEOOXOMUMOCTBIO TOJJICPKUBATh SKOHOMUYECKU 3(D(HEKTUBHYIO
MOIITHOCThH Kaphepa Kak 10 MOJIe3HOMY MCKOIIaeMOMY, TaK U 10 BCKPBIIIHLIM paboTaM.
ITouck sxoHOMHUYECKH YPPEKTUBHON TEXHOJIOTUHU JTOOBIUU TMOJIE3HBIX UCKOMAEMBIX OT-
KPBITBIM CITIOCOOOM, KOTOPBIM aKTUBHO HAYAJICS €IIE B CEPEAMHE MPOIILJIOrO BeKa, MPH-
BeJ K U7Iee NIEPEHECTH MEPBUYHYIO CTAIHIO KPYITHOTO JPOOJICHUS B Kapbep C OHOBPE-
MEHHBIM BBOJIOM KOHBEHEPHOTO TPAHCIOPTa, KOTOPBIH Ha TOT NEPUOJ TOCTHT
BBICOKOTO TEXHUYECKOTO YpOBHA. [Ipu 3TOM 3HAYMTENHHO YBEIUYMIACH YKOHOMHUYE-
ckas 3PEKTUBHOCTH aBTOMOOMIIEHOTO TPAHCIIOPTA M COOTBETCTBEHHO TPAHCIIOPTHOM
CUCTEMBI Kapbepa B 11eJIoM. [[poOHIbHO-TIeperpy304HbIC TYHKTHI, OCHAIIICHHBIC KOHYC-
HBIMH JIN0O IIEKOBBIMU JIPOOIIIKAMHU KPYITHOTO JPOOJICHHS, pa3MEIIaIUCh, KaK MTPABH-
JI0, HA BPEMEHHO HepaboueM OOpTy Kapbhepa U MPEJCTaBISLIN CO00N qpOoOHIBLHO-000-
TaTUTENBHBIA KOPITYC, PACIOJNOKCHHBIM B Kapbepe. Pa3MelieHue CTanuoHapHOTO
JPOOHMIILHO-TICPErPY30YHOTO MYHKTA B Kaphepe CACPKUBAIIO PA3BUTHE TOPHBIX PadoT,
MPUBOMJIO K YBEIIMYCHUIO PACCTOSHUS TPAHCIIOPTHPOBAHUS aBTOMOOUIBHBIM TPAHC-
MOPTOM, YTO B KOHEYHOM HMTOTE CBOJHUIIO Ha HET T€ MPEUMYIIECTBA, KOTOPHIC ObLTU
MOJTyYSHBI MEPBOHAYAIBHO TPU BBEICHHH CTaIMH KPYIHOTO JPOOJICHUS B Kaphep.
JanHbIl akT onpenenui Ha4aao HOBOTO ATara B Pa3BUTHU ITUKIMYHO-TIOTOYHOMN TeX-
HOJIOTHH ITOUCKA HOBBIX TEXHUYCCKHUX U TEXHOJIOTHYCCKUX PEIICHUH /ISl TIOBBIIICHUS
3((HEeKTUBHOCTH TPAHCIIOPTHOM cucTeMbl. Ha OTEYECTBEHHBIX U 3apyOS)KHBIX Kapbe-
pax CTallu MOSIBJIATHCS IPOOILHO-TIEPErPy304YHbIC TyHKTHI JUIS IEPErPY3KU C aBTOMO-
OMJILHOTO Ha KOHBEHEPHBIA TPAHCIOPT B BHUJIE YCTAHOBOK, KOTOPBIE MOHTHPOBAIUCH
Ha COOPHBIX METAJJIOKOHCTPYKIIUAX 0€3 MaCCUBHBIX JKEI€300€TOHHBIX (PyHIaMEHTOB.
JlaHHBI THI YCTAHOBOK MOJYYHII HA3BAHKE TOJIYCTAIIMOHAPHBIX IPOOUIBLHO-TICPETrpY-
30YHBIX MIYHKTOB, B OTJIMYUE OT CTAI[MOHAPHOTO JPOOHIILHO-TIEPETrPYy304HOTO MYHKTA,
Y MIMEJ BO3MOXKHOCTh Pa300PKH U NIEPEHOCA Ha HOBBI KOHIICHTPAIIMOHHBIN TOPU30HT.

[Ipu KOMILTEKTAI[MH TIOTYCTAIIMOHAPHOTO IPOOMILHO-TIEPErPy304HOTO YHKTA UC-
MOJIB30BAIOCH CEPHITHOE 3aBOJICKOE 000PYIOBAaHHE U METAJUIOKOHCTPYKIMH, KOTOPHIE
JIOCTABJISUTMCh B Kapbep Ha TPAHCIOPTHBIX CPEJCTBAX, & MOHTAX ITPOU3BOAUIICS HEIO-
CPEACTBEHHO B Kapbepe. CPOKM MOHTaXKa MONYCTallHOHAPHOTO IPOOUIBHO-TIEpETpy-
30YHOTO IMYHKTA B JIBa-TPH pa3a MEHbIIIE, YEM CTAIIMOHAPHOTO U COCTABIISIOT OT IIECTH
JI0 JIeCATH MecsIeB. [I[puMeHeHne MOMyCTaIMOHAPHBIX JPOOHILHO-TIEPErpy30YHbBIX
MYHKTOB CTaJ0 3HAYMTEIHHBIM TEXHUYCCKUM MPOPHIBOM B Pa3BUTHH ITUKIHMYHO-TIO-
TouHOM TexHomoruu. OgHako Kk 1980—-1990-m rr., KOT/Ia MPOU3ONLIO COKPAIICHHE Bpe-
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MEHH TIOAATOTOBKY TOPHON MacChl K TPAHCIIOPTUPOBKE 3a CUET COKpAICHUS IUKIIa Oy-
POB3PBIBHBIX Pa0OT U MpoIecca SKCKABAIIUN U YBEIUYHINCH TEMITBI YIITyOKH TOPHBIX
paboT, TaHHBIN THT YCTAaHOBOK CTaJl CACPKUBAIONIUM (DAKTOPOM B Pa3BUTHH TEXHOJIO-
THH TOPHBIX paboT B Kapbepe. MccnenoBanus B 00JIaCTH CO3aHMs BHY TPHKAPhEPHBIX
JIPOOHMITEHO-TIEPErPy30YHBIX YCTAaHOBOK akTuBHO Benwch B U] MUM CCCP (U]
YpO PAH), uto no3Bonuiio pa3padboTaTh TEOPETUIECKHUE OCHOBBI TPUMEHEHUS TO00-
HBIX yCTaHOBOK. B 3T0T nmepuon Ha kapbepax CLIA, Kanaapl ctanu npuMeHsThCS Tie-
PEIOBIKHBIE TPOOUIIBHO-IIEPErPY30YHbIE YCTAHOBKM C BBICOKOW CTETIEHBIO TOTOBHO-
CTH, KOTOPbIE JOCTABIIUCH B KAPbEpP CIELHUAIBHBIM TPAHCIIOPTHBIM CPEACTBOM Ha
TYCEHUYHOM XOJIy, ITPH 3TOM CTPOUTEIHHO-MOHTaXKHbIE pa0OThI B Kapbepe ObLIH CBE-
JIEHBI JO MUHUMYyMa.

HecMotps Ha HanMuKe 3HAYUTEIBHOTO KOJIMYECTBA PELIEHUN 110 KOHCTPYKTUBHOMY
UCTIOJTHEHUIO TIEPEABIKHBIX JIPOOMILHO-TIEPETPy30YHBIX YCTAHOBOK B MOAYJILHOM HC-
TIOJTHEHUH, TIOMCK HAWITYUIIUX PElIeHuH npoomkaercs B Poccun u 3a pyoexom [5—12].
OpHOI U3 NPUYMH ABISAETCS OTCYTCTBUE €IUHOIO METOJOJIOTHYECKOro MOAXoaa MpHU
BEIOOpE ONTUMAIBHON KOMIIOHOBOYHOUM CXEMBI M3 BCEX BO3MOXKHBIX BApPUAHTOB KOH-
CTPYKTOPCKHUX PELICHUMN.

Pesynbrarsl. [Ipeanaraercs 11 KOHCTPYKIUH MEPEIBUKHBIX APOOHIBHO-TIEPErPy-
304YHBIX YCTAHOBOK B MOJIYJIbHOM HUCIIOJIHEHHH PAaCCMaTrpyBaTh TPU TUIIA KOMIIOHOBKHU.

Tlepesviii mun KOMNOHOBKU — OOHOMOOYIbHBIL, TIPENCTABISET cOOOM €OUHBIH MO-
JIyJb, B KOTOPBIA BXOAUT OMOPHAsi KOHCTPYKIIUS, BBIMIOJTHEHHAS B BUJIE PaMbl, HA KOTO-
PYIO YCTaHOBJICHBI, KaK MMPAaBUIIO, KOHYCHAs JIMOO IIEKOBas NPOOUIIKA, 3arpy304HBIH
OyHKep, pa3rpy30uHbIl MUTATEIbh. B cllydae mpuMeHeHHs IEKOBON APOOUIIKH PEeKo-
MEHYEeTCs MPUMEHSATh MJIaCTUHYATBIN MUTATENb TsHKeNoro tuna. [lpumenenne konyc-
HOU JpOOWIJIKK IOITyCKaeT BO3MOXKHOCTh HPSAMON 3arpy3KH 4epe3 NpUEeMHBIH OyHKep.
OnHako Mo TEXHOJIOTHYECKHUM YCIOBHSAM 3TO HE BCErla Lesiecoodpa3Ho, Tak Kak He-
00X0muMO CPOPMHUPOBATH YCTyN 25 M H 0ojee CO CTPOUTENHCTBOM BEPTHUKAIBHBIX
MOATIOPHBIX CTEHOK U3 OETOHA [T TOTO, YTOOBI PACTIOIOKUTH APOOHIBHO-TIEPErpy304-
HYIO YCTAHOBKY BIUIOTHYK K YCTYIly IJIsi OpraHM3allid pa3rpy304HON IJIOIIAIKH.
B cnyuae oTkasza oT BEpTHKaJIbHBIX NOANOPHBIX CTE€H U ycTaHoBKU [IJIITY B Huiie He-
00XOZIMMO MOHTHPOBATh Pa3TrPy30UHBIC PaMIIbl C OMUPAHUEM UX Ha OMOPHYIO pamy
YCTaHOBKH. B 3TOM ciydyae BO3HHKAlOT JOMNOJHUTEJbHBIE TUHAMUYECKUE HArpy3Ku
npu pasrpyske aBromoomist. [Ipu npumeHeHun ogHOMOAYNIbHON KoMmoHoBkH TTJIITY
pasrpyska B OyHKep-ITUTaTeNb OCYIECTBISIETCS C Pa3rPy304HON TUIOIAAKY IJIsl aBTO-
MOOMIIeH ¢ BhImenexamero ycryna. OOmas mupHHa MIOMAAKH ONpeaerseTcs Kak
CyMMa IUIOMIAJIKK TOpHU30HTa ycTaHOBKHU coOocTBeHHO [1/IITY m pasrpy3ouHoi mio-
mianku Juist asromoomieit. [Ipu nannoit komnonoBke oOmiast macca I[T/IITY moxer mo-
crurats 1000 T, 71 IepeMeleHrs YCTaHOBKM HEOOXOANMO aBTOHOMHOE TYCEHUYHOE
TPAHCIIOPTHOE CPEACTBO COOTBETCTBYIOLIEH IPY30II0ABEMHOCTH.

Bmopoti mun xomnonogxu — 08yxmo0)yibHblll, TPEACTABISET COOON 1Ba MOIYIS —
MOAyAb OyHKepa-mUTaTens U MOAYIb APOOMIKU C Pa3rpy304HBIM KoHBeiepom. [Ipu
9TOM 00O0pYIOBaHUE KaXKAOTO MOAYJS YCTaHABIMBAeTCS Ha COOCTBEHHOW Hecyliel
pame. ['abapuTHbIE pa3Mepbl Ka)X10TO MOIYJIS IPUMEPHO OAMHAKOBBIE, YTO MO3BOJISIET
MEPEMEILIATE MOAYIIU 110 KAPBEPHBIM aBTOJOPOraM, MACCa KaXJI0ro U3 HUX HE IPEBbI-
maet 700 1. [lepeMenienue MOIye Takke OCYIIECTBISETCS C IIOMOIIBIO ABTOHOMHO-
ro TyCeHHWYHOro TpaHcmoprepa. s MOHTaxka W pabOThl YCTaHOBKH JOCTaTOYHO
15-metpoBoro ycryna. Jlis ycTpoiicTBa pa300pHOI pa3rpy304HOlN TUIOMAAKH yCTa-
HABJIIMBAIOTCA CIIELUAIIbHBIE METAININYECKUE KOJIOHHBI C ONIMPAHUEM HAa HUX pasrpy-
304HBIX pamil. [Ipy TaHHON KOHCTPYKLUU Pa3rpy304HOM IUIOLIAAKU HE IPOUCXOIAUT
nepenadya Ha Hee JOIOJHUTENBHBIX IMHAMUYECKUX HArpy30K IIPH pa3rpy3Ke aBTroca-
MocBaJioB. 1Ipu IByXMORYJIBHON KOMIIOHOBKE YBEJIMUUBAIOTCS Pa3Mepbl IUIOLIANKU
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st yeranoBku [1/IITY Ha rabapuTHYIO BETHYUHY OJXHOTO MOIYJIS, TIPH STOM pa3Mephl
Pasrpy304HOM IUIOLIAJKU OCTAKOTCS IPEKHUMU.

Bapuant TpexmoaynsHoi koMoHoBKH [IJIITY oTnuuyaercs ot mpeaplayliero Tem,
YTO pa3rpy304YHbIA KOHBEHWEP BBIIOJIHEH KaK CaMOCTOSITENbHBIA MOAYIIb HA KOJIECHOM
XOJy, UTO OOJIETYaeT ero MOHTaX M IEMOHTAX IPU PEMOHTHBIX paboTax.

OnbIT SKCILTYaTaluK MEPEIBUKHBIX IPOOMITBHO-TIEPErPY30YHBIX YCTAHOBOK U TEX-
HUKO-OKOHOMHYECKHM aHalN3 MOKAa3bIBAIOT, YTO IS PYAHBIX KaphepoB HEOOXOAMMO
MMETh YCTAHOBKH C TIPOM3BOAUTENHHOCTRIO B mpeaenax 600-2000 m3/u [13].

[Tpu BEIOOpe KOMITOHOBOUHOU cxembl T1JIITY u ompeneneHus ee SKOHOMHUYECKOI
3¢ (HEeKTUBHOCTH HEOOXOAUMO YUHUTHIBATH BECh KOMIUIEKC (hakTopoB (puc. 1).

DaKTOpBI, yIUTHIBAEMBIE IPU
HPOEKTHPOBAHUH HEPEIBHAKHON
IpOOMIIBHO-TICPErPY30UHON YCTAHOBKH
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] M cxema
CBOMCTBA FOPHBIX TTOPOJL YCTaHOBKH
ABTOHOMHOE

' |
| |

J Beicora yeryna " OnmomonymbHas | | | |
— : I'| TpancnioprrOE cpenctBO | |
| JIByxmomynpHas | | | :

[ [ -
|| Besonachoe paccrosiHne ! [ Tycenmanrii xon !
OT MaccoBOIO B3pbIBa TpexmonymbHast || | |
I ! |
| |

|
|
(SR

| TTHEeBMOKOIECHBIN X0 |

e ———
: T'eomerpudeckue pazmepsl —‘ —————————————————
I'| maomaaku juist yeranopku ITJIITY
o I Bo3MoxHOCTB nepeHoca
Ha HOBBIHM KOHIIEHTPAIIMOHHBIH

‘ OI[I/IH TOPU30HT YCTAaHOBKH

TOPHU3OHT

— IIpocrora MoHTa)a U
——————————————————————— ! ya00CTBO PEMOHTA

|| YnobeTBo n 6e3omacHOCTH
paboTbl

ABTOMaTH3aIHs 1 BO3MOXHOCTb pabOThI
— B COCTaBE POOOTU3UPOBAHHOTO
TPAHCHOPTHOTO KOMILIEKCA

Puc. 1. ®akropsl, yuuThIBaeMble IPU NPOCKTUPOBAHUY HIEPEIBUKHON APOOUIIBHO-
) _ Teperpy304HOi yCTaHOBKH ) )
Fig. 1. Factors taken into account in the design of a mobile crushing plant

Ilo pesymnbraram uccnenoBanwid, BemonHeHHbIX B U] MUM CCCP (UI']] YpO PAH),
ObUTM pa3paboOTaHbl UCXOJHBIE TPEOOBaHUS K MPOCKTHPOBAHHIO TIEPEIBHKHON JIPO-
OHMIILHO-TIEPErPY30YHON YCTAaHOBKH. B COOTBETCTBUHM C MCXOAHBIMH TPEOOBAHUSMHU
UI']] 8 AO «YpanmamizaBoy pa3zpadoTraH TeXHHYecKuil mpoekT yctanoBku [TAITY-
2000 tipoumsBoauTeabHOCTHIO 2000 M3/4. B cOCTaB yCTAHOBKHM BXOIMT TPH MOIYJIS: MO-
Iynb ¢ kornycHo# apoounkoit KKJI 1500; moxymns OyHKepa-nuTaTens, pacCAuTaHHOTO
Ha JIBa MecTa pa3rpy3Kku; MOIYJb pa3rpy304Horo koHserepa. [lepemenienne Moayneit
JPOOWIIEHON YCTaHOBKH IMTPOU3BOMTCS C TIOMOIIBIO aBTOHOMHOTO I'yCEHHYHOTO TPaHC-
MOPTHOTO cpencTBa rpyzonoabeMHocTbio 1000 T. [l pa3menieHus: yCTaHOBKH JOCTa-
TOYHO 15-MeTpoBOro ycTyna, AJisl pa3rpy3Kd aBTOCaAaMOCBAIOB MOHTHPYETCSI pasrpy-
309HAas TUIOIIAIKA Ha JBA MECTa pa3rpy3ku (puc. 2).
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Jnst onpeseneHus] TEXHUYECKOTO YPOBHS CIIPOSKTHPOBAHHOH YCTaHOBKH OBLIH
MPOBE/ICHBI MMATCHTHBIE UCCIIEAOBAHMUS, KOTOPhIEC TTO3BOJIMIIN ONPEEITUTD ONMKANIINIA
aHaJIOT, KOTOPBIM SIBIISIETCS TIepeIBUKHAS POOUIILHO-TIEpErpy304Hasi yCTaHOBKaA (Hp-
MBI «/{toBa1» (CIIA). Pe3ynasraTsl CpaBHUTENBHOTO aHANN3A ITPUBEIEHBI B Ta0MI. 1.

Kak noka3piBaeT CpaBHUTENBHBII aHAJIN3, I0 OCHOBHBIM T€XHUKO-I)KOHOMUYECKUM
nokazatensm [1JITY-2000 nmpeBocxomuT ApoOHIBHO-TIEPErPy30uHYI0 YCTAaHOBKY (Hp-
MEI «JlroBam». Kpome toro, mpumenenue B [1/{I1Y-2000 nuTarens opurnHaIbHON KOH-
CTPYKIIMHU TTO3BOJISIET TIPOU3BOMIUTH PAa3rpy3Ky aBTOCAMOCBAJIOB B MPUEMHEBIN OyHKeEp
KaK C TOPU30HTa yCTAaHOBKU MOJYJIS IPOOUIIKH, TaK U C BBIIIEIEKAIIero TOPHU30HTa, Ha
KOTOPOM YCTpPaumBaeTCsl pasrpy30uHas IJIOIIA/IKa, YTO PacIIupseT TEXHOJIOTHYECKHe
BO3MOXXHOCTH JIPOOHIIBHO-TIEPETPY30YHON YCTaHOBKH.
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Puc. 2. [lepeaBmxHas ApoOHiIbHO-TIeperpy3ouHas ycranoska [1ITY-2000:
1 — monyns OyHkepa-mutarens; 2 — ryceHW4Hbld TpaHcroprep TI'-1000; 3 — Momynabp ApoOunKu;
4 — pa3rpy30uHblii KOHBelep; B — IMpKHA I0I0CHI OE30IIaCHOCTH, M; B, — IUTMHA OIOPHOI KOHCTPYKIUK
MOZyns, M; B, — IIMpHHA NCPEABHKHOTO JICHTOYHOIO KOHBEiepa, M; B, — IIMpHHA IIOMIaIKH
st yeranoBku [TJIITY-2000, m
Fig. 2. Mobile crushing plant PDPU-2000:
1 — feeder hopper module; 2 — tracked conveyor TG-1000; 3 — crusher module; 4 — discharge conveyor;
B is the width of the safety strip, m; B, — length of the module support structure, m; B, — the width
of the mobile belt conveyor, m; Bpi — width of the platform for installing PDPU-2000, m

Bonbiioe 3HaueHNe ¢ TOUYKH 3pEHHSI TEXHOJIOTHH TOPHBIX paboT NMEIOT rabapuTHbBIE
pa3Mepsl YCTaHOBKH, KOTOpPbIE OINMpPEAETSAIOT MapaMmeTphl IUIOMAAKH Ui pa3MeleHNs
ITAITY B Kapbepe ¢ y4ETOM MaHEBPOB aBTOCAMOCBAJIOB IIPH Pa3rpy3Ke PYJHOIO ChIPbSI.
IuprHa muomanky B BapHaHTE YCTAHOBKU NHUTATElNs, KOTJa COBMENIAETCS TOPU3OHT
YCTaHOBKH MOJYNSA-APOOUIIKH M TOPU3OHT pasrpy3KH, COCTABISIET 95 M, a pH yCTpOii-
CTBE Pa3rpy304HOM IJIONIAIKH TOPU30HTOM BBIIIE IIMPHHA TUIOIIAAKHA COCTABISAET 75 M.

[Ipennoxxennas komnoHoBouHas cxema B [1JII1Y-2000 mo3BonsgeT cokpaTuth rabda-
PUTHBIE pa3Mepbl YCTaHOBKHU U, CIENIOBATEIbHO, YMEHBIINTH IUIOMAIKY JUIS €€ pac-
MOJIOXKEHUs B Kapbepe [13, 14].

BoiBoabl. OnBIT KCIUTyaTallii TEepEABMKHBIX APOOMIBHO-TIEPETPY30UHBIX yCTa-
HOBOK B MOJYJIbHOM HCTIOJTHEHHWH U TEXHUKO-3KOHOMHYECKHE HUCCIIEOBAHUS UX MPH-
MEHEHUS TIOKa3bIBAIOT, YTO BHEJPEHHE MEPEJABMKHBIX APOOIBLHO-TIEPErPy309HBIX
YCTaHOBOK paciupsieT 001actb 3QPeKTUBHOTO UCTIONB30BAHUS IIUKIMYHO-TIOTOUHON
TEXHOJIOTHH.

OO6cyxaenne THIIOB KOMIIOHOBOYHBIX cxeM [1JIITY moka3siBaeT, 4To B TaHHOM BO-
npoce HeoOXOAWM TIIATEIbHBIH TEXHUKO-DKOHOMHYECKHM aHajii3 BCEX BapHaHTOB.
OnpenenstonMu  pakTopamu SIBIISIIOTCSI YCIIOBUSL KCIUTyaTallud, MPOU3BOAUTEIb-
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HOCTB, 9KOHOMUY€ecKast 5P (HEKTHBHOCTD BCETO KOMITJIEKCA IUKIMYHO-TIOTOYHOM TEXHO-
soruu ¢ [TIITY.

Haubonbiiee pacnpocTpaHeHHe MOMTyUHIH IBYX- U TPEXMOAYJIbHbIE BApHAHTHI HC-
nosnHeHus IIJIITY, mepeHoc KOTOpBIX NPOU3BOAUTCA ABTOHOMHBIM TPaHCIOPTHBIM
CPENCTBOM Ha T'YCEHHMYHOM XOay Tpy3omnoabeMHOcThi0 10 1000 T. [Ipumenenue nau-
HBIX KOMIIOHOBOYHBIX PELICHUH MO3BOJISET MOMYYHTh Hanboliee onTuMalbHble rada-
PUTHBIE pa3Mepbl YCTAHOBKH, a CIIEI0BATEIbHO, pa3Mephl IUIOMAA0K Ul UX pa3Melle-
HUSI B Kapbepe, YTO 0COOEHHO BaYKHO IPH A0pabOTKe TIIyOOKHX KapbepoB. B clokHBIX
YCIIOBHUSX IKCIUTyaTallMy IpU ApoOJieHHH BechbMa TBEPIOW pyJHOH MacChl, KOTa BO3-
HUKAIOT 3HAUYUTEJIbHbIC TUHAMUYECKHE HArpy3Ku NpH pasrpy3Ke aBToMoOuiei B OyH-
Kep-TUTaTeIb IpU OJHOBPEMEHHOM pasrpy3Ke JABYX aBTOMOOWIIEH, HEOOXOAMMO TIpH-
HUMaTh JONOJHUTEIbHBIE MEPBI MO UX CHIDKEeHUI0. K TakuMm Mepam MOXKHO OTHECTH

Ta6auuna 1. TexHuK0-3KOHOMHYECKHE OKA3aTeIH APOOMIbHO-TIepPerpy304HbIX YCTAHOBOK
Table 1. Technical and economic indicators of crushing plants

Homu- | HauGons- | ITpoussoau- VeTanos- NT—
HaJIbHAast 1804070 TeNbHOCTh | Macca, VYnens- e
Uupura [IMPUHA azMep | TeXHHUYeCKas | He Jrenmad Hast pacxon
Tun ITAITY | npuemuoM P p D | TeXHHHCCKAA " MO~ JIIEKTPO-
pasrpy- KYCKOB yaenbHasi, | Oonee*, Macca,
IIeITH, MM 9 HOCTb, 9HEPTHH,
304YHON | muTaHus, /9 T Br T/(1/4) kBT - 9/t
LIEIH, MM MM (t/9)/Mm K
TIAITY-2000
C KOHYCHOI 4000
JIPOOHITKOM 1500 180 1200 22,2 1250 850 0,31 0,21
T Ay
(hupmbt 2900
«/roBa71» 1520 180 1216 16,1 1620 1368 0,55 0,47

* Monynb OyHKepa-muTaTeNs U ApOOUIbHBIN MOAYJIb.

HE3aBUCHMOE YCTPOMCTBO pa3rpy304HON dCTaKa bl © MOAYJIsl OyHKepa-IuTaTeist ycra-
HOBKHM, MCKIJIFOYAIOIEE BO3MOXKHOCTD IIEPEAUX JTOIOJHUTENBHBIX JUHAMUYECKUX Ha-
IPY30K OT pa3rpy304HON SCTaKaIbl K OyHKEepY-TIUTATEINIO, a TAK)KE PallHOHAILHON KOH-
CTPYKIMU caMOro OyHKepa-IHUTaTelsl ¢ ONpelesieHHeM ONTHUMAIIbHBIX YIIOB HAaKJIOHA
NPUEMHBIX CTEHOK OyHKepa M MPaBWIBHBIM BBIOOPOM IIACTHHYATOTO MUTATENS TSKE-
noro Tuna. Pacmmputs 061acTh MpUMEHEHUS TAaHHBIX BAPHAHTOB KOMIIOHOBKH MOYKHO
MyTEM HCIOIB30BaHUS KOHYCHBIX APOOMIOK KPYHMHOTO APOOJICHHUS, MO3BOJISIOMINX
MPOM3BOAUTH UX MPSAMYIO 3arpy3Ky 0€3 MPUMEHEHUS MIaCTUHYATOTO MUTATEIS.

Br160op onTrManbHOM KOMIIOHOBOYHOM CXEMbI IIEPEIBHKHON APOOHIIBLHO-TIEPETPY-
304HOM YCTAHOBKH B MOJYJIBHOM HCIIOJTHEHUM 3aBUCUT OT PE3YJbTaTOB TEXHHUKO-3KO-
HOMMYECKON OLIEHKHM BapUaHTOB Ha CTaJUU INPOEKTUPOBAHUS LUKIUYHO-IIOTOUHOMN
TEXHOJIOTUU B COCTABE TPAHCIOPTHOM CXeMbl Kapbepa. lIpensapuTesbHbIE pacdeThl
MOKAa3bIBAIOT BEICOKYIO 3KOHOMUYEcKyI0 dppexruBHOCTh cxeM LIIIT ¢ ITAITY ans rny-
OOKHMX pYIHBIX KapbepoB, YTO SBJIAETCS NPEANOCBIIKON MX IIMPOKOTO BHEIAPEHUS
B MIPAKTHUKY OTKPBITBIX TOPHBIX padoT.
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Rationale for mobile crushing plants design methodology

Aleksei A. Chirkin!, Valerii D. Kantemirov?
1 Ural State University of Railway Transport, Ekaterinburg, Russia.
2 Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Modern mining enterprises in Russia and abroad use opencast mining on a wide scale
making the best use of the cyclic-flow technology with mobile crushing plants (PDPU) of various designs.
Research aim is to substantiate the methodology of designing mobile crushing plants.
Methodology. The work of designers and constructors in choosing the type of PDPU layout scheme and
elements of its design, as well as in improving the installation as a whole, is difficult due to the lack of
a unified methodological approach to the design of mobile crushing plants in a modular (block) design.
Multiple layout solutions in mobile crushing plants design required the formulation of general principles
for such plants. PDPU structures were analyzed in the article, and the optimal layout of the plant in a
modular design was substantiated as a part of the open-pit transport scheme.
Results. The research, including the research carried out in IM UB RAS, made it possible to develop initial
requirements for such plants design. In accordance with the requirements the designers of the Uralmash
Machine-Building Corporation developed the technical design of the PDPU-2000 mobile unit with
a capacity of 2000 m?/ h, consisting of three modules based on the cone crusher KKD 1500/180.
Conclusions. Twwo and three-module plants equipped with large-sized jaw and cone crushers are promising
modular PDPU designs currently being developed. The transfer of installation modules to a new location
is carried out using a multi-purpose tracked conveyor with a lifting capacity of up to 1000 tons. Recently,
there has been an increased interest in this type of PDPU, as evidenced by the large number of patented
technical solutions.

Key words: mobile crushing plant; cone crusher,; capacity; tracked vehicle; a conveyor belt; open pit
mining.
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Assessing the impact made by the geological features of a coalfield
on producing well’s operation
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Abstract
Introduction. Coalbed methane extraction increases the economic efficiency of coal mining being a main
measure mitigating coal mining risks. Research aim was to assess the impact made by host rocks with different
reservoir properties on coalbed methane production dynamics before and after hydraulic fracturing.
Methodology. A coal seam model has been constructed using software systems; the coal seam has been
represented as an integrated deposit of two minerals, coal and gas. Gas production scenarios with and
without impact on the seam have been calculated as well. A model of a coal bed with a hydraulic
fracture was constructed in application program package Petrel (Shlumberger).
Results. The calculation results showed the development of gas migration from the coal matrix to the
surrounding rock through the fracture system during gas production. The use of hydraulic fracturing
has positive impact on the dynamics of gas production from coal seams. Hydraulic fracturing revealed
the growth of desorbed gas migration into the host interlayers. Analysis of coal methane migration to
the surrounding rock has shown that the host rock can be considered as a transportation route for
coalbed methane production.

Key words: coal seam; adsorption; hydraulic fracturing; host rock; double porosity; coal gas
migration.

Introduction. The unfavorable factors, coal and gas outbursts and mines’
deformations, become greater as the depth of coal mining becomes deeper.

The solution to gas and rock outbursts problem is complicated by the fact that a coal
seam with adsorbed methane is a fractured-porous medium that includes a genetically
and spatially linked system of organic matter of coal, absorbed gas, gas-saturated water,
and natural fractures in coal (cleavage) [1-3].

Coalbed methane extraction increases the economic efficiency of coal mining being
a main measure mitigating coal mining risks.

Methane production is particularly difficult at the preparation stage, when the coal
bed is not much affected by the development and there is no developed network of
degassing channels. Insufficient degree of degassing at this stage contributes to further
increase of risk of catastrophic results of gas-dynamic phenomena and decrease of
productivity of coal mining [4-5].

Efficient and cost-effective recovery of methane out of coal seams by wells drilled
from the surface is achieved by applying advanced technologies of hydraulic fracturing,
pneumatic and hydrodynamic impact on beds with caverns formation (cavitation), and
carbon dioxide injection.

The fracture volume in the bed is negligibly small compared to the total volume of
solid skeleton and voids. Coalbed hydraulic fracturing promotes to making links
between the natural fracture network and the well [6-10].



42 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 7. 2020 ISSN 0536-1028

Most problems during coal bed hydraulic fracturing are related to coal mass
heterogeneous properties, including geomechanical properties and the length of the
natural fracture network in the coal. As a result, induced fractures are highly dependent
on strata stress curves and their changes during drilling and hydraulic fracturing. The
cleavage system affects the fracture trajectory and may result in complex fractures,
which increases the injection pressure. Bottomhole rock parts or coal dust from
hydraulic fracturing also increase the injection pressure. Cross-linked gels, water, and
foams are used as fracturing fluids. The organic surface of coal can adsorb fracturing
fluid (or drilling fluid) components in contrast to the inorganic surface of conventional
reservoirs. Adsorption and physical capture of fracturing fluid molecules limit the
permeability of main and secondary cleavages, tertiary fractures, methane desorption,
gas diffusion and further gas filtration to wells [11-14].

Asignificant volume of a deposit by thickness in multi-layer basins with thin layers of coal
(e. g., Black Warrior, Canada) is occupied by the host rock. Some characteristic properties of
coal and host rock obtained from minifrac tests are presented in table 1 [4, 15-16].

Table 1. Input data for the model
Tao6amua 1. Ucxoaubie JaHHBIE MOJEIN

[T o] 1 RSSO S PSR 850 m
RESEIVOIT PIESSUIE .....vvttttii sttt bbb bbbt 8,5 MPa
C0al MEtNANE CAPACIEY ..........vvoveecveiecesceiceeececs et 20 m¥/t
GO SIZE e 1250%1250x10 m
NUMDBDEE OF CRIIS ..t 100%100x%10 pcs
Fracture NBIGNT ...ttt ar e 13m
Fracture half-IeNgth ...ttt 68 m

The table shows the values of Young's module (Erock, MPa) and Poisson's coefficient
of coal and host rock for different coal basins.

High Young’s modulus of other rocks with low modulus for coal, as well as strata
stresses, affect fracture growth and propagation [9].

Research aim was to assess the impact made by host rocks with different reservoir
properties on coalbed methane (CBM) production dynamics before and after hydraulic
fracturing.

Table 2. Input data of interlayers in the double porosity model
Ta6auna 2. UcxoaHble JaHHBIE MPOCI0EK B MOIETN IBOWHON MOPUCTOCTH

,(\)lfu I?;/J:: Rock h,m matrix/fractrEre, portions matrix/fractlfjre, 102 m?
1 Sand 2 0/0.2000 0/0.1020
2 Coal 1 0.2/0.0010 0.00001/ 1.0200
3 Siltstone 2 0.2/0.0001 0.00001 / 0.0001
4 Coal 3 0.2/0.0010 0.00001 / 1.0200
5 Siltstone 5 0.3/0.0001 0.00001 / 0.0001

The Naryksko-Ostashkinskoye deposit’s coal bed reservoir properties, its methane
content research results, and the results of fracture geometry (half-length and height)
after coal bed hydraulic fracturing at a depth of 850 meters were taken as initial data
(tables 2, 3).

A model of a coal bed with a hydraulic fracture was constructed in application
program package Petrel (Shlumberger). The coal bed model is implemented using the
double porosity model consisting of two interrelated systems representing a coal matrix
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and a system of highly permeable fractures. Physical processes are described by
modified Warren and Ruth model involving sorption and diffusion processes [8]. Fluid
flows mainly through fractures and major reserves are in porous blocks. There are also
local filtration flows from blocks to fractures. Design grid parameters, modifiable
interval, fracture half-length, and fracture’s height and direction were introduced to
model the hydraulic fracture.

Table 3. The results of observing changes in the coal bed gas
saturation without affecting the formation
Taomuna 3. Pe3yabTaThl Ha0MI0AeHUsI 32 H3MEeHEHHEM
ra3oHaCbhINEHHOCTH YIroJbHOI'0 IJjiacTta 0e3 BOS}JEﬁCTBﬂﬂ Ha mJjIacT

Gas saturation (fractures)
Rock 1 well 1 well 1 well 2 wells 2 wells
(3 mos) (5 mos) (8 mos) (3 mos) (5 mos)
Sand - - - - -
Coal - - - - -
Siltstone - 0.5 0.7 0.5 0.6
Coal - 0.6 0.8 0.5 0.7
Siltstone - - 0.4 - 0.5

Methodology. The work consisted of two parts. The first part included the study of
the impact made by the host rock when recovering gas from the coalbed in models with
one and two wells without hydraulic fracturing.

In both cases, the well uncovered the entire coal patch as shown in figure 1.
The fractures were initially occupied by water. So, the first step was to dry the coal
patch and observe the subsequent release of the adsorbed methane from coal layers
2 and 4.

ml0
0.7
0.4

0.1

m 10
07 8500038008008898882000808000
0.4
0.1

Fig. 1. Gas saturation distribution one year after production starts (1 and 2 wells)
Puc. 1. Pacmipenenenne ra30HaChIIEHHOCTH Y€pe3 rof Mocie Havaiga JOObIdH
(1 1 2 ckBa>KUHBI)

Calculations in models with one well and two wells were made with pressure and
gas saturation measurements after 1 day; 3, 5, 8, 12 months from the start of production
(figures 1, 2).

In a single well model, after 5 months gas saturation changed from 0 to 0.5 in layers
3 and 4 (clay siltstone and coal) (table 4). One year after the start of water pumping,
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free gas filled layer 3 (clay siltstone), layer 4 (coal bedrock), and layer 5 (fissured clay
siltstone) (figure 1).

In a two wells model, the distance between the wells is 250 m, which is typical for
the development of coalfields. The same mode was set to simulate wells. Three months
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Fig. 2. Gas saturation distribution one year after production starts
(1 and 2 simulated wells)
Puc. 2. PacipeniesieHye ra30HACHILIEHHOCTH Yepe3 Iojl ocie Havaia Jo0bdn
(1 u 2 Mmozxenupyemble CKBa)KHHBI)

after the start of water pumping, layers 3 and 4 (clay siltstone and coal) became saturated
(table 4). Figure 2 shows the state of gas saturation in the reservoir one year after the
start of development. It can be seen that two wells development is more intense in terms
of gas saturation compared to a single well model.
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Fig. 3. Changes of gas and water rates (1 well)
Puc. 3. V3meHenus 1eOuToB raza u Boas! (1 ckBaxnHa)

The second part of the work included the study of the impact made by the hydraulic
fracturing operation on CBM production, as well as the assessment of host rocks impact
on methane production after hydraulic fracturing.
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Fracture dimensions at one of Naryksko-Ostashkinskoye field wells were taken as
initial data, namely, the fracture height (13 m) and its half-length (68 m). Input data for
the model were used in accordance with tables 2, 3.

The efficiency of hydraulic fracturing is significantly affected by the mechanical
properties of rocks and associated stresses. In the case of the Naryk-Ostashkinskoye
deposit, coal seams are uncovered in patches that include coal and enclosing rock

Two development scenarios were considered with hydraulic fracturing at the start of
production at one well in the center of the seam model and at two symmetrical wells.

6000
I

re

| With hydraulic |
fracturing

T
20

Water production rate [sm3/d]
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Fig. 4. Changes of gas and water rates (2 wells)
Puc. 4. I3MeHeHust pacxoJI0B ra3a u BOJIbI (2 CKB.)

Figure 3 shows pressure distributions in the interbedded layers the next day after
hydraulic fracturing at one well. Hydraulic fracturing was carried out on the first day of
production. It can be seen that pressure in the fracturing zone has changed by 0.1 MPa
in comparison with the initial strata pressure (8.5 MPa) in coal interlayers and sandstone,
in fissured siltstones to a lesser extent (interlayer 3) and a little in the last formation 5.
Such pressure distribution is due to different formation reservoir properties of the
interlayers. Fissured siltstone has the lowest fracture permeability. In addition, figure 4
shows the effect of wells interaction caused by reservoir pressure decrease in the model
and gas production intensification.

Analyzing the results of alternate designs with one and two fractured wells,
significant quantitative changes in free gas distribution across the interbedded layers
were recorded one year after the start of the calculation.

Peak gas rate at a single well development with hydraulic fracturing is reached after
10 years; in the case of two fractured wells, the peak rate is reached after 3 years. This
can be explained by the depression cone created during the two wells development and
by pressure reduction below the desorption pressure, which caused rapid release of gas
from the matrix. The fracture, in turn, created a link between the well and natural
fracture system and ensured fluid flow to the well.

Results. The comparison of CBM production with two wells in two scenarios, (a)
hydraulic fracturing and (b) gas production without any impact on the formation, has
made it possible to make the following conclusions:

1) Gas rates after hydraulic fracturing are 1.5 times higher than CBM production
without any impact on the formation;
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2) Water rates after hydraulic fracturing doubled and remained at the initial level for
10 years in comparison with the model without hydraulic fracturing. However, peak
gas rate in both scenarios is reached after 3 years. The dynamics can be explained by
the effect of the fracture connecting the well and the network of water-saturated
fractures;

3) After hydraulic fracturing at two wells, methane from the coal interlayer migrates
to the host rocks 2 months earlier than in the one well scenario;

Table 4. The results of observing changes in the coal bed gas saturation with
hydraulic fracturing
Ta6auuna 4. Pe3yabTaTsl HA0II0eHUH 32 H3MEHEHHEM Ia30HACHIIIEHHOCTH
yrojbHbix miaacros npu I'PII

Gas saturation with and without fracturing
Number Rock
of layer oc 1 well 1 well 1 fractured well | 1 fractured well
(5 mos) (8 mos) (3 mos) (5 mos)
1 Sand - - - -
2 Coal - - - -
3 Siltstone 0.5 0.7 0.3 0.5
4 Coal 0.6 0.8 0.4 0.5
5 Siltstone - 0.4 - 0.3

4) Migration to sandstone and upper coal occurs after 8 years in case two wells are
operated without any impact on the formation. When calculating the model with
hydraulic fracturing, it is observed that methane migrates from the upper coal to the
overlying sandstone after 5 years.

The use of hydraulic fracturing has positive impact on the dynamics of gas production
from coal seams [17]. Compared to the scenario of CBM production without hydraulic
fracturing, gas flow rates after hydraulic fracturing increased by 1.5-2 times.

Calculations prove the occurrence of gas migration from the coal matrix to the
surrounding host rocks through the system of fractures during reservoir development.
Host rock can be considered as a transportation route for coalbed methane production.
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OueHka BIMAHUSA Ie0JIOTHYeCKUX 0COOEHHOCTel MeTaHOYr0IbHOI0 IJIacTa
Ha padoTy IKCILTYaTAlIMOHHON CKBaKMHBI

Marnussosa I. 1.1, Xaiiguna M. I1.!
1 Poccuiickuil TOCYIapCTBEHHBIH YHHBEpPCHTET He(TH M raza (HAMOHAJBHBIA HCCIIEI0BATEIbCKHI
yauBepcutet) nMenn M. M. I'yOkuna, Mocksa, Poccnst.

Pecgpepam

Beeoenue. Hszsneuenue Memana u3 y2OlbHbIX NIACMO8 NOGbIUAENT IKOHOMUYECKYIO d¢hphexmusHocmy
000b14Y Y2iis, A MaKdice 6NAEMcst OOHOU U3 2NABHBIX MEP NO CHUIICEHUIO PUCKO8, BO3HUKAIOWUX NpU
paspabomke y2onbHbix Mecmopodcoenull. Llenvio ucciedosanus A6iA1aCy OYEHKA GUSHUSL GMEUAIOUJUX
NOPOO ¢ PA3TUMHBIMU DPUILIMPAYUOHHO-EMKOCIHBIMU CEOUCMEAMU HA OUHAMUKY 000bIYU MEemAaHa u3
V2ONbHBIX NAACMO8 00 u nocie nposedenus I'PII (cudpasnuyeckuil paspvié niacma,).

Memooonozus. C ucnonv3osanuem npoepamMmmHbix KOMIIEKCO8 NOCMPOeHA MOOELb Y2OIbHO20 NIACMA KaK
KOMNLEKCHO20 MECMOPOACOEHUsl O8YX UCKONAEMbIX — Y2lis U 2a3a — U PACCHUMAHbL 8aPUANNbl 000bIYU
easa ¢ gosoelicmeuem Ha niacm u 6e3 6ozoeticmsus Ha niacm. B nakeme npuxnaouotl npocpammel Petrel
(Shlumberger) nocmpoena mooens yeonvroeo niacma ¢ mpewunou I'PI1.

Pezynomamel. Yemanoeneno, umo mucpayusi 2a3a u3 yeoibHOU Mampuysl 60 emewaiowue oruznexcawue
nopoobl NPOUCXOOUM NO cucmeme mpewjur 8 nepuod 000viuu 2asza. Ilpumenenue mexmonocuu I'PIT
NONOACUMENLHO  6lIUsIeM HA OUHAMUKY 000bluU 2a3a u3 Yyeoabhulx niacmos. Ilocie nposedenus
T'PII evisignen pocm mucpayuu 0ecopouposanHo2o 2asa 60 emewaiowue npociou. Pesynvmamut
UCCNIe008aANULl MUSPAYUU Y2OIbHO20 Memana 6 Onuziedcaujue nopoobl NOKA3AAU, YMO emeuaiowue
NOPOObL MOJCHO PACCMAMPUBAMb KAK MPAHCROPMHbLE NYMU NPU 000bl4e MEMAaHa U3 y2oIbHbIX NIACTOS.

Knrouesvie cnosa: yeonvuvii nracm,; aocopoyus,; I'PII; emewarowas nopooa, 080UHASL NOPUCNOCb,
Muepayus yeoibHo2o 2asd.
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leodhm3nyeckne NOMCKOBO-OLIEHOYHbIE UCCNEA0BaHUA B YCNOBUSAX
NOA3eMHOro pyaHMKa

Xapucos T. ®@." 2, MenbHuk B. B.1, 3amatuH A. J1.!
L WUHcTutyT ropHoro aena YpO PAH, r. ExatepuH6ypr, Poccus
2 YpanbCKuil rocyAapCTBEHHbI FOPHbIRA yHUBEpCUTET, I. EkatepuHbypr, Poccus
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Peghepam
Beeoenue. ['eousuueckue memoovl UCCLEO08AHUS MACCUBA 2OPHLIX NOPOO AGIAOMCA  OOHUM
u3 Hauboee IPHeKMusHbIX CNOCOO08 peuteHs PATUIHBIX 3A0a4 8 20PHOM 0elle U UUPOKO NPUMEHSIIOMCA
8 2OPHOII, 230801l U HehMAHOU NPOMBIULIEHHOCIU, a MmaKdce 8 Hayke. Onu NO380AA0M OUCMAHYUOHHO
6ecmu NOUCKOBble U NOUCKOBO-OYeHOUHble pPabOmbl, BbIAGIAMb CHMPYKMYPHbIE HEOOHOPOOHOCIU,
Nnycmomsl, 30Hbl KOHMAKMOE PANUYHLIX CPed 6 MACCUse 20pHbIX NOPOO ¢ OOCMAMOUYHO BbICOKOU
moyHocmu. B Hacmosuyell pabome npedcmaegien npumep peuleHus 3a0a4ul, 3aKIYaowencs @ NoucKke
YRABULe20 U PACKIUHEHHO20 NPOX0OYECKO20 MPEXbAPYCHOZ0 NONKA 8 IKCHILYAMUPYEMOM CIMEOTIe.
Memoouka npogedenusn uccnedoeanuii. [Jis nouckos Oviiu npumMeHeHsl ciedyroujue 2eoQusuyecKue
Memoobl: Memoo CHeKMPALIbHO20 CeUCMONPOPUIUPOBANUs, MemOO 2e0padapHO20 30HOUPOBAHUSL.
Memoo cnexmpanbhozo celucMonpoPUIUPOBAHUA OCHOBAH HA UCNONb30BAHUU 3AGUCUMOCTIU MENHCOY
CHEKMPATbHLIM COCIMABOM KONeDAMENbHO20 NPOYeccd, BO3HUKAIOWe20 NpU YOapHOM 6030elUcmeuU Ha
OOHAIICEHHYI0 NOBEPXHOCb 20PHO20 MACCUBA, U CIMPYKMYPHbIM CIpOeHUeM 9mo2o maccusd. OcHogotl
Memoda 2eopadapHo20 30HOUPOBAHUS AGIAEMCA OMPAdCEHUE INEKMPOMASHUMHOU BONIHbL OM 2PAHUY
MeXHCOy cpedamu, UMeIowuMU pasiuiHble J1eKmpopusuyeckue ceolucmad.
Pesynemamur  uccnedosanuii. Vcnonvsosanue 2eousuyeckux Memooo8 NO360AUNO  6bIAGUNIb
crnedylouue 2panuybl PACNONONCEHUs MEMALIULecKo20 NONKA, 3A8ANeHH020 20PHOU MAcCol 6
sepmuxanviom cmeone: 5,5—6,0 m, 10,5-11,0 m, 15 m. Cosmewennvie pe3yivmamuvl 08yX Menooos
USMEpeHUIl U UX CPABHUMENbHBI AHATU3 NOKA3BLEAION OOCMAMOYHO 8bICOKVIO CXOOUMOCb, A 3HAUUM,
noomeepacoaemcs u 00CMOBEPHOCMb NONYHUEHHBIX pe3ynbmamos. Paszeedounoe Gyperue HaKaOHHbIX
CKBAICUH U3 20PU30OHMATILHOU 8bIPAOOMKYU NOOMBEPOUTLO NOTYYEHHbLE Pe3YIbIMAMmbL.

Knroueswvie cnoea: zeopaoap, zeogusuueckue uccredosanus; npobra; cmeosl Wiaxmvl, 20pHblil
MAccus; CneKmpanbHoe celucMonpopuiuposanue.

Beenenue. [eopusnueckre METOIBI HCCIEAOBAHNS MACCHBA TOPHBIX MTOPOA SIBIISI-
I0TCSL OJHUM W3 HauOoJiee 3PPEKTUBHBIX CIIOCOOO0B PELICHHUS Pa3IMUHBIX 33134 B TOp-
HOM JieJie ¥ IMPOKO MIPUMEHSIFOTCSI B TOPHO#, Ta30BO# M HEQTSIHOW MPOMBIIIIIIEHHOCTH,
a Takxke B Hayke. OHH MO3BOJIAIOT JUCTAHLIMOHHO BECTH MOMCKOBbIE M MIOMCKOBO-OIIE-
HOYHBIE pabOThI, BEISIBIISITH CTPYKTYPHBIE HEOAHOPOJHOCTH, ITyCTOTHI, 30HBI KOHTAKTOB
Pa3IMYHBIX CPEXl B MAaCCUBE TOPHBIX MOPOA C JOCTATOUHO BBHICOKOW TOYHOCTHIO [1-9].

Crenmanucramu MuactutyTa ropaoro nena ¥YpO PAH reodusnueckue MeTopl mpu-
MEHSIOTCS. B TOM YHCJIE ISl PELICHUS] HECTAHIAPTHBIX 33134 HA MTOA3EMHBIX PYJHUKAX
u kapbepax. OnHoit u3 Takux 3aga4 B 2015 1. ObUTO ONpeAeseHne MOIIHOCTH MPOOKH
U3 TpyHTa U 0010oMKOB Kperu B ctBoje «lllaxtel um. C. M. KupoBa» amns oneHku Bo3-
MOYKHOCTH €€ YCTpaHEHHUS U pa3pabOoTKH HEOOXOIMMBIX MEPOTIPUATHI MO IUKBUAALIUU
aBapwuitHoro ctBona [10-13].

B nacrosmeil pabore mpeacTaBieH MpUMep peIIeHUs 3ajadu, 3aKIovaroIiencs
B TIOUCKE YIABILEr0 ¥ PACKJIMHEHHOIO IIPOXOIYECKOI0 TPEXBIPYCHOTO MOJIKA B SKCILTYa-
TUpyeMoM cTBoe. Vcxons U3 mpenocTaBieHHOH WHPOpPMAIMK, MPUIHHON MafeHUs
IIOJIKA SIBWJIACh CKOIMMBIIIASICSL HA HEM 33 HECKOJIBKO JIET TOPHAsl Macca B BUJIE POCCHIIN
B Ipoliecce BBIAaYH Py/bl, a TAK)KE pa3rpysKa ckuma B cTBoI. OObeM yIaBIei Topoabl
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CO CKHIIa COCTaBUI NPUOIM3UTENbHO 14-30 M3. COBOKYIHOCTH BO3IENCTBHS JaHHBIX
(hakTOpOB MOBIIEKIIA 32 COOO0 CPHIB TOJIKA C KPETIJICHHIA U €T0 MaJIeHue 1Mo cTBoy. He-
00XOJIIMO OTMETHUTh, YTO Ha OCHOBAaHHH UMEIOIIEHCI HH(POPMAIIUH, TPEOCTABICHHON
CHEIMATMCTAMH PYIHUKA, CTBOJI HA MOMEHT TIaJIeHUs ObLT YacTUYHO 3aToruieH. [lame-
HUE TOJIKa Ha CKOITUBIIYIOCS B CTBOJIE BOIY W MOCHIEAyomas nedopMaliis MeTamio-
KOHCTPYKUHUHU OT yAapa 0 BOAY MPUBEIH K €T0 PACKIMHUBAHUIO MEXAY CTEHOK CTBOJIA.
OTMeTKa, Ha KOTOPOI HAXOAWIICA MOJIOK MOCJIE Ma/ICHUs, TOYHO HE OMpeAeIicHa.

8000

A=qwwa~
.,__q. I'opuas Macca

T'eopamap OKO-2

IIpoxoaueckuii monok

Puc. 1. Cxema nipoBejieHust reopu3HIECKUX UCCIIEI0BAHMH
Fig. 1. Scheme of geophysical research

C0XXHOCTB ,Z[aHHOﬁ CUTYyalluu 3aKjIr04aiach €ie U B TOM, 4YTO 00BEM CKOIUBIIIEHCS
I‘OpHOﬁ MAacCChl Ha IIOJKEC TOYHO HE€ HM3BCCTCH. BI/I3yaJ'ILHO€ O6CJIC,I[0B3HI/I€ Hp06KI/I C
TOPU30HTA, C KOTOPOIro €CTh AOCTYII, HC JAJIO MOJJOXUTCIBbHBIX PE3YJILTATOB, TAK KaK
C MOYBBI TOPU30HTA BUIHA TOJIBKO BCPXHAA YaCTh FOpHOfI MaccChl, @ MOIITHOCTB €€ HCHU3-
BecTHa. Kakux-mubo yacrei IoJjika, ToOpYalux u3 FOpHOﬁ MaccChbl, HE Ha6J'IIO)_IaIIOCL

(puc. 1).
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MeToauka npoBeaenus ucciaeaoBanuii. C Heiab0 ONpeaeneHus] MOIIHOCTH 00-
pa3oBaBielicss IpoOKK U3 TOPHON Macchl © OTMETKH PACIIONIOKECHUSI METAJUINIECKOTO
MOJIKa B CTBOJIE JJIs TIOCIIEAYIOIIEr0 YCTPAaHEHUs aBapUitHOM cUTyaluy ObUIHM ITpHMe-
HEHBI CIeAyIone reohpu3nueckue MeTOAbI:

— MeToA ciekTpansHoro ceiicmonpodumuposanus (CCII);

— METOZ Te0palapHOro 30HAUPOBAHMSL.

MeTon CHEeKTpaIBHOTO CeicMONpO(MINPOBAaHHS OCHOBAaH Ha HCIOJB30BAaHUH 3a-
BHCHMOCTH MEXJy CIIEKTPAJFHBIM COCTaBOM KoJIeOaTeIbHOTO Mpolecca, BO3HUKAO-
HIETO TIPY YAapHOM BO3JICHCTBUU Ha OOHAKEHHYIO TIOBEPXHOCTh TOPHOTO MacCHBa, U
CTPYKTYPHBIM CTPOSHHEM 3TOTO MaCCHBA.
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Fig. 2. Combined results of geophysical research

I"paHuIlbl, BEISBIIIEMbIE JAHHBIM METOJIOM, TIPEACTABIISAIOT COO0H MOBEPXHOCTH, IO
KOTOPBIM BO3MOXXHO B3aWMHOE MPOCKANIB3bIBAHUE COCEIHUX CPEl, T. €. TPEUIHHbI U
KOHTAKTBI TOPHBIX Mopoa. OCHOBHBEIMH OObeKTaMH, BhIABIsIeMbIME MeTomoM CCII,
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SIBIIIIOTCS. KaK OTKPBITHIE, TAK U COMKHYTBIE€ TPEIIMHBI U UX COBOKYITHOCTH, T. €. 30HBI
TpemuHoBarocTd. Ucnonb3oBanue CCII mist monucka METamIOKOHCTPYKIUI B IOA3EM-
HBIX yCIIOBUAX cnenuanuctamu otnena reomexanuku U7 YpO PAH panee ne npous-
BOMIIOCH. OTHAKO HApabOTaH JOCTATOYHO OOJBIIOHN OMBIT MPOBEICHUS UCCIICIOBAHUH
MetogoM CCII B monzemMHbIX ycnoBusix [12—-14].
Jlis yBeNnmM4eHrs TOYHOCTH U JIOCTOBEPHOCTH PE3YJIbTaTOB MapalIeIbHO ObLIO BBI-
MOJIHEHO reopaJapHOe 30HIUPOBAHUE UCCIIETyEeMOTO y4acTKa.
OcHOBOI MeTOna TeopagapHOro 30HANPOBA-

0 Lol HUS SIBIAETCS OTPa)KEHUE 3JIEKTPOMArHUTHOM
BOJIHBI OT T'PaHUI] MEXYy CpPEAAMH, HUMEIOLUTIMHU
5 pa3nuyHbIe  3NEKTPOPHU3MUECKUE  CBOMCTBA.
10 B pabGore wucnonp3oBaincs reopamap OKO-2
C DKpPaHUPOBAHHBIMH AHTCHHBIMH OJIOKaMH.
15 OH no3BOJIFET UCCIEN0BaTh TOPHBIM MaccUB Ha

ryouny 70 30 M ¢ paHXXUPOBaHUEM TIOPOIHOTO
ONoKa 1O 3JCKTPOMATHUTHBIM  CBOWCTBaM.
25 [IpunHnmn neicTBus reopanapa OCHOBAaH Ha U3-
JYYEHUH CBEPXIIUPOKOIOIOCHBIX HAHOCEKYH/I-
HBIX UMIYJICOB, MPUEME CHTHAJIOB, OTPaKCH-
35 HBIX OT TpaHMIl pa3lena MOpOJ WIU HHBIX
OoTpakarmux 00BEKTOB, 00paOOTKEe MPUHSITHIX

20

30

40 Ipasa CUTHAJIOB U MOCJIEAYIOUIEM U3MEPEHUH BpEMEH-
45 p— HBIX HMHTEPBAJIOB MEXAY OTPAKCHHBIMH HM-

BBIPAGOTKH nynbcamMu. OCHOBHas 3ajada, pelaemasi ¢ uc-
50 / MOJIb30BAaHMEM  JITaHHOTO METONa, COCTOsIa
- B OMNpENeJeHUH NOJOKEHUs T'paHMIl pa3zena B

M3y4aeMbIX KOHCTPYKIUAX. TakuMu rpaHUlaMu
60 pasnena B UCCIEIYyEeMbIX cpefax SBISIOTCS, Ha-
‘ MpUMEP, KOHTAKT MEXy MaTepHaioM U BO3AY-
XOM, KOHTaKThl MEXIy MarephalamMu pa3jind-
70 HBIX CBOWMCTB U cocTaBa. Mojenas cpenbl
MPENCTaBISAETCA B BUIE CIOUCTOM TOJIIM C IMO-

65

I8 CTOSTHHBIMHU 3JIEKTPO(PHU3NUESCKUMH CBOWCTBAMHU
80 BHYTPHU Ka)JIOTO CJIOS U JIOKAJIBHBIX OOBEKTOB,
Pic. 3. PesyTsTaTh! CHEKTPATHHOTO OTIIMYAIOIIMXCS M0 MEKTPOPUIUIESCKUM CBOM-
ceifcMOnpopUIMPOBaHHs CTBaM OT BMEIIAIONIETO Marepuana. Haubonee

Fig. 3. Results of spectral seismic profile BaXHBIMH IMapaMETpaMH, XapaKTEepU3YIOIINMU

BO3MOXKHOCTU IIPUMEHEHMUS METOAA Ieopaauo-
JIOKalUU B Pa3JIMYHBIX CPElNax, SIBISIOTCA YIEIbHOE 3aTyXaHUE U CKOPOCTb pacIpo-
CTPAHEHUS MIEKTPOMArHUTHBIX BOJIH B CPEE, KOTOPBIE ONIPENENSIOTCS €€ IEKTPUIECKHU-
MU CBOWCTBaMH. 3aTyXaHHE OINpelesseT TIyOMHHOCTh 30HAMPOBAHHSA, CKOPOCTh —
paccTosiHe 10 oTpakaroliei rpanusl [15].

Pesyabrarsl uccienoBanuii. [lonydyeHHbIe pe3yabTaThl BHITOJIHEHHOIO KOMIUIEKC-
HOTO TeO(H3MYECKOTO HMCCICAOBAHUS C MOMOILIBIO I'eOpagapHOTO 30HIAMPOBAHUSA H
CHEKTPAILHOTO CEHCMONPOGUIMPOBaHUST OBUIM COBMEIIEHBI Ul CPaBHUTEIBHOTO
aHaJu3a U IpeCTaBICHBI Ha pUC. 2, TIe OTOOpaskeHa COBOKYITHOCTH CJIOEB.

Ha ryOuHe oxomno 5,5 M mposiBIIsieTCsl YeTKas TpaHIa HECKOJIBKUX Cpell ¢ pas3iiny-
HOW JTUAJIEKTPUUYECKON MPOHUIIAEMOCTHI0. BepxHss yacTh cioeB 10 TiyOuHEI 5,5 M
COOTBETCTBYET pa3ApOOICHHOW TOPHOW Macce, COCTOSIIEH MPEUMYINECTBEHHO W3
PYABL, KOTOpask HAXOAUTCS HA TPEThEM SIPyCe METAJUIMYECKOrOo nojika. HukHss yacTh
cioeB 10 TyOuHBI 11 M MMeeT UHbIE XapaKTepUCTUKU U SIBISIETCSI BOAHOW Cpenoi,
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KOTOpas 3aroJIHAET MPOCTPAHCTBO MEXTY IpycaMu 1oJika. [ paHuiia Ha TiryOuHE OKOJIO
11 M sBnsieTCs BTOPBIM sipycoM. HuxkHsIs wacTh npoduis 30HAUPOBaHUS IIPEICTaBICHA
CUTHAJIaMH, OTPAKEHHBIMU OT METAJUITMUECKUX KOHCTPYKIIMM IOJKa U CKOMUBIIEHCS
TOPHOM MAacChl, U UX UHTEPIIPETAIUs 3aTPyIHUTEIbHA.

Pesynbprarel MeTONa CIIEKTPAIEHOTO CEHCMONPOGUIUPOBAHUS TIPEICTABICHBI TPE-
Ms TPOGUITSIME, KOTOPHIE COOTBETCTBYIOT TPEM M3MEPCHHSM Ha Pa3IMYHBIX y4acTKax
npoOk (puc. 2). Ha HeM oToOpakeHO M3MEHEHHE IJIOTHOCTH CIIEKTPa, KOTOPOE Xapak-
TEPU3YET Pa3TUUHbIC TPAHUIIBI, YEPE3 KOTOPHIC MPOXOAUT CUTHA.

[Ipubnu3urenpHbIE TPAHUIIBI, HA KOTOPBIX IMPOUCXOIWT YBEIHMUYEHUE TUIOTHOCTH
criekTpa, creayromue: 5,5-6,0 M, 10,5-11,0 M, 15 M. IIpu 3TOM Ha KaxmIOM U3 IPodhu-
JICH TPaHUIIBI HECKOJIBKO OTIUYAIOTCS, YTO, BO3MOXKHO, BBI3BaHO Jle(hopMaIlieid moka
U METaJUTOKOHCTPYKIMil. COBMEIIEHHBIE PE3yIbTaThl JBYX METOAOB U3MEPEHUHN U UX
CpPaBHUTCIbHBIA aHANIHU3 MOKA3BIBAIOT JOCTATOYHO BBICOKYIO CXOIMMOCTbH, a 3HAYUT,
MOJITBEPKIAETCA U JJOCTOBEPHOCTH MOITYUYEHHBIX PE3YIBTATOB.

B kauecTBe sKcnepuMeHTa Takke ObUIM BBITIOJHEHBI TeO(U3NYCCKUE U3MEPEHUS
B 20 M oT cTBOja. Pe3ynasrarsl cepuu U3MEPEHU, BHIMOIHEHHBIX B MOYBE TOPU30H-
TaJbHOW BRIPAOOTKH JIJIS TOMCKA HIDKENIEKAIIETO TOPH30HTA, IPEACTaBICHBI Ha pUC. 3.

M3MeHeHue MI0THOCTU CIIEKTPa OTCIICKHUBACTCS Ha TIIyOMHE OKOJIO 55 M, YTO CO-
BIIajaeT ¢ (PAKTUYECKOH OTMETKON pPAaCIONONKEHHUs HWKEIeKaIlel BhIPAOOTKH, UYTO
TaKXe MOATBEPAUIIO JTOCTOBEPHOCTH IMOJYyYaeMOU METONOM CIEKTPaIbHOTO CercMo-
npoUIMPOBaHUS UHPOPMALIUU B TIOA3EMHBIX YCIOBUSIX.

BeiBoasl. Vcnonb3oBanue reo(hu3nYecKux METOAOB B BapUaHTaX CHCKTPaIbHOTO
ceficMonTpoGUIMPOBAHUS U TEOPAAAPHOTO 30HIUPOBAHUS BBISBUJIO CICIYIONIUE IPa-
HUIBI PACTIOJIOKEHUSI METAITHYECKOrO TIOJIKa, 3aBaJICHHOIO TOPHOM Maccoi B BEpTH-
KajapbHOM cTBoJe: 5,5-6,0 m, 10,5-11,0 m, 15 m. Pa3Benounoe OypeHue HAKIOHHBIX
CKB)XUH U3 TOPU30HTAIBHON BRIPAOOTKY ITOJITBEPHIIO MOJTyUYECHHBIC PE3YJIbTATHI.

Ha ocHoBaHuM BBIOJHEHHBIX HCCIICAOBAHMI MOXKHO CJHI€JIaTh BBIBOA O TOM, YTO
MIPEJCTABICHHBIA KOMIUIEKC I'eO(M3MYSCKUX HCCICIOBAHUN TMO3BOJSET JTOCTOBEPHO
OTIPENICATh TPaHUIlBl BBIPAOOTAHHOTO MPOCTPAHCTBA U MPOU3BOIUTH MOMCKH METaJ-
JIUYECKUX KOHCTPYKIIMI B MACCHBE TOPHBIX MOPOJT HITK pa3ApOoO0IeHHON TOPHOM MacChl
B MIOJI3EMHBIX TOPHBIX BEIPAOOTKAX.
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Geophysical researches in mine
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Abstract
Introduction. Geophysical methods of rock mass research are among the most effective ways of solving
various mining problems being widely used in mining, gas and oil industry, as well as in science. They allow
to conduct prospecting and prospect evaluation remotely, to reveal structural heterogeneity, cavities, zones of
contacts of various environments in the rock mass with rather high precision. The article contains an example
of solution to the problem of finding a fallen and spread through three-tier shelf in an operated shafft.
Research methodology. Spectral seismic profile (SSP) method and GPR were used for prospecting. SSP is
based on the dependence between the spectral composition of the oscillatory process occurring when rock
mass exposed surface undergoes impact effect, and the structure of the rock mass. GPR method is based on the
reflection of the electromagnetic wave from boundaries between media with different electrophysical properties.
Research results. Geophysical methods have made it possible to identify the following boundaries of the
metal shelf filled with rock mass inside the vertical shaft: 5.5-6.0 m, 10.5-11.0 m, 15 m. Combined results
of the two measurement methods and their comparative analysis show rather high convergence therefore
confirming the reliability of the obtained results. Exploration drilling of downholes from the level working
confirmed the obtained results.

Key words: GPR; geophysical research; rock cork; shaft; rock mass; spectral seismic profile.
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4D modeling of concentrating mill tailings dam protecting dike soil
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Abstract
Introduction. The research aims to study concentrating mill tailings dam protecting dike soil
consolidation on the example of a mining enterprise of the Kola Peninsula.
Research methodology. The research is based on 4D modeling (taking into account a time factor) using
PLAXIS software solution. The computer hydro-geomechanical 3D model of the concentrating mill
tailings dam fragment has been developed allowing to investigate both geomechanical and filtration
processes, and their collateral influence on protecting dike and alluvial beach soil consolidation.
The following options of tailings dam hydro-geomechanical condition development are considered:
a reference state at the current parameters of operation, increase in the level of water-saturated tail
deposits and the subsequent consolidation of bulk and alluvial soils within 1, 2, 3, 5, 10, 15, 20, 30, 50
and 80 days.
Research results and analysis. The received results have been analyzed on the dynamics of the tailings
dam hydro-geomechanical condition therefore revealing its behavior in time. It has been established
that the nature of bulk and alluvial soils consolidation is identical, however, differs significantly in terms
of quantity.
Conclusions. Dependences of bulk and alluvial soils consolidation of the tailings dam hydraulic
engineering construction on consolidation time are established providing a scientific and technical
basis for its mechanical state and stability assessment, and for engineering recommendations about the
terms of the following stage of dams building.

Key words: tailings storage; hydro-geomechanical 3D model; 4D modeling; soil; consolidation;
sustainability.

Introduction. As a rule, concentrating mill tailings dams of Kola enterprises were
constructed on relatively soft ground in ravines or river basins [1, 2]. As concequence,
the hydrogeological conditions of tailings dams operation due to both high natural
groundwater level and regular storage of water-saturated pulp tailings from concentrating
mills, conditions increased pore water pressure in soils of all hydrotechnical structures
of the tailings dam. As a result, effective stress in soils turns out to be low requiring the
adopted time periods for intermediate soil compaction due to consolidation in order to
ensure reliable operation of a tailing storage and dam stability [3—5]. Due to soil
consolidation, excess pore water pressure disperses and reduces, and soil can acquire
“skeletal” rigidity providing shearing strength required for dam operation [6, 7].
Therefore, the research aims to study concentrating mill tailings dam protecting dike
soil consolidation on the example of a mining enterprise of the Kola Peninsula.

Research methodology. The research is based on 4D modeling (taking into account
a time factor) using PLAXIS software solution [8]. To assess soil consolidation degree
and determine the dependences in their consolidation due to excess pore pressure
dispersion in water-saturated soil of a tailing storage as a function of time (automatic
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time discretization), computer modeling of deformation-filtration processes has been
carried out (soil consolidation) by the example of the concentrating mill tailings dam of
a mining enterprise on the Kola Peninsula.

For PLAXIS environment, a hydro-geomechanical 3D model for a tailings dam
fragment located at the subjacent geological base has been created including the
protecting dike and alluvial tail deposits; the model is equivalent to geometric
dimensions from fig. 1. The parameters of physicomechanical characteristics of dam
soils, alluvial deposits and basement rocks of the geological basis used for calculations,
are shown in table 1.

+294 m

Basement

Fig. 1. Hydro-geomechanical 3D model of the tailings dam fragment (the 1-6th — types of soils and rock
according to table 1)
Puc. 1. Tupporeomexannyeckas 3D-mozens pparmenta xBocroxpanuimia (1-6 — THITBI [PYHTOB
OpO/1 coryiacHo Tabir. 1)

Consolidation processes were modeled with PLAXIS software units, which make it
possible to simulate the realistic process by means of introducing various boundary
conditions for stresses and pore pressure, and by setting an extra parameter of time
interval [8-10], so, 4D modeling of soil consolidation was in fact carried out. The
regularities in hydro-geomechanical state change were studied of a hydrotechnical
system of the tailing dam in time, within the periods from 1 to 80 days. In total, 12
variants of tailings dam hydro-geomechanical state were modeled: a reference state at
the current parameters of operation (1), increase in the level of water-saturated tail
deposits (2), and the subsequent consolidation of soil within a day (3), 2 days (4),
3 days (5), 5 days (6), 10 days (7), 15 days (8), 20 days (9), 30 days (10), 50 days (11)
and 80 days (12).

While modeling it is assumed that in the process of soil consolidation, the filtration
ratio remains constant.

Research results and analysis. As a result of modeling, the patterns of soil
movement and hydro-geomechanical state of the tailings dam have been obtained
making it possible to trace the dynamics of their change in time. Fig. 2 shows the most
contrasting patterns of soil consolidation in the model illustrating the trends of tailings
dam hydro-geomechanical state variation. Within the first day, soil consolidates in
practically whole bulk part of the protecting dike with gradual attenuation until the
10th and further until the 50th day. However, general increments of soil movements are
related to alluvial tailing deposits to a greater extent, which are highly water-saturated.
Soil consolidation here is intensive within 10 days with further stabilization.
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Based on the results of the variants of filtration-deformation computer simulation,
the dependences between tailings dam soil movement and consolidation time have
been determined [10—12]. It has been stated that the most active soil consolidation takes
place in the first day, the values of movements may increase by 1.5-2 times. After that
within subsequent 8—10 days, deformational processes attenuate gradually and the
hydro-geomechanical situation stabilizes.

Table 1. The parameters of physicomechanical characteristics of dam soils, alluvial deposits and
basement rocks of the geological basis used for calculations
Ta6auna 1. [TapameTpsl pu3uK0-MeXaHHYECKHX XAPAKTEPUCTUK TPYHTOB 1aMObI, HAMBIBHBIX
OTJIOKEHUIT 1 MOACTU/IAIOIIMUX MOPOJA Ie0JIOr'HYE€CKOro 0OCHOBaHMs, UCIIOJIb3YeMbI€ 1JIsl pacueToB

Rock, soil*
Parameter Morainex+ | Gneissoid r?gggcﬂ 4 | Gravel-cobble | Gravelly Tailings
granite*** ggrani te SOiI*** sand** deposits**

Yunsat (Specific
weight of soil),
kN/m? 18.7 253 25.8 225 19.8 18.0

Ysat (Specific weight
of saturated soil),
kN/m® 19.2 255 26.7 235 20.0 19.0

ky (X-direction
filtration ratio),
m/day 10 0.01 0.05 5 1 20
ky (Y-direction
filtration ratio),
m/day 10 0.01 0.05 5 1 20
k, (Z-direction
filtration ratio),
m/day 10 0.01 0.05 5 1 20

E (modulus of
deformation),

kN/m? 25 000 40 000 500 000 30000 30000 56 000
v (Poisson’s ratio) 0.3 0.25 0.2 0.3 0.3 0.4
Crer (CONESION),

kN/m? 2 6 37 4.4 2 5

¢ (angle of shear

resistance), degrees 25 34 37 26 30 385
v (dilatancy angle),

degrees 0 4 7 0 0 35

* Model type — Mohr Coulomb; ** soil behavior type — drained; *** soil behavior type — undrained.

Note that the expected values of the absolute movements of the tailings dam alluvial
part make up 0.10-0.15 m; it is actually a proper vertical shrinkage which may reach
0.08-0.12 m. For the alluvial part (crest and the downstream slope) of the protecting
dike, total soil movements make up 0.27-0.32 m, soil compaction up to 5 cm may be
vertical, and horizontal up to 2 cm. Such consolidation processes distribution is
explained by the fact that water is “displaced” more intensely out of the alluvial soils
reducing pore pressure and soil particles consolidate more actively in a vertical
direction, while the alluvial part of the protecting dam is under the subhorizontal
pressure from the alluvial tailing deposits [13].

Taking into account the compression speed being an important feature of soil
consolidation, the calculations have been made; the results are presented in fig. 3.



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypruany, Ne 7, 2020 59

Based on the analysis it has been determined that the speed of consolidation of the
protecting dam crest, alluvial beach, and the downstream slope of the protecting dam
have practically identical character with higher intensity in the crest and the alluvial
part of the dam. Soil consolidation speed in the downstream slope of the protecting dam
where the compression was initially lower, is significantly lower. According to the
results of the three simulation variants and the curves in fig. 3, it can be stated that
the basic consolidation of soil will take place within first 10 days with further general
attenuation to the 80th day. The revealed regularities lay groundwork for some practical
recommendations on the time of further stage of dikes’ build-up. The next level of the
dike is to be built up not earlier than 80 days after the alluviation (pulp flush) of tailings
deposits.

Time until
consolidation

1 day

5 days

10 days

20 days

50 days

Fig. 2. Trends in the overall increments of soil movements over time due to their consolidation
Puc. 2. TenneHuy n3MeHeHUs OOIIUX MPUPAILCHUI TIEPEMEIIEHNUI IPYHTOB C TEYSHHEM BPEMEHH
BCJICACTBUC UX KOHCOJIHM Al

Conclusions. A computer hydro-geomechanical 3D model of a fragment of mining
enterprise concentrating mill tailings dam protecting dike has been developed which
makes it possible to study both geomechanical and filtration processes and their joint
effect on the state of bulk soil and alluvial tailings deposits. Based on the computer 4D
modelling (with the account of the time factor) the dependences have been determined
between the filtration-deformation processes in the tailings dam hydrotechnical system
and soil consolidation time, representing the deterministic basis for the assessment of
protecting dikes stability and the reliability of the hydraulic engineering structures of a
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tailings dam as a complex water-saturated natural-technical system. It has been revealed
that the main compression of soil takes place within the first 1-5 days when compression
speed of structural particles falls from 3-6 to 1 cm/day with further attenuation of
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Fig. 3. Dependences of soils consolidation speed on time
Puc. 3. 3aBucuUMOCTH CKOPOCTH KOHCOJIUIALUU ITPYHTOB OT BPEMEHHU

filtration processes. It has been determined that filtration and deformation totally
attenuate up to 80 days predetermining the basis for engineering recommendations
about the terms of the following stage of dams building.
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4D-moaeMpoBaHNe KOHCOJIUAALMN FPYHTOB Orpaskaaoumieii 1aMmobl
XBOCTOXPAaHUJIHIIA 000TaTUTENbHOI (adpuKu

Kagamuuk H. A.!
1 Topusiii uactutyT KHIT PAH, Anarutst Mypmanckoi 06i1., Poccus.

Pecpepam
Beeoenue. Ilenvio pabomul A61A710Ch UCCIEO08AHUE NPOYECCO8 KOHCONUOAYUU SPYHMOE 02padxcoaiouyeli
0amoObl X60CMOXPAHUIUWA 00602aMUMETbHOU PadPUKU HA NpUMepe 00HO20 U3 20PHOPY OHBIX NPEONPUSMULL
Konwckozo nonyocmposa.
Memoodonozus uccnedosanuii. Hccnedosanus 6vbinoiHeHvl Ha OcHose 4D-modenuposanus (¢ yuemom
paxmopa epemenu) ¢ ucnonbzosanuem npoepammnozo komniexkca PLAXIS. Paspabomana komnviomepHas
euopoeeomexanuyeckas 3D-modenv @pacmenma X6ocmoxparunuwya o0bocamumenvHol  pabpuxu,
NO360NAI0OWAA UCCIE008AMb KAK 2OMEXAHUYecKue, maxk u QuibmpayuoHHsie npoyeccyl, a makxice ux
coemecmHoe GIUsAHUE HA COCMOAHUE SPYHMO8 HACLINHOU 02padcoaiowell 0amobbl U HAMbIBHO20 NAAICA
omcmotinuka. Paccmompensi cnedyiowjue 6apuanmvl pazeumus UOPO2EOMEXAHUYECK020 COCHOAHUS
X8OCMOXPAHUNUWA: UCXOOHOE COCMOSIHUE NPU MEKYWUX Napamempax SKCIyamayuil, nogvluleHue yposHs
6000HACLIUEHHBIX X60CNOGbIX OMILOJICEHUTl U NOCIe0VIouas KOHCONUOAYUS HACLINHLIX U HAMbIEHbIX
epyumos 6 meuenue 1, 2, 3, 5, 10, 15, 20, 30, 50 u 80 oueil.
Pesynomamur uccneooganuii u ux ananus. Ilonyuennvie pe3yibmamol nPOAHATUIUPOGAHBL NO OUHAMUKE
2UOPO2EOMEXAHUYECKO20 COCMOAHUS X80CMOXPAHUTUWA, 8 Pe3VIbIName 4e20 BbisGIeHbl MEeHOeHYUU e20
UBMEHeHUs. 60 BpPeMeHU. YCMAaHOGIeHo, Ymo Xapakmep KOHCONUOAYUlY HACLINHLIX U HAMbIGHBIX 2PYHINOE
uoeHmuueH, Ho KOTU4eCmBeHHO CYueCmEeHHO Pa3Iuiaemcsi.
Buigoowt. Ycmanosnenul 3agucumocmu yniomHmeHus HACbINHLIX U HAMbIBHBIX 2DYHINOE 2UOPOTNEXHULECKO20
COOPYIHCEHUsL XBOCMOXPAHUTUWYA O 8PEMEHU KOHCOUOAYUU, YMO NPe0OCMasisen HaAyYHO-MeXHUYEeCKyI0
OCHOBY OJlAl OYEHKU €20 MEXAHUHECKO20 COCMOAHUS U YCIMOUUUSOCU, U OIS UHIHCEHEPHBIX PEKOMEHOAYUT
10 CPOKaM cledyioue2o Imana Hapawusanus oamo.

Knwuesvie cnosa: xsocmoxpanunuwge; euopozeomexanmuveckas 3D-moodenv; 4D-modenuposanue;
SPYHMbL, KOHCOMUOAYUS, YCIMOUYUBOCb.
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MMHepaﬂbele pecypchbl KakK cocTaBnfAowwad NpUpPoAHOro Kanurtana
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Peghepam
Axkmyanvnocms. B nocneouue Oecamunemus 60 MHO2UX CMPAHAX MUpa 6ce wupe UCHONb3Yemcs
9KOHOMUYECKAS. OYeHKA NPUpoOH020 KANUMANA Meppumopul, Komopas npeocmagisem coool
Mexanusm, no3eonsowuli Hauboree 0OOCHOBAHHO GbIOUPAML BAPUAHMBI €20 OCEBOCHUS 8 UYensax
COYUANLHO-IKOHOMUYECKO20 PA36UMUS, KOMOpoe O1azonpusamcmeyem dCU3HeoesmenibHoCmu aooeti u
00HOBPEMEHHO cOXpansem dKono2uieckoe pasnosecue. JJocmosepnocms oyenku mpedyem ymoyHeHus
CMPYKmMypbl RPUPOOHO20 KANUMANA U Peanu3yemvlx QYHKYUL.
Ilenv uccneoosanus — ymounenue CmMpyKmypsvl NOCMPOEHUs NPUPOOHO20 KANUMANA U QYHKYUI,
peanusyemvix e20 coOCmasuAouuMu.
Memooonozua u memoowt. Teopemuueckoli OCHOBOU UCCIEO08ANUS ABTACMCA MEOPUS U MeNOO0N02Us
NPUPOOHO020 KANUMANa u meopus IKOCUCMEMHbIX Yyclye. B npoyecce uccnedosanus evinonnsaromcs
0000wenue u aHamu3 OAHHBIX, CUCMEMAMU3AYUSL U 2PYNRUPOBKA, UCNONb3YEMcs CPAGHUMENbHYIL
Memoo, a makdice KaueCmeeH bl AHANU3.
Pezynomamut  uccneooganus. Hccnedosano cooepoicanue npupoOHO-pecypCcHO20 Nomenyuanda,
BKIIOUAIOWee 8 C60LL COCA8 OOCHYNHblE PECYPChl U NomeHyualbHble 3anacul. Ha npumepe munepanvho-
CbIPLEBO20 NOMEHYUANA NOKA3AHA BO3MONUCHOCHIL Nepexo0d NOMEHYUATbHBIX 3anacos (3a6aniancossix u
CHUCAHHBIX 3ANAc08, a MAKdice MeXHOLEHHbIX MUHEpPAlIbHbIX 00pa306anHuli) 6 YUCI0 OOCMYNHbIX
MUHEPATLHBIX Pecypcos, opMupyowux MUHepalbHo-cbipbesyio 6azy. Beinoanen ananuz naubonee
U3BECMHBIX 00U EeNPUSHAHHBIX KNACCUPUKAYUL IKOCUCTNEMHBIX YCY2 U CHOPMUPOBAHLL peKOMeHOayul,
OpUeHmMUpoBanHblie HA COBEPUIEHCTNBO8ANUe NOOOOHOU Kaaccudurkayuu, Komopas Haiudem eceodujee
npumenenue. Bce Komnonenmbvl npupoOHOU cpedbl pACCMOMPEHbl € HO3UYUU BO3MONCHOCTHU
npedocmagnerus IKOCUCMEMHBIX Ycye. Yemarnoeneno, 4mo ux nOCmMasisiom Kax ouomudeckue, max u
abuomuyeckue KoOMnoHeHmol (n0006Hble GyHKyuu npucywu oasce aumocgepe). Chopmynuposana
A8MOPCKAsL NO3UYUSL OMHOCUMENLHO PACCMOMPEHUS IKOYCIIYS 8 BUOE IKOI02UYECKUX pecypcos. [lokasan
anmponoyenmpudeckuii xapakmep nooxood 8 onpedeieHul NpupooHO20 KANUmaid, Komopulii
paccmampueaemcs IUWb € NO3UYUU «NOMOKA 00X00a» Ol 4Yelnogeka, d €20 COXPAHHOCHb
obycnogausaemcs HeoOX0OUMOCMbIO NOCMOAHCMEA 3mo20 nomoka. Packpvisaemca cywmocmo
PecypcHo2o U IKOCUCMEMHO20 HOOX0008 6 NOCMPOEHUU CMPYKMYpbl NPUPOOHO20 KANUMAnd.
Pexomendyemcs ucnonvzosanue cmeuwlanHozo 6apuanma, HOCMpPOEHUe KOmopoz20 0asupyemcs Ha
NPUBOOUMbIX 8 CIAMbE NPUHYUNAX.
Buieoowt. [locmoseprnocme oyenku npupoOHo20 Kanumana mpedyem OOHOZHAYHOCMU 8 HOCMPOeHUU
CMPYKmMYpbl  NpUpoOHo20 Kanumana u peanusyemvlx @yukyui. IIpeonrazaemcsa ucnonvsosamue
CMEWAaHHOU CIMPYKMypbl NPUPOOHO20 KANUMANA, 6 KOMOPOU OMpPAdiCeHbl peanusyemble pecypcHble U
9KoCUCmeMHble GYHKYUU.

Knroueesvte cnoea: munepansnvie pecypcvl; npupoono-pecypcnvlili nOMEHYUaL; KOCUCIEMHbIE
yenyau; npupoOHblll KANUMAn, cmpykmypa; QyHKYuu.

Beenenne. ConuaibHO-2KOHOMHYECKOE Pa3BUTHE TEPPUTOPHH BO MHOTOM OTIpeie-
JISITCS BENMMYUHON U 3()(HEKTUBHOCTHIO NCIIOIb30BAHUS SKOHOMHUYECKOTO ITOTCHIIHAIA,
COCPEIIOTOUYCHHOTO B €€ TPaHUIIaX, HEOThEMIIEMOI JacThI0 KOTOPOH BBICTYIIACT MPH-
pomHO-pecypcHbIi morennman [1-3 u np.]. B onpenenennn uccienoareneii mpupoa-
Ho-pecypcHblit noteHiman ([TPIT) noHuMaeTcst Kak «COBOKYITHAsi CIOCOOHOCTh BCEro
MHOT000pa3us €CTECTBEHHBIX PECYPCOB U YCIOBUN TEPPUTOPHUH 00SCIICUNBATH )KH3HE-
JICATEILHOCTh HACEJCHHsI M YIOBJIECTBOPATh IMOTPEOHOCTH OOIIECTBEHHBIX IPOU3-
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BOJICTB Ha KOHKPETHOM 3TaIrle UCTOPUUIECKOTO PasBUTHM [4, ¢. 6] 1100 KaKk «COBOKYII-
HOCTh TIPUPOJHBIX PECYPCOB PETHOHA, KOTOPBIE HCIOIB3YIOTCSI MM MOTYT OBITH
MCIOJIH30BAHbI B XO3SHCTBE C YYETOM TEHICHIMI HAyYHO-TEXHUYECKOTO MpOorpeccar
[5, c. 55]. Umeror mecto aBe Touku 3penusi: [IPI1 — aTo nubo coyeTanue MpUpPOIHBIX
PecypcoB U yCIOBHH, INOO cOUeTaHNE MPUPOIHBIX pecypcoB. [Ipu aToMm k uncny npu-
POZHBIX PECYPCOB OTHOCSTCSI OOBEKTHI M CHIIBI TPUPOJIBL, KOTOPhIE HA JAHHOM ypOBHE
pasBUTHSL MPOU3BOAMUTENHHBIX CHJI M MX W3YYCHHOCTH MOTYT OBITh HCIOJIBb30BaHBI

|
IIPTL,! | 3abaaHcoBbie U :
| CIIMCAHHBIE 3aI1achl -
¢ ['|  TIPII, = ITPIIL," + IIPIT,? |
|
| I | 1L,
MuHepasibHO-ChIPhEBas] | Ll
0aza (nocTyIHbIe | |
MHHEpaJIbHbIE PECYPChI) | | Texmorenusie :
TIPIT,* | | MuHepalibHbIE |
|| oOpasoBauus |
{7 [PII, = [IPIT," + TTPIT,? |
|
|
TexHuueckre HHHOBAIIUH, | * |
OJlaronpusiTHbIE L |
9KOHOMHUYECKUE YCIIOBHS

Puc. 1. CTpykTypa MHHEPaIbHO-CHIPHEBOTO IMIOTEHIIHANA:

HPH21 — INOTECHIHAJIBHBIC 3aI1aCbl, KOTOPBIC ITPH ITOABJICHUU TEXHUICCKUX I/IHHOBaI_II/II\/’I WIH yirydnie-
HHHM SKOHOMHYECKHX YCTOBHIi BOBIEKAIOTCS B X03AHCTBEHHBIIT 060poT; ITPII,? — moTeHIHaTbHbIC
3aIracel, HC BOBJICYCHHBIC B XO3STUCTBCHHBIN O60p0T
Fig. 1. Structure of mineral raw base potential:

NRP,! — potential resources included in economic turnover when technical innovation come along
or economic growth is increased; NRP,? — potential resources not included in economic turnover

U WCHONB3YKTCA JUIS YIOBJICTBOPEHUS MOTPEOHOCTEH YEIOBEYECKOTro O0INecTBa
B (opMe HENOCPECTBEHHOIO YYacTHsl B MaTepUaTIbHON JIESTENBHOCTH, T. €. SBIISIOTCS
MpenMeTaMu TOTPEOSICHUS M CPEICTBAMH ITPOM3BOJCTBA (IIpeIMeTaMu TPya U Cpell-
cTBamu Tpyaa). K unciry mpupomHbIX yCIOBUA — OOBEKTH U CHITBI IPUPOABI, KOTOPBIE
Ha JJAHHOM ypOBHE Pa3BUTHS MPOU3BOJUTEIHHBIX CHII CYIIECTBEHHBI IS AesITeTbHO-
CTH YEJIOBEYECKOTO OOIIECTBA, HO OHU HE YYaCTBYIOT HEMOCPEACTBEHHO B IMPOU3BOJI-
CTBEHHOW W HEMPOM3BOACTBEHHOM NIEATEIILHOCTH JItonel (kimuMart, penbed) [2, 6-9].
B cocTaBe npupomaHO-pecypCHOro MOTEHITHANA BRIICISIOT YaCTHBIC MTOTCHINAIBI: MHU-
HEpaIbHO-CBIPLEBOH, BOMHBIHN, 3eMEITLHBIN, OMOIOTHICSCKUH (PACTHTEILHBIN U pecyp-
CBI )KHBOTHOTO MUpa). B psine cirywyaeB mccienoBareny BKIFOYAIOT B YACIO MPUPOTHBIX
PECYPCOB KIIMMaTUYECKUE, UTO aBTOPaMHU CTaThU He noaaepxkusaercs. [1lo muenuto [9],
TpaHUIla MEXIY MPUPOJHBIMU PECYPCAMH U YCIOBUSIMU YUCTO HOMUHAJBHAS, TaK KaK
YCJIOBHSI MOTYT TIOTyYUTh YKOHOMHYECKYIO OLICHKY M HAYMHAIOT pacCMaTpHUBAThCA KaK
MIPUPOIHBIE PECYPCHI. YPOBEHb TEXHUUECKOTO IPOTPECca, a TaKk)Ke IKOHOMHUKH, IKOJIO-
TUYECKasl TOCTYMHOCTbh, a TAKXKE CTENEHb M3YYCHHOCTH MO3BOJIAOT B cocTaBe [IPII
BEIICTIATHh (DaKTHYEeCKHe (IOCTYITHBIE) PEeCypChl M MOTEHIIMAIBHBIA 3amac pecypcoB.
®daxTrueckue (JIOCTYITHBIC) PeCypChl — 3TO T€, KOTOPhIE TEXHHYECKH U YKOHOMUYECKU
JIOCTYITHBI, UCIIOJI30BaHUE KOTOPBIX MPEAIOJIaraeT COONIOICHIE SKOJIOTMUSCKUX Orpa-
HUYCHUH, UMEET MPUEMIIEMYIO CTEIICHh U3y4YeHHOCTH. [loTeHITMaNbHBIE pecypCHI (3a-
Machl) — 3TO OOBEKTHI M CHIIBI IPHUPOJIBI, OCBOCHHE KOTOPHIX OyZIET BO3SMOXKHO B Oy/Iy-
IeM 10 TEXHUYECKUM FITH SKOHOMHYECKUM MTPHIUHAM.

TIPII = IIPII, + IIPII,,

rae IIPIL, — dakruueckue (noctynHeie) npupoausie pecypesl; IIPIL, — norennuans-
HBIH 3a11ac IPUPOIHBIX PECYPCOB.
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ITpu stom B cocras 1IPII,, kak u B I1PII,, BxoaaT TeXHOreHHBIE peCypehl. [ljis ycio-
BUW MHHEPAJIBHO-CHIPHEBOTO MOTEHIMANIA €r0 CTPYKTypa Oy[AeT UMETh CIEIYHOIIUi
By (puc. 1).

Cpenu Bcex 4acTHBIX TPUPOAHBIX TTOTESHIIMAIOB HANOOMbINAs 3HAYMMOCTh IPHHA/I-
JIEKAT MIUHEPAITbHO-CHIPhEBOMY, B KOTOpoM Ooiee 70 % mpUxXonuTCst Ha pecypehl TOTI-
JIUBHO-DHEPIeTUYECKOT0 KoMmIuiekca (HeTh, ra3, yronb). M3 pa3sMereHus npupomHo-
pecypcHoro noreniuana (tabdi. 1) [10] cinemyert, 4To 0CHOBHAS MX JIOJIS COCPEIOTOUCHA
B BOCTOUYHBIX paiiOHaX, TOT/Ia KaK HACEICHHUE U XO3SHUCTBO B OCHOBHOM CKOHIIEHTPUPO-
BaHBI B 3aMaIHOM SKOHOMHYECKOU 30HE.

Ta6uuua 1. Pazmenenne npupoaHo-pecypcHoOro noreHuuana, %
Table 1. Natural resource potential placement, %

Pernon Munepaneitiic pecypert Jlecnpre 3eMenbHbBIE Tnapo- u swepro-
TOIUIMBHBIE | CBIPHEBBIE pecypebl
Esponetlickuii CeBep 3 3 10 1 4
HenTpanbuas Poccust 1 70 4 22 2
IOr Poccun - - 12 5
VYpano-IloBomxkbe 6 5 34 4
3amagnas Cubupp 17 2 13 16 8
Bocrounas Cubupn 49 14 38 11 35
Janenuii Bocrox 30 5 30 4 42

Pesyabrarsl. B xonte 70-x rogos XX ctonerust B. Bectman u I, Jletinu monoxxwmm
HavaJlo UCCICAO0BAaHUAM, CBA3AHHBIM C «HU3YUCHHEM ITOJIC3HBIX (bYHKHI/Iﬁ 3KOCUCTEM
KaK yCIIyT B LEJAX MOBBIMICHNUS 0OLIECTBEHHOTO MHTEpEca K COXpaHEeHHI0 OMopa3Ho-
obpasus» [11, 12]. B knaccuueckoit pabote «Yciayru Npupoabl: 0OIECTBEHHAs 3aBU-
CUMOCTb OT HNPUPOIHBIX 3KocucTeM» nox penakuueit I Jleinu [13] B kauecTBe npu-
Mepa DKOYCITyT TEPEUUCIIIIOTCS Takhe, Kak 0ophda ¢ BPEOUTEISIMH U OOJIC3HIMU,
crabmmzanst kKiuMara u ip. OnpeneneHue ke 5KOCHCTEMHBIX YCITYT, JaHHOE B JIOKY-
MEHTaX MEXITyHAPOIHBIX OPraHW3allii, 3BYUHT CIEMYIONIM 00pa3oM: « DKOCHCTEMHbIC
YCIIYTH — 3TO BBITOJbI, KOTOPBIE JIFOAU IIOJIy4arOT OT 3kocucTeM». B mioccapuun TEEB
(2010)—The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics
of Nature A synthesis of the approach, conclusions and recommendations of TEEB —
OKOCHUCTECMHBIC YCIIYTU ONPCACIIAIOTCA KaK «HpﬂMOfI WA KOCBEHHBIHN BKJIaJ DKOCUCTEM
B Omarococrostaue monein» [14, c. 44]. B Hactosimee BpemMsi B MUPE HCCIIEIOBAHUA,
CBSI3aHHBIC C IKOCHCTEMHBIMHU YCIyTaMH, MOJTYYaloT Bce Oolblee pacipoCcTpaHeHHE.
B uncie mexayHaponHeix (yHIAMEHTATBHBIX HCCleaoBaHmil: «OneHKa IKOCHCTEM-
HBIX YCIIYT Ha Topore Teicsiuenetus», Millennium Ecosystem Assessment, 2003, 2005;
npoekT EBponeiickoro cooOmiecTBa « JKOHOMHKA SKOCHCTEM M OHOpa3HOOOpasus»,
The Economics of Ecosystems and Biodiversity, 2008, pa3paboTka 3KOJIOTHYECKOrO
nenapramerTa Bcemupraoro 6anka, MexayHapoaHOTO coro3a oxpanbl mpupoasl JUCN
2000-x rr. m ap. [15]. CommacHo cymiecTByromen kmaccudukanuu (Millennium
Ecosystem Assessment, 2005) [16] Bce skoycITyTr OApa3AesSIOTCS Ha YETHIPE KaTero-
pun: obecreunBaronIue, peryupyoIIre, KyJIbTYpHBIE U ToAAepKuBatomue (Tab. 2).

Ha ceromns cymectByeT psia KiaccU(UKAIMA, B TOM YHCIE OOMICITPH3HAHHBIC
KHaCCI/I(bI/IKaHI/II/I IIPOCKTa ((OHCHKa OKOCHUCTEMHBIX YCIIYT' Ha ITOPOIre TBICAYCIICTUA,
MEXKTyHAPOTHOTO MPOCKTa « IKOHOMHKA SKOCHUCTEM 1 OmopazHoobpazus» — TEEB [17],
EBpomeiickoro arentrctBa mo oxpaHe okpyxaromeit cpeast CICES (Common
International Classification of Ecosystem Services), HanmmonansHoit Ctparerun coxpa-
HeHus 6mopaszHooOpasus Poccuu [18] u memoro psiga peKOMEHIAITUN OTAETBHBIX HC-
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cnepoBarenedit [19]. Ananu3 kiaccuukanuii MmMo3BONMHI  cPOPMYIUPOBATH PSA
PEKOMEH Ialui:

— HE pacCMaTpUBAaTh B COCTABE KIIacCU(UKAIINN KaTETOPHUIO MOAICPKUBAIOIINX KO-
YCITYT, HE UMEIOIINX MOHETAPHOM OLICHKHY;

— B LIEJIAX COMOCTABUMOCTH 00€CIIeUUTh OTHO3HAYHOCTh B COJEPKATSILHOM HAIlOJ-
HEHHU OCHOBHBIX TPYIII 3KOCHCTEMHBIX 3KOYCIYT M UCKIIOYUTH MHOr0OOpasue omnpe-
JeNICHUI OJTHOM M TOM K€ KaTeropuu dKOyciIyT: obecriednBaronye (poayKIHOHHEIE),
WM PeryJIMpyIoniue (peryasTHBHBIC, CPeI000pasyolue), Wik coluaibubie (MH(Op-
MaIOHHBIE, KYIETYPHBIE);

— BCE DKOYCIYTH, YIOBJIETBOPSIOIIME HEMarephalbHbIC IMOTPEOHOCTH YeIOoBeKa
(KynbTypHBIE, O3CTETHYECKHE, 00pa3oBaTelbHBIC, O3I0POBUTEIBHBIE), OOBEIUHUTD
B OJIHY KaTeTrOpHIO — COLMAJIBHBIC SKOYCITyTH (00Jiee MIUPOKOE TIOHSTHE, YEM KYJIBTYPHBIE).

Tadauua 2. Kateropuu skoycJyr
Table 2. Eco services categories

Kateropust sxoyciyr TpakToBka
ObecnieunBaronye [TpoayKTHL, TOTydaeMble OT IKOCHCTEM
Perymmpyromue BEeIrosip!, moydaeMsle OT peryINpOBKU SKOCHCTEMHBIX IIPOLECCOB
Kynbrypable HermpsiMble BBITO/TBI, KOTOPBIE JIOAU MOTYYalOT OT IKOCHCTEM MOCPEICTBOM

JAYXOBHOTI'O 06OFaHleHI/I$I, pa3BUTUA II03HABATCIBHOM JACATCIIBHOCTU,
peKpeanunu, 5CTETUICCKOro OIlbITa, ped)neKch

[NonnepxuBaromme Yenyru, HeoOXoAUMBIE [T TOAIEPKAHUS BCEX APYTUX IKOCUCTEMHBIX YCIIyT

B [CJIOM 3KOCHUCTEMHBIC YCIYTH )% CKJIaJBIBAIOTCA U3 TPEX COCTABIAIOIINX:
DY =3V, + 3V, + IV,

e DY, — obecneunBaoIme 5Koycnyru; DY, — peryIupyIoIue 5K0ycayry; OV, — co-
LUaJbHBIE SKOYCIIYTH.

B nepByto ouepens nx Haluuue CBA3BIBAIOT ¢ OMOTON (JIECHBIMU 3KOCHCTEMAaMH).
buora sBnsercs Benymeit (1BrKyILeit) cuinoii TanamadTa, oHa o0ecrednBaeT NocTo-
SIHCTBO OMOTHYECKOM PETYIISILIUK, YTO CIIOCOOCTBYET YCTOMYMBOCTH OKPY>KaloLIel cpe-
Iiel. BroTa 3emin onpeienseTcs Kak «MeXaHU3M MOIePKaHuUs PUTOIHBIX JJIs )KU3HU
YCIIOBUI OKpYKaroIel cpeibl B TOKABHBIX M IO0ANBHBIX MaciTabax omaromaps pe-
aJHM3aIfy YKOCUCTEMHBIX yciryr» [20, ¢. 207]. [TouBa crmocoOCTBYET pOCTy CETBCKOXO-
3SMCTBEHHBIX KYJIBTYp M pacCMaTpUBacTCS KakK MPUPOIHBIA PECypc, B TO e BpeMs
MI0YBA SIBISICTCS MCTOYHUKOM PsiJia SKOCUCTEMHBIX YCIIYT: PeryJaupyeT cOCcTaB aTMOC-
(epHOTO BO3IyXa M TPYHTOBBIX BOJ, BIUSAET Ha POPMUPOBAHUE OMONPOAYKTHBHOCTH
Ha3eMHBIX JJaHAWA(TOB U T. 1. [IouBy Ha3bIBalOT OMOKOCHOM CHCTEMOM, KOTOPas BKITIO-
YaeT TBEPAYIO, KHUIKYIO U ra3oBbie (a3pl. ATMocdepa u ruapocdepa, yIoBICTBOPSIO-
1€ NOTPeOHOCTH YelloBeKa KaK MPUPOAHBIE PECYPCHI, IPEAOCTABISIOT U OTACIbHbIC
9KOCUCTEMHBIE yCIyTrH (MpecHas BOAA, YUCTHIA BO3AYX, aCCUMUIISLMS 3arps3HEHHS).
Jlutocdepy (Heapa) NPUHSITO CUNTATH UICTOYHUKOM HEBO30OHOBUMBIX PUPOJHBIX Pe-
CypCOB, OfHaKo B pabotax [21, 22] paccMaTpUBaIOTCSl IKOJIOTUICCKUE (PYHKIIUHU JIU-
Tocdepsl: reofuHaMUYeCKas, TCOXUMHUYECKas U reodpuzndeckas.

Takum o0pa3oMm, Bce KOMIIOHEHTBI MPUPOAHON cpensl: atMocdepa, rumpocdepa,
nutocdepa (1ouBa U Heapa), OMOTa, C OAHOM CTOPOHBI, BHIIIOIHSIIOT PECYpPCHBIE (QYHK-
MM B Ka4€CTBE NPUPOIHBIX PECYPCOB, C JPYTOH CTOPOHBI — OCYIIECTBISIOT U 3KOCH-
CTeMHBIE (YHKIHH, T. €. IOCTABIIAIOT IOTOK SKOCUCTEMHBIX YCIYT.

DKOCHUCTEMHBIC YCIYTH B psijie CIy4aeB pacCMaTpUBAIOTCS € MO3UIHMU SKOJIOTHYe-
cKkuXx pecypcoB. B yactHocTH, A. I. EMenbsHOB BBIJENSET IPOU3BOICTBEHHBIE (IIPH-
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PpOIHBIE) pecypChl U IKOJIOTUYECKUE, BKITIOYAIOIINE «CPEN000pas3yIoIe KOMIIOHEHTHI
M 3JIEMEHTHI MPUPOIHON cpeabl (peKpealmoHHble, acTeTnueckue u ap.) [23, c. 19].
JI. T. EnkuHa, gaBas OINpEAEICHUE SKOJIOTMYECKUX PECYpPCOB, COBMEIIAET MOHSITHE
MIPUPOAHBIX PECYPCOB U IKOCUCTEMHBIX YCIyT [24]. [ToHATHE 3KOCHCTEMHBIX PECYpCOB
UMEET MECTO U B pabote [25]. ABTOpBI CTaTbU CUUTAIOT, YTO SKOCHCTEMHBIC YCIIYTH HE
MOTYT OBITH OTIPENETIeHbI KaK IKOJIOTUYECKUE PECYpPChl B CHIIY OTCYTCTBHS Ba)KHOTO
YCIIOBUSI — OHU HE MPUHUMAIOT HEMOCPEICTBEHHOTO Y4acTHS B NMPOU3BOACTBEHHOM
TIpoIeCCe.

IIpupoaubrii kanuTan

e .

DKOCHUCTEMHBIN KaruTal
(OnoTHYECKHE KOMITOHEHTBI)

v Y !

AOHOTHYECKHE KOMITOHEHTBI

H 6 Bo306HOBUMBIE Bo3o6noBuMBIC Peanusauus
CBO30OHOBHMBIC HeHcuepracMble rcuepracMble — OKOCHCTCMHBIX
MPUPOJHBIE PECYPCH MPHPOIHEIE PECYPCHI HPUPOJHBIC PECYPCEI byHKIMH
| | | ,,
Peanusanus KocBeHHOe y10BIETBOpPEHHE
pecypcHBIX QYHKIMI notpedHOCTe#t 3a cyer
> [IOTOKA SKOCHCTEMHBIX YCIyT
Y

[Tpsimoe ynoBieTBOpeHHE
noTpedHOCTEH B cpe/cTBaX, MpeaMeTax
Tpy/aa, npeaMeTax noTpebaeHus

Puc. 2. CtpykTypa npupoIHOTO Kanuraua
Fig. 2. Natural capital structure

[Tpru3HaHue HATMYUS SKOCUCTEMHBIX YCIIYT U MX 3HAYUMOCTH o3Bommio X. Jeinu
u I. Korcranza B 1992 1. B pabote «lIpupomHblil KamuTam U yCTOWIHBOE Pa3BUTHE»
c(hopMyaHpOBaTh ONpeesIeHHE MPUPOLHOIO KaluTalla: 3TO «3alachl/akTUBHI (Stoc)
MIPUPOIHOHN Cpelbl, HAOIUe TIOTOK IEHHBIX TOBAPOB U YCIyT B Oymymiem» [26]. B co-
OTBETCTBUHU ¢ UX KoHIenmuei npupoausiid karutai (TNC) gomkeH ObITh YCTORYHBBIM
(sustainable):

TNC = RNC + NNC,

rae RNC — Bo300HOBIsieMbIi nipupoanbiii Kanutai; NNC — HeB0300HOBIISIEMbIH TIPHU-
POIHBII KanuTal.

Peanuzanus nocrosictBa TNC 03Hauaet, 4To TOXOIB! OT HEBO30OHOBIISIEMOTO TIPH-
poaHoro Kanutana npu ymeHbieHur TNC 10KHbI ”HBECTUPOBATHCS B BO3OOHOBIIsIE-
MBI IPUPOAHBIN KanuTai, KoTopbiit X. Jetinu u I. KoncTan3a Ha3bIBalOT aKTUBHBIM
B OTIMYME OT HEBO30OHOBIISIEMOr0, HA3bIBAEMOIO NMACCHBHBIM. B0300HOBISIEMOCTD
MIPUPOIHBIX PECYPCOB TO3BOJSIET CPAaBHMBATh MX CO CPEACTBaMHU IIPOM3BOCTBA,
MOJIBEPKEHHBIMH aMOPTHU3aIlUH, a HEBO30OHOBISEMOCTh — C TOBAPHO-CHIPHEBBIMHU
3amacaMu, KOTopble co BpeMeHeM ymeHbIatoTcs. CoxpanHocts TNC obecnieunBaeT
HaJU4HEe MOCTOSHCTBA MOTOKA TOX0/Aa, YTo TpeOyeTcs oT kanurtana [27].

Crnenyet OTMETHTD, YTO B OTIPEAETICHUH IIPUPOAHOTO KaluTasaa SBHO IPOCMaTpHUBa-
€TCsl AaHTPOIOLIEHTPUYECKHUN 1oaxoA. [IpupoaHelil kKanuTan paccMaTpuBaeTCs ¢ MO3U-
UM aHTPOIIOICHTPU3MA, T. €. TONyYSHHsI JOXO/a U YIOBIETBOPEHHs MOTpeOHOCTEH
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yesoBeka. boree Toro, mposBIIsis «peCypCHBI ONTUMHU3M», aBTOPHI [26] CUNTAIOT BO3-
MOKHOM 3aMEHY MPUPOIHOTO KalluTala Mporu3BOACTBEHHBIM. Ha camoM zese BO3MOXK-
HOCTb 3aMEHBI TPHPOIHOTO KanuTaja BechMa orpannyera. Ha ceromns oduienpu3naH-
HBIM  SBJISACTCA HeO6XOI[I/IMOCTb COXpPaHHOCTHU €CTCCTBCHHBLIX HCHAPYUICHHBIX
OMOTHYECKHX co00IIeCcTB (BO30OHOBIIEMBIX MTPUPOIHBIX PECYPCOB), UTO 0OECIIeUrBa-
€T IOTCHIINUAJI OMOTHYECKOU peryisuu, KOTOpBIfI CymieCTBOBaJI C MOMCHTA BO3HHUKHO-
BeHHS KU3HU Ha 3emiie. bruopaznooOpasue u cymmapHast Ouomacca y BTOPHUHBIX CO-
oOmiecTB B 2 pa3a MeHbIE, YeM y HEHapyUIeHHBIX, a y JIECONOCaJOK JaHHbBIE
nmokasarenu emie Menbine [28—30]. CymecTByeT mpesel, 70 KOTOPOTo YeI0BEYECTBO
MOXKET HUCIIOJIb30BaTh HpI/IpO)IHLIﬁ KamnuTall ¥ €ro BaKHeHIme CTPYKTYPHBIC €AVUHUIIBI,
YTO B MEPBYIO 0Yepe/Ib KacaeTcs OMOTEHI.

IIpuponuslii kanuTan

DKOCHCTEMHBIN KaruTa
(OnoTHYEeCKUE KOMIIOHEHTBI)

Peanm3anyst 9KOCHCTEMHBIX
GbyHKIMN

¢

\d

ITpsiMmoe 1 KOCBEHHOE yIOBJICTBOPEHUE
HOTpeOHOCTEN 3a CUET IKOCHCTEMHBIX YCIIyT

Puc. 3. CTpykTypa NpupoaHOro Kanurasia
Fig. 3. Natural capital structure

[Ipu3HaHMe HAMTUYXS 9KOCUCTEMHBIX YCITYT MOTPe00BajI0 OOpAIIeHHUS IPU CTPYKTY-
pHU3AINH TPUPOIHOTO KalUTaIa K IKOCUCTEMaM, IPEICTABIISIONINM COO0H OHOIEHO3-
HBIE CUCTEMBI, B KOTOPBIX TIaBHBIM KOMIIOHEHTOM BBICTyIaeT Onora. CloBaph TepMH-
HOB OTIPEETSIET IKOCHUCTEMY KaK «COBOKYMHOCTh OPTaHMU3MOB W YCIIOBHH CpEIbI,
B KOTOpOIi OHH 00uTaIoT». bonee oObeMHOE ompeesieHne XapakTepu3yeT IKOCUCTEMY
KaK «TF00YI0 COBOKYITHOCTh OPTaHU3MOB M HEOPTAaHHYECKUX KOMIIOHEHTOB OKPYKat0-
nieil cpenpl, B KOTOPOM MOXKET OCYIIECTBIATHCS KPyroBopoT BewiecTB» [31, c. 106].
Torma mpu pecypcHOM mMoaxo/ie K MOCTPOSHHUIO CTPYKTYPHI IIPUPOIHOTO KalUTaa ero
cxeMaTnIHoe n300pakeHne OyeT UMEeTh BUJI, IPEACTaBIeHHBII Ha prC. 2.

BHenpenue 3KOCHCTEMHOTO MOAXOAA TIO3BOJISIET MCIIONB30BATh IUPOKUN IMTOIXOT
K IMTOCTPOSHHIO CTPYKTYPHI TPUPOAHOTO KarnTana (puc. 3).

B nanHOM citydae cumrTaercs, 4TO BBITOIHSIOTCS TOIBKO IKOCHCTEMHBIE (DYHKIINH,
B TOM 4HcIie obecrieunBaromue. [lpaBaa, B OTAETFHOM CiIydae B OTHOIIEHUH aOnOTH-
YECKUX KOMIOHEHTOB peub UIET 00 aOMOTHYECKUX YCIyrax. Y UUThIBas, YTO MIPUPO-
HBIE PECYPCHl PACCMATPUBAIOTCS B YHCIIE OCHOBHBIX KOMITOHEHTOB KOHOMHUKH TPH-
POIOTIONB30BAHMS, CUUTAEM II€JIeCO00pPa3HBIM UCTIONH30BaHNE CMEIIIAHHOTO BapHaHTa
(puc. 4).

CMemaHHbIi BapuaHT NpEAIoNaraeT B CTPYKType MPUPOTHOTO KaluTala HaJTinaue
MIPUPOIHBIX PECYPCOB U HKOCHCTEMHBIX YCIYT, IIPH 3TOM YIOBIETBOPEHHE TOTPEOHO-
CTeH B YMCTOM BO3JyXE M BOJIE PACCMaTPHUBAETCS KaK 3KOCUCTEMHBIE YCIIYTH, YTO TO-
3BOJISIET TOBOPUTH O CMEIIAaHHOM BapuaHTe. [Ipu mocTpoeHnn JaHHOH CTPYKTYPHI py-
KOBOJICTBOBAJIUCH CIIEAYIONIMMA MPUHITUTIAMH:

— IpU3HaHUE 32 OMOTUYECKUMH KOMITOHEHTaMH, COCTABIISIFOIIIMMHU OCHOBY 3KOCH-
CTeM, peai3alliH JIUIIb IKOCUCTEMHBIX (PYHKITUIL, 9TO 1aeT BO3MOXHOCTh paccMaTpu-
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BaTh (DYHKI[MM IO YIOBJICTBOPCHUIO MOTPEOHOCTEH B MpeaMeTax MOTPEONICHUS Kak
9KOCUCTEMHBIX;

— YIIOBJICTBOPEHHUE MOTPEOHOCTEH B MpeaMeTax MOTPEOICHUS CO CTOPOHBI BO300-
HOBJISICMBIX HEHCTOIIAEMBIX aOMOTHYIECKUX KOMIIOHCHTOB pacCMaTpuBaTh TaKXKe B Ka-
4yecTBE 00ECIIEUNBAIOITNX PKOYCITYT B IENIIX COOMIOACHIS OTHO3HAYHOTO TIOAX0/a K UX
OTIPEIICIICHHUIO;

— II0A0poare MOYB (OTHOCHUTEIBHO BO300HOBISEMbIC KOMIIOHEHTHI MPHUPOIHON
Cpelnbl) MPUIUCIATH K A0MOTHYECKUM KOMITOHEHTAM.

IpupoaHblii KanuTanx

P .

‘ AbHoTHYECKHE KOMIOHEHTHI ‘ ' DKOCHCTEMBI l
PecypcHble DKOCHCTEMHBIE KocHCTEMHbIe
(byHKIIH byHKmit dynxumn

> > I —
\ Y ¢ ¢ ¢

IIpsimoe [psimoe Kocsennoe Ipsamoe
YIOBJICTBOPCHHE YIOBIICTBOPEHHUE YIOBIIETBOPECHHE YIIOBJICTBOPCHHUE
notpedHOCTEi B noTpedHoOCTel B notpeOHOCTEH Yepes HEMaTepHanbHbIX

CBIpbE, opeaMeTax MPeI0TBpAILCHIE MOTPEOHOCTEH:
DNIEKTPOIHEPTUH, HoTpeOICHNUS 9pO3UH TOUB, JCTETHYECKHUX,

CpEeCTBAX, (obecmeunBaronye peryimpoBaHue 03JI0POBHTEIBHBIX

npeaMeTax Tpyzaa DKOYCIIYTH) KJIMMaTa | JIp. UT. I

Puc. 4. CtpykTypa mpUpOIHOTO KaluTaia
Fig. 4. Natural capital structure

B nenom abnorndeckre u OMOTHYECKHE KOMITOHEHTHI BBITTOJTHSIOT KaK pECYpCHBIC,
TaK M KOCHCTeMHbIe QyHKIMU. [Ipy pecypcHOM MOJXo/e K MOCTPOSHHUIO CTPYKTYPHI
MPUPOTHOTO KAMTaIa BHUMAaHHE YACTSIOT IIOTOKY «TOBapOBY» (Pe3yNbTaTy peCypCHBIX
(bYHKIMI), TPU SKOCUCTEMHOM — ITIOTOKY SKOCUCTEMHBIX YCIIYT (pe3ylIbTaT IKOCUCTEM-
HBIX (QYHKIUH).

BoiBoabl. V3 aHanm3a cTpyKTypbl IPUPOMHOTO KAMUTAala U BBITIOIHSAEMBIX (YyHK-
Ui cemyert, 4To Hanbosee 11e1ecoo0pa3Ho HCHONIB30BAaHUE CMELIAHHOH CTPYKTYpHI
NPUPOIHOTO KanuTaja, B KOTOPOH HMEIOT MECTO KaK PECYPCHBIC, TaK M 9KOCHCTEMHEIC
¢ynknyn. Mcnoiap3oBaHre eIUHBIX TOIXO0J0B K MTOCTPOCHUIO MPHPOIHOTO KaruTaa 1
COZIEPKAHHIO KOCHCTEMHBIX YCIIYT CeaeT BO3MOKHBIM BBIITOJTHEHUE JIOCTOBEPHOTO
CPaBHUTEIBHOTO aHAJM3a U PACIIUpeHNe padoT MO OLEHKE MIPUPOJHOTO KAHUTaIa.
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Mineral resources as a constituent part of natural capital
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Abstract

Relevance. In the recent decades a lot of countries around the world are increasingly using the economic
appraisal of the territory s natural capital. The appraisal represents the mechanism which makes it possible
to reasonably select the options for the natural capital development with the view of social-economic
development being favourable to human life activity and preserving ecological balance at the same time.
The appraisal s reliability requires specified structure of the natural capital and the implemented functions.
Research aim is to specify the architecture of the natural capital and functions implemented by its
components.
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Methodology and methods. The theory and the methodology of the natural capital and the theory of
ecosystem services were the theoretical basis for the research. The research contained data generalization
and analysis, classification and grouping, comparative analysis, and qualitative analysis.
Research results. The content of the natural resources potential with available resources and potential
reserves was studied. The possibility of transferring from potential reserves (off-balance and written-off
reserves and technogenic mineral bodies) to accessible mineral resources which form the mineral resource
base was shown by the example of the mineral raw potential. Universally recognized ecosystem services
classifications were analyzed and recommendations were made aimed at improving such a classification
for further universal application. All components of the natural environment are considered from the
position of ecosystem services possibility. It has been determined that they are provided by both biotic
and abiotic components (such functions reside even in the lithosphere). The authors’ position has been
formulated regarding eco services as ecological resources. Anthropocentric character of the approach
has been proven in the definition of the natural capital, which is only considered from the position of the
“income flow” for the sake of human, while its preservation is conditioned by the need for its permanency.
The essence of resource and ecosystem approach is revealed when building the structure of the natural capital.
1t is recommended to use a combination of the options based on the principles from the present article.
Summary. Natural capital appraisal reliability required unambiguity in constructing the natural capital
and the implemented functions. It is proposed to use the combined structure of the natural capital which
reflects the implemented resource and ecosystem functions.

Key words: mineral resources; natural resources potential; ecosystem services, natural capital; structure;
functions.
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Abstract
The research aims to work out in details the measures taken to limit ecological risks when producing
ore in highland regions.
Research methodology includes applying the methods of X-ray fluorescence spectrometry, neutron
activation analysis, and mass spectrometry to study the mechanism and indicators of environmental
ecosystems chemical pollution with the products of synergetic interaction among the ingredients in
metallic minerals.
Research results and scope. The data on the role of water in mining have been introduced. The features
of mining industrial wastes impact in the conditions of the Caucasus highland. The leading role played
by metallic ore mill tailings in chemical pollution of highlands has been numerically proved by the
example of the major fields. The idea has been formulated that highland territories are weakened and
public health is deteriorated due to chemical contamination of highland environment by mining waste.
Quantitative parameters of mining and smelting impact on public health have been determined, and the
prospects of measures taken to protect population from the negative impact of mining have been
forecasted. It has been shown that overall protection of environment from chemical pollution is possible
only in case of advanced recycling of waste. Advanced methods of trade effluent reclamation have been
recommended. Research results may be applied at the underground development of metallic ore deposits.
Summary. In the conditions of highlands, ecosystems contamination with the products of synergetic
interaction among the ingredients of metallic materials in the process of metal production increases.
Environmental protection from chemical contamination with liquid products of mining is possible by
extracting chemically dangerous metallic ingredients and reducing their concentration down to the level
of hygienic standards with the use of new natural and resource saving technologies.

Key words: mining; trade effluent; ecology, mill tailings; ecosystem; public health.

Introduction. The efficiency of mining is strongly influenced by mine effluent,
i. e. groundwater, interstatial water, middle water or fissure water which contains
dissolved metals, organic and chemical compounds, and mineral particles. Russian ore
mining and processing enterprises surface more than 1.3 billion m® of effluents annually.

Many enterprises have been experiencing difficulties within a long time due to
deposits inundation. So, 2100-2200 m%h of water from the underground mine workings
and 700 m%h more from opencast mines have been pumped out in the Lebedinsky pit
of the Kursk magnetic anomaly. A mean efficiency mine discharges about 1000 m%h of
sewage to the surface.

Mining facilities deliver mill tailings to the natural environment together with
discharges and filtrates from mineral thickening and dewatering, atmospheric and natural
effluents drained into the mine workings, and effluent from current flow processes.
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In the traditional scheme of field development all the water is delivered to surface,
the liquid phase of mill tailings is added, and the whole thing is discharged to the
surface, often with no purification. Metal solutions are drained through the underlayer
and migrate to the surrounding environment (fig. 1).

In the overwhelming majority of cases, sewage is discharged into the surface
watercourses. The main part of water pumped out at field dewatering comes to rivers
changing their water regimes. Vast local depressions of groundwater are developed in
the mining regions.

AR 2R !
Voo, )

Fig. 1. Movement of water flows at underground mining of a deposit:
1 — deposit; 2 — collecting mine working; 3 — producing miner working; 4 — mine’s
surface; 5 —river; 6 — relief
Puc. 1. /IBuwkeHue BOAHBIX IOTOKOB IPH IOA3EMHON pa3pabOTKe MecTo-
PpOXIEHUSA:
1 — MecTopoxxaeHue; 2 — cbopHast BEIpaboTKa; 3 — BbIAAIONIAs BBIPAOOTKA; 4 — IIAXT-
Hasi IOBEPXHOCTh; 5 — peKa; 6 — penbed

When opencasting minerals from placer deposits, water regimes alternation is the
consequence of peat and sand preliminary dewatering carried out under hydraulic,
bulldozer and excavating methods of development with the help of stream diversion
and drainage channels.

During ore fields underground development with conventional technologies, water
is used in flow processes of drilling, delivery, dust removal, etc.

Mill waste accumulation in tailings dams is the main reason for the environmental
impact of mining. With time, a dome with water mineralization manifold exceeding the
threshold limit value (TLV) develops under the storage facility. The dome is the exciter
of chemical contaminants discharge into the environment.

Water which leaves the boundaries of the tailings dam contains copper, iron, and
sulphur, the concentration of which is often commensurable with their concentration in
ore. Dam water drainage in the tailings dam, where the uranium crude processing waste
is stored, has radiative forcing on the environment. The main factor of the environmental
impact is waste water contamination with sulphates, nitrates, marganese, molybdenum,
and other toxic maters.

At small-scale mining, sewage does not significantly contaminate water bodies and
watercources, but distributes along the surface differentiating in the soil layer. Water
contamination may manifold exceed TLV.

In new methods of development with leaching and dissolution, metal solutions
which haven’t been isolated from the environment are referred to pollutants.
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Polluted water is actively involved in domestic and agricultural cycle affecting flora,
fauna and people. The most severe consequence of hydrogeological and thermal
regimes alternation is the deterioration of the hydrobiological situation in seas and
lakes rivers run into. For the Caucasus it is the Caspian Sea.

Ecological tension in the zone of mining activity has reached its critical level of
territory’s contamination with heavy metals. For that reason, a prior task of environmental
protection is to monitor public health in the mining region.
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Fig. 2. Orography of the Ossetian part of the Central Caucasus
Puc. 2. Oporpadust ocerunckoro y4dactka LlenrpansHoro Kaskasa

In the organism’s reaction to the effect of ecotoxicants, including heavy metals,
a crucial role is played by the development of ROI, intensification of lipid peroxidation,
membrane damage, DNA damage, which stimulates the development of cancer
formation, CVD, neurodegenerative diseases, and mutagenesis.

The issues of minimizing the rate of environmental chemical contamination by
mining industry form the problem of global importance. The object of research are the
large-scale allotments of industrial production including mineral deposits exploitation
in highland regions which are the most insecure areas of the Earth.

The research aims to work out in details the measures taken to limit the ecological
risks from mining ore in highland regions of the Russian Caucasus.

Object, tasks, and methodology. The mechanisms and results of environmental
ecosystems chemical contamination with the products of synergetic interaction among
polymetallic ore mill tailings ingredients in storage facilities have been studied using
the integrated method including mill tailings, soil, and water sampling.
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The methods of X-ray fluorescence spectrometry, the neutron activation analysis,
and mass spectrometry have been used to obtain the information on the content of
elements-toxicants.

Research results and discussion. Mining is most hazardous in the conditions of the
mountainous terrain which is characterized by diverse conditions, dissected relief and
high amplitudes of altitudes. The Caucasus orography controls and intensifies the
processes of chemicalization of the natural environment, localizing contamination
zones and preventing from concentration reduction across a larger area (fig. 2).

Table 1. Metal concentration in the River Baksan in peak phases
Taoauna 1. Konuenrpanus merajiiioB B p. bakcan B nukoBbie ¢a3bl

Interval Concentration, mkg/I
gi\tg? Metal minimum maximum average
Baksan winter summer winter summer winter summer
40 km Chrome 0.20 0.95 0.80 5.98 0.45 2.96
Nickel 0.45 0.72 1.06 3.22 0.82 1.55
Molybdenum 0.47 0.91 8.35 8.37 2.77 4.03
Lead 0.27 0.20 0.49 3.62 0.38 1.12
Zinc 1.50 1.50 251 11.76 1.75 4.89
55 km Chrome 0.20 0.74 0.47 4.20 0.29 1.83
Nickel 0.90 0.70 0.97 191 0.56 1.28
Molybdenum 2.50 0.92 7.40 16.4 2.89 5.71
Lead 0.20 0.33 0.53 1.93 0.37 0.96
Zinc 1.50 1.50 1.50 8.13 1.50 4.01
70 km Chrome 0.20 0.39 0.38 8.80 0.28 3.65
Nickel 0.20 0.40 0.68 3.58 0.52 1.88
Molybdenum 1.34 0.20 6.38 12.03 3.28 4.76
Lead 0.20 0.20 0.57 2.64 0.31 0.98
Zinc 131 1.30 7.06 5.51 3.72 3.15

Environmental footprint and water streams pollution grows with the expansion of
residential mountainous territories; and not in every instance the nature can cope with
that. The main collectors of technogenic pollution are the River Baksan and the River
Ardon which collect effluent from large mining enterprises, the Tyrnyaus Tungsten-
Molybdenum Plant (Kabardino-Balkaria) and the Sadonsk Lead-Zink Plant (Republic
of North Ossetia —Alania).

Baksan flows from under the glacial shell of mount Elbrus and accepts more than
15 tributaries, including the River Cheget and the River Cherek. In the valley of the
River Baksan, the towns of Tyrnyaus, Baksan, Prokhladny and many other communities
are situated. Water is mildly alkaline and neutral, in the winter period pH varies within
7.5-8.0 units, and within 8.0-8.1 in the summer.

Human impact on Baksnan water is most pronounced in the territory of the Tyrnyaus
Tungsten-Molybdenum Plant.

Old tailings dam with mill tailings is situated 2 km downhill and represents an
embankment 15-20 m high with slopes 30—-60 m steep, filled up with 10—-15 cm soil
layer with vegetation. The main tailings dam is situated at the 55th km marker near
Bylym village and includes a retention pond with the area of 70 ha, 2 km long and
220 million m? capacity confined by the earth-fill dam 110 m high.
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In Baksan water, TLV of copper, for instance, is exceeded by 20-30 times. In the
area of the Molybdenum mine and its tailings dam the concentration of copper is
exceeded by 50 times.

Baksan water is continuously contaminated by tailings dam effluent. Systematic
contamination of water with metal is recorded at the distance from 40 to 70 km (table 1).

It follows from table 1 that almost all components of river water are governed by a
general rule: metals concentration decreases with the distance from the contamination
source, which proves the tailings dam’s role in chemical pollution.

The tailings dam is classified as ecologically hazardous facility, as soon as in case
of inundation or earthquake it threatens with destruction to the outlet water tunnel of
the River Gizhgit. The River Gizhgit may come back to its natural river-bed, overfill
of retention pond, destroy the dam and carry away the mill tailings to the river-bed of
Baksan all the way to Terek.
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Fig. 3. Dependence between the number of oncological cases and the distance to

industrial facilities

Puc. 3. 3aBucumMocTb 4yncna ciiydaeB OHKOJIOTHYECKUX 3a00I€BaHUI OT PACCTOSHUS
JI0 TIPOMBIIICHHBIX 00BEKTOB

The content of metals in vegetable and grain products is abnormal as soon as people
use water for household and practical needs, which may cause irreversible damage to
the metabolism of local population.

The impact of the Sadonsk Lead-Zink Plant is the same. Ore extracted from its
deposits since 1929 have been dressed at the plant in Mizur town. At its time the plant
processed up to 20 thousand ton of ore a day, and the concentrates obtained by selective
flotation contained: Pb, Bi, Sb, Ag, Au, Cu, Zn, Co, As and other metals. Up to 1984
tailings have been stored in a narrow side valley of the left tributary of Ardon located
over the Mizur town. From 1929 to 1984 some tailings were discharged into the River
Ardon polluting it with metals all through. For that reason, in 1984 a new tailings dam
was built. The tailings dams of Sadonsky mines are situated in the floodplains of rivers,
which promotes to chemically active trade effluent travel.

The River Ardon accepts impure effluent from the mines and the tailings dam 150 x 280 m
in size with an earth-fill dam up to 30 m high in the valley of the River Ardon.

Effluent from the lower part of the tailings dam has highly alkaline value (pH 11.2),
its total mineralization radically differs from other samples and makes up 10 746 mg/l.

The value of pH of natural water is close to neutral, pH varies from 6.9 to 7.4.
Samples higher than the tailings dam are close to each other and refer to hydrocarbonate-
sylphate natrium-calcium water. It proves the presence of synergetic processes in the
mass of the tailings dam.
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In high winds, finely dispersed fraction of mill tailings pollutes the soil of pastures,
farming lands and water of Ardon negatively affecting public health. Comparison with
the baseline sample in Sadonka water in the vicinity of the tailings dam revealed the
excess in the concentration of arsenic by 25 times; uranium — by 14 times; stibium,
tellurium, molybdenum — by 6 times; tungsten, lead, and vanadium — by 4 times; and
other metals — by 2-3 times.

Fig. 4. Movement of water flows when mining with traditional methods:

1 — deposit; 2 — ore processing; 3 — concentrate; 4 — mill tailings dam; 5 — water into
the atmosphere; 6 — water into the hydrosphere; 7 — water into the lithosphere
Puc. 4. JIprmkeHue BOJHBIX TIOTOKOB IPH pa3paboTKe TPaIUIIMOHHBIME CITO-
cobamu:

1 — mecTopoxeHue; 2 — nepepaborka pyx; 3 — KOHUEHTpAT; 4 — XpaHUIIHIIE XBOCTOB
nepepaboTku; 5 — Boxa B arMocdepy; 6 — Boza B ruapocdepy; 7 — Boaa B IUTOCHEpY

Comparison with the baseline sample in water covering the surface of the tailings
dam has revealed abnormal excess of metal concentration: arsenic — by 41 430 times;
tellurium — by 17 720; stibium — by 10 430; selenium — by 10 230; tungsten — by 1520;
lead — by 930; molybdenum — by 390; vanadium — by 105; germanium — by 70; tin — by
50; and other metals — by 2-26 times.

In a large city of the North Caucasian Federal District, Vladikavkaz, health indicators
of adult and child population of the city were studied, including the incidence rate in
the following directions: neoplasms, blood diseases, diseases of genitourinary, nervous,
and endocrine systems, diseases of ear and respiratory system, caused by the man-
induced impact of ore mining and processing products.

Increase in the number of neoplasms among the population was systematized
according to the principle of the clinical zoning. The information was plotted on the
city map. The dependence between diseases incidence and steelworks vicinity
in the north-eastern part of the city was determined experimentally. Heavy metals
dispersion halo was discovered in the area of about 40 km? where metals concentration
exceeded mean concentration by an order.

The number of diseases per unit area decreased with increasing distance from
industrial facilities. Quantitative parameters of negative impact from mining and
smelting on public health have been determined (fig. 3).

Analysis and discussion. The development of metal ore fields in the mountainous
territories of the Caucasus is accompanied by the contamination of highland
environment, industrial waste growth, vegetation degradation, and public health
deterioration in urban territories especially in the vicinity of mining enterprises.

Analysis of ideas about the minimization of mining impact on the hydrosphere
shows that safe methods of storing ore mill tailings do not exist. Overall protection
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of environment from chemical pollution is possible only in case of advanced recycling of
industrial waste.

Contaminated effluent comes into the environment after flowing out of mine
workings to the surface or travels with mill tailings to the tailings dams.

The following options for minimizing the region’s chemicalization are available for
mining enterprises:

— traditional extraction of metals by means of breaking it in blocks, transporting
to the surface and processing at a plant with the uncontrolled mechanism of
interaction between natural-technogenic solutions and ecosystems (fig. 4);

— extracting metal from ore in underground
mine workings using mining methods with
leaching, and managing the flows of solutions by 3 {———= 2
means of localizing them technologically
(entrapment and extraction of metals) (fig. 5).

Hydrometallurgical processing methods with 4 5
processes activity increase by mechanochemical
treatment in desintegrators and other devices
may be in demand for waste disposal.

Known technologies of trade effluent
purification before discharge into the environment,
for instance, liming and chlorination, are harmful Fig. 5. Movement of water flows when
for the environment and may cause side effects. mining with leaching:

. . . 1 — deposit; 2 — ore processing;
Electrochemical, sorption and other technologies 3 concentrate: 4 — chemical solution:
make it possible to purify effluent up to the 5 — production solution
standards of fish industry, but they are expensive ~ PHC- 5. JIBIKeHUE BOAHEIX I0TOKOB 1PH

. . pa3paboTKe CrocoOOM BhINICTAYHBAHUS:
and therefore not applied for mine effluents 1~ mecToposenne; 2 — nepepaboTka Py,
cleaning. 3 — KOHIIEHTpaT; 4 — PacTBOp peareHTa;

The results of clinical-biochemical examination 5 ~ MPOAYKIHOHHEITE PACTEOP
of residents in the Alagirsky region hosting the
mining enterprise, who are influenced by chemically active water streams associated with
contamination with heavy metals as a result of the lead-zinc plant activity, have shown serious
violation of antioxidant status and development of oxidative stress among the population.

Violation of prooxidant—antioxidant system’s balance in blood of population can be
considered as the manifestation of the metal-induced toxicity, which promotes to poor
resistance of the survey organisms to the disturbing factors of the environment and to
the development of severe and practically untreatable pathological processes.

By means of managing the flows of solutions in the process of metal production,
it is possible not only to reduce the environmental impact on mining regions and receive
necessary metal and construction materials, but also reduce the risk of incidence among
the population and technogenic catastrophes associated with possible dam failure, or
other forms of water streams impact.

Research results may be helpful when upgrading the technologies of underground
mining in the ore fields with particular conditions of location.

Conclusion. Liquid ingredients are the instruments for chemical contamination of
natural environments being the transporting system for natural and process flow
solutions of metals and salt.

Mine effluent plays crucial role in a system of mining impact being the product
of synergetic interrelation among ore mill tailings ingredients in tailings dams.

The impact of mineral production and processing wastes on living matter must be
assessed with the account of production and processing waste hazardous ingredients
migration halo.
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Overall environmental protection from chemical contamination with liquid products
of mining is only possible by extracting chemically dangerous metallic ingredients
from mineral waste up to the hygienic standards using machines-activators.
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IIpo6seMa MUHUMHU3AIMHA XHUMHYECKOT0 3arpA3ZHEHUs MPOMBbIIILIEHHBIMH
pacTBOpamMu npu 100bIYe MeTAJIJI0B B TOPHBIX PerHoHax

JOmutpax 0. B.!, Koxues X. X.!, [3anapos B. X.!, [[3epanos b. B.2
1 CeBepo-KaBka3ckuii TOCyIapCTBEHHBIN TEXHOIOTHUECKUI YHUBEPCHUTET, Bragukaskas, Poceust.
2 Teodusnueckuii ”HCTUTYT BiagukaBkasckoro HaydHoro nentpa PAH, Biaaukagkas, Poccus.

Pegpepam
Llenv pabomur — demanuzayus Mep 02PAHUYEHUS IKOAO2UUECKUX PUCKOE NpU 000blue Pyo 6 2OPHbIX
pezuoHax.
Memooonozus npoeedenusn padomwl. Vccieoosanue mexawusma u nokasamenel XUMuUyecko2o
3a2PA3HEHUsT IKOCUCEM OKpYxcaioujell cpedvl NPOOYKMAaMu CUHEP2emuyecko2o 83aumoeticmeus
UHCPEOUEeHMO8 — MEemAIoCo0eplHCAWUX — MUHEPANO08  MEMmOOdMU  PEHM2eHOPII00pecy eHmHO
cnekmpomempuu, HetlmpoOHHO-AKMUBAYUOHHO20 AHANUZA U MACC-CHEKMPOMEeMPUU.
Pesynomamer padomot u o6nacme ux npumenenus. Ilpueeoenvt ceedeHusi 0 poau 600bl 8 2OPHOM
npouseoocmee. Oxapakmepu3z06anvl 0COOEHHOCMU GIUSHUS NPOMBIUILIEHHbIX CMOKOG 2OPHBIX
npeonpusimuti 8 ycioeusx 2opucmolx ranouiagpmos Kaexaza. Ha npumepe KpynHvix MecmopoicoeHuil
0aHO KoauYecmeeHHoe noomeepicoeHue gedyweli poiu X60Cmo8 0602aujeHust Memauiuieckux pyo
6 XUMUYECKOM 3azps3HeHuu 2ophblx meppumopuil. Chopmynuposana KoHyenyus 0CradieHus IK0I02UY
20PHBIX Meppumopuil. U YXyOuleHuss 300p06bsi HACELeHUs. 6CLeOCMEUe XUMUUECKO20 3A2PSI3HeHUs.
2OPHOU Ccpedbl OmX00amu 20pHo20 npoussodcmea. Onpedenenvl KOIUHECTSEHHble NAPaAMempbl
GAUSIHUSL  2OPHO-MEMALLYP2UYECKO20 NPOU3BOOCMEA HA 300P08be HACeleHUsi U O0an NpocHO3
nepcnekmue mMep no 3auume HaceleHus Om He2amugHo20 GIUSIHUS 20pHO20 npoussoocmea. I[lokaszano,
YUMo PAOUKATbHASL 3AWUMAa OKPYdIcaroujell cpedbl 0m XUMULECKO20 3A2PAZHEHUs. GO3MONICHA MOIbKO
npu  2ny60KoU YMUIu3ayuu Omxo008, PeKOMEHOO8ANbl NPOSPEeCCUBHbIE Memoobl YMUIUZAYUU
nPOMbIULIEHHBIX CMOK08. Pesynbmamel ucciedosanus mozym Ovimos ucnonb308anvl npu pazpabomee
MeCmopoAICOeHUll MEMANLOCOOEPHCAWUX NOTE3HBIX UCKONAEMBIX NOO3EMHBIM CHOCOOOM.
Buvieoovl. B ycnosusx — eopucmelx  1aHOWAPMOE  3acps3HEHUe  IKOCUCMEM  NPOOYKMAMU
CUHEP2eMUYeCKO20 G3AUMOOCUCMBUSl UHZPEOUCHMO8 MEeMALI0CO0ePICAUUX GeUjecms 6 npoyecce
npouU3800CmMEa Memaiios yCUIU8aemces. 3awuma okpyscaoujeil cpeovl 0m XUMU4ecKko2o 3a2Pa3HeHUs.
HCUOKUMU NPOOYKMAMU 20PHO20 NPOU3BOOCNEA PEANbHO GO3MOJNCHA NPU U3GNEUEHUU XUMUUECKU
ONACHBIX MEMANIUYECKUX UHSPEOUCHMOB U CHUIICEHUU UX COOEPAUCAHUSI 00 YPOGHSL CAHUMAPHBIX HOPM
C UCNONBb30BAHUEM HOBBIX NPUPOOO- U pecypcochepe2arouux mexHon02ull.

Kniwoueevie cnosa: 2o0pnoe npousgoocmeo,; NPOMbLULLEHHBIE CIOKU, IKOL02US, X80CHIbl 0002aUeHUs;
aKocucmema, 300posve ooell.
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JTanHOCTb U3y4eHUs NHXEHePHO-Te0NornyecKuX yCrnoBui
MeCTOpPOXAEHUN NoNe3HbIX UCKonaembIX OT pa3BeaKu Ao 0TpaboTku

Abatyposa U. B.'*, CaBuHueB W. A.%, CtopoxeHko J1. A%,
HyrmaHoBa 9. [1.2, KosnoB B. C.2
L Ypanbckuit rocyAapCTBEHHbIN FOPHBIRA yHUBEPCUTET, . EkatepuHOypr, Poccus
2 Komnanusi «TUHIEO, 1. EkaTepuHbypr, Poccus
*e-mail: gingeo@mail.ru

Peghepam
Beeoenue. Paspabomxa mecmopoxcOoenuil nonesuvix uckonaemuvix (MIIH) oxasvieaem cunvhoe
npeobpasyloujee 6o3oelicmeue Ha 2eonocudeckyio cpedy. Ilpu smom axkmueHo u3MeHAIOmMCs 6ce
cocmasnaowue uHiceHepHo-eeonocuveckux yenosuti  (UI'Y), copmuposaswuecss 6 meuenue
ONUMENbHO20 6DeMeHU: penbed, CMPYKmypa MAccugos 2OpHuIX Nopood, 2udpozeonocuyeckue U
2eoKpuonocudecKue yCaoeus, aKmueUUPYIOMcs 2eon102udeckue npoyeccvl U @Gopmupylomcs 20pHoO-
2eonozudeckue, npu dMom Ha nosepxmocmu 3emau 06pasyiomcs HOGvle MONUWU MEXHOSEHHbIX
06pazoeanull, a 3a4acmylio u mexmnozennvle mecmopodicoenus. Macumabvl mexnozeneza 6 20pHoM oeie
HA ce200HAUHUL 0eHb COUSMEPUMDbL C Pe3VIbMAMAMU 2e0102U4eCKOl 0esimelbHOCU, npomeKaguieli Ha
npomsdIceHUU MHO2UX MULIUoHo8 nem. lloomomy ewe na pannux smanax uzyvenus HMI'Y MIIHU
HeobX00UMO noHumanue Ounamuxu usmenenuss UI'Y ¢ yenvio npedycmompenus npedsapumenbHulx
3AUUMHBIX MepOnpUAMULL.
Llens pabomul. Paccmompenue apxux npumepos ounamuxuy UI'Y MIIU (om pazeedku 0o ompabomxu)
C Yenvio npedycMompens Memooos Ynpasienus dMumMy UsMeHeHUAMU.
Memooonozua. Paccmompena >mannocms NONYYEHUS UHIHCEHEPHO-2€0NI02UYeCKOU UHGopmayuu Ha
nepuoo  @ynxyuonuposanus MIIH, xomopas nozeoaum pewums npobiembl PaAYUOHANLHO2O
UCNONB3068ANUSL HEOD U OXPAHbI 2€0102UYECKOL CPeObl.
Pezynemamut. Ha npumepe psaoda obvexmog obosnauenvi ece smanvt uzyuenus UI'Y, paccmompena
OUHAMUKA UX UBMEHEHUsl, KOMOopas npueend K QopmMuposaHuio UHICEHEePHO-2e0102U1eCKUX Npoyeccos,
HeONazonpuUAmMHO IUAIOWUX HA OanbHeluyto ompabomky MIIH.
Bub1600bl. Peaxyus ceonocuueckoti cpeovl npu paspabomkxe MIIH svipadicaemes 6 pazsumuu
MaACUMAOHBIX UHIICEHEPHO-2e0N02ULECKUX NPOYECCO8, KOMOPbLE 3A4ACTYIO He NO38ONAI0M NPOU3E0OUNb
OdanvHetiwyro ompabomky MIIU u yepooicarom oswcusnu noodei. [losmomy ewje Ha paHHux s3manax
usyyenuss UI'Y MITU Heobxo0umo nonumanue ounamuxu usmenenus UI'Y ¢ yenvto npedycmompenus
npeoeapumensHulX 3aujumnblx Meponpusmuil.

Knroueewte cnoea: unicenepno-zeonozuueckue ycnogus,; Mecmoposicoenus, noiesnblx UCKOnaemvlx;
OUHAMUKA UHIHICEHEPHO-2CONI0SUYECKUX NPOYECCOS.

Beenenue. UmxenepHo-reonornueckue ycnosus (MI'Y) mpencraBnsior coboit
LEJOCTHYIO CHCTEMY B3aMMOCBS3aHHBIX KOMIIOHEHTOB, ONPEACNISIONIYI0 CI0XKHOCTh
pa3paboTKi MECTOPOXKICHHS, XapaKTep U MacIITa0bl H3MEHCHUH TeOJIOTUYECKON CPeIbl
MOJT BIMSHUEM MPOLECCOB TOPHOTO MpOu3BoACTBa [1].

AKTHBHOE BHEAPEHUE FTOPHOIO MPOU3BOJICTBA B BEPXHHUE CIIOM 3€MHOM KOpBI Hapy-
IaeT MPUPOJHOE PABHOBECHE, CIOXKMBIIEECS 3a MUJUIMOHBI JIET, B PE3YyJIbTaTe YEro
BO3HUKACT Psijl K3MEHEHUH (IIPOIIECCOB), UMEIOIINX T€OJOTHUECKYI0 TPUPOAY (pa3Bu-
THE IK30T€HHBIX I'€OJIOTHUECKUX MPOLECCOB), KOTOPHIE OCIOKHSIIOT TEXHOJIOTHIO TOp-
HOTO MPOU3BOJICTBA, YIPOXKAIOT KU3HU U 3[IOPOBBIO JIONEH, HAHOCAT BPEA OKpYyKaro-
mieit cpexe [2].

MeTonuka nmpoBeneHus uccjaenoBanus. Vzydenue 3akonomepuocrei UT'Y, chop-
MHPOBAHHBIX B T€0JIOTHYECKOM BPEMEHHU, JOHKHO BECTUCH MOCIEI0BATENBHO, UTO T10-
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3BOJIUT YCTAHOBUTH WX HA ATAIlE Te0JIOrOPa3BEI0YHBIX pa0OT U OTCICAUTH TUHAMUKY UX
M3MEHEHHs Ha dTare pa3padoTKu MECTOPOXKICHUS ¢ HEOOXOAUMOM HalleKHOCTHIO [3].

ITocnenoBaTensHOCTh M3yYEHUS BKIIOUAET B ce0st TpH 3tana (puc. 1):

nepeviti — MONy4YeHUE MHPOPMAIIUU Ha CTaIMU Te0JIOTOPa3BeI0YHbIX padoT;

6mopoil — NONy4YeHUE UHPOPMALIUU Ha CTAJNH BCKPBITUS;

mpemutl — MOJTydeHUue MH()OPMAIIUHN Ha CTaIUU IKCILTyaTalluy U PEKYIbTHBAIIH.

PezynpraToM nepBoro atana u3y4eHusi ECTECTBEHHBIX 3akoHOMepHOCcTer UT'Y u nx
B3aMMOJICHCTBHS C TOPHBIMH pabOTaMHu JIOJDKHA SBISIThCS 0a30Basi MHKEHESPHO-TEO0JI0-
TUYeCcKass MOJICIb, KOTOpas Ha MOCHEAYIONINX dTarax W3ydeHUs OyIAeT OCHOBOH s
MIPOBEJICHUS PACYETOB KOHCTPYKTUBHEIX MTApaMETPOB KaphePOB U OTBAJIOB, U3MECHEHUS
TOPHOTO JIABJICHUS, @ TAKIKE KPETJICHHUS TOPHBIX BBIPA0OTOK [4].

VcenoBus Cosnanue
(hopmupoBaHus 6azoBoit
MECTOPOXKICHUN MOJIENH

BOONOHIKEHIE ‘ > 3MeHeHue THApO-
TEOJIOrMYECKUX YCJIO-
UWsmenenue penbeda BHif

H3menenne
WMHKEHEPHO-
TEOIOTHIECKHX
YCIOBUH

T'eonoro-
pa3Be/jouHbIe
paboTs

BckpeiTre RIECIHOONT =~
dopmupoBanne M3menenue coctaBa u
TEXHOIE€HHOTO pesibeda CBOICTB FOPHBIX
| TOPOJL
‘ N3menenne
TEMIIEPATYPHOTO PEXUMA == ET A
, PazBuTue n aktuBu3a- Grmanat
DKCIUTyaTalys DopMHpOBaHHE KOHCTPYK- e MOJIENH
LIMOHHBIX 3JIEMEHTOB TeOJIOTMYECKUX TPO-
TOPHBIX BBIPAOOTOK 1[ECCOB
H3meHeHne HanpsHKeHHO-
TehOPMHUPOBAHHOTO COCTOSIHUS Aunamika namene-

HUSI HEDKEHEPHO-
TCOJIOTMYECKUX
YCIIOBHH

_Puc. 1. M3smMeHeHne MHXKEHEPHO-TEOJIOTUECKUX YCIIOBHH Ha dTAlle U3yYEHHUS U Pa3BUTUS
Fig. 1. Change in engineering and geological conditions at the stage of study and development

Ha BTOpoM u TpeTheM 3Tamax BCKPBITUS M YKCIUTyaTaIllUl TOPHBIX BBIPAOOTOK HE-
00XOZIMMO MPOBEICHHE KOMILUIEKCHOTO MOHUTOPHHTA C IIETIbI0 YTOYHEHUs 0a30BOM MO-
neau UTY [5].

[ToBbimeHEe HAIEKHOCTU TEOJIOTMYECKOTO 000CHOBAHUS MPHU PEIICHUH PSJia TOP-
HO-T€OJIOTUYCCKUX 3a]1ad MOXKET CTaTh BKJIAJIOM WH)KEHEPHOM reooruu B pa3paboTKy
o01mieil mpoOJeMbl PAMOHAILHOTO UCIIONB30BaHUS HEAP U OXPaHBI T'€OJIOTUYCCKOMN
cpensl [6].

TexHorenHbple BoO3neWcTBUA Npu ocBoeHMn MIIU mposiBistoTCS B O4EHB pa3HO-
00pa3HbIX opMax, HO U3 3TOTO MHOTOOOPAa3Hsi MOKHO BBLICITUTH TPH OCHOBHEIC!

— (opmupoBanue chep BIUSIHUS 3HAYUTEIBHBIX Pa3MEPOB, YTO MPUBOIUT K H3ME-
HEHUIO €CTECTBEHHOTO HAMPSHKEHHOTO COCTOSIHUSI OTPOMHBIX 00hEMOB TOPHBIX ITOPO]T;

— 00pa3oBaHKE 3HAYUTEILHBIX IIOMIA/ICH, BCKPBITHIX TOPHBIMU BBIPA0OTKAMU I10-
PpOA, KOTOPBIE SABIIAIOTCA KOHCTPYKTUBHBIMU 3JIEMEHTAMU TOPHBIX COOPYXKEHUN;

— BO3JICHCTBHE Ha OOHAXKUBIIIMECS MACCUBEI TOPHBIX MTOPOJ] aTMOC(EPHBIX 0CAIKOB,
TEeMIIepaTypbl, B3PHIBOB, aKTUBU3AIIMSI POIICCCOB BRIBETPUBAHUS U T. 1. [7].
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Pesyabrarel. PaccMOTpuM [IHMHAMHKy HW3MEHEHMsI WH)KEHEPHO-TEOJOTHMUYECKHX
yCIIOBUH Ha psife 00BEKTOB.

Mecmopooicoenue xpomumos Lenmpanvroe (llonsprviti Ypan). Ha stane coznanus
0a30BOll MHXEHEPHO-TEOJIOrHYECKOH MO MECTOPOXKICHHUS (HA CTaJUU Pa3BEIKH)
OBUIO yCTAHOBJIEHO, YTO MACCHB TOPHBIX MOPOJ, BMEIIAIOIINI MECTOPOXKIECHHE, CIIO-
JKEH MPOYHBIMHU U CPEAHEH MPOYHOCTH AYHUTAMH M cIabOTPELIMHOBATHIMU Tapuoyp-
rutami. Ilopoas! oTHOCATCA K KaTeropuu MOpo3HbIX ¢ Temmneparypamu —1,5 °C...—2,0 °C.
I'maporeonorudeckue ycioBus ONpeAestoTCs HATMUYUEM MaJOMOIIHOTO CE30HHO Cy-
[IECTBYIOIIETO TOPU30HTA HAAMEP3NOTHBIX BOJ. OCOOEHHOCTHIO HHKEHEPHO-TEONIOTH-
YEeCKHX YCIOBUH MECTOPOXKACHUS SBJSIETCS HaJIM4KMe 30H OCIAOJNCHHS JIBYX THUIIOB.
IlepBblii TUI IpEeCTaBIEH CUCTEMHON TpPEIIMHOBATOCThIO. [lageHne cucrtemM TpemuH
COBIMAJIAET C HANpaBICHUAMH MaJCHUS 3allaJHOTO0, I0T0-3aMaIHOTO U CEBEPO-3aI1aIHO-
ro 6opToB Kapbepa. [IoBepXHOCTH TaKUX TPEIIUH MOKPHITH KOPOUKAMH CEpPIICHTHHU-
Ta, Tajbka, kKeMMeppeTuTa. [IoBepXHOCTH TPEIINH OTINYaeT HU3KOE yAETbHOE CLIEIIe-
HUE, KOTOpO€ TMpH BoAOHAachleHMH naxaer a0 0. Bropoil Tum — 3TO 30HBI
Pa3apoOICHHBIX OPOJ ¢ OIIOYHOCTBIO OT 2 110 5 cM. Takue 30HBI IPUYPOUCHBI K 30HaM
TEKTOHWYECKUX HapylIeHu# [8].

[MpompInuieHHast OTpaboOTKa 3aacoB MECTOPOXKIIeHUs Obuta Havara B 2004 roxy u 3a-
koHueHa B 2017 Ha miyoune 6onee 200 M. Eiie B mporiecce 0TKphITON 0TPadOTKU B Kaphe-
pe Hayanu (GOpMHUPOBATHCS MHKEHEPHO-TEOJIOTMYECKUE MTPOLIECCHl — 0OpyIIeHHe OIOKOB
IO MJIOCKOCTSIM CKOJIBKEHUS], 110 MPUHILIMITY ONPOKHU/IBIBAHNS 1 TEKTOHUYECKOMY KIIHHY.

K HacrosiieMy BpeMEeHH MOJTHOCTHIO 3aBepIleHa OTpab0TKa 3amacoB KapbepoM, J0-
ObIua BeZieTCsl MOJ3€MHBIMH TOPHBIMH BBIPa0OTKaMu (IITOJIBHAMU) Ha OoJiee TITyOOKHX
ropusoHTax. Ilocie OKOHYaHHUs IKCIUTyaTallMd OTKPBITOW TOPHOH BBIPAOOTKH I1yOu-
Hoii 200 M, miomaasto 0,5 KM? GbUIa CO3MaHa PUOOPTOBAst 30HA IUPUHON 10 120 M,
rJe YBEIMYUIach CTENIEHb TPEIIMHOBATOCTH MOPOA, POPMHUPYIOTCS 3aKOJIbHBIE TPEIIU-
HBI, HIET aKTUBHOE TMOTralieHne OOpPTOB Kapbepa, B CAaMOM Kapbepe WH)KEHEPHO-TeO-
JIOTUYECKUE TPOLIECCHI CTAIN Pa3BUBATHCS MaclITabHO U 3aTPOHY/H Bce 6opTa (puc. 2).

M3MeHeHus TeoKpHOIOTHYECKUX YCIOBUH BOKPYT Kapbepa MpOsBIEHHI B yBEINYE-
HHUH TITyOHHBI CE30HHOTO CJI0S1 OTTAaUBAHUS: OTMETKA C IITYOWHBI 3,5 M yBenn4Iuiach 10
6,0 M 3a cueT pacKphITHS TPEUIMH W 00pa3oBaHMsI HOBBIX. CTPOUTENBCTBO Kapbepa
NPUBEJIO K U3MEHEHHIO €CTECTBEHHOTO pelibeda U 00pa30BaHUIO0 TEXHOTCHHBIX OTBa-
noB. B cBoto ouepenp, oOpazoBaBlicecs NOHMKEHHE B penbede (Kapbep) MpUBENO K
M3MEHEHUIO THPOTEOJIOTHYECKUX YCIOBHUH, 8 UMEHHO CKOIUIEHHIO TOBEPXHOCTHBIX U
JpeHaKHBIX BOJ Ha JHE Kapbepa. CoKHUBIIAsICS THIPOTE0I0rniecKas 00CTaHOBKA MO-
JKET OKa3bIBaTh CyllecTBeHHOE BIusAHUE Ha V'Y 3aneraroniux noj KapbepoM Moj3eM-
HBIX TOPHBIX BBIPAOOTOK.

Ompabomxa mecmopodicoenus Ilypocan, pacnonoxeHHoro Ha FOxxHom Vpaie,
MPOBOAUTCSI OTKPHITHIM criocoboM. Ha craausx pasBenku ObBUIO YCTaHOBIICHO JBYX-
STaKHOE CTPOEHHE MaCCUBA TIOPOJI: HIKHUN CTPYKTYPHBIN 3TaxK ClIoKeH 3¢ y3UBHBI-
MU [TOPOAAMH U UX HPOKIACTUUECKUMH Pa3HOCTSIMU — 3TO aNbOUTO(UPEI KBapIeBhIe
1 Qenb3UTOBBIE, KOTOPBIE MEpPeCcIanBaloTCs ¢ Anada3aMu, MOPobl K3MEHEHBI POLEC-
caMH JIUHaMoMeTamop(u3Ma M THAPOTEPMAJbHBIMH IPOLECCAMU A0 COCTOSHHS
KBapI-CEPUIIMUTOBBIX M KBapLEBO-XJIOPUT-CEPUIIUTOBBIX CIAHIIEB, XapaKTEPU3YIOTCS
Pa3HOI CTENEHBIO IPOYHOCTH — OT CpeAHEN 1O HU3KOH, HHTEHCUBHO TPEIIUHOBATHI U
paccnaHuoBaHbl. B pesynbrate mporeccoB BEIBETPUBAHUS C(HOPMUPOBAIUCH IPEBHUE
AIIOBUANBHBIE 00pa30BaHMsI — CYTIMHKH, TIMHBI IECTPOLBETHBIC, IEPEKPBITHIE CBEPXY
IJIMHUCTBIMH 00pa3zoBaHusiMH CBETIMHCKON CBUTHI. [lopopl HUKHErO dTa)ka WHTEH-
CUBHO pacciaHIIOBaHb! U TPEIIUHOBATHI.

30HBI pacclaHLEBaHUs H KOPBI BBIBETPUBAHHS CPOPMUPOBAIIH 30HBI OCIAOIEHUS, H —
KakK pe3yiabTar — (JOpMHPOBAHHE 3HAYUTENBHBIX MO MaciuiTabaM OMOI3HEBBIX MOBU-
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JKEK, 3aTPOHYBIIMX aBTOMOOWIBHYIO JOPOTY U JIMHHUIO JJIeKTporiepenad (puc. 3).
I'my6una xapwepa cocrasisier 70—100 M, mpubGopToBas 30Ha, B KOTOpoi GOpMHUPYIOTCS
3aKOJIbHBIC TPEIIMHBI U Pa3BUBAETCS OIOJI3EHb, YBEIMYMIIA AUAMETP Kapbepa Ha 50 M.
OTBanbl, pa3MelleHHbIE HENOCPEICTBEHHO Ha OOpPTy Kapbepa, TakKe CIOCOOCTBYIOT
AKTHBH3ALIMH OTOJI3HEBBIX MTOJIBIKEK.

_// KOHTypI)I Pa3sBUTHUSA NHKECHEPHO-TCOJIOTUYCCKUX TIPOIECCOB

Puc. 2. EcTecTBeHHBINH Ipouecc norameHus 60pTOB Kapb€pa ¢ aKTUBHBIM Pa3BUTHEM UHKCHEPHO-
TEOJIOTUYECKUX MPOIIECCOB
Fig. 2. The natural process of redeeming the sides of the quarry with the active development of
engineering and geological processes

Taxum 00pa3om, 1 371ech IpKo BeipaxkeHa nuHamuka UI'Y — n3MeHeHne ecTecTBeH-
HOTO ¥ ()OPMHUPOBAHUE TEXHOTCHHOTO pelibeda, U3MEHEHHE HaNpsHKeHHO-IeGopMupo-
BanHoro cocrosiHus (HC) nmopox, pexxnma moa3eMHbIX BOJ, H3MEHEHHE COCTaBa, Co-
CTOSIHHSI Ml CBOMCTB TOPOJI ¥ Pa3BUTHE MH)KEHEpHO-Teosornyeckux npoueccon (UI'TI).

Mecmopoorcoenusn Kaban I, 11, 111, V, VII pactionoxeHnsl B npefenax Kabanckoii py-
nmoHocHoi nonockl (CeBepHblit Ypan). Mx pa3pabotka Obuta 3aBepiieHa B 1964 rony.
[To mpoekTy npeaycMaTpuBaicsi KOMOMHHPOBAHHBII CIOCOO OTPaOOTKH MECTOPOK/Ie-
Huit Kaban V u | u nogzemusiii cioco6 Ha Kabane 11, npuyem Ha Kabane V u I npen-
yCMaTpUBaJIOCh CTPOUTEIILCTBO CAMOCTOSITEIBHBIX MIAXTHBIX KOMILIEKCOB. DakTnye-
CKH CTPOMTEIHCTBO IIAXTHOTO CTBOJIA HE MTPOM3BOAMIOCH. B pe3ynbrare B HacTosiee
BpEMsI CYILIECTBYET pa3BeouHas miaxra Ha MectopoxaeHnn Kaban II u komruieke moj-
3eMHBIX TOPHBIX BBIPAOOTOK, COSMUHSIOMINX MEX/IY COO0 MPaKTUYECKH MOIHOCTHIO
0TpabOTaHHBIH KOMOMHHPOBAaHHBIM cIIoco00M 10 rmyounsl 90 M Kaban V u otpabo-
TaHHBIN B HacTosiee Bpems Kabaw I.

B HenocpencTBeHHOH ONU30CTH OT KapbhbepoB PACIIONOKEHBI OTBAJbI, B KOTOPBIX
B OOJIBIIIOM KOJHMYECTBE OTMEYAIOTCS METHOKOIYCTAHHBIC HEKOHIUIIMOHHBIC PYIbI.
[To cBOeMy T'MIICOMETPUUYCCKOMY TTOJIOKEHHUIO Kapbephl SBISIOTCS MPHUEMHUKOM TIOJI-
3eMHBIX, IOBEPXHOCTHBIX U TIOIOTBAJIbHBIX BOJ. B COBpEMEHHBIX YCIOBHUSX CIIOXKH-
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JIOCh TUHAMHUYECKOE paBHOBECHE MEX/ly IPUTOKOM BOJBI B KAPhEP U OTTOKOM KHCIION
(pH = 2-3) pynuuunoii Boxsl u3 Hero. OTTOK BOIBI U3 KAPbEPOB MPOUCXOAUT 1O TPEM
JIoTaM B CEBEPO-BOCTOYHOM HAIlpaBlIEHUH. 3/1€Ch HA BCEM NPOTSKEHUM MOTOKA pas-
TPY’KaIOLINXCS KapbePHBIX BOJ MPAKTUUYECKH YHUUTOXKEHA JIECHAsl PACTUTENBHOCTD.

C UMH)XEHEpHO-TeOJOTMUeCKUX IMO3HUIUH MacCHUB TOPOA MECTOPOXKIECHUN HMeeT
JIBYX3TaXXHO€ CTPOEHHUE: HIDKHUHM 3TaX CIOKEH MPOYHBIMU M CpelHEeil MpOYHOCTH
KBapI-CEpPUIIUTOBBIMU CIaHLAMH M albOUTOPUpaMu, BEpXHUN — DITIOBUAILHBIMHU 00-
pa3oBaHUSIMU. DJIOBHAJIbHBIE OOpa30BaHUS MPEACTABICHB CYIIMHKAMH, TIHHAMHU
C BKJIFOUEHHSIMU CHIIbHOBBIBETPEIBIX 0OJIOMKOB, HaJl pyIHON 30HOU BBIAETSIETCS KBAp-
1eBas ¥ MAPUTHAsSI CHITyYKa U KaBEpPHO3HBIC TIOJTyCKaJIbHBIE OyphIe JKEIE3HSIKH.

w—

Puc. 3. ®opmupoBaHue 3aK0JIbHBIX TPELIUH
Fig. 3. Formation of puncture cracks

Ha nmepuon 2011 roma obcnenoBanne kaprepa Kaban V mokasano pa3BuTHe HHXKe-
HEPHO-TEOJIOTNYECKUX MPOLEecCOB. AKTHUBHU3ALMA BCEX BUAOB OOPYLICHMH CBs3aHa
C MOCTYHAOUIMMU B Kapbep MOBEPXHOCTHBIMH M HOA3EMHBIMU BOAAMH, a TaKXKe
COBpPEMEHHBIMH TIPOIIECCAMU BhIBETpUBaHUS [9].

BerInonHeHHOE HH)XKEHEPHO-TEOI0THYECKoe 00CIeI0BaHUE Kapbepa M0Ka3ajo pas-
BUTHE MHXECHEPHO-T€0JIOMMYECKUX MPOLECCOB, IPUYEM Ie(OopMaLlIK XapaKTEPHBI IS
BEPXHHX YCTYIIOB.

OcHoBHBIME BHIaMU nedopmaruii seisitores [10]:

— OIUIBIBUHBI, IOKPOBHBIE ONOI3HH — ITOBEPXHOCTh CKOJIBKEHUSI UMEET BHUJ IIJIaB-
HOI KpUBOW B HUKHEH U CPEIHEN YacTsX, a BBEPXY OHA 3aKaHYMBAETCS] BEPTUKAJIBLHOMN
TPELIMHOW OTPhIBA; MPUYMHOI BOSHUKHOBEHUS TAKUX ONOI3HEH SBISIOTCS MOBEPX-
HOCTHBIE BOJIbl, KOTOPBIE YBEIUYIHMBAIOT BOJIOHACHIIIIEHHOCTH ITOPOZ;

— IPOMOMHBI — (JOPMHUPOBAHHE KOTOPBIX CBA3aHO C 3PO3UOHHOU NESTENbHOCTHIO
MOBEPXHOCTHBIX BOA; OTMEYAIOTCS KaK eIMHUYHbIE, TAK U LIEJIbIe CUCTEMBbI I1apajlielib-
HBIX IPOMOMH.

AHain3 AWHAMHMKHM M3MEHEHHs THIPOTEOJIOTHYECKUX M HMH)KEHEPHO-TeOoIornye-
CKUX YCJIOBHH ITOKa3aJl N3MEHEHHE XMMHUYIECKOIO COCTaBa BOJIBI 3@ CUET AKTHBHOTO T10-
CTYIUICHHS IOAOTBAIBHBIX BOJ M MPOLIECCOB OKUCICHUS B Kaphepe, Pa3BUTUE HHXKE-
HEPHO-TEOJIOTMYECKUX IIPOLECCOB, YBEIMYMBAIOLIMX pPa3MEpbl Kapbepa, 3a CUeT
MPOLIECCOB OIOJI3aHMs, U3MEHEHHE COCTaBa I104B, PACTHUTEIBHOCTH.
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Mecmopooicoenue Jpasxcrnoe. TeppuTopusi MECTOPOXKICHUS HAXOAUTCS B MIPEILiiax
OiimsikoHckoro yiyca pecrtyonuku Caxa (Axytust). Penbed HU3KOTOPHEIHA, TIOJIOTOYBa-
JIUCTBIN ¢ a0COMIOTHRIMU OTMETKaMu OT 740 10 1250 M. MecTopoXkaeHHE PaCONoKe-
HO B 30HE pa3BUTHA CIUIOITHOW MHOTOJIETHEH Mep3/0ThI, MOIIHOCTHIO Gonee 300 M
u Temneparypamu opox —6 °C...—9 °C. B reonornueckoM CTpOSHUU MECTOPOKICHUS
BBIJIENISICTCS IBa CTPYKTYPHBIX STa)Ka: BEPXHHUH CIIOKEH TUCTIEPCHBIMHU ITOPOAAMH pas-
HOW CTETICHHU JIBIUCTOCTH U JIbJAOM. X clioxkHOE (halalibHOE 3aMEIICHHE KaK IO TITy-
OWHe, TaK U MO JaTepay, 1 HEBO3MOKHOCTh MX PACUJICHEHHUs Jalli BO3MOXKHOCTD Ha-
3BaTh UX «JIEAOBBEIM Komruiekcom» [11]. Hwxkuuil spyc mpeacTaBieH ajaeBpOIUTaMU
BEPXHET0 TPHaca, OKBapLIOBAHHBIMH, MaJIONPOYHBIMH, CPEHEH TPOYHOCTH U MIPOYHBI-
MU, MOPO3HBIMH.

Puc. 4. ®opmupoBaHue BBIBAIOB M OCBINIEH B OOPTOBBIX YacTIX Kapbepa J{paxHbIit
Fig. 4. Formation of dumps and screes in the side parts of the Drazhny quarry

Oco0eHHOCTH CTPOEHUSI HUKHETO CTPYKTYPHOTO 3Ta)ka UMEIOT BhIpa)KEHHbIE uep-
Thl @HU30TPOIIUHM M HEOAHOPOAHOCTH, OOYCIIOBICHHbIE CTEHNEHBIO TPEIIMHOBATOCTH,
Pa3npoOIeHHOCTH, PAcCIaHLeBaHus IOPOJ, HAINYHEM HeOIaronpusTHO OPUEHTHPO-
BaHHBIX 30H M IOBEPXHOCTEH ocnabneHust, MOpQOoIoruei CTeHOK TPELIHH.

CTpyKTYpHO-TEKTOHUYECKOE CTPOCHUE MECTOPOXKACHHS XapaKTepU3yeTcsl Kak Mo3a-
WYHOE, TIPH KOTOPOM CTPYKTYPHO HEOTHOPOAHBIE 00IACTH PA3ACIAIOTCS 30HAMHU CMSATHS
WJIM y9acTKaM¥ TIOBBIIICHHOW TPEITHMHOBATOCTH | pa3npobdienHoctu. Ha done obrmiero
CEeBEPO-3alaJHOTO NMPOCTUPAHMS ITOPOA C MOHOKJIMHAJIBHBIM 3aJIETAaHUEM BBIICIISIOTCS
YUYaCTKH KPYTO3aJIEraloLIero cyOMepHANOHAIBHOTO MMPOCTUPAHMS, CKJIAAIaTOCTH C YH-
OyIUpyOIUMH mapHupamu. CKiagdaroe 3ajieTaHue HapyLIeHO KpPyTONaJarolMHU
XPYHKO-TUTACTUYECKUMH 30HaMH M 30HaMHu ocnabneHnsi. CMECTUTENN MEJIKUX TPELIUH
MEPEMEKAIOTCS C yJacTKaMHU PacClaHLEBaHUs ITOPOL, IEPETEPTHIX A0 TOHKUX TEKTOHU-
YECKHX IJIMH, ¥ COIPOBOXIAIOTCS 30HKaMU OPEKYMPOBAHUS U KaTaKj1a3a MOIIHOCTHIO OT
0,5 mo 1,0 M. 30HBI pacciaHIEBaHUS YaCTO MPUYPOUEHBI K CBOJOBBIM YaCTSIM MEJKUX
AQHTUKJIMHAJIBHBIX CKJIAZIOK, TJI€ AJIEBPOIMTHI IEPETEPTHI 10 TIIHH.
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CH0oXXHOE Te0I0T0-CTPYKTYPHOE CTPOCHHE MACCHBA TOPOA MECTOPOXKIICHHS €Ille Ha
3Tare reoJIoropa3Be/IoUuHbIX PadoT yKa3bIBaIO Ha HEOOXOAMMOCTh €r0 y4eTa MPH BbI-
0ope yrioB HakiioHa O00pToB Kapbepa. C 2014 roma MaccuB MOpoJ MECTOPOXKICHUS
OBLI BCKPBIT OTKPBITOI TOPHOI BBIPAOOTKOH, Ha CETOAHALIHUNA MOMEHT ITyOrHA Kapbe-
pa cocrasisier 100 M, 3anumaeMas miomans — 0,7 kM2, Ha moBepXHOCTU HAKOILIEHBI
OTBaJIbI IUIOILAABIO 5,2 KMZ, BEIcOTOM 10 40,0 M.

O6cnenoBanue kapbepa B 2019 rogy nokaszano auHaMuky usmenenus IV, kortopas
BBIPaXXaeTCS B UHTCHCUBHOM Pa3BUTHH 3HAYUTEIBHBIX 110 00BEMY OCBINCH, KOTOPHIE B
BEpXHEH 30HE Kaphepa MOKPHIBAIOT MPAKTUYECKH MMOJHOCTHIO NPEAOXPaHUTEIbHBIC
OepMbI; HAIMYUE CUCTEMHON TPEHIMHOBATOCTH, COMPOBOXKIAEMON 3€pPKaJIaMU CKOJIb-
JKEHHSI ¥ COBIAJIAIONICH C TaJICHHEM OOPTOB Kaphepa, MPUBOAUT K 0OPA30BAHUIO BbI-
BaJIoB (puc. 4), CKOJIBKEHUIO OJIOKOB, YTO JIeNIaeT padOTy TOPHOTPAHCIIOPTHOTO 000-
pyIOBaHUS U Jitofiel HeOe3onacHow [12].

Boxpyr kapbepa copMupoBaHa mpuOOPTOBast 30Ha UpuUHOH 110 50 M, TIe n3MeHe-
HO €CTECTBEHHOE HaNpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSHHIE TIOPOI M Pa3BHBAIOTCS
3aKOJIbHBIC TPEUIUHBI.

PackpriTie cyIecTBYIOMUX TPEUIMH U (JOPMUPOBAHUE HOBBIX IPUBEIIO B BECCHHE-
JICTHUW TIEPUOJ] K U3MEHEHHIO MEP3JIOTHO-TUAPOTeOI0rHUeCKOi 00CTAaHOBKHM U HAKO-
TICHUIO TOBEPXHOCTHBIX BOJI B Kapbepe.

B HakoIUIEHHBIX OTBAJIBHBIX MaccaxX MPOUCXOIUT arperanusi JbjJa, YTO MEHSET
(u3MKO-MEXaHUYECKHE CBOMCTBA TOPOA M MOXKET CIOCOOCTBOBaTh JaedopMariusm
OTBAJIOB.

BoiBoabl. TakuM 00pa3oM, aHalIM3 WHXKEHEPHO-TEOJIOTMYSCKUX YCIOBHH MECTO-
POXICHUM TIOJIE3HBIX UCKOTIAEMBIX Ha 3TalaxX Pa3BeIKM-OTPAOOTKH IMOKa3aj, 4YTo B pe-
3yJBTATe TEXHOTEHHOTO BO3/ICHCTBYS 3HAYUTEIIBHO H3MEHSIOTCS WHKEHEPHO-TCOIOTH-
YECKUE YCJIOBHS, YTO BHIPAXACTCS B M3MCHCHHUSAX aOCOJIOTHBIX OTMETOK penbeda,
THJIPOTCOJIOTUICCKUX YCIOBUH, (PU3UKO-MEXaHHMUECKUX CBOWCTB IMOPOJ, CTCIICHU U
XapakTepa TPEUMHOBATOCTH, TIYOHHBI CJIOSI CE30HHOTO OTTAWBaHUS; YBEIUYUBACTCS
30Ha BIIMSHUS KAPhEPHOI BEIEMKH; IPOUCXOIUT JETPaiallisl U arperaiys MHOTOJICTHE-
MEP3JIBIX TOPOJI; MEHSIOTCS TEOKPHOJIOTUYCCKUE YCIOBUSI.

Peakiius reosioruueckoil cpesibl He 3acTaBisieT ceOs K IaTh M BRIPAXKACTCS B pa3BU-
THUU MacCIITaOHBIX WHKEHEPHO-T€OJIOTHYSCKUX MTPOIECCOB,
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Sequence of studying engineering and geological conditions of mineral deposits
from exploration to development
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Abstract
Introduction. The development of mineral deposits (MD) has a strong transformative effect on the
geological environment. Actively change all the components of engineering-geological conditions (EGC),
formed during the long geological time: the topography, structure of rocks, hydrogeological and permafrost
conditions, are formed by geological processes and, at the same time on the surface of the Earth formed
a new strata of man-made structures, and often man-made deposits. The scale of technogenesis in mining
today is comparable to the results of geological activity that took place over many millions of years.
Therefore, even at the early stages of studying the EGC MD, it is necessary to understand the dynamics of
changes in the EGC in order to provide preliminary protective measures.
Purpose of work. Consideration of striking examples of the dynamics of the EGC MD (from exploration to
development), in order to provide methods for managing these changes.
Methodology. The article considers the stages of obtaining engineering and geological information for
the period of MD operation, which will solve the problems of rational use of the subsoil and protection
of the geological environment.
Results. For example, the number of objects marked all the stages of learning to yoke the dynamics of their
changes, which led to the formation of engineering-geological processes that adversely affect the further
testing of MD.
Summary. The reaction of the geological environment in the development of MD is not long in coming
and is expressed in the development of large-scale engineering and geological processes, which often
do not allow further development of MD and threaten people's lives. Therefore, even at the early stages
of studying the EGC MD, it is necessary to understand the dynamics of changes in the EGC in order to
provide preliminary protective measures.

Key words: engineering-geological conditions; mineral deposits; dynamics of engineering-geological
processes.
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Pe3ynbraTbl BHeAPEHUS CUCTEM IKONOTMYECKOTO U KIIMMAaTUYeCKOro
MeHe)KMEHTa B ypanbCKON 3010TOA00bIBaOLLEH OTpacny
(Ha npumepe AO «3onoto CeBepHoro Ypanay)

Metpos 10. B.**, YenywTraHos [. U.!
! TiomeHCKuI1 rocyaapCTBEHHbI YHUBEPCUTET, T. TIoMeHb, Poccust
*e-mail: petrov19811201@gmail.com

Peghepam
Beeoenue. B cmamve 0ana oyeHnka pe3yibmamam CO8PEMEHHO20 6HeOPeHUsl 8 3010M0000bleaoujell
OpeaHU3aAYUU CUCTHEM IKOLOSUHECKO20 U KAUMamuieckoeo meneoxcmenma. Ilposeden SWOT-ananus u
paspabomanvi  pekomeHOAYUU NO  KOPPEKMUPOBKe U  VIMOYHEHUAM COOEpI’CAHUS  OCHOGHLIX
ynpasnenyeckux Hanpagienuil. B kauecmse ungopmayuonnoii 6azvl ucnoIb306aHbl MOILKO NYOIUYHbIE
UHPDOPMAYUOHHBIE PECYPCL U C8EOeHUS, NPeOOCMABIIeHHbLE OP2AHU3AYUel 8 X00e 83aUMOOeliCIEUs. NpU
peanusayuu 06pazo8amenbHol NPoPamMMmbl.
ILlenv uccnedosanua. [lamv oyenky 6HeOpeHUIO CUCEM IKOIOSUHECKO20 U KAUMAMUYECKO20
MEHeOHCMEeHMA 8 YPaibCKOL 3010m0000bl6aweli Ompaciu.
Memooonozus. B pabome npogedenvl ananus u oyeHusanue CUCMeM IKOI02UHEeCKO20 U KAUMATNUYECKO20
MeHeOICMeHma HA OCHOBe UCNONb308aHUusi uHcmpymenmos SWOT-ananuza u eeoepaghuueckoii oyenku
npocmpancmeenno-epemennblx  usmenenuil.  Cucmemamusuposanvl  NPOCMPAHCMBEHHbIE  PUCKU
0e30naACH020 DKONIO2UHECKO20 pPA3GUMUs. OPeAHU3AYUU C YYemom Onudicaiiuieco 2eoepapuieckoco
OKPYIHCEHUSL.
Pezynemamet. Pazpaboman Komniekc meponpusimuii no KOppeKmuposKe u uUsMeHeHUsIM OCHOGHbLIX
VAPABNEHYeCKUX peuleHuti CUCmeM 3KON02UHEeCKO20 U KAUMAMUYECKO20 MEHeONCMEHMA YPanbCKou
30710M0000bI8aAIOUell OPSAHU3AYULL.
Buigoovt. [ana yooenemeopumenvHas COBOKYNHAA OYEHKA Pe3VIbMAmam 6HeOpeHusi cucmem
9IKONOSUYECKO20 U  KAUMAMUYECKO20 MEHeOJCMEeHmd 6 OpeaHu3ayuu;, paspaboman  KOMNIEKC
Meponpusmuil, KOMOPbLL 6 YeioM Moxcem Oblmb UCHONb306AH 6 PEeSUOHANLHOU OmpAaciu;
chopmynuposanvl Kpumuieckue KOHYenmyaibHule 3aMe4anus K COOePICAHUI0 MEKYUJUX YAPAGIEHUeCKUX
KIIouesblx nokazamerneti 3@ pekmuenocmu.

Knroueevie cnoeéa: cucmema sxomenedscmenma; cucmema Kiumamuyecko20 MeHEONCMEHMA;
Boponyoscrkoe mecmopooicoenue.

Beenenue. CoBpeMeHHas 30J0TOI00BIBAIONIAsI OTPACIb MPEACTABIsIET COOOH CO-
YeTaHhe Pa3sHOOOPa3HBIX BHOB MIPOMBIIIIEHHOCTH, UTOTOBBIM PE3yIbTaToOM AesATElNb-
HOCTH KOTOPBIX BBICTYIAET MPOU3BOACTBO 30si0Ta. CaMa MPOIYKIMS UMEET JBOMHOE
9KOHOMHYECKOE Ha3HaueHHE: OTPEOHOCTH MPOMBIIIICHHOTO TIPOU3BOJICTBA U ME/H-
LUHBI, CIIPOC Ha IOBEIUPHBIC U3ACIINUA U HHBECTUIIMOHHBIN cipoc [1]. DTo oTpaxkaercs
Ha BCEX BUJAX JIEATEIBHOCTH, TPEOOBAHUIX HEAPOIOIb30BaTeIel U HHBECTOPOB, UTO
OTIpefeNisieT MPOLECC OCBOCHUS MECTOPOXKACHUS CHEHU(PUUHBIM I KOHKPETHOTO
o0bekta [2]. CucrtemHas CTaOMIBHOCTH B (DYHKIMOHUPOBAHWU NPEATIPUATHH
OTpaciH — BOMPOC rOCYIapCTBEHHON YKOHOMUYECKOH 0e30MacHOCTH, MOITOMY MHUPO-
BOH PBIHOK 30JI0Ta, B CHJIY CBOEH 3HAYMMOCTH, COXPAaHUJI BBICOKYIO CTEIIEHb CEKpeT-
HoctH [3]. [eorpadnueckne xapaKTepUCTUKH MECTOPOXKACHH 3070Ta (MECTOMOI0XKeE-
HHE, 3arachl, KaTETOPUU U T. I1.) 3aKPBITHl I DKOJOTMYECKOH OOIIECTBEHHOCTH.
C nmpyroii ctopoHsl, oTpacib B 2020 I. sIBISIETCS] IKCIOPTHO-OPUEHTUPOBAHHOMU, JT0XO-
Il Poccuu oT sKcnopTa 30510Ta BIIEpBIC PEBLICHIN BhIPYUKY OT ra3a (URL: https://
www.rbe.ru/business/14/07/2020/5f0c193a9a7947421ec3859d), uto 00s3bI1BacT OBITH
OTKPBITOW, B TOM YHUCJI€, B YAaCTU 3KOJIOTUYECKOW OTYeTHOCTU. [l03TOMY BHEApEHUE
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IKOJIOTMYECKOT0 MEHEKMEHTA Y OCHOBHBIX HI'POKOB — 3TO HE IPOCTO JIaHb MOJIE, ITO
KOHBIOHKTYpHAast HEOOXOIHUMOCTb.

Hapsiny ¢ akTuBH3anueii ”HCTPYMEHTAPHS SKOMEHEHKMEHTA HHBECTHIIMOHHO-3HA-
YUMOM CTajga ¥ HHCTUTYIIMOHATH3AIINS KIIMMaTHUECKOTO0 yrpasienus (Pacnopsoicenue
Ipasumenvcmea P® om 25.12.2019 Ne 3183-p «O6 ymeepocoeHuu HAyuoHaAIbHO20
NAAHA MEePONPUSMULL NEPE020 IMANA A0ANMAYUY K USMEHEHUAM KIUMAMA HA Nepuoo
0o 2022 2o00a»;, TOCT P UCO 14090-2019 «Aoanmayusi K uzMeHeHusim Kiumamad.
Ipunyunvl, mpebosanus u pykogooswue ykazanusy). BeposTHO, MOXHO COTJIACUTHCS
C HEKOTOPBIMH HCCIICIOBATEIISIMH, YTO TeMaThka «tepel peta» (Arexcandp Yeprokyiv-
ckuil. Yepes 50 nem 6opvba 3a knumam oboudemcst dopoice. URL. hitps://trends.rbc.
ru/trends/green/5e7dbde09a7947b827f4d14e), HO B ypaJbCKOM perHoHe (B paMKax
JTAHHOTO WCCIIEAOBAHMS TPAHHUIIBI YPAIbCKOTO PErHOHA MPUHUMAEM PaBHBIMY TPaHU-
HaM YpaibCKoro (enepanbHOr0 OKpyra) SKOJOTMYECKHEe M KIMMATHYeCKUE PUCKH
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\
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B MNelwepHsIi P KAPIMWHCK
Cay
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Puc. 1. Mecrononoxenne BOpOHIIOBCKOTO MECTOPOXKACHUS —30J10Ta
(o marepuanam: I'opoBoii otaer OAO «MIIO IMomumeramm». 2018. 210 c.)
Fig. 1. Location of the Vorontsovskoye gold deposit (based on the materials of
the Annual Report 2018 of JSC MPO POLYMETAL)

(OP u KP) gpnstoTcss MEHHCTPUMOM CTPaTETHYECKON MOBECTKH TEPPUTOPHAIBHBIX
obmHOCTel sroneit [4]. 3mech pe30HAHCHBIE aKTyallbHBIE MPUMEPHI MPUCYTCTBYIOT
B K&KIOM PETHOHE: MPOTECTHl XaHThl U HEHIIEB B aBTOHOMHBIX OKpyrax TIOMEHCKOil
obmactu [5], ExkarepunOypra u TiomeHH — BOKPYT 3aCTPOMKHU CKBEPOB [6], AUCKYCCHUS
BOKPYT BO300OHOBIIEHUSI TIEpeOpOCKH CTOKa pek TroMeHCKo# o0macTu Ha 3KCropT [7],
COIMAIBFHO-3KOIOTHYeCKHUI KOH(IHKT B JlarmMaroBckoM paiione Kyprauckoii oomactu [8],
«Cton 'OK» B Yensbunckoit odmactu [9].

Takum 00pa3oM, Mbl UIME€eM, C OJHOIM CTOPOHBI, IPUBJIEKATEIBHYIO OTPACib, KOTO-
pasi B yCIOBUSX «KOPOHOMHUKI» TEMOHCTpHpPYET yBepeHHBIH pocT [10]. C npyroii cTo-
POHBI, HU €BpONEHCKHE MOTPEOUTENN, HU MECTHBIE CTEHK-XOJIEPbl HE TOTOBBI CHHU-
JKaThb DKOJOTHMYECKHEe TpeOOBaHUS B3aMEH SKOHOMHUYECKOH IPHUBIIEKATEIbHOCTH.
[lepBble (B cHiTy pUCKOB OBITH OCYKACHHBIMH CBOUMH TEPPUTOPUATBHBIMHU OOIIHOCTS-
MU JII0fIeH) BO3ICHUCTBYIOT Yepe3 PHIHOYHBIE MEXaHH3MBI IKOJIOTHUECKUX 3arpaxie-
HUH. Bropeie — yepe3 y:kecToueHHEe pernOHANIBHBIX M MECTHBIX SKOJIOTHYECKUX Tpebo-
Banuit [11-19].

B 3THX ycinoBUsX pe3yibTaThl OLIEHKH MPOMEXYTOUHBIX HTOTOB BHEAPEHHUS HKOME-
HEIDKMEHTa U KIIMMaTHYeCKOr0 MEHEPKMEHTa BEeAyILel opranu3anuei oTpaciu B pe-
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THOHE TO3BOJISIOT BBIJICIUTh CJIa0ble CTOPOHBI M HAMETHTh NPaKTHYEeCKUe maru. Ouk-
calysi CUTyalliy B MOCJICIYIOIIEM TIO3BOJIMT PA3BUBATh PETPOCIICKTUBHBIN aHAJIN3.
Ieap HecsienoBaHMs — 1aTh OIICHKY BHEAPESHUIO CUCTEM 3KOJIOTUYECKOTO U KIIMMa-
TUYECKOTO MEHEDKMEHTA B YPaJIbCKOHN 30J10TOA00BIBAIOIICH OTPACIIH.
MeTonnka MpoBeAeHUsI MCCIETOBAHMIA: OI[CHKA PE3YJILTATOB BHEAPCHUS CUCTEM
3KOJIOTMYECKOTO M KJIMMAaTHYeCKOro MeHeDkMeHTa [20] Ha 3010TOI00BIBAIOIIEM TIPE/I-
npusitTun Ha ocHoBe SWOT-aHanm3a miaHUpyeMbIX U JOCTUTHYTBIX ITOKa3aTeleH.

Google Earth

Puc. 2. [IponsBoacTBeHHast HHPpAcTPyKTypa Ha BopoHII0BCKOM MecTOpOoxIeHHH 30510Ta B 2009 T.
Fig. 2. Production infrastructure at the VVorontsovskoye gold deposit in 2009

OOBEKT HCCIeOBaHUA — CHUCTEMBI IKOJOTHYECKOTO M KIMMAaTHYECKOTO MEHe.-
skmeHTa B AO «3omoto CeBepHoro Ypasua» Ha MpeaMeT UX COOTBETCTBUS COBPEMEH-
HBIM COI[HAJIbHO-3KOHOMHYECKUM peanusM. PykoBoiCTBO IO cHUCTEME HKOIOTHYECKOTO
MEHEDKMEHTA MPUHATO KOpropaTUBHEIM mpuka3zoM oT 30.06.2017; crannapTsl cucte-
MBI KIIMMAaTHYECKOTO MEHEIKMEHTa «YIpaBlieHHe BHIOpPOCaMU HMapHUKOBBIX Ta3oBy,
«YnpaBieHue yriepoaHbIM CIESIOM MPOLYKIHIY, « YIPaBJICHUE KIMMATHIECKUMU PUC-
kamMu» — npukazoMm ot 09.08.2019. UudopmanmonHas 6a3a uccieqoBaHus: o0IIe10-
CTYIHBIC KOPIIOpaTUBHBIE Marepuanbl B HH(OOPMalMOHHO-TEIEKOMMYHUKAIIMOHHOM
cetn «IHTEpHETY», IPEIOCTaBICHHBIC OpraHU3aliel yTOUHSIOIIE CBEACHHUS B paMKax
obpazoBarensHOro B3aumoaeicTeus ¢ @PTAOY «TroMeHCKHiA ToCyAapCTBEHHBIH YHU-
BEPCUTET», MyOIMYHBIC CBEICHUS OPTaHOB rOCYIAPCTBEHHOM HCIIOJTHUTENFHON BIACTH
Y Hay4qHOTO COOOIIECTBA IO OOBEKTY UCCIIEIOBAHMUS. ABTOPHI IPUACPKUBAIUCH TPUH-
[UIIa aHaJIM3a TOJIKO OIyONMKOBAaHHBIX O(PHUUIHUAIBHBIX JTOKYMEHTOB, 3aKIIOYCHUH,
MHEHUHU U CYXKICHUM.

OCHOBHBIM OOBEKTOM TMPHPOAOTIONB30BAHUSI OpTaHU3AlMU SIBIsAETCS BopoHIOB-
CKO€ MECTOPOXKACHHUE 30JI0Ta, OTKpbIToe B 1985 1. (L00060it omuem OAO «MIIO Ilo-
aumemaniy. 2018. 210 c.). OHO BXOOUT B KpyMHBIH Ay3pOaxoBCKHH PYIOHBIA y3ed,
BKJIIOYAOIIUH IIENTyI0 CEpUI0 CPETHUX M MEJKMX MEIHO-XKele30CKapHOBBIX, 30JI0TO-
PYIHBIX M OPYTHX OOBEKTOB. PymHBIN y3en copMUpOBaH JAByMsI pyTHO-MarMaTHye-
ckumu cuctemamu: Boponrmorcko-Ilecuanckoit u Typsunckoit [21]. C nepBoii cucte-
MOH CBsI3aHO 00pa3oBaHHE MPEUMYIIECCTBEHHO KEJE30CKAPHOBBIX U 30J0TOPYAHBIX
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00BEKTOB, a CO BTOPOH — Cepusi MEAHBIX MECTOPOXKACHUI, OTpadaThIBAEMBIX C Cepelu-
Hel XVIII B. Typsunckumu pygaukamu [22]. JJaHHOE MECTOPOXKICHHE SBISIETCA MUHE-
pajoruyeckuM 0ObEKTOM MUPOBOTO YPOBHS [22] 3a CUET HIMPOKOTO PacpOCTPaHCHHS
MUHEPAaJIOB TaJUIUs, BKIIIOYAsl BIIEPBBIE OTKPBITHIE 3/1€Ch BOPOHLOBUT U (hePPOBOPOH-
noBUT [23], upirankouT [24], mmagkoBCKUUT [25]. MecTopoxkaeHHe HaXOAUTCS
B CBepmitoBckoii oomactu B 370 kM (/ 000goti omuem OAO «MIIO Horumemaniy. 2018.
210 c¢.) ot obnactHOro 1ieHTpa (puc. 1).

Google Earth

Puc. 3. [IpousBoacTBeHHAss HHPPACTPYKTYpa Ha BOpOHIIOBCKOM MecTOpOXkIeHNH 30510Ta B 2012 .
Fig. 3. Production infrastructure at the VVorontsovskoye gold deposit in 2012

Pe3ynbTarsl 1 ux o6cy:kaenue. Jlro6oe yrnpapieHIeCKOe pelIeHHe O0CyIIeCTBISIET-
sl B IPOCTPAHCTBE (TEOTOPHS B ONpeIeICHHBII MOMEHT BpeMeHH [26]), KoTopoe nuMme-
€T MCXOJIHBIE HKOJIOTHYECKUE U KIIMMAaTHYECKNE XapaKTePUCTHKH, TEHACHIINH. Pernon
OTHOCHUTCSI K HEOIaromoryyHbIM B SKOJIOTHYECKOM OTHOLICHHH TEPPUTOPHUSIM CTPaHBI
(Ceepanosckas obnacth 1mo utoram 2018 . B 3KOJIOrHYECKOM pelTHHTe CyObekToB PO
OO0OO «3enenblil marpynp» 3aHsIa nocienHee Mecto, BecHoi 2020 . — 83-e u3 85.
URL: https://greenpatrol.ru/ru/stranica-dlya-obshchego-reytinga/ekologicheskiy-
reyting-subektov-rf?tid=395) [27], 4TO HaKJIaIbIBAET JIOMOJIHUTEILHbBIC OOIICCTBECH-
HbIE OXKU/IaHUS Ha IPUPOJOTIONB30BaTENEH.

AHTpOIIOreHHast Harpy3Ka sBJISETCS JOKAJIbHOM, YTO BU3YyaJIbHO MOJATBEPKAAETCA
MarepuanaMi AUCTAaHUMOHHOTO 30HAMpoBaHMs 3emiuu (puc. 2, 3, 4). Kak BunHO 13
marepuanoB 2019 r. (puc. 4), TpaHcnopTHast ”HPPACTPYKTYypa yxKe IpeTepIiesia 3Hauu-
TenbHbIe m3MeHeHus ¢ 2012 ., 9To CBUICTEILCTBYET O 3PEIOCTH B pa3pabOTKEe MECTO-
poxnaenus. C Apyroil CTOPOHBI, BUJIHBI CJIE/Ibl aKTUBHOTO JIECOIOIB30BaHMsS B IIpUJIe-
raroIeM JJECHOM MaccuBe 3amagnee o0beKTa (puc. 3,4), 4To MOXKET yXyAaTh YOHOBBIE
9KOJIOTUYECKHE W KIMMAaTHYECKHE XapaKTePUCTUKU ATOW TEeppUTOpHAILHOW oO1ie-
ctBenHoi cuctemsl (TOC) [28]. B nokyMeHTanun opraHn3ainiy He BeAeTCS HHTETPH-
POBaHHOTO yueTa JaHHOTO (aKTopa, OTYETHOCTH MPHUPOAOOXPAHHBIX OPraHU3ALM,
MEHEKMEHTA TEPPUTOPUH, UTO MOYKHO PACLIEHUBATh B KAaUE€CTBE YIPO3.

Eme ogHuM conmyTCTBYIOIIMM (PAaKTOPOM SIBISICTCS MPUCYTCTBHE MaruCTPaIbHBIX
nyTenpoBooB. CTaTHUHOE MOJOKEHHUE MyTENPOBOAHBIX JIMHUN CBUAETENBCTBYET 00
OTCYTCTBHH 37IECh CTPOMTENILCTBA, HO CAMO MECTOIOJOKEHHE PAJOM C 00bEeKTaMH
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MPUBOAUT K HArpy3Ke Ha AaCCUMWISIIIMOHHBIA TOTCHIMAT OKPYXKArOIIEH Cpeabl
(AITIOC) [29]. B HenocpencTBeHHOM OJIM30CTH TAKKE HAXOAUTCS arpapHOE MPOU3BOJI-
CTBO, HO €ro BO3JICUCTBUE HMMEET IJIUTCIbHYIO UCTOPHUIO U SBIISACTCS 3JICMCHTOM,
paHee yUTEHHBIM B OLIEHKaX COCTOSHUA OKpyxatoiieit cpesst (OC).

r Technologies

Google Earth

Puc. 4. IIpousBoacTBeHHas nHPpacTpyKkTypa Ha BopoHIIOBCKOM MecToposkaeHnH 3010Ta B 2019 T.
Fig. 4. Production infrastructure at the Vorontsovskoye gold deposit in 2019

TpaHCTTapeHTHOCTh OPraHU3AINH C TOYKH 3PEHUS MPEAOCTABICHNS OTYETHOCTH 10
MaTepuajaM 3KOJIOTUYECKOr0 U KIMMATUYECKOr0 MEHEIKMEHTa OLIEHUBAEM BBICOKO.
C yueroMm crienu(UKHA NEATSIBHOCTH MPEATNPHUATHS OTKPBITOCTD SIBISETCS BBHICOKOM.
Taxoit moaxox MOXKET ObITh MPUMEHEH Ha BCeX 00BEKTaX POCCUHCKON 30JI0TO00BIBA-
I0IIIeH oTpaciu.

Ta0uuna 1. BHemnue u BHyTpeHHHE (PAKTOPBI CHCTEMbI IK0JI0THYECKOr0 MEHE/IKMEHTa
Table 1. External and internal factors of the environmental management system

®DakTopsl Ycnous

DKOJIOTMYECKUE YCIOBUS VcxoHOE KauecTBO KOMIIOHEHTOB OKPY)KaIOIIeH Cpesibl,
BEYHAsi MEP3JI0Ta, 0COOEHHOCTH penbeda u Apyrue

Bremnne obcrosTenscTBa 3aKoHbBI, MEXXJyHApOHbIE CTAHAAPTHL, OTPACIIEBbIC
MIPaKTHKH U IPyTHe

KopnopaTuBHbIe XapakTepUCTUKN | DKONOTHYECKas MONUTHKA, YIIPABICHHE PUCKAMU U
YCTOHYUBEIM pa3BHTHEM

B paMkax cucTeMbl HKOJIOTHYECKOTO MEHEPKMEHTA KOMITaHUS CUCTEMaTH3UpOBaia
BHEILIHHE U BHYTpeHHUE PakTopsl (Tabml. 1), KOTOpbIE ONPeaesioT CUCTEMHBIE YIIpaB-
JeH4YecKre peuieHus. HeoOXomumMo OTMETUTh, YTO BbIIENEHB 3 (akTopa, KOTOpBIE
B II€JIOM OTPaKar0T B3aUMOJIEHCTBIE OPTaHU3aIM1 C OKPYKEHUEM, HO CaMH X YCIOBUS
JETaJM3UPOBaHbI HE B IIOJIHON Mepe. YCIOBUs ONUCaHbl 0€3 AeTaln3aluy BHY TP JaH-
HOT'O COOTBETCTBHS, KOTOPOE BO3MOXKHO OBUIO COOTHECTH € IIPUPOAHBIMU KOMIIOHEHTA-
MU JJaHHOHM TEepPUTOPHATIBHOM 00IIECTBEHHON CUCTEMBI: TEPPUTOPUANBbHAS OOLTHOCTD
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JIIONIEH, CIIOKUBIIASICS CHCTEMA MTPUPOIOIIONb30BAHMS, KOMILICKCHAS XapaKTePUCTHUKA
(nmanmmagTHOE uianupoBanue [30]), KOMIOHEHTHAs XapaKTEPUCTUKA.

Bremraue 00cTosATENbCTBa OCTABISIOT HEOOXOMMOCTh YYUTHIBATh BOSHUKHOBCHUE
HOBBIX 371eMeHTOB. C JIpyroil CTOpOHBI, BO3HHKAET HEONPEICIICHHOCTh, KOTOpask 3aBH-
CHUT OT YIPaBJICHUYECKOTO MOBEIEHUS CYObEKTa. 3/1eCh MOXKHO OBLIO OBl PEKOMEHI0BAaTh
BBIJICJICHHUE CJICAYIONIUX YCIOBHI: HOPMATHBHBIC MPABOBBIC aKThl (MEKIYHAPOIHBIC,
(enepalibHbIe, PErHOHAIBHBIC, MYyHHIIUIIAIbHBIC, OTPACIICBBIC M KOPIIOPATUBHEIC) U

Tadaunua 2. KpnTepml AJIS1 OEHKH Pe3yJIbTATUBHOCTH CUCTEMBI IKOJIOTHY1€CKOI'0
MEHEIKMEHTA

Table 2. Criteria for assessing the effectiveness of the environmental management system

Kputepun Pacuer kpurepus

CrerneHb BBINOIHEHUS] MEPOIPHUSITHI
YTIPaBIISIONIEH KOMIIAHUHU B 00JaCTH 3KOJIOTUH

Konn4ecTBo BBIMONHEHHBIX Mep / o01ee
KOJIMYECTBO MEPOIPHATHH B IIpOrpaMme
HKOJIOTHYECKOTO MEHE/KMEHTA

YpoBeHb COOTBETCTBUS SMHUCCHIA (BBIOPOCOB,
cOpOCOB) YCTaHOBIICHHBIM HOpMaM

O0beM BBIOPOCOB, COOTBETCTBYIOLINI HOpMaMm /
o061uii 06eM BEIOPOCOB 110 HOPMATHBAM

YpoBeHb COOTBETCTBUSI IMUCCHH (OTXOIOB)
YCTaHOBJIEHHBIM JINMUTaM

O06BeM BEIOPOCOB, COOTBETCTBYIOMINIT HOpMaM /
00muit 06beM 0TXOHOB 110 TUMHUTAM

[Tokazares palOHATEHOTO UCIIOIB30BAHUS
MIPUPOIHBIX PECYPCOB (IIOBTOPHOE
HCIIOJIb30BAaHKUE BOJIbI)

®dakTrueckoe IIOBTOPHOC MCIIOJIb30BAHNUEC BOJBL /
IJIAHOBBIC ITOKa3aTCIn

CTerneHb BBIIOJIHEHUS IPOrpaMM
9KOJIOTUYECKOT0 KOHTPOJIS (KOJINYECTBO NIPO6
0000IIEHHO 110 BCEM CpesiaM)

Ilnan / pakr

TEPPUTOPUAIIBHBIC OOIIECTBEHHBIC WHCTUTYTHI COLMATIBHO-TYXOBHOW HHQPACTPYKTY-
pot [31]. [Ipumepamu ocneHUX MOTYT CITY>KHTh OOIIIECTBEHHBIE JOTOBOPEHHOCTH C COITH-
ATBHBIMH TPYIIAMU HACENICHYS, YUeT Cle(DUKH MECTHOTO TIPHPOIONIOIB30BaHusL, Chop-
MHPOBABIIUXCS JJOOPOCOCENCKHX OTHOIICHHUH, KyJIBTYPHBIX U TyXOBHBIX TIPHOPHTETOB.

Ta6auna 3. Kpurepun SWOT-aHa/in3a 3K0J0rH4ecKoOro 1 KJIMMaTHYeCKOr0 MeHeIKMEHTA
HA NpeInpUsATHH
Table 3. Criteria for SWOT analysis of environmental and climate management
at the enterprise

CHIIbHBIE CTOPOHBI Cralbble CTOPOHBI BosmoxxHOCTH Yrpo3st
Brimonnenue Hanuune Boicokux puckoB | IIpomnenue cpoka Jerpananus
POTpaMMm [IPU OCYIIECTBICHUU 9KCIUTyaTalluu MPUIETAIOLTUX
9KOJIOTHYECKOTO MOMCKOBO-T00BIBAIOIINX MECTOPOKACHUS naHamapToB
KOHTPOJIA pabort
VY nosnerBopurensHoe | OOpa3oBaHue OTKpbITHE HOBBIX Yxynuenue
COCTOSIHHE HerepepabdaThBaEMOro PYIHBIX COCTOSIHUS
OKpY Karollel cpesbl CYXOTO OCTaTKa Imocye MECTOPOKACHUH OKpYy>Karomien

JOOBIYM PYJIbI, HATIPHMEP cpeabl
OTBaJIOB BCKPBIIIHBIX
HOpOZ,
CooTBeTCTBHE - Buenpenue Ucromenne
BBIOPOCOB/COPOCOB MHHOBAIIMOHHBIX pecypcHoit 6a3b
HOpMaM TEXHOJIOTHH B HOPEANPHUATUSL
MIPOU3BOJCTBO

OL[CHKa PE3YIBTAaTUBHOCTU CUCTCMBI OKOJIOTMYCCKOr0 MCHC/PKMCHTA IMPOBOAUTCA

M0 YCTAHOBJICHHBIM KOPHOPAaTHBHBIM KpUTepusiMm (Tadmn. 2). B menom, cTpykrypa oT-
YEeTHOCTH MOTJIa Obl OBITH JTOTIOJTHEHA PEKBU3UTAMH METOAUK M3MEPEHHUS KaKIOro
KpUTEpHsl U 3aJaHHbIMU LeneBbIMH 3HadeHusMHu (KPI). B pesymerare BHenpsetcs
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KJIACCUYECKUH MHCTPYMEHT YIIPaBJICHUS KaK COBOKYITHOCTH IJIAHUPOBAHUS, OpraHu-
3a1K, MOTHBAIMHU 1 KOHTpoJs [32].

CucreMa KIMMaTHYECKOTO MEHEIKMEHTa Ha MPENNpPUSTHHA TO3BOJSET OTCIICKHU-
BaTh MOKA3aTeNbHOCTh, YQ(EKTUBHOCTD, a TAK)KE MPOrPecc B COKpAIleHHH BEIOPOCOB
MAapHUKOBBIX Ta30B, HEIIPEPHIBHOTO YMEHBILICHHS YIIIEPOTHOTO CIIeAa MPOAYKIHH, Oe3-
0OJIE3HEHHO aNanTUPOBATHCS K M3MEHEHHSM KIMMaTa U MOCTPOUTH S(PPEKTUBHYIO
KOMMYHHKALIMIO C 3aWHTEPECOBAaHHBIMU CTOpPOHaMH. HecMOTpsi Ha KOPOTKHI CpOK
BHEJIPEHUS CUCTEMBI, YK€ CETOIHS BOBMOKHO BBIICIUTh CUIIbHBIC TIO3UIMH OT TaHHO-
O pelIeHHs, a TAK)Ke HAMETUTh [IEPCIIeKTHBHBIC HanpaBieHus. B Tabin. 3 mpencrasie-
HBI COBMeEIIeHHBIE pe3ynbraTel SWOT-ananusa.

Tabauuna 4. Pexomen1yeMblii KOMILJIEKC KOPPEKTUPYIOLIUX MepONPUATHI
Table 4. Recommended set of corrective measures

Crabsle
CTOPOHET Meponpusitue Pesynbrat Yrposst Meponpusrue Pesynbrar
Hanuuue BoI- OTKpBITOE CucremHoe Herpamamus | Ilnanuposa- KynerypHsrii
COKHX PUCKOB | reomHpopma- | pacmpezerne- ypOYHMI HUE MEpOoIpH- | JaHmmadr
IpH OCY- UOHHOE per- | Hue 00s3aH- SITHH 110 pea- [30]
LIECTBICHUU JIAMEHTHUPO- HOCTeH 1o onmranuu
TIOUCKOBO- BaHHE Jes- CTPaxOBaHUIO ypOUHMII]
JOOBIBAIOIINX | TEIBHOCTH OP u KP mex-
pa6ot [33] 1y BCeMU
(dakTopamu
O6pazoBanue IIpoBenenue KynbrypHslii VYxynmenue | CormacoBanue | IIpupono-
Heriepepaba- Hay4HO- nasamapT COCTOSIHUS ¢ IpyTUMH [10JIb30BaHUE
THIBAEMOTO Hccie10Ba- oC aKTOpaMH B paMKax
CYXOro OCTaT- | TEJIBbCKUX HCIIOIb30Ba- AIIOC pnan-
Ka 1nocie J10- pabot (HUP) Hust AIIOC noit TOC
ObIYM PyIBI IO UCIIOJIB30-
BaHMIO JaHHO-
ro BUJA «pe-
cypca»
HUcromenue | IlposeneHue Cucrema
pecypcHoi HWP 1o BHen- | ynpamieHust
0a3pl Ipe- | PEHMIO HOBBIX | HA OCHOBE
MIPUATHUS TEXHOJIOTUI HAMITYYIIHX
JOCTYIHBIX
TEXHOJIOTUH
(HAT) [34]

BoiBoasl u 3akiawuenne. [lo pesynpratam OLEHKH IIpeiaraeM CIleaylolne Ha-
TIPaBJICHUSI 110 BBIABICHHBIM CJIA0BIM CTOPOHAM U yrposam (tadi. 4). Baenpenue co-
IJ1aCyeTCs C JOATOCPOYHOMN TONUTUKON OPTaHU3aIlul, MOXKET OBITh IEPEHSATO APYTUMHU
PEruoHaJIbHBIMU UT'POKaMHU B OTpacCiiv, B TOM YUCJIC JJid IMOBBIIICHUA MHBECTUIIMOH-
HOW TPUBIEKATEIFHOCTU. B 11eIoM, pe3ylbTaThl COBPEMEHHOTO BHEAPEHHS CHCTEM
HKOJIOTHYECKOTO ¥ KIIMMATHYECKOTO MEHE/PKMEHTA Ha MPEIIPUATAN 30JI0TOJOOBIBAIO-
e OTPaciii MOYKHO OIEHUTH YIAOBIETBOPHUTEIHHO. CHCTEMBI SABISIOTCS paOOTAIOIIH-
MU, TpeOYyIOT MOCTOSHHON KOPPEKTUPOBKH W yTOUHEHHI C y4E€TOM HOBBIX BBOIHBIX OT
OKPYXXEHHS, OTPACId U HOPMATHBHOTO IIPABOBOTO ITOJIA.

B 1ienom, HE0OXOMMMO OTMETHUTH, YTO, HECMOTPS Ha CIeNU(UKY OTKPBITOCTH WH-
¢dopman B 30JI0TONOOBIBAIOIIEH OTPACIH, BHEAPEHUE CUCTEM 3KOIOTUYECKOTO U
KITMMAaTHYECKOTO MeHe/KMeHTa d(h(HEeKTUBHO NPU Y4eTe PETHOHAIBHBIX U MECTHBIX
0COOCHHOCTEH, PETyIsIpHOW KOPPEKTHPOBKE TUIAHUPYEMBIX pe3yibTaroB. JlocTHdh
OIICPATUBHBIX PE3YJIbLTAaTOB B JTaHHOM HAIIPpAaBJICHHUU CJIOXHO, HO CaMO HaJIN4YUC CHU-
CTEMHOCTH TO3BOJISIET CYIIICCTBEHHO CTPAaXOBAaTh OTPACICBBIC U PETHOHAIBHBIC PUCKH.
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Abstract
Introduction. The article evaluates the results of modern implementation of environmental and climate
management systems in a gold mining organization. A SWOT analysis was carried out and recommendations
were developed for adjusting and clarifying the content of the main management areas. As an information
base, only public information resources and information provided by the organization in the course of
interaction during educational program implementation were used
Research aim is to assess the implementation of environmental and climate management systems in the
Ural gold mining industry
Methodology. The paper analyzes and evaluates environmental and climate management systems based
on the use of SWOT analysis tools and geographic assessment of spatial and temporal changes. The
spatial risks of safe ecological development of the organization are systematized, taking into account the
immediate geographical environment.
Results. A set of measures has been developed to correct and change the main management decisions of
the environmental and climate management systems of the Ural gold mining organization.
Conclusions. A satisfactory cumulative assessment of the results of environmental and climate management
systems implementation in the organization is given, a set of measures has been developed that, in general,
can be used in the regional industry; critical conceptual comments were formulated on the content of the
current management KPIs.

Key words: environmental management system, climate management system; Vorontsovskoye field.
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NPOX0AYECKO-0YUCTHLIX KOMBAaNHOB ANA A00bLIYM KaNUUHbIX pYA
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Peghepam
Begeoenue. Paccmompenvi 60npoChl, C65A3aHHbIE C OP2AHU3AYUEL MEXHUYECKO20 CepsUcd npoxoo4ecko-
OUUCTNHBIX KOMOAUHO8 HA PYOHUKAX Bepxmekamckoeo mecmopodcoeHus: KanuiHO-MAcHUegblx coael.
Vkazvieaemess Ha nepcnekmu@HOCMb GHEOPEHUs CUCEMbL OOCIYICUBAHUS U DEMOHMA 20PHbIX
KOMOAUHO8 NO (PAKMUUECKOMY MEXHUYECKOMY COCMOAHUIO.
Memooonozusn uccnedosanus. Hznoocernvi Memooonrocuyeckue ocHogbl c6opa u obpabomxu ungopmayuu
no cmMamucmuke omKa308 NPoxXoOUecKO-OYUCIHBIX KOMOaLHos «Ypany na pyonukax Bepxuexkamckozo
MecmopodicOenus. Ykazvieaemcs, 4mo UCHONb3068aHue OOPMOSbIX CUCEM MOHUMOPUHSA KOMOAUIHOS,
sHeopeHue komopwix Hauamo ¢ 2013 200a, no3601un0 ONEPaAmMuUsHO OMCIENHCUBAND U PECUCIPUPOBANTL
UHGOpMaYUIO 0 pexrcumax pabomsl u RPULUHAX NPOCHOEE OAHHBIX BbIEMOUHBIX MAUUH.
Pesynomameut. Iloxkazano, ymo Haubonvbuiee KOTUUECME0 A8APUIHLIX OMKA3068 NPOXOOUECKO-OUUCTHBIX
Kombaiino8 «Ypany 06ycio8nieHo HapyuwieHueM MexHONo2UU 6e0eHus 20pHbIX pabom, a maxice
Hece0e6peMeHHbIM UNU HeKA4eCMEeHHO 8bINOTHEHHbIM peMonmoM. Haubonee uacmo 6vbixo0sam u3z cmpos
noeopommuvle u pazoamounvie pPeOyKmopbl HIAHEMAPHbIX UCHOTHUMENbHBIX OP2AHOS, pPedyKIMOpbl
Oepmogblx 0p2an06 u y3ubl eudpasiudeckux cucmem. Ilpugedena cmpykmypa peMOHMHO20 YUKLA
KombaiiHo8 «Ypany. Ykasvieaemcs, umo 3auacmylo 0axce CILOJNCHble MeKywue U KanumaibHbie
PEMOHMbL RPOXOOUECKO-0OYUCHIHBIX KOMOAUHO8 8bINOTHAIOMCA CUNAMU 20PHOPAOOUUX, OCY U eCMETAIOUUX
HenocpeoCcmeeHHyI0 IKCHIYAmayuio OGHHbIX 00ObIYHBIX MAWUUH.
Bueoowvl. Haxkonnenue cmamucmuieckux OGHHbIX 00 OMKA3aX U COOMBEMCMEYIOUUX UM NPEOENbHbIX
3HAYEHUAX OUASHOCMUYECKUX Napamempos HpOXOOUeCKO-OYUCIHbBIX KOMOAliHO8 00ycnoeiueaem
B03MONCHOCHI NPOSHOZUPOBAHUS BPEMEHU BbIX0Od 000PYOOBAHUS U3 CMPOSi C BbICOKOU CMENEHbIO
sepossmuocmu. [IpocHo3  8eluyuHbl OCMAMOYHO20 pecypca 6yoem mem MmouHee, yem 6Gofee
CMAHOAPMUZUPOBANDL YCIIO08US IKCHIYAMAYUY U PEMOHMA O0ObIYHBIX MAUUH KATUUHBIX PYOHUKOS.

Knrwwueevie cnosa: NnpOX0OUeCKO-0UUCMHOU KOMOAUH, IKCHIYamayus, MeXHUYecKull cepeuc;
CMAamucmka OmKa308, KAAuiHblil pYOHUK.

Beenenue. /s mpeAnpusTHi, OCYIIECTBISIIOIIUX Pa3padOTKy MECTOPOKACHUI
KaJIMHHBIX PYI MOA3EMHBIM CIOCOOOM, aKTyaJdbHOM OCTaeTcsl 3ajada oOecredeHHs
HaJIe)KHOW W BBICOKOTIPOM3BOAUTEIHHON PabOTHI TOPHOJOOBIBAIONIETO O0OPYIOBAHNS.
Pemenwe manHoi 3a1a9u TpeOyeT HE TOMBKO COBEPITICHCTBOBAHMS KOHCTPYKITHI 1 BHEII-
PEHHSI TIepeIOBhIX TEXHOJIOTHH MPOU3BOICTBA TOPHBIX KOMOAITHOB, HO ¥ HCIIOJIH30BA-
HUS 9(Q(PEKTUBHBIX CHCTEM TEXHHUYECKOTO CEpBHCA, NPENLyCMaTpPUBAIOLINX IPUMEHE-
HUE CPE/CTB IMArHOCTUKY U IKCILTYyaTaIllHOHHOTO KOHTPOJIS JIJIsl OLIEHKU (PAKTUYECKOTO
COCTOSIHHS JOOBIYHBIX MamvH [1, 2].

Henbio nanHoii padoTHI SBISETCS aHAJIN3 OCHOBHBIX TEHJICHIIMI B OOJIACTH MOBBI-
meHus 3PGEKTUBHOCTH 00CTYKUBAHUSA U PEMOHTA IIPOXOTICCKO-OUNCTHRIX KoMOaki-
HOB, UCIIOJIB3YEMBIX Ha pyAHHMKaxX KpynHeiuero B EBpa3un BepxHexkaMckoro Mecro-
poxaeHus KanuitHo-MaraueBbix coneit (BMKMC).
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MeTonosnoruyeckne 0CHOBbI ucciaegoBanus. OTpadoTKa MPOLYKTUBHBIX IJIACTOB
Ha pyOHHMKax BepxHEeKaMCKOro MecTOpOXIEHHs OCYIIECTBISETCSA C UCIOJIb30BAHUEM
KaMEpHOM CHCTEMBI M MEXaHN3UPOBAHHBIX KOMOAWHOBEIX KOMITIEKCOB [3]. B cocraBe
TaKUX KOMILJIEKCOB B Ka4€CTBE JOOBIUYHBIX MAIMH, KaK IPaBUIIO, IPUMEHSIOTCS IIPO-
XOIUECKO-OYMCTHRIE KoMOaiHbBl «Ypam» mpoms3BomctBa AO «Komelckuii MammHO-
CTpOUTETLHBIN 3aBoy (T. Komeiick, UensOnHckast 00:1.). JlaHHbIe KOMOAWHBI SIBIISIOTCS
HauOoJjee aJanTUPOBAHHBIMHU K YCIOBHUSIM MECTOPOXIEHHS M MOCTABIAIOTCS Ha PyI-
Hukn BMKMC yxe 6onee 40 net [4, 5]. CTonbs MpOAOIKUTENBHBIN OITBIT UCTIONH30Ba-
HUSI TIPOXOJYECKO-OYHUCTHBIX KOMOAHHOB «Ypam» MO3BOJIMI HAKONUTH COTPYAHUKAM
MH)XCHEPHO-TEXHUUECKUX CIIY>KO TOPHBIX MPEANPHUATHN YHUKAIBHYI0 HHPOPMALIHIO O
CTaTUCTUKE OTKA30B, a TAKXKE pa3padoTaTh psili TEXHOIOTHYECKHUX 1 OPraHU3aLuOHHBIX
Mep, HalpaBJICHHbIX Ha MOBBIIEHUE Y3PPEKTUBHOCTH CEPBUCA JAHHBIX JOOBIYHBIX Ma-
mwH [6]. CymecTBeHHOE oOnerdeHue 3agadu coopa u 00padoTku HHPOPMAIIUU O pa-
0oTe KoMOaitHOB «Ypam» M WX HAJEKHOCTH OOyCIOBIeHO BHeApeHueM B 2013 1. Mo-
JEPHU3UPOBAHHON CHUCTEMBI MEKTPOTUAPABINYECKOTO YNPABICHUS U MOHUTOPHHIA
napaMeTpoB paboTel koMOaitHOB mpon3BoacTBa OO0 «MK «Umpmay» (1. Tomck) [7]
(I'OCT 27.002-2009. Haoesxcrocmsb ¢ mexuuxe. Tepmunvl u onpedenenust. M.: Cman-
dapmungopm, 2011. 28 c.).

9%

Hapymienue texsonorun
BEJICHHS TOPHBIX paboT

HexauecTBeHHO
BBITIOJTHEHHBIIT PEMOHT

HecBoeBpemenHo
BBINOJTHEHHBIH PEMOHT

Huzkoe kauecTBO
3aracHbIX YacTei

m [Ipoune npuunns

29 %

Puc. 1. Ilprauas! BOSHUKHOBEHHS aBapUHHBIX OTKA30B KOMOaHOB «Ypan-20P» Ha pymHu-
Kax BepxHekaMCKOro MecTopox1eHus KaJIuiHO-MarHueBbIX coneii 3a nepuoz ¢ 01.01.2018
mo 31.12.2018
Fig. 1. Reasons for emergency failures of Ural-20P mining machines in the mines
of the Upper Kama potash salt deposits for the period from 01 January, 2018 to
31 December, 2018

[anee mpuBesieH aHAJIN3 CTAaTUCTHKH aBapUHHBIX OTKAa30B U 0COOEHHOCTEH CUCTe-
MBI TEXHUYECKOTO 00CITYKMBaHWUsI, IPUHSTOMN 15l TPOBEICHUSI PEMOHTHO-BOCCTAHOBH-
TeNbHBIX padoT Ha pynHukax BMKMC.

Pesyabrarbl uccaenoBanmii. [0 JaHHBIM COTPYIHHKOB CEPBUCHBIX CIIYXO
TTAO «Ypankamuit» (T. bepesnuku, [lepmckuii kpaif), 3a mepuon ¢ 01.01. mo 31.12.2018 .
HanOoJIbIlee KOJMYECTBO aBAPUHMHBIX OTKA30B MPOXOJYECKO-OYHCTHBIX KOMOAiHOB
«Ypam» 00yCIIOBIECHO HAPYIIICHUEM TEXHOJIOTHUU BeACHUS TOpHBIX paboT — 31 %. Ilpu-
yuHOU 29 % 0TKa30B SBIAETCS HEKaueCTBEHHO BBITIOJIHEHHBIN peMoHT. 21 % aBapwmii-
HBIX OTKAa30B MTPOUCXOANT T10 MPUYHHE HEBO3ZMOKHOCTH CBOEBPEMEHHOM 3aMEHBI y3I1a,
BBIpa0OTaBIIErO CBOW pecypc, YTO TOBOPHUT O HEYIOBICTBOPUTEIHHON paboTe ciryx0
cHaOxeHns. Hu3koe kauecTBo JieTasneil, 3aKyTUIEHHBIX Y CTOPOHHUX TIOCTAaBIIHUKOB, 00Y-
cinosiuBaet 10 10 % orka3oB koMmOaitHOB «Ypa» (puc. 1) [8].

OCHOBHBIMH TIPUYMHAMH BBIXOJA U3 CTPOS MEXaHMUYECKOM YacTH 00OpyIOBaHMUs
KOMOaHOB «Ypai» SBISIOTCS:
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— paboTa HEMOJHBIM KOMIDIEKTOM PE3I0B WJIM M3HOIICHHBIM PEXYIIUM HHCTPY-
MEHTOM;

— HeCcOOII0IeHNE PEKOMEHIOBAaHHOTO PeKuMa paboTHI (CKOPOCTH MTO/Iad, YPOBEHb
3arpy3KH AIEeKTPOABUTATENEH);

— HeTMpaBWJIbHAS COOpPKa WIIH PETYIHPOBKA MYy(T, 3yOUaThIX 3alleIUIeHNH, TTOITHII-
HUKOBBIX y3JIOB, CKPEOKOBBIX, TYCEHHYHBIX IIETIeH;

— HapyIIeHNe TePMETHYHOCTH YIDIOTHEHHI;

— HEeCBOEBpEMEHHasI WJIM HeAOOpOKauyecTBEHHAs cMa3ka [8, 9].

Ta0auua 1. Apapuiinble 0TKa3bl peyKTOPOB KoMOaiiHoB «Ypan-20P»
Table 1. Emergency failures of reduction gears of Ural-20P mining machines

Jloust ot 001I1Er0 YKCIa

Haumenosanue y3na M o
ABAPUITHBIX OTKa30B, %

[ToBOpOTHBII peayKTOp IUIaHETapHO-AUCKOBOTO

HCTIOJIHUTENBHOTO OpraHa 35,6
PemykTop pa3aaTodHsbIil MIIaHETapPHO-TICKOBOTO

HCTIOJIHUTEIBHOTO OpTraHa 9,7
PemykTop nepeHOCHOTo BpaleHus IIaHeTapHO-

JIMCKOBOTO HCTIOMTHUTEIFHOTO OpraHa 19
PemykTop OTHOCHTEIBHOTO BpaIlleH!sI TUIaHETapHO-

JIMICKOBOT'O MCIOJIHUTEIBHOTO OpraHa 3,8
Penyxrop otboiiHOTO yeTpoiicTBa 2,9
PenykxTop 6epMOBOTO HCIIOTHUTENHHOTO OpTraHa 14,6
Penykrop konBeliepa ObICTPOXOAHBIN 5,7
PenykTop koHBeliepa TUXOXOJHbIH 14,5
Penykrop macnocranuuu 2,6
Penyxrop rycenuuHoro xona 8,7

OtcyrcTBue 3¢ EeKTUBHBIX MPHOOPOB KOHTPOJISI CKOPOCTH ITO/Iadu KoMOaiiHa Ha 3a-
0oH, yCTpoicTB AeMrpupoBaHns TUHAMUYECKIX HATPY30K SIBIISIETCS MPUYUHON 3HA-
YUTEHPHOW YacCTH aBapHHHBIX OTKAa30B MEXaHHYECKOW YacTH KoMOaitHOB «Ypamy.
CornacHo ctraructuke ITAO «Ypankanuit», coOOpaHHON I 57 TMPOXOTIECKO-OUNCT-
HBIX KoMmOaitHOB 3a mepuon ¢ 01.01. mo 31.12.2018 r., Hambonee 9acTo BBEIXOIAT W3
CTpPOSI TIOBOPOTHBIE W Pa3laTOYHbIE PEAYKTOPHI IIaHETAPHO-ANCKOBBIX UCTIONHUATENb-
HBIX OPTaHOB, PEAYKTOPHI OEPMOBBIX HCIIOTHUTEIHHBIX OPTaHOB, a TAK)KE THXOXOIHBIE
PEIYKTOPHI CKPeOKOBBIX KOHBEeHEpOB-Tieperpyx areiei (Taom. 1).

OnekTpryeckast 4aCTh 0OBITHO BBIXOIHT M3 CTPOSI BCICACTBUE CIECAYIONINX TPHIIH:

— YXYAIIEHUS H30JISIIMOHHBIX KaueCTB MPOBOAOB M 0OMOTOK M3-3a HX OTCHIPEBAHUS
Y 3arpsA3HEHUS;

— ocnabJeHns U HapyIIeHHs] COeIMHEHNH B CUIIOBBIX IIETISIX YIIPaBICHUS;

— TIOBBINIEHHOTO HarpeBa BCIECTBUE paOOTHI C ITeperpy3KaMu;

— HEYJOBJIETBOPUTEIHHOTO COCTOSHUS KOHTAKTHBIX ITOBEPXHOCTEH;

— B pe3yJIbTaTe MEXaHMYECKUX TTOBPEKIACHUN.

Hapymrenust B paboTe rufjpaBIndeckol YaCTH Yallle BCETO BO3ZHUKAIOT W3-3a HEZO-
CTaTKa Maclia B KOPITycax TUAPOMOTOPOB M THIPOHACOCOB, IIOBPEKICHHUS THOKHUX TPY-
0OIPOBOIOB, HEPETYIAPHON YUCTKU (BUIIBTPOB, OTCYTCTBHS KOHTPOJS NABJICHUS, Ha-
CTPOWKH KJIAallaHOB HAa TIOBBHIIIEHHOE MIaBIIEHWS, BpallleHUs Balla THApPOHAcCOCAa B
MIPOTUBOIIOJIOKHOM HAIPaBICHUH, HECBOCBPEMEHHOHN 3alpaBKH THIPOCUCTEMBI HITH
3alpaBKy 3arpsi3HEHHbIM MaciioMm [8, 10, 11].

3aBO-N3TOTOBUTENH PEKOMEHIYET OCYIIECTBISATH CEPBUC KOMOAWHOB « Ypai» ¢ UC-
MOJIb30BAHUEM ITUTAHOBO-TPEAYIPEIUTEIFHON CHCTEMBbI OOCITYXHBAHHUS U PEMOHTOB
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(I1ITP). HopMaTUBHEIME TOKYMEHTaMH IPETYCMOTPEHO BBIMOIHEHUE SKECMEHHOTO U
©XCHEIeTLHOTO TEXHUIECKOTO 00CTyKuBaHus [6, 12].

Cuctema [1ITP kombaiiHa 1 cBSI3aHHOTO ¢ HUM KoMILIeKkca (OyHKep-Tieperpyxares,
CaMOXO/IHBI BaroH) BKJIIOYaeT PEMOHTHBIE OocMOTpel PO pa3 B mecsn, T. €. uepes
600 4 pabOTHI (AIUTENBHOCTH — TPOE CyTOK), Tekymue T,, T,, T, n kanuransusie K
PEMOHTBHI.

PeMOHTHEBIN ITUKIT P[I =12PO +2T1 +2T2 + T3 + K.

Kanuraneuerii pemonT mnanupyetcs uepes 7200 u (1 rox). IlepBsiii Tekymmii pe-
MOHT mpom3BoauTcs depe3 1200 4 paboTel U mpomoimKaeTcst 72 4, BTOPOH — depe3
2400 u (mmutensHOCTD — 111 1), TpeTuii — uepe3 3600 4 (umTensHOCTS — 144 u).

PeMOHTHBIH 0cMOTp BKJIIOUAET B ce0sl BECh KOMILIEKC paboT eXXEeCMEHHOTO U exXe-
CyTOYHOTO OCMOTPOB, a TAK)K€ 3aMEHY AETajel ¢ MaJIOH U3HOCOCTOMKOCTBIO U 10JTO-
BEYHOCTBIO, YIUIOTHEHHH, CMa3KH B IOJIIUITHAKOBBIX y3JlaX W pPEAyKTOpax, macia
B TH/IPOCUCTEME, TIOATSDKKY BCeX OONTOBBIX coennHeHni. KoHTpoimpyercs cocTosiHre
3y04aThIX, U B OCOOCGHHOCTH KOHWYECKUX Tepesad, MOJIIUITHUKOB, COSAMHUTEIBHBIX
MY(QT U KOHTPOJIILHO-U3MEPHUTENBHBIX MPUO0poB. [IpoBepstoT, a mpu HEOOXOTUMOCTH
HACTPaWBaIOT M PETYIHPYIOT THApoanmnaparypy. KauecTBo u MONMHOTY MPOBEAEHHBIX
paboT oNpeneroT MPOOHBIM 3aITyCKOM 000pYIOBAHHMS; TIOCIIE ABYX-TPEX CYTOK pado-
ThI IEPETATUBAIOT OOITHI KPEIUICHHUS U TIPOBEPSIOT UX KOHTPOBKY.

Tekymiye peMOHTHI BKIIOYAIOT B ce0sl BCe padOTHI MPEABLIYIINX BUIOB 00CTYKUBA-
HUS, a TAKKE TUTAHOBYIO 3aMEHY JIeTajeil ¢ HeOOIbIIUM 00beMOM padoT 1o pa3bopke,
3aMeHy Je(EeKTUBHBIX Y3JIOB TOXHBIMH, MPOMUITAKTHIECKHH OCMOTp 3JIEKTPOIBUTATE-
JIei, PEeBU3HIO CTAHITUH U MYNBTOB yrpaelieHus. [Ipu TekymeM peMOHTe 0CMaTpUBAIOT
TpaHc(opMaTOphl, MIPOBEPSSI COCTOSIHIE KOHTAKTHBIX 32)KUMOB, LIETIN 3a3eMJICHHUS, CO-
MPOTHUBJICHUE U3OJISIIUM OOMOTOK, OTCYTCTBHE TPELIMH U CKOJIOB Ha KIIEMMHBIX KOpOO-
kax. [To okoHuaHUH paboTHI PETYIUPYIOT U HATAXKUBAIOT 000PYIOBaHHE TI0]T HATPY3KOM.

KanuTanbHbI peMOHT MpexycMaTpHUBaeT MOTHYO pa300pKy 000pya0BaHU, OYHCT-
Ky JeTajeil, cocTaBieHne 1e()eKTHON BEAOMOCTH, BOCCTAHOBIICHHE U 3aMeHY Ae(eKT-
HBIX JIeTaliei, COOpKY M PETyIMPOBKY y3JI0B M MallIWHBI B [IeJIoM. PEMOHT U moceny-
folasi IprueMKa MAalluHBI MTPOU3BOAATCS MO 3aBOACKHUM UYEpTEXaM B COOTBETCTBUH
C JICHCTBYIONIMMH TEXHUYECKUMHU YCIOBUSAMHU. Bce BHIIBI BBINIOJIHEHHBIX PEMOHTOB
C YKa3aHHEM XapaKTepa HeHCIPaBHOCTEH, IPUYMH HETOIa0K U CIIOCOOOB yCTPaHEHHS
¢ukcupytorcs B Gopmynsipe mammuHbl. [lociae KanmuTaabHOTO PEMOHTA MPOBOJUTCS
oOKarka.

CHmKeHHe 3aTpar Ha PEMOHT U OOCITYKHBaHUE MPOXOIIECKO-OYHCTHBIX KOoMOaii-
HOB, YMEHBIIICHUE BPEMEHU MPOCTOSI U CHIKCHHE KOJMYECTBA aBAPHIHBIX OTKa30B
BO3MOKHO [TOCPENICTBOM Opranu3anuu cuctembl TOUP 1o pakTuueckoMy TeXHHUECKO-
My COCTOSHHIO AOOBIYHON MAIIWHBI, YTO TOAPAa3yMEBAET MIMPOKOE HCIOIH30BAHUE
CPEICTB IWATHOCTHUKK W KOHTPOJII W3MEHEHHs MapaMeTpoB padOThl 000pyHOBaHUS
C LIEJIbI0 CBOEBPEMEHHOT0 0OHApPYKEeHUs 1e()EKTOB.

Peanuzaiust TMarHOCTHYECKUX MEPOIIPHUITHI 00CCIICUNBACT:

— THOBBIIIEHUE TEXHUYECKON TOTOBHOCTH JOOBIYHBIX MAIllUH;

— paboTy MaIllvH C ONTHUMAalbHOW PETYIHPOBKOH, YTO IMO3BONIIET CHU3UTH PAcXO.l
SHEPIHH U TOPIOYe-CMa30YHBIX MaTEPHAIIOB;

— TOBBIIIEHHE 0E30MacCHOCTH PabOT MOCPEACTBOM IPOBEACHUS CBOEBPEMEHHBIX
TEXHUYECKUX 00CTYKHUBAaHUN M KOHTPOJIS Y3JIOB M arperaros;

— yBeIHUYEHHE pecypca padoThl 000pyIOBaHMS MOCPEACTBOM HCKIIOUEHUS HE00o-
CHOBaHHBIX Pa300pOYHBIX M COOPOUYHBIX OIEPANUi, COMYyTCTBYIOIIUX MM PEXUMOB
npupabotku [6, 13, 14] (IOCT 27.002-2009. Haodesxcnocmo ¢ mexuuxe. Tepmunvt u
onpeoenenusi. M.: Cmanoapmungopm, 2011. 28 c.).
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K HepocTaTkaMm JaHHON CUCTEMBI OpTaHU3aMH TEXHUIECKOTO OOCITYKHBAaHUS U pe-
MOHTA CJIEJYeT OTHECTU BBICOKYIO CTOMMOCTB U CJIOKHOCTH AUArHOCTUYECKOTO 000-
PyOOBaHMS, HEOOXOOAUMOCTh (POPMHUPOBAHUS CHELUAIBHBIX CIYX0 Ha MpeInpHusITHH,
3HAYUTEIBHBIE TPYA03aTPaThl HA MPOBEICHUE AUArHOCTHYECKUX MeponpusaThid. Kpome
TOro, 000CHOBaHHE METOIUK MPOBEACHUS AMATHOCTHKH U CTPYKTYPBI UCIIONIB3yEMOTrO
000pyIOBaHUSI SIBIISIETCSI CIIOXKHON TEXHHMYECKOH 3a1auel, perieHue KoTopoil TpedyeT
NPOBEICHUSI 3HAYUTEIBHOTO0 00beMa HayYHO-HCCIIECAOBATEIILCKUX U OIMBITHO-KOH-
CTPYKTOPCKHUX padoT.

Ha nexoropeix pyaankax BMKMC npussaTa cucteMa TEXHUYECKOTO 0OCITYyKHBa-
HUS U PEMOHTA, NPeyCMaTPHUBAIOLIAs BHIIIOJIHEHNE PEMOHTHO-BOCCTAHOBUTEIBHBIX
paboT culaMy MalIMHUCTOB U TOPHOPAOOYHX, OCYIIECTBIIIONINX UX HEIIOCPEICTBEH-
Hy!0 sKcrTyaranuio [8, 11, 12]. IIpu 3Tom, B aOconoTHOM OOJIBIIMHCTBE CIy4aeB, CO-
TPYAHUKH CEPBUCHBIX CITYKO U MOAPAJHBIX OPTaHU3AUNK HEe MPUBIEKAIOTCS K BBIIIOJI-
HEHHIO PEMOHTOB. YKa3aHHBIN CII0COO pEMOHTA MO3BOJISIET JOOBIYHBIM MPEAIPHATHAIM
CYLIECTBEHHO CHU3HUTh BPEMEHHBIE U MaTepHaJIbHbIE 3aTpaThl Ha MIPOBEACHUE TEXHU-
YeCKOro OOCIYXKMBaHHsI U TEKYIIEro peMOHTa KOMOAHHOB (110 7 pa3, [0 CPaBHEHHIO
C TIPUBJICYCHUEM TOAPSAHBIX CEPBUCHBIX OpraHU3alUii), HO 00YCIIOBINBAET BOSHUKHO-
BEHUE 3aTPYAHEHUI NMpHU NPOBEJCHUH PEMOHTOB CIOKHBIX THJIPABINYECKUX CHUCTEM,
CHCTEM DIIEKTPOHUKHU, ABTOMAaTHKH M TPOYHX Y3JIOB U CHUCTEM, TPeOYIOIIHX MpoBee-
HUSI PEMOHTa BBICOKOKBAJIM(PHULIUPOBAHHBIM IIEPCOHATIOM.

BoiBoabl. BHenpenne aBTOMaTH3UPOBAaHHBIX CUCTEM KOHTPOJIS apaMeTpoB pado-
THI U TMAarHOCTUPOBAHUSI KOMOAHOBBIX KOMILJIEKCOB 3HAYUTENBHO YIPOCTHT paboTy
WH)XECHEPHO-TEXHUYECKUX W PEMOHTHBIX CIYKO MPEONpHUSATHS, TO3BOJUT OCYIIECT-
BJIATH PEMOHTHO-BOCCTAHOBUTEIIBHBIE MEPONPHUSATHA IO PAKTHYECKOMY TEXHHUECKOMY
COCTOSTHUIO KOMOailiHa, 0TKa3aThCsl OT 3aTPATHON CUCTEMBI ITaHOBO-TIPEAYIPEAUTENb-
HBIX PEMOHTOB. HakomieHne cTaTUCTHUECKUX AaHHBIX 00 OTKa3axX M COOTBETCTBYIO-
MIMX UM TPEeNbHBIX 3HAaYEHUSIX AUarHOCTHYECKUX MapaMeTpoB 00YyCIOBIUBAET BO3-
MOXHOCTh TMPOTHO3UPOBAHUSI BPEMEHHU BBIXO/a 000pYIOBaHUS U3 CTPOsI C BBICOKOM
CTETIEHBIO BEpPOSITHOCTHU. [IpOTHO3 BENMYMHBI OCTATOYHOTO pecypca OyAeT TeM TOUHee,
yeM Oojiee CTaHJapTH3UPOBAHBI YCIOBUS AKCIUTyaTallid M peMOHTa. D} eKTHBHBIHI
MOHHUTOPUHT TEXHUYECKOTO COCTOSHHS JOOBIYHOTO 00OPYIOBaHMs, aHAU3 JaHHBIX O
€ro Ha/IXKHOCTH C MCIOIB30BaHUEM BBICOKOTOUHBIX MTPOTHO3HBIX MOAenel obecneuu-
BAlOT PaBHOMEPHYIO M 00OCHOBAaHHYIO 3arpy3Ky PEMOHTHOTO MEpCOHANa, CHUKEHHUE
3KCIUTyaTallMOHHBIX 3aTpart.
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Abstract
Introduction. The article considers the organization of heading and winning machines’ maintenance in
the mines of the Upper Kama potash salt deposit highlighting the potential of maintenance and repair
according to the actual health of mining machines.
Research methodology. The methodological foundations are presented of collecting and processing the
data on Ural heading and winning machines failure statistics in the Upper Kama potash salt deposit. It is
indicated that monitoring systems implemented in mining machine since 2013 made it possible to quickly
track and record data on operating modes and downtime causes.
Results. Research revealed that the greatest number of Ural heading and winning machines emergency
failures is due to mining technology violation, as well as untimely or poor quality repairs. Breakdowns
of swing and distributing reduction gears of planetary actuators, reduction gears of berm bodies and
hydraulic systems units are most common. Ural mining machines’repair cycle is presented. Even complex
current and overhauls of heading and winning machines are often carried out by miners who directly
operate the machines.
Summary. Statistical data storage on failures and corresponding diagnostic parameters limit of heading
and winning machines makes it possible to predict the time of equipment failure with a high degree of
probability. The more standardized the potash mining machine operation and repair conditions are, the
more accurate the remaining life forecast of the residual resource is.

Key words: heading and winning machine; operation; maintenance; failure statistics; potash mine.
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Peghepam
Beeoenue. B omeuecmeennoti ucmopuoepaguu nauwano npomviunennozo ocgoenusi FOcnozo Ypana
CBA3bIBAIOM CO CMPOUMENbCIMEOM 30€Ch NEPELIX MEMANLypeUiecKux 3a60008 6 1740-x ce. Hcmopuxu
obpawanu 6HUMAaKUe Ha 2eon020pazeedounsie pabomol Ha Ypane ¢ XVII 6., no ne umenu npeocmasgienus
o0 pationax usbickanuii. C nOMOWbI0 UCMOPUKO-APXE0N0SUYECKO20 NOUCKA HA OKPAUHE I0HCHOYPANbCKO2O
2. 3namoycma yoanoce obnapyscums ciedvl 20pHbIX pabom KpynHeuuiel 8 pOCCULICKOU UCMOpUU
2€0/1020pA36€004HOU IKCNEOUYUY, HANPABIIEHHOU HA NOUCKU cepebpsanoll pyoul ewe ¢ 1669—1673 ze.
Okcneduyust 8 mo apemsi 6vl1a KPYRHLIM B0CHUZUPOBAHHBIM AGMOHOMHBIM COeOUHEeHUeM (NONIKOM) N0
KoManoosanuem 60e600. bonvuioe yucno yuacmnukos 06vacHaI0Ch He0OX0OUMOCMbIO MHO20UUCTEHHOU
paboueil cubl U OXPanvl Ol 3aWUNbL OM EPANCOCOHBIX KOUEBHUKOB.
Lenv pabomol — ssedeniie 6 npopeccUoHATbHBIU HAYUHBLT 000POM YHUKATbHBIX OMKDLIMUL RO UCTIOPUU
20pHO20 Oena.
Memooonozus. Ilpu ananuze ucmopuieckoeo Mamepuanda Gopmuposarucs Memoobl HamypHo20 NOUCKA
U UCCNed08anUsi NO OOKYMEHMAM OCMAMKO8 CIMAPUHHBIX 2O0PHONPOX00UECKUX pabom.
Pesynemamor. B cmamve goccmanognena nociedo8amenbHoCmy cooblmuil, YCmanosnenvl patonsl u
9Manvl 2€01020pPa36€004HbIX U 20PHBIX pabom dxcneduyuu. Onpedenenvl OpeaHu3aAyUOHHAs CMPYKMypd,
YUCTIEHHOCTb, Yenu U pe3yibmambl pabomsl KpynHetiuiell 8 poccutickoll UCMOopull 2e01020pa3geo00uHol
aKcneouyuu. Boisisnennvie ciedbl 20pHbIX pabom — VHUKAIbHbIL NAMAMHUK ucmopuu 2opro2o oena XVII 6.

Knroueesvie cnosa: Oxcuviii Vpanr,; ucmopus 2oprozo dena; noucku cepetpa; XVII sex.

TpamuImoHHO TIepBhIC ATk B MPOMBITIUICHHOM 0CBOeHUH HOkHOTO Ypasa cBsI3bI-
BalOT CO CTPOUTENHCTBOM 3I€Ch TMEPBBIX METAITyprHYecKuX 3aBofoB B 1740-x rr.
ITomaBrenre 6AMKUPCKUX BHICTYIUICHUH U CTPOUTEIBCTBO HOBOW JINHUH YKPETUICHUH,
BKUTFOUaromelt YenssOmHCKy 1o 1 Ye0apKymbCKy 0 KPEIOCTH, TO3BOJIIIIA Ha9aTh HHTCH-
CHUBHOE OCBOEHHE U 3aceJIeHne O0TraToro MmoJIe3HBIMH HCKOTTaeMBIMHA Kpasi. BeisiBnenne
paiOHOB MOMCKA KPYIHEUIIIUX Ie0JIOropa3BEJOYHbIX IKCIIEAUIINI 10 PyKOBOJICTBOM
I1. K. Tomynosa, M. I1. Cenura u 5. T. XuTpOBO MO3BOJISAET YTBEPKIAATh, UTO TUIAHU-
pOBaHHE CTPOWTEIHCTBA W CO3JIAHHE YCIOBUH MJIsi CTPOWTEIHCTBA HAYAIOCH EIlle
B XVII B., 32710JIT0 /10 HOSBJIEHUS 3/I€Ch OCEAJION0 PYCCKOIO HACEJICHUSI.

Hcropuku He CMOTITH OTIPEIETNTH PaiiOH paboT, T/Ie MPOXOIUIH IIOUCKH. 31ECh TPe-
00BaJCh HABBIKH Pa0OTHI C IEPBOMCTOYHMUKAMHE U OTIBIT aPXEOJIOTHUECKUX Pa3BEIOK
[1-3]. B pe3ynbrate MATHAMIATHIIETHETO HMCTOPHKO-apXEOJOTHIECKOTO TMOMCKA yua-
JIOCh YCTAaHOBHTD, YTO B meprosn 1669—1674 1T. B BepX0OBbsIX p. Ail B UepTe COBPEMEH-
HOTO T. 3/1aToyCTa, a TaKKe B IPYTIUX parioHax Ypana u CuOupu MpOBOAYIIN TTOWCK Ce-
pebpa KpyIHeHIre B JOPEBOIMIOIHMOHHBINA TEPHO T€0I0TOPa3BEI0UHbIE IKCIICAUITHN
(mo 3000 ygaCTHUKOB €AMHOBPEMEHHO ), KOMITIEKTYEeMbIE F HalpaBIisieMble 3 ToO0omh-
cka 1 MockBbl. B nx opranmsanmu OpUTH 33/1eHiCTBOBAHBI TPAKTUYECKH BCE MPUKA3HI.

B nporecce nowncka cieqoB TOpHBIX paboT 0TpabaTeIBajIach HOBAaTOPCKAst METOO-
JIOTHSI TIOJIEBON M KAOMHETHOM paOOTHI Ha MaMATHUKAX HCTOPHUIECKOTO IMEPHO/IA, BKITIO-
Yaromas IMOMCK OCTAaTKOB IO JTOKYMEHTaM M PacKONKH. MHOTHE KITFOYeBBIE METOIBI,
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NpUMEHSIEMBIE B IOUCTOPHUIECKON apXEeOJIOTHH, IEPECTa0T padoTaTh IPH HCIOIb30Ba-
HUM MHCbMEHHBIX UCTOYHHUKOB. DTa METOJOJIOTHS ABJSIETCS OCHOBOM HOBOTO HAy4YHOTO
HalpaBJIeHNs] «IIPOMBIIUIEHHAs] apXEOJOTHs» U alalTHPOBaHa HaMHU K OTEYECTBEHHOMN
crcTeMe HaydHOH cneumanu3auun [4]. B BennkoOputanuy, rae NOsSBHIOCH CIOBOCOYE-
tanue «Industrial archaeologyy, uHoii mogxoa. TaM 3To OHATHE TTOIPa3yMeBaeT 0co0yI0
00JacTh, 3aHUMAIOLIYIOCS UCCIIEI0BAHUEM U COXPAaHEHHEM KaK Pa3pyLIeHHBIX, TaK U HE
pa3pylIeHHBIX 00beKTOB. OHa OTIMYAeTCA OT HALIEro TPaJAUIMOHHOIO NPeACTaBICHUS
00 apXeoJNOTHH U OXBATHIBAET TOJIBKO MOCIEAHHE JIBA CTOJIETHS, & PACKOIKHU SIBIISIFOTCSI
PEIKHUM 3IEMEHTOM HCCIIEIOBAHUH MTPOMBILIICHHBIX 00BEKTOB [1, 2, 5-7].

ITepBoe pycckoe nocenenue Ha p. Mcerb — Ucerckas mycthinb ([lanMaToBckuii
VYeneHckuit MOHAcTHIph) — OABUIIOCH B 1644 . IHTEeHCHBHOE 3aceeHne 3Toro pailoHa
Hauanock ¢ cepeaunbl XVII B. B 1650 1. 6611 noctpoen Ucerckuii octpor, B 1655 1. —
Karatickuit ocTpor, cTaBiIne OCHOBHBIMH YKPETIJIEHHBIMH ITyHKTaMH Ha MceTckoM py-
oexe. [log nx mpukpeITHEM Hauyanoch ObicTpoe 3acenenue pek [Iemmmel 1 HMcetn
C IPUTOKaMHU U XO34HCTBEHHOE OCBOEHHUE IJIOAOPOAHBIX 3eMenb FOxkHoro 3aypaibs.
B 970 e BpeMs KHUTeNIn NOrpaHUYHBIX CI1000]] OCBOMIIM JOXOAHBIN MPOMBICEN — pac-
KOITKHM MOTHJIBHBIX KypraHoB. [Ipu Haxozke qparoueHHbIX Beuel ocoOblii HHTEpeC BbI-
3BIBAJIM ICTOUYHHUKH MOSBICHHS APArOLIEHHBIX METAJJIOB B MOTHUJIaX, B YACTHOCTH JPEB-
HUE PYIHUKH.

[lepBbIe cBeaeHNMS O CYLIECTBOBAHUY CEPeOPSHON U 30JI0TOH pyabl B paifoHax FOx-
Horo 3aypaibs cTanu noctynars B Cubupckuii npukas B 1660-x rr. [loncku aparoues-
HOU pyAbl HAYAJIHCh B TOpax, B BepXxoBbsix pek Mcern u Cunapel, mo Oeperam Cunap-
ckoro o3epa. B 1661 r. mpukazunky Karaiickoro octpora cTano U3BECTHO OT CHUIBEHCKUX
Tarap o cepeOpsHON U MEAHOH pydax «BBepx mo Mcere-peke B ropax KaMEHHBIX» U
«BBepx CuHapbl-peku B Oamkuprax». PaHee, Mo mpHka3y Ka3aHCKOTO BOEBOABI,
U3 YKa3aHHOHM 3THMHM TarapaMmu ropsl y p. CHHaphl Ka3aHCKUE CTPEJbIbl HAKOMAIU
8 mynoB pyasl. B mapre 1668 1. MenHy0 u cepeOpsHylo pyny nepeciain B MOCKBY
¢ BepxoTypckuM crpenslioM C. bop3yHoBbIM. OHO M3 TaKMX HU3BECTHH O JIPEBHUX
PYIHHKax MOPOAMIIO CTOJb MacIuTaOHbIE M3BICKATENBCKUE PAOOTHI, YTO UX MO TpaBy
MOYKHO CUMTAaTh KpYIHEHIIEeH B IOPEBOIIOLMOHHOM, a BO3MOXKHO, U B COBETCKOH OTe-
4eCTBEHHOI HCTOPHUH, F€0JIOTOPa3BEOYHOM IKCIIEANLINEH.

12 ampenst 1664 . B Tobonscke crapen Makapuii u3 Hcerckoro J{onmMaToBCKOro
MOHACTBIpsi cooOuun Oosipuny U Kus3io M. A. XunkoBy Ha crapueB Jlota u Hukona
«cnoBo u aenoy. [lo ero cioBam, rogom panee ctapusl Jlor n Hukon cunoit Opanu u3
MOHACTBIPS OpY’>KHE U KPECThSH U €3N B HEM3BeCTHhIE 3eMiH. [lon mbITkamMu cTa-
peu JIoT mpu3Hancs B TaHBIX [TOE3/1KaX B HE BEJJOMBIE B TO BPEMsI PYCCKUM CTEITHBIE U
ropusie paiionsl KOxxHoro 3aypanbs. [pamMora ¢ mpu3HaHUSAME cTapla Oblla HEMeN-
JICHHO OTHpaBiicHa B MOCKBY M B TOP>KECTBEHHOH 0OCTaHOBKe B 30JI0TOM majare 3a-
gyuTaHa nepes napem AnexkceeM MuxaiioBuueM PoMaHOBEBIM.

B Heil roBopuiiock, 4TO B CTEIMSX 3a peKoro MceTh B CTapUHHBIX MOTWIIAX HAXOIAUT-
cs1 OecUrCIeHHOE MHOXKECTBO 30JI0ThIX M cepeOpsiHbix Beuieid. Crapen JloT paccrpa-
mMBai 00 ATUX MOTWIIaX y OalllKup, a OHA CTOJICTHSS JKEHIMHA MTOBEAAa eMy UCTO-
pHUIO O 30JI0TE U cepedpe, KOTOpble HAaXOIAT PYCCKUE JIIOAM B TaTapCKUX MOTMJAX,
0 IIyCTOM KaMEHHOM TropoJie C IUIaBWJIbHBIMU TOPHAMHU Ha OCTPOBE o3epa MpTai u TauH-
cTBeHHOU «Cubupckoii ropey. 3010T0 B MOruiIax OyaTo Obl BEIMJIABHIIN U3 PYIbI, KOTO-
PYI0 J00BIBaIIM CHOMPCKUE TaTaphbl M KAJIMBIKH B TOM TOpe, HAXOAUBLICHCS B BEPILIMHAX
pek Your, [anensr (lagas)? u SAuxa (coBp. p. Ypan). «... I 1OMHUIIBI, U SIMBI B TOM
MeCTe eCTb... a €376l 0T Karaiickoro octpory — 11 aneil. Okoj0 To TOpBl, peukH Ha-
3BaHueM TacMmsl (TecbMbl), yCTBIMU COLUTUCH B ANH-PEKy, a AJTMHA TOH TOphl BepCT 7,
MOTIEPEK B BEPCTY, B BRIIINHY caxkeHb Ha 200 u 6oee (C moMOIIbio TOmorpapuuecKux
KapT ¥ apXeoJI0rMueCcKoro MOoUcKa yAaloCh YCTAaHOBUTH, YTO B JJOKYMEHTE OITUCaH rop-
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HbI MaccuB Manbiii Taranait, rue Ha cnusiHud pek Manoit u bonbuoit TeceM Haxonu-
nack «Cubupckas ropa» M COXpaHWINCH ciensl ropabix pador XVII B.). Ha Ty ropy
MPOJIOKEHBI IOPOTH BeuKue. TeMu JoporaMu e31sT MHOTHE OalllKUpPLIbL, 3TOT KAMEHb
0epyT ¥ maBAT 30510T0 U cepedpo. Ty pyny oHHM npoaatoT B Yy pycCKUM JIOASM IO
13 py6neti 3a myn» ({ ocydapcmeennwiii apxus Ceeponosckou oonacmu (IACO) @. 129.
On. 1. 4. 152. JI. 10-13 06.).

Wtorom nokinana napro crajiu MaciiTabHble MHOTOJIETHUE M3BICKaHUS CepeOpsSHON
PYIBI C yYaCcTHEM MHOCTPAHHBIX CielHaaicToB. [IoMcku oka3amuch HACTOJIBKO 3HAYM-
TEJIbHBIMH, YTO HAIILIM OTPaKEHHE B CHOMPCKUX JeTonucsx [3]. Bocnmomunanus o rop-
HbIX padoTtax XVII B. omoxuinck U B OamkupckoM ¢ombkiiope. JoKyMeHTHI O nes-
TEJILHOCTH SKCIETUIINN OKa3aJIMCh B Pa3IMYHBIX apXUBaX CTPAaHbI M apXUBHBIX (POHIAX.
B nay4HoO#l smTeparype COOBITHS TOTO BPEMEHH OCBEIIEHBI JTOBOJIBLHO OTPBIBOYHO
[8-10]. Ha BrIsiBI€HME 1 0OpabOTKY apXUBHBIX MaTEPHAIIOB U COOTHECEHUE ITHX JIaH-
HBIX C apXEOJIOTHYECKUMHU pa3BeaKaMu y Hac yuuio 6osee 20 etT. OnbIT apxeonornye-
CKOTO TIOMCKa TIO3BOJIMJI HAWTH U TOYHOE MECTOHAXOKICHHE TOpHBIX pador [11-13].
[losiBIeHME HOBOTO SPKOTO Marepuaja O MacIITaOHOM MPOMBIIUIEHHOM OCBOCHUHU
VYpana B JONETPOBCKUN TEPHOI BBI3BIBAET HEOCIA0EBAIOIINI HHTEPEC CPElu COBpe-
MEHHBIX UCTOpUKOB [14—18].

OpraHuzanysi OUCKOB cepeOpsHON pyaAbl, NpeAnpuHSITas BCIEA 32 H3BECTHEM
crapua Jlora, pacnagaeTcsi Ha HECKOJIBKO IOCIIEJOBATENBHBIX UM B3aHMOCBA3aHHBIX
SMM30/I0B pabOThl pa3iNMYHBIX MOWUCKOBBIX TPYII, HampaBleHHBIX ¢ 1668—1669 mo
1674 1. He TonbKO Ha Ypai, HO U B Bocrounyro Cubups, Ha Antaii u B paiions! Llen-
TpasbHOM Poccun. Bee 310 BpeMst mouckH BenHCh MPaKTHYECKU HEMTPEPBIBHO, 3aTUXas
Ha 3UMY, KOTZa 3amep3ajia 3eMJIsl U BEJIMCh Pa3iIMyHbIe MOATOTOBHTENILHBIE PAOOTHI.
C 1672 1. o0riee pyKOBOJACTBO OCYIICCTBIIIOCH Yepe3 TalHbIi mpuka3 Mo JMYHBIM
KOHTposieM Iaps. HemocpencTtBeHHOH opraHu3aiyeil BCeM KOMIUIEKCOM MOATOTOBH-
TEJIbHBIX M TOPHBIX Pa0OT B pa3In4HOE BPEeMsSI PYKOBOIAMIIM TOOOIBCKHI BOEBOIA
Ilerp UWBanoBuu lonyHOB, kasaumii araman Muxaun CenuH, TyMHBIH JBOPSIHUH
SxoB TumodeeBry XUTPOBO ¢ CHIHOM CTONBFHUKOM BeHennkroMm SkoBneBuueM XUTpPOBO.

Bcero B XVII B. B ropHBIe paiioHbl 3aypaiibs ObLIO HAPaBJIeHO HE MEHEE YeThIpexX
B3aWMOCBSI3aHHBIX MEXIY COOON IKCIIeAUIHA. DKCIEIUINN YCIOBHO MOXKHO pasle-
JIUTH Ha TIEPUOABI B 3aBUCUMOCTH OT PaliOHOB M CE30HHOCTH MOMCKA, 33/1a4 U MacIITa-
0OB TOpHBIX Pa0OT. DKCHEAUINU MPEACTABISUIM cOO0M KpYyIHbIE BOSHHU3HUPOBAHHEIE
COCAMHEHHS — MOJKH MO/l KOMaHI0BaHHUEM BOeBOA. bonbIioe konnyecTBo oXpaHsl 00b-
SCHSUIOCH HEOOXOIMMOCTBIO 3aIIMTHl OT KOUEBHHUKOB. B 3TO e Bpems mpoxonuna u
M3BECTHAs KpecThsIHCKasl BoitHa ol pykoBoacTBoM C. T. Pa3una.

B niepBbIii eprol MBI BKJIFOYHITU MTOUCKH TOOOIbCKOTO BoeBoab! [1. . [ogyHoBa,
opraHu3oBaHHbIC B 1668—1669 IT. MeCTHBIMU BIIACTSIMHU T. TOOOJIBCKA C LIENBIO JJOCTAB-
KA HEKOTOPOTO KOJIMYeCTBa pyasl st poOsl B MockBy. @opMupoBaHUe MOJKa ISt
o0ecrieueHus TOUCKOB cepeOpsiHON pyIBI B 3TO BpeMst mpoucxonuio B Kasanu, kyna u3
Mockssl, Huxxnero Hosropoga u apyrux ropogos I110BOIKbS ChE3XKANUCH CILYKUIIbIE
JIIOJM, HTHOCTPAHHBIE M PYCCKHE MacTepa, CBO3MIIOCH OpYyKHe, O0enpHnacsl, HHCTPY-
MEHT, CTPOUTENIbHbIE MaTepHalibl, IJIABHIBHBIE COCTaBBI M MpPOYHE HEOOXOOUMEIC
B JIUTENILHOM TI0X0/ie pUHaIe:KHOCTU. 101K ObUT COOPHBIiA, B HETO BXOIUIIN KaBasie-
puiickue, MeXoTHbIE U apTUiLiepuiickue moapasnenenus («Pocmuch, CKOIBKO B MOJK
K CTOJIbHUKY 1 BoeBoiaM K Iletpy I'onyHOBY ¢ ToBapbIu. KakoBa Hapomy U IMyIIeuHbIX
3aIacoB, U BCSAKOTO MOJKOBOTO CTPOCHUS, U IS 3aBOAY CEpeOpsHOro Jena MacTepo-
BBIX JIIOZIEH, U BCAKUX MpuracoB ¢ Mocksl oTmyieHo. U, uto uc Kazanu ornyctuth
BesieHo. M, uTo xneOHBIX 3amacoB U BHHA M yKcycy u3 Huknero ormyctuts. U, uto
KOMY J1aTh BeJieHO. M 10 CKOJIBKY YeJIOBEK, M C KOTOPBhIX MOHU30BbIX TOPOJIOB TS TOM
CITY>KOBI CTPEIIBIIOB K OTITYCKY B Ka3zanb Beicnarhk Beneno». @. 1470. On. 1. J[. 195.).
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B nonumnenne II. . TonyHOBY Ha3Ha4aquCh MOJIKOBHUK pEHTapCKOrO CTPOS
A. Uy0OapoB, MOJIKOBHHUK COJNAATCKOTO CTpost YHAPUK CHUTEPD, TOJI0BA MOCKOBCKHX
crpenbuoB M. Hapeikus, nonyronosa B. Borogumepos, nonynonkosauk M. Muky-
JIMH, COTHUKH, TpyOauw, nuTaBpiiuku. [lo pasHapsake M3 «IOHU30BBIX» TOPOAOB
[ToBomkbsa anst ciyx0b1 B Kazanp moceuianu crpeibluoB: u3 CBusbkcka, Yeboxcap,
Kossmomembsncka, LluBmnbcka, Sapuna, VYpxkyma, Spancka, llapeBocandypcka,
IapeBokokiaticka, Kokmaticka — 742 yen. B camoit Kazanu nomxHsl Obutu coOparbes
444 «craporo ¥ HOBOTO Bble3y HHo3eMIa». 13 Kyprameia, Anateips, TeMHukoBa u
Kagoma — 173 crpenbua, kazaka, mymikapsi U 3aTuHIIuKa. 113 MockBbl mpuObIBain
200 MOCKOBCKHX CTPEJIBIOB € AByMs COTHHUKaMu Bo rase U 1000 BBIOOPHBIX CTpeb-
OB NoJ yrpaBieHueMm 10 COTHUKOB.

ITonky npupasanocs conuaHoe BoopykeHue: 14 nmumanei ¢ 200 saep kK KaxaoM,
1 «BepxoBas mymka» (Moptupa), 1000 mymkeros, 330 mynos nopoxa, 250 mya0B cBUH-
1a, Mpoyre BOCHHBIE NPHUNACHL. J{JIsI TOPHBIX M CTPOUTENBHBIX PAaOOT OTIIYCKAaJH
100 3actymnos, 40 kupoxk, 20 ckobenei, 20 6ypaBos, 20 Hamapei, o TP THICSYU «TBO3-
IIbs TATHOTO M WHBIX ImecTu crarei», 1000 canbHbIX cBeuelt, 95 mymoB xeinesa,
1120 Benep BuHa u 24 Beapa ykcyca. Jns cepedpsiHoro aena 20 mymoB Meau, COPOK
MYZIOB NEHbKH, ABaAUaTh 10 Teil Koku OeNbIX Ha MEXH, 110 JECSTh ITyO0B INIMHBI U BUH-
HOTO KaMHsl, mucuyto Oymary. [IoMUMO MHOTOYMCICHHOTO BOOPY)KEHHOTO COIPOBO-
JKACHUSA MOCHUTATNCH MAacTepa pa3IUYHbIX CIIEUATBHOCTEH: KAMEHIIUKN, KUPITUYHUK,
MEYHHK, TUIOTHUKH, CAIIOKHUKH, OOPYYHHK, YTONBHBIA MacTep, CepeOpssHUKH, KOTEIb-
HUKH, Ky3Helbl, Jekapb. OCHOBHOW KOCTSK CIIELUAIIMCTOB COCTABWIIN: PyAO3HATHBIN
mactep Xpuctuan [poOsIil, ero y4eHUK W IMOMOIIHHUK KaluTaH COJNAATCKOTO CTPOs
Kapnyc Puman, mactepa cepebpsinoro aena nemus! SAran MucOepx u Sxos byn, cie-
cappb Bynept Kaprman u ap. Beero okxono 2600 BoenHbix u Oonee 50 mactepoB pas-
JMYHBIX CHENUANBHOCTEH TOJDKHBI ObUTH OTHpaBUThCs U3 Kazanu Ha Ypan Ha MOUCKU
cepeOpsHO# pynbl. Heckombko COTEH paOOTHHUKOB JOMKHBI OBUIH MPHCOCTUHUTHCS
K HUM Ha Ypare.

HenocpencTBeHHO 0 EATENBHOCTH 3TOM AKCIETUIIMH COXPaHUIIOCh HEMHOTO CBe-
neHuit. B 1669 r. noncku Benuce Ha Ypalie Ha rope Mexy pekaMu TecbMaMH, OIMCaH-
Hol ctapuem JloTom, rie npeAnoaoKuTeNsHO HaXoAuIach cepeOpsiHas pyaa. PaboTer
OCYIIECTBIISUIMCH 110 YKa3zy n3 MockBbl. HemocpencTBeHHO reoaoropas3Beikoi pyKoBo-
Jui Tobonbekuii BoeBoaa cronbHuk [1. Y. Tonynos (Ctoneauk [1. Y. TogyHoB ObL1 Ha
BOCBOZICTBE B ropojie Tobosbcke ¢ Mast 1667 o ceHTsiops 1669 . B 1670 1. o ymep.),
KOTOPOMY MOPYYMIJIM TIPOBEPUTH NOCTynuBIIKE B MockBy cBefieHus. JJoObITEIE OTpSI-
nom I1. U. Togynosa 10 mynoB pyasl 0butn 1ocTaBieHsl B TOOOMBCK, YacTh KOTOPOH
cpasy ke Obuia oTrpasieHa B MockBy ¢ X. [poOsiem. [lepBrle e mpoBeieHHBIE UM
B MOCKBE OTIBITHBIE TUIABKU Ha CepedpO OKazaIuch YIauYHBIMH.

Bo Bropoii nepuon B 1670 1. 1o ykaszy u3 CUOMPCKOTO MPUKa3a K Tope MEXKIy PeUeK
Tecmb, rae panee paborana skcneaunus I[1. TomyHoBa, Obul mociian M. Cenu.
Hcrnone3yst TFOMEHCKHX U TOOOIBCKHX «3HAIOLINX CIYKWIIBIX JIFOIEH, y4acTBOBABLINX B
npenpiayiieit sxcneaunuu, M. CenuH Hakomaid B TexX ke Mectax 60 mymoB pynbl.
JloOwiTast pyna Obuta otripaBiieHa B MOCKBY, rie Ha J[eHe)KHOM JBOpe €€ UCIBITAIN
X. [ApoObIm U emie oAWH HEeMEUKUil 3HaTok cepeOpsiHol pyabl Morand [loneman, u
«3HaK cepebpy o0bsBHiICS». [Ipu TuIaBke MOIy4YMiIock 8—9 30J0THUKOB cepedpa u3
myJa MOposI (30JIOTHUK — TIOMETpUYecKas Mepa Beca — 4,266 1).

B tpetwuii nepuox B 1671 1. Bo mase ¢ TeM xxe M. [1. CenuHbIM ObLia peAnpuHITA
MIOIBITKA OPTaHW30BAaTh BHIMJIABKY PYIbI U CTPOUTENBCTBO CEPEOPOILIABHIILHOTO 3aBO-
Jla HEMIOCPEICTBEHHO Y MecTopoxaeHui. 28 Mas 1671 1. o napckomy ykasy Ha IOUCKH
cepebpa oTIIpaBUiIach OYEpeaHas dKCIenuIus B 3aypajbe, 10 KOTOPOMY M3BECTHBIM
yxke M. Cenuny u X. [IpoOsiiny IpuKa3bIBANIOCh €XaTh «HE MEIIKas HU Yacy» u3 Mo-
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CKBBI B «CHOMPD K cepeOpsHBIM ropaM CMOTPETh MOJKHO JIM TaM PyAHOE KOTIaHUE 3a-
BecTh I HeT». [lo cmoBam M. CenuHa, eMy OBIJIO MIPHUKa3aHO €XaTh K TaK Ha3bIBae-
Mmoit buabckoii rope, rae Opanu pyny rpynna @. depunosa u k peukam TecbMam, rie
panee pabotan [1. W. ['ogyHoB. Hannune cepedpa B 00pasuax moaTBepkaanroch MHOTO-
YHCIJICHHBIMH OTBITAMU. DKCIIETUINSA J0JDKHA ObliIa Ha4aTh JOOBIUY cepeOpsiHOM pyabl
B YK€ pa3BeJaHHBIX MECTaX, OPraHU30BaTh €€ IUIaBKy HEMOCPEICTBEHHO Y PyAHHKA,
a TaKXe IPOBOJUTH MMOMCK HOBBIX MECTOPOKICHHH.

Ha pe3ynpratuBHOCTD SKCHETUIMK KapAWHAIBHO MOBIMSIN IJIOXHE B3aUMOOTHO-
nIeHus, cnoxupmmecs Mexay M. CenuHbIM 1 HHOCTpaHuamu. X. [poOsim noxenan
HEMEJICHHO e€XxaTh B MOCKBY /Jisl B&KHOTO TOCYIapCTBEHHOro coobmienus. Macrtep
yke yTBepxaai, uto B Cubupu cepebpa HeT, 1 3aBOAOB Ul €r0 BHIILJIABKH 3aBOAUTH
HE3a4eM, a €ro «BEJIMKOE FOCYAapeBo AEI0» 3aKIH0Yanoch B TOM, 4TO 10 ITyTH B Spoc-
JIABCKOM Ye3/1€ OH BHEI 30JI0TYI0 pyay. X. poObliia BCTPETHUIIN U 33A€PKAIN TOJIBKO
y Benukoro Yceriora. Bee aprymeHTs! MacTepa, €ro MOCTYIKH, CBUIETENbCTBA yUacT-
HUKOB 9KCIEIUIIUN TOBOPUIIM O TOM, YTO MacTep XuTput. B suBape B Benukuii Yerior
npuObUI0 HOBOE HadanbCTBO BO miaBe ¢ S. T. XUTpOBO, MHOCTPAHIB! BBHIHYKICHEI
ObUIM TOAYMHUTHCS M BHOBB OTIIPAaBUTHCA B TOPBI. YAauHOE Hayano M Oe3aapHbIi Ko-
Hell He yCTpauBaJll MOCKOBCKHUE BIIACTH.

B uetBeptrIii nepron B 1672—1673 IT. MbI BKIIOUMINA TOUCKH O] KOMaHIOBaHUEM
nyMmHoro aBopsinuHa SkoBa TumodeeBrnua XutpoBo. O6 3TOM 3Tane MOMCKOB COXpa-
HUJIOCH HaHOOJIbIIIEE YHCIIO TOKYMEHTOB.

B nsaThiii v 3aknrounTensHbi nepuog 1673—1674 rr. coctas oTpsiia ObUT COKpaIieH
Y MIPOAOIKMI paboTy B HOBBIX MecTax. HeboubIast rpynmna Bo miase ¢ MepeBOAYUKOM
kanutanoM K. Pumanom ornpaBunace Ha Enuceit B paiion KpacHosipckoro octpora,
a apyras, ¢ A. T. Xurposo — B pocnaBckuil yesn 11t po3bICKa 30JI0TOM Py/bL.

9 suBaps 1672 1. B CHOMPCKUI MPUKa3 HOCTYIHIO PACHOPSIKEHHUE O POAOIIKEHUH
pabot. C MoMeHTa, KOT/Ia SKCIenuIuio Bo3riapmwiu Taiueii nmpuka3 u 5. T. Xutposo,
el mpuanu MHOM cTaTyc, U paboThl BHOBb MIPUHSUIIN O0bIION pazMax. OThe3 I dKcIe-
mquiin B Cubupb ObuT Ha3HaveH Ha 12 sHBaps 1672 r. B momonHeHue k ykazy s
1. XuTpoBo OblIa MOAroTOBICHA OAPOOHAsT HHCTPYKLKA 13 13 MyHKTOB, peryIaMeHTUDY-
IOII[ast BCIO MOCIEAYIONIYIO IEATENbHOCTh BOEBOIBI.

s paboThl BHOBB 3amaciich BCEMH HEOOXOAMMBIMU PYIOKOIHBIMU CHACTAMHU:
KailJlaMH, JIOMaMH, JIOIaTaMH, KyBaJlJlaMH, BEpEBKaMH, CaJIbHBIMU CBEYaMH. DKCIIEAN-
uu ObUT0 BBIAETeHo: 500 Beaep BUHA [UISL CITY>KHIIBIX U paOOTHBIX JroAei, Tabak, mo-
POX, MyKa, KpyIia, TOJIOKHO, KOXKa, CETH, COPOUKH, 22 CTOMbI nucueil Oymarn. Ha ombi-
THI B3SJIM: BUHO JABOMHOe (cmmpt), 200 Bemep yKCycCy, BHHHBIH KaMmeHb, KBAaCIHI,
KyHopoc, KHHOBapb, pTYTh, CEPY, OJIOBO, OEIyI0 IHHY. {1 CTpOUTENbCTBA OATOTO-
BUJIM KeJe30, CTallb, CMONy, Kpacky, 12 000 rBo3meli, TkKaHb Ha OOHMBKY CTpYIOB.
Ha 4 nonBonmax Be3nu ToBapsl U3 Mpuka3a bosbmioro n1opia B KauecTBe MOJAPKOB U
MOAHOIICHUH MECTHOMY HAceJICHHIO («Ha Jady MHO3eMIaMm»): cOOOJHMHBIE IIKYPKH,
TKaHH, 3epKaJa, Iepel 1 Apyryro Menous. 13 Antekapckoro npukasa HalpaBUIIH JIeKa-
pa . Muxutusa ¢ 3 nonBonamu jgekapcTB. HucneHHoCTh nonka gocturana 1000 yerno-
Bek. B Hero Bxommim 500 yenoBek oxpanbl, 0osnee 300 paOOTHHKOB, MacTEPOBBIC,
rpymnmna ynpasieHus, 4 mymku, 1 Mmoptupa u 6osee 360 MoaBOA € Tpy30M.

MecTto 3UMOBKM OONBIIMHCTBA YYaCTHHUKOB Haxodusoch B Karaiickom octpore,
y Hayaja Tak Has3biBaeMod Ypanbckoil (Kaszanckoil) moporu, mpoxoamBIIEH depes
crenb, MUMO 03. MpTsi, BBepx no p. Muacc k YpanbckuMm ropam. I1o atoit nopore npo-
XOZIWJ OCHOBHOM MapuipyT noctaBok. [IoaTomy, Kak HU CTpaHHO 3TO BHIIISAUT, OCBO-
€HHe BOCTOYHOro ckioHa FO)xHoro Ypana pycCCKMMH HayajaoCh C CEBEPO-BOCTOYHOTO
HanpaBlIeHUs «BBepx 1Mo Muaccy 3a Ypan-kameHb (C IeSTeNbHOCTBIO KCHEANIIUU
CBSI3aHBI NIEPBBIE YIIOMUHAHUS YPAIbCKUX TOp B PYCCKMX MUCbMEHHBIX MCTOYHHUKAX,
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MOCKOJIbKY MapIIpPyT 3KCIIEAUIINH U TOPHBIE PadOTHI MPOXOAMIN HETIOJANIEKY OT Xpeo-
Ta Ypan-Tay.) k PyagasiM ropamy. JIMIIb TOTOM CTajI H3BECTEH 0oJiee KOPOTKUHU ITyTh OT
«PymHBIX TOp» (MECTO coBpeMeHHOro I. 3maroycta) B Yy u jgaiee B MOCKBY.
Ota BHOBb pa3BeJaHHas JOPOra oKas3ajach 3HaUUTEIBLHO KOpoUe, «TaK KakK yHUMCKOH
Joporoit 1o MOCKBBEI TONTPETH THICSYH, a cuOupckoir — 4000 BepcT m OOJBIIEY.
B nanbHeiimeM BoeBoia COBETOBAJ MOCHUTATH TOHIIOB U JIaBaTh MOAOPOXKHBIE uepe3 Y dy.

Otbesn skenenuuuu u3 Karaiicka miianupoBaics eue 15 ampens, HO U3-3a OTCYyT-
CTBUS JOCTATOYHOTO KOJMYECTBA MPHUITACOB U JIIONIeH 0003 IBUHYICS K TOpaM TOIBKO
26 masi, He JOXKHJAsCh PaOOTHUKOB M TOMABOX C YKCycoM u BHHOM. K rope, kortopas
HaXOJMIIach MeXIy pedek TecbM, 0003 mpudsut 13 utons. [lo npuesny, kak U ObUIO
YKa3aHO, Hadyajld CTPOMUTENLCTBO Kpenoctu — «HoBoro VYpanmbckoro octpoxkay.
CrutomiHOW KaMeHb HE MO3BOJIMJ YIIyOUTH POB, U BOEBOJA PEIIWJ MOCTABUTH HE
OCTpOT, a HeOOINBIION pyOIIeHbIH TOpooK pazmepoM 35 Ha 30 cakeHel ¢ YeThIpexy-
TONBHBIMH OalTHSIMH HaJ BOPOTaMH U yriiamMu. COXpaHMUINCh BOCIIOMUHAHUS TOOOb-
ckoro ceiHa Oosipckoro JI. KienukoBa, mpuObiBlIero Ha TecbMbl B CEpPEIUHE HIOJS
1672 r., B camslii pasrap ctpoutenscTBa. OH mucan: «Ha Tex peukax (Tecemax) cTposit
PYOJICHHBIN TrOPOJ ¢ Tapackl... A ¢cpyOJIeHO TOTO TOPOLY KPYroM B BBIIIMHY B Ieyar-
HYIO Ca)KeHb... [la mpy HUX Ke MOCTPOEHO B TOM MECTE 3a TOpOJOM cepeOpsiHas Iia-
BHJIBHS J]a Ky3HULA, 13 JOM...)».

Ha nexoropoe Bpemsi HoBbllf YpanbCKuil OCTPOXKEK CTaJl LIEHTPOM HCCIEN0BAHUA
reonoruu U reorpadun FOxuoro Ypana. Hackonbko ganexo 3a0paiuchk Toraa pycckue
3emutenipoxoanbl? Cyzst o JOKyMeHTaM, JUIs TOMCKOB cepeOpsiHoi pyasl B. 5. Xurpo-
Bo, E. [lonsuckuii u monkoBHUK [[. DaHIEpHUCHH ¢ KOHHBIMHU OTPSIaMH 00BE3KaIH
ommwkHUe U nanbHue MecTa «3a 50, 100, 200 u 6onee Bepct 6e30cTaHOBOYHOY. [Ipes-
nonaranoch nocnars B. S. XurpoBo «B Eulikue BepuivHbl U B MHbIE MecTa». EcTh
KOCBEHHbIE JaHHBIE 00 OTKPHITMM YK€ Torna MarHUTHON Topsl y COBPEMEHHOTO
. Maraurtoropcka. B To Bpems Ob110 00HapykeHO B 3HaMeHUTOoe MnpMeHcKoe MecTo-
poxaeHue camonBeToB. B omHy u3 moesnok B. 5. Xurposo mpuses ¢ buadbbero kamHs
«c UnpMeHn» cITony ¢ Mpo3esieHbo.

100 paOOTHUKOB ¥ OCBOOOAMBIIHUECS MTO3KE OT TOPOIOBOTO CTPOUTENBCTBA 25 de-
JIOBEK ¢ MOMEHTA IIpHE3a HaYaIH JIOMATh KAMEHb U PBITh NOJKOIBI B TEX )K€ MECTaX,
rae panbiie padoranu [1. I'onynos u M. Cenun. K 4 utonst pabora 1ia B 3 mojkonax u
OoJHOM maxTe. /[Ba mojkona HUIM B ropy OT OfHOW pedku TacMmbl, OMUH OT ApPYTOM.
UerBepToe MecTo OBUIO OMpeneseHo IMOJ MIaxTy Ha BepIIMHE Topsl. B moxkymeHTax
YIIOMHHAETCS TEXHHKA MPOXOAUECKUX padoT Toro BpeMeHu. [Ipenmonaraiock «uaTu
MOJIKOTIaMH, KaK MBI PY/Ibl B TOpPax JIOMaeM» U «OUTh CBEPXY TOPHI IIAXThI, KaK JeaeT-
Cs B ropax y pyAHBIX IIPOMBICIOBY». 1Ipu nmouckax pyabsl peKOMEHIOBAJIOCh «KOIATh
BIIyOb TeMH 00BIYasIMU, KaK KONAJIM KOJIOAE3W», & IJIsl YKPEITUICHHUs MOA3EMHBIX XOJIOB
UCTIOJIB30BATh «KpeMb U IpaHb» (Poccutickuii 2ocyoapcmeeHHblll apxug OpesHUX aK-
mos (PIAJ[A). @. 214. On. 3. []. 837. JI. 2). X. qpoOsiiry cBo3min 00pasnbl pyd U3
pa3nuuHbIX MecT cHaudaia B Karalickuit octpor, a motom u B «HoBbIll Ypanbckuii
OCTPOXKEK», TJIe OH UCTIBITHIBAJT WX B IPUCYTCTBUHU BOoeBObL. Croyia sxke ObliIa mpuciiaHa
pyna u3 Ipyrux mMecrt. M3 Tex pyn, B KOTOpIX B MockBe 00HApyKUJIH cepedpo, HUIETo
KpOMe eJie3a, BBIIUIABICHO He OBLIO.

Heynaynbie moucKy BEIHYAWIM BOEBOLY BHOBb IPUCTYIUTH K JONPOCaM Pyd03HAT-
11a ¥ Y9aCTHUKOB TPENIeCTBYOMUX dKcreauiuiit M. Cenuna, Maitopa 1. MukynuHa u
apyrux. 5. T. XuTpoBo, «He Bepst eMy, KpECThbSIHY», IPUBIEK AJIs1 KOHTPOJSI MacTepa-
cepebpstanka Tumodes [pexoBa, TOCTAaHHOTO C SKCHENUITNEH, U TUTABHIIBIINAKA MEJI-
HO# pyas! Imutpus Tymamesa. [locneanero crnenuanbHO UCKAIX IO TOpoJaM U J10-
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CTaBUJIU B YpalbCKUM roponok. MacTtepa riiaBuin pyay Ipu BOEBOJE MOPO3Hb, a 3aTeM
TOJILKO CBUHEII «HA KOCTSIHOM THE3/Ie», U Y KAKIOr0 U3 MeTajia 00pa3oBauCh Kpy-
MUHKY cepedpa. OTCYTCTBUE CIIeZOB cepedpa B py/e MO3kKe OObSICHUIN TEM, YTO €Il
B MoCKBe IpHU3HAKU JParoleHHOro MeTajula 1aBall IJI0X0 OYUIIICHHBINA CBUHEII, KOTO-
Ppblii UCTIOIB30BAIU ISl ONBITOB. TPYIHO CKa3aTh, OBLI JIU 3TO YMBICEN MacTepa WiH
omunOKa, oT kKoTopoi npenocreperan I. Arpukona [19].

YcnoBust paboThl OBUTH OYEHB TSHKEIBIMUA, OCOOCHHO OCEHBIO, 3aIlachl MUTAHUS H
KOPMOB TIOIXOMUIN K KoHITy. CONMarel, Kak U KpeCThsIHE, HACUILHO MOCIAHHBIC IS
TOpPHBIX pabot, yoeramu ¢ Ypama. Hedem ObIIO KOTIAaTh Pymy, W3-3a TOTO YTO ITOIIIET
KaMeHb Kpenkuit». BoeBoga 000CHOBaHHO IoJiaraji, YTo ¢ Ha9aJoM MOPO30B «HE OCTa-
HETCS HU OJINH, TOOETyT Bce 0e3 0CTaTKy», a MPUYNHY BUIET B HEMOATOTOBIEHHOCTH
K JUITUTENBHBIM paboTaM U 3MMOBKE Ha MECTE.

Kpax mianaMm skcniemuiuy HaCcTYIWI B KOHIE OKTsOps 1672 1. BoeBoga mucan B
MockBy, 94TO B TOCIEIHUX YHCIaX Mecslla HACTYIMI MOpPO3, a B 3WMHEE BpeMs
B YpaJbCKUX TOpax BeCTH PYIOKOITHOE JIENI0 HEeNb3s, «M pabOTHUKH Mo0Oekau Bce 0e3
OCTaTKy OKTI0ps B 26 uncnax». K koHITy OKTI0pst cOexXau o4TH BCE, OCTAIOCh TOJIb-
ko0 20 yenoBeK OOJIbHBIX U «HAYAIBHBIC JIFOMIH C JIFOJAUITKAMU CBOMMH MOCKOBCKOH ITpH-
CBUIKI», KOTOPBIC TMOOYEPEAHO HECIH Kapayiabl B OCTPOXKKE — OQHIIEPBI, TPyOauw,
MacTEpOBbIE U MTPOYHE, MPUOBIBIIHE U3 MOCKBBI.

Tonbko 18 deBpains 1673 1. 4. XUTPOBO ¢ OJTKOBHUKOM U «HAYaIbHBIMHE JIFOIBMI,
B3SIB C COOOM «JJIs CTEIHOrO MyTH» TPU IMYIIKH C 3alacaMu, BBIILIH W3 KPEMOCTH
B Tromens. B Ypansckom ropoake octaimch peitapckuit pormuctp C. [loramos u mo-
pyunk H. IlerpoBckuii ¢ 70 BomHaMu U 2 TMyIIKaMH.

Haxonsich B Tromenu, SI. XuTpoBO yIOPHO MPOJIOJIKAN CBOIO JIEATENIBHOCTH IO Op-
TaHU3AINH YKCIICANIMOHHEIX paboT. C TassHbEM CHeTa pailoH TOPHBIX paboT pacIIupu-
mu. BecHoit u terom 1673 1. HeOombIIIIE OTPSAAB OBITH TOCIIaHBI Ha Antail n EHncet,
OTKy[a IIJTH U3BECTHSI O CEpeOpsHOM pyne. be3pes3ynpTaTHOCTh TONCKOB W 3HAYNTEINb-
HBIE 3aTPaThl Ha SKCIIETUIINIO SBUINCH IPUIMHON yKa3a, 10 KOTOPOMY BeJIeHO OBLIO 10
3UMBI TIepedpaThCcs B «PYyCCKUE ropona Juist chicky pya». Eme 26 mapra 1673 r. u3
MockBsl Ha YpallbCKHe TOphI ObLTA OTIIPABIeHA TPaMOTa O IIEpPEHOCE TTOUCKOB B SIpoc-
nmaBckuil yesn. 23 utons S. XUTpoBO CO CBOMM OTPSIOM MOKUHYN YpaiabCKUE TOPBHL.
ITepBoe pycckoe nocenenue B IOxxHOM 3aypanibe — YpanbCKui rOpoioK — ObLT CO-
JOKEH. 3a HECKOJIBKO JIET YIIOPHOTO MOKMCKAa OOHAPYKUTh CEPeOPsIHYIO pyay TaK U HE
yanoch. bely HalIEHbI TONBKO 3aJ1€KM Kele3a U citoapl. tor kpynHeimei B 10-
PEBOITIOLMOHHBIN MEPHOJ T€0IOTOPa3BEAOUHON SKCIETUIINH JTAKOHUYHO TOJIBEN €Ille
netonucelr: «Huuero He HalZICHO, a rOCYapEBOM Ka3HE BEJIMKAs TIETa U THOCIb YUH-
HHJachy [3].

Uepes 70 net mociie 3TUX MOUCKOB, BecHOW 1741 . B cTemHbIe M TOPHbIE PaiiOHBI
ObL1a HaTpaBJIeHA eIIe OJHA YKCIEeIUIINS, TOCTOSHHBIMU YYaCTHUKAMHU KOTOPOI OBLITH
yaTep-muxt™ericrep @. M. CanankoB u Mapkmeiaepcknii yaeHuk A. M. Kuunrum.
Onu noObIBany y 03epa MpTsm u y Mecta cusiHus pedek TechbM, HalllIi 10 paccKa3am
Oamkup crapsie KOIv, KOTOpbIe pa3padaTsiBai TyMHBIH OOIpHH 13 MOCKBBI, OTIHCAITH
WX M COCTaBWJIM YepTeX. 3/ech ke Obliia HaiineHa u sxene3Has pyna ¢ 20 % comepxa-
HUEM kene3a. Taxke OHM COOOIIMIIN, YTO «JUIsl OCMOTPY JIECOB U IJIOTUHHOTO MeCTa
JI0 peku Asl Ha 10ro-3amajg 6 BEPCT HUXKE YCThbS PeKU TacMbl YCMOTPEHO, YTO MECTO
K CTPOCHHIO IJIOTHHBI Ha peke Ao yrogHo ectb» [20]. Tak OblI0 yKa3aHO MECTO IS
CTPOUTENHCTBA 3aBO/IA U I. 31aTOYCTA.

B pe3synbrare MHOTONETHETO HCTOPUKO-apXEOJIOTHYECKOTO MOMCKa yIaloCh O0HA-
PYXKHTB CJIJIbI T€0JI0rOPA3BEIOYHBIX PA00T IKCIICTUIIHIA, paOOTABIIMX HA TPAHUIIEC CO-
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BPEMEHHOT'O HAIIMOHAJIBHOTO Mapka « Taranai» B uepTe I. 31aroycra, eme B 1669-1673 rr.
B T0 Bpems 60raTrcTBo HalMK OTOXKAECCTBIUIN C KOJIMYECTBOM HaKOIUICHHOTO 30J10Ta U
cepebpa, U apckoe MPaBUTENLCTBO C HEBHIAHHBIM YIOPCTBOM HCKAJIO OIaropo/HbIe
METaJUTBl Ja’ke Ha BpaxkaeOHOH Tepputopun. Beero B mpuiteraromniye K Ypaity paiioHbI
o Hadana XVIII B. mpaBUTEILCTBO HampaBmwio okojio 20 Teojoropa3BelovyHbIX
JKCIIEIUIUH.

Oxcneauuuu o pykosozactsoM I1. U. I'ogynosa, M. I1. Cenuna u 4. T. Xurposo
OKa3aJuch Haubosee MacIITaOHBIMU 33 BECh NIEPUO]] OTCUECTBEHHON HCTOPUH T'€0NI0-
ropa3BeZ0uHbIX MOUCKOB. OOHApYKEHHE MECTa TOPHBIX PadOT BKYIIE C HOBBIMU JIOKY-
MEHTaMH OTKPBUIO HIMPOKHE BO3MOXKHOCTH ISl JANbHEMILIETO N3YUEHHSI CPETHEBEKO-
Bo# ncropun u reorpadun FOxxHoTO 3aypanss. [ 3amuTel TOpHBIX padoT B 1672 1.
6511 ocTpoeH «HoBBIN ypanbCKuit OCTPOXKEK», KOTOPBIN CIENyeT MPU3HATh NEPBHIM
PYCCKHM MOceJIeHneM Ha Teppuropun YensOunckoit oonactu. [lo HacTosmero Bpeme-
HU COXPaHWJIMCh TOPHOIIPOXOJYECKIE TOAKONBI U 3aChITaHHAas [IaxTa — YHUKAJIbHBIN
MaMATHUK UcTopuu ropHoro gena XVII B.
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Silver ore exploration in the Southern Urals

Evgenii A. Kurlaev!
Institute of History and Archeology UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Native historiography associates the beginning of Southern Ural industrialization with the
construction of first metallurgical works in the 1740s. Historians paid attention to geological exploration
in the Urals in the 17th century but they had no idea about the survey areas. Historical archeological
study on the edge of the town of Zlatoust in the Southern Urals has managed to find the trace of the largest
geological survey expedition aimed at silver ore exploration as far back as 1669—1673. Expedition at
that time represented a major military autonomous formation (regiment) under a voivode’s (Slavic title
for a war-leader) command. A large number of participants was due to the need for great manpower and
protection from hostile nomads
Research aim is to introduce unique discoveries in the history of mining into professional scientific use.
Methodology. When analyzing the historical material, the methods of field survey and investigation on the
documents of ancient mining remains have been developed.
Results. The sequence of events has been retraced in the article, geological survey and mining areas and
stages have been determined. Organizational structure, quantity, aims and results of the largest geological
survey expedition in the history of Russia have been defined. Mining traces have been discovered being a
unique monument to the history of mining in the 17th century.

Key words: Southern Urals; history of mining; exploration of silver; 17th century.
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Kadenpe mapkwennpepckoro gena YITY - 100 net (1920-2020)

YBa)kaeMble KOJUJIETH, BBITYCKHUKH, APY3bs U
COTPY/JIHUKH Kadeapsl, paj COOOLIUTh, YTO B OKTS-
ope 2020 roma ucnomausercs 100 et ¢ MOMeHTa
OCHOBaHHS Kadenpsl MapKIIeHaepcKkoro meia
YpanbCKoro rocyaapCTBEHHOTO TOPHOTO YHHUBED-
cCHUTeTa.

VYpanbCkuil rocyaapCTBEHHBIN TOPHBIN YHUBEP-
CHUTET — 3TO [IEPBOE BHICIIEE yIeOHOE 3aBe/IeHIE Ha
VYpane u ojivH U3 cTapeiux By30B Poccuu.

3akon l'ocymapctBennoro Cosera u locymap-
cTBeHHOH J[ymMBI 00 OCHOBaHHWH TOPHOTO HHCTHUTY-
Ta B roposae ExarepunOypre yrBepxkaeH Mmmepa-
topoM Hukomaem II 16 urons 1914 roma (3 uromns
1914 roga mo cTapomMy CTHITIO).

Kadenpa mapkmieiizepckoro mnena — omHa H3
CTapeHIINX BhITYCKAONINX Kadelp YHUBEPCUTETA.
OcHoBareneM U IepBbIM 3aBeyIONINM Kadenapoii B
1920 1. cran npodeccop Ierp KoncrantunoBuy Cobonesckuii. Kadenpa mapkiieii-
nepckoro aena YI'TY Bropas B Poccun B 1928 1. ocymiecTBrIIa BBIITYCK TOPHBIX HHKE-
HepoB-MapkuielaepoB. K HacTosimeMy BpeMeHHt Kadeapa BBITYCTHIIA OKOJIO 3,5 ThICSY
cneunanuctoB. Cpeny BeITycKHUKOB Kadenpsl [epoii CoBerckoro Corosa A. M. Kpy-
TOLIHMHCKUH, 19 MOKTOpOB Hayk, Oojiee 75 KaHAWAATOB HayK, 8 naypeaToB JIeHMHCKON
u TocynapctBennoil npemuiit CCCP; 3 BbIyCKHHKA CTajld PEKTOPAMU By30B, MHOTHE
Bo3miaBmuiH kadenps! yueOHbIx 3aBeacanii CCCP, Poccun, Kazaxcrana, Kopen, Hayd-
HO-HCCJIEZI0BATENLCKIE U TPOEKTHBIE MHCTUTYTHI U JabopaTopuu. BeimycKkHIKaMH Ka-
(enpbl pa3HBIX JIET CTalH BHIHBIC YUEHBIC — PEACTABUTENN HAYYHBIX LIKOJ FOPHOU
TeOMETPHUU U TeOMEXaHUKU JoKTopa TexHuueckux Hayk Jl. H. Oro6maun, I'. Y. Bune-
coB, II. A. Proxos, I1. U. Kynpsimos, I1. I1. bacran, . M. Iletyxos, I'. JI. ®ucenko,
B. T. Canoxnukos, b. I'. Apanacees, B. U. [Iymkapes, 1O. U. Typunues, B. I. 3otees,
M. JI. PynakoB, A. B. 3yokos, 1. U. [TonoB, A. . Kosanenko, A. B. ['anbsHOB,
0. B. JlanreB, A. B. JXabxo; xanmmmarhl TexHWYeCKHX HayK A. A. HrommH,
B. I1. Camapun, U. A. Iletyxos, I1. K. Matonun, A. A. I'puropses, A. I1. Illenskos,
b. A. llImonuHn, Lot Cen En, B. H. Pocroeues, A. I1. bagynun, b. 1. TomyOko,
A. T. Jleontses, I. B. 3emckux, A. B. Camapun, B. H. fIxkoBnes u mHOTHE npyrue. Bel-
MYCKHUKH Ka(enpbl BO3MIABISIN M BO3MIABIIOT ACCATKA TOPHOAOOBIBAIOIIUX MIPE.-
HPUATHHA ¥ COTHU MapKIIEHAepCKUX OTAEIOB. B HacTosIee BpeMs BBIILYCKHUKY Kade-
JIpbl BO3IVIABIISAIOT MapKIIEHIEPCKHE CITYy>KOBl TaKMX KpPYIMHBIX TOPHOIAOOBIBAIOLINX
npennpusatuil kak «Hopunbsckuit Hukens», CYBP, lalickuit 'OK, Yuanuuckuii I'OK,
«CadpsanoBckas menpy, «Pycckas menHas xkommnanus», Kaukanapckuit TOK, «Ypan-
acbect», «PH — Haranpnedteras», «Camapanedreras» u MHOTHE JIpyTHeE.

Ha xadenpe BexyTcs kak ¢yHIaMEHTAIbHbIE, TAK U NPUKJIaJHbIC HAYYHbIE HCCIIE-
noBaHust. OCHOBHBIMM HAallPaBICHUSMH HCCIIEAOBAHUN Kaeapsl SBISAIOTCS reomexa-
HUKa, TEOMETPHSI HEJJp U TeOMETPpHU3aLlMs MECTOPOXKICHUH, MapKIIeiiepckoe obecre-
YeHUE TOPHBIX paboT, CTPOUTENbCTBA TOHHENEH u T. 1. [lo TaHHBIM HampaBIEHUSIM
YCHELIHO BBIIOJHEHBI U BHIMOIHAIOTCS CETOAHS IECATKH HayYHO-UCCIIEN0BaTEIbCKUX
paboT Ans KpyHHEHIINX rOpHO-00OraTUTENIbHBIX KoMOHMHaToB Poccun m 3apyOesxns.
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Cpenu nux: OpenOyprckas oonacte (atickuii [[OK), Uensounckas oonacts (TomuH-
ckuii 'OK, Muxeesckuii ['OK, bakansckoe PVY), Pecnybnmka bamkoprocran
(Yuanuuackmit 'OK, Cubaiickuit 'OK, «bammens»), CsepmioBckas o01acTh
(«Ypamacbect», CadbsHOBCKOE MecTOpoXaeHue, BonkoBckuil pyaHUK, BopoHIIOB-
ckoe mectopoxnenue), Kyzoacc — Kemeposckas oonacts (KenpoBckuii, MoxoBckwid,
Kapakanckuii yroiabusle paspessl, Tamraron), Peciyonuka Xakacus (Copckuii 'OK),
PoctoB, Bonrorpan, Couwn, SInta, Cumens, Yebokcapsl, Jluneuk, Tammun, baky, Xapb-
koB (cOoiiku ToHHenel), « THK-Hsraue» («PocHedTh»), Pecrybnuka TriBa (KbI3bmn
Tamreirckuit 'OK kuraiickoit komnanuu «Jlyncun»), Kasaxcran (MectopoxkaeHue
xerpirapa, Komaposckoe mectopoxaenue, mectopoxnenue [laiimepaen), Tamku-
kucTaH (Mectopoxnenue Tapop, . [lenmxukenT), Aikup (ToHHENb, p. [kep), Monro-
must (FOK «3pasuaTy», uccnenoBanus BegyTcs yxe Oomnee 30 JieT) 1 MHOTHE ApyTHE.

CorpynaukamMu  Kadenpsl pa3paboTaHbl 3 BEIOMCTBEHHBIX HOPMATHBHBIX
JIOKYMEHTA.

Kagenpa Gepe’xHO OTHOCHTCS K CBOMM TPaJULHMSAM, NMPUMEPOM TOMY SIBIISETCS
yueOHas MapKLIeHaepcKas MpakTuka Ha mepBoi B Poccun 3010Topynnoii maxre (1745)
B I. bepe3zoBckom. JlaHHas mpakTuka NMpoBOANTCA B TedueHue 87 neT, ¢ 1934 . no Ha-
CTOsIIIIEE BPEMSI.

Ceronus Ha Kadeape MapKILCHIEPCKOro J1ea NPenoAaloT U 3aHUMAIOTCS HayYHbI-
MU HCCJICIOBAaHUSMH 3 JOKTOpa, 6 KaHAWAATOB HayK W 5 mpenopaBareneil. Kadenpa
NPOJOJIKAECT BOCIUTHIBATH TOCTOMHBIX IIPEICTaBUTENEH MapKIeiaepcKoii mpodeccun
1 0CTaBaThCsl OHOM M3 BEAYIIMX MApPKIIEHIEPCKUX IIKOJ CTPAHBI.

Boinee noppobuyro undopmanuio o kapenpe Mapkueiaepckoro nena YITY moxHO
MOJYYUTh Ha CaiiTe TOPHOTO YHUBEPCUTETA WWW.UISMULIU.

Konnexmue xaghedpur maprutetioepcrkoeo dena
Ypanvckuii cocyoapcmeennviil 2o0pHbvlil YHUGEpCUmeEm
Peoarxyus uzoanus «Mzeecmus 8y306. I oprblil JHcypHALY
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