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FEOTEXHONOIUA: NOA3EMHAS,
OTKPbITAA, CTPOUTENBHAA

VIK 622.232.8 DOLI: 10.21440/0536-1028-2019-4-5-11

O6ocHOBaHMe NapaMeTPOB rOPHOTEXHUYECKOU CUCTEMbI Kapbepa
ANna paspabotkn ONMMNMagMHCKOro 30110TOPYAHOIO MeCTOPOXAEHMA

KysHeuos [1. B."*, Koconanos A. U.2
' Montoc MpoekT, . KpacHosipck, Poccus
2 Cnbupckmit deaepanbHbIi yHUBEpCHTET, T. KpacHosipek, Poccus
*e-mail: kuznetsovdv@mail.ru

Peghepam
Beseoenue. B cmamve paccmompeHnsl MeXHUKA U MEXHOL02UsL 6€0eHUs OMKPbIMbIX 2OPHBIX pabom Ha
camom Kpynuom 6 Poccuu 3onomopyonom kapvepe « Bocmounuiily ¢ 2000601 npouze00CcmeeHHou Mouy-
Hocmbio no pyoe 00 15 man m/200 npu enybune 0o 840 m.
Memooonozus uccnedosanuii. Ilpuseoenvl noHsmMuUss MEXHOLOSUYECKO20 KOMNILEKCA U 20PHOMeXHUYe-
ckotl cucmemul kapvepa. C yuemom 3moco npednodcena OoK-cxema, onpeoensiiouas cocmas uccieoye-
Moeo obwexma. Ha ocnosanuu 0600ujenus 0anublx npakmuku U Onblma npoeKmuposanus npedcmasie-
Hbl 0COBEHHOCMU KOMMLEKMOBANUSI 20PHOMPAHCNOPMHO20 000pY008aHUsL U ONpedeNeHUsl KIIOYe8blX
napamempog 20pHwix pabom.
Pesynomamot u 6v1600bl. [Ipusedensvt pe3yibmamsl OYeHKU NPUMEHEHUs KOHBEUEPHbIX cucmem OJis
MPAHCROPMUPOBAHUS BCKPLIUHBIX NOPOO, d MAKICe OUCMAHYUOHHO YNPAGISeMblx 6YPOGLIX CHAHKOE,
IKCKABAMOPOB, ABMOCAMOCEAN08 U OYIb003ep08 6 21yOUHHOU pyOHoll yacmu kapwvepa. I[Ipoananrusupo-
6aHO cocmosinue 20pHbix pabom. Ha npumepe cxem nokazamno usmenenue npoCmpancmeenHblx NoLodice-
HULl Kapbepa u e2o0 pasmepos. Ycmanoeieno, 4mo 0Jisi IKOHOMUYECKOU IPPHeKmugnocmu KOHGelepHo2o
mpancnopma 06vem nepeso3UMbIX CKPbIUIHLIX HOPOO Q0IJICeH cocmagaams He menee 50 % om obuyeco
Kanendapnoeo suavenusi. Ilpu smom OpoOULbHBIL KOMILEKC U NePezPy30UHbILL NYHKN MONCHO pa3me-
cmumb Ha bopmy kapvepa na enyoune 50 m om nosepxnocmu. Llenecoobpasznocme npumenenust cucmem
OUCMAHYUOHHO20 YNpasieHus 000py008aHUeM OYeHeHAd NO 603MONCHOCMU pa3pabameiéams yCmynsl
C Y8eNUYEHHbIM Y2IIOM OMKOCA 8 21yOUHHOU pYOHOU 30He Kapbepa. Takoe peulenue no3eoisem CHU3UMb
MAaKcumanbhvle 20008ble 00beMbl GCKPLIUIU ULU NPU UX NOYTNU HEUSMEHHOM 3HAYEeHUU NOBbICUMb 2000~
8Y10 NPOU3BOOCIMEEHHYI0 MOWHOCHb NO pyoe 00 YPO8Hs 15 man m/200.

Knroueevle cnoea: mexnonozuueckuii komnnexc xapvepa; 20pHomexHuueckds cucmema Kapvepad,
Cypogule Kaumamuieckue yCious, 2nyouna kapvepa, paccmostue mpancnopmuposanus 20pHou mac-
Cbl; NPOU3BOOCBEHHASL MOWHOCTb NO PyOe; NPOU3B00UMENbHOCHb NO 20PHOL Macce.

O0uue cBeieHnsi 0 MecTOpoKAeHnH. OJIUMITUATTHCKOE MECTOPOXKICHHE C 3aria-
camu 30510Ta 6osiee 1000 T sSBISIETCS OAHUM U3 KpyIMHEHTNX B MuUpe. OHO pacIoioxke-
HO B 600 kM K ceBepy oT KpacHosipcka u yxke 0ojiee TpUALIATH JIeT pa3padbaThiBaeTCs
KapbepoM «BoCTOUHBII.

KnumMarndeckue ycloBusl paiioHa MECTOPOXKACHUS 110 KIacCU(PHUKALUN HOPMATHB-
HBIX JTOKyMEHTOB cypoBble (Cmpoumenvras kaumamonoeua: CI1131.13330.2012 om
13.06.2012 2. / Hayuno-ucciedosamenvckutl uncmumym cmpoumenvhou gusuxu Poc-
CUTICKOIL akaoemuu apxumexkmypol u cmpoumensusix Hayk. M.: Munupeeuon Poccuu,
2012. 386 c.). B 3umunit nepuon temmneparypa Bo3ayxa nocturaetr —60 °C (B sHBape u
¢eBpaine), a nerom +34 °C (B urone). HopMa BeImazieHus: 0cagKoB BBICOKasl, Mpeodia-
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JIAIOT 3aTSHKHBIE MOPOCSIINE JOXKIN W O0MiIbHBIe cHeromaibl. CpemHsst KpemocTh
nopoy mo mkame M. M. IlpotompaxonoBa — 1012, cpegauii 0ObeMHBIH BEC IO-
pon — 2,7 T/M3, pacCTOsIHUSI TPaHCHOPTUPOBAHMUS BCKPBILIHBIX TIOPOJ BO BHEIIHHE OT-
BaJibl U pynbl 10 3D cocTtaBistor 5—10 k.

IIpumeHsiemasi TEXHUKA M TEXHOJIOTHSI TOPHBIX PadoT. TpyIOEMKOCTh U TEXHU-
KO-3KOHOMHUYecKast 3(p(heKTHBHOCTH TOPHBIX pabOT Ha Kapbepe MpenonpeeeHa BIus-
HHEM MHOXecTBa ()aKTOpoB U TapameTpoB. Hanbosee 3HAUMMBIMH CpeIy HUX SIBIISTIOT-
Cs TPOYHOCTHBIE CBOWCTBA IMOpOJ, TIIyOMHAa W pa3Mephl B IUIaHE, PAaCCTOSHUS
TPAHCHOPTUPOBAHUS PYIbI U BCKPBIIIN, IPUPOAHO-KIMMATHIECKIE XapAKTEPUCTHUKH.

‘ CocraB Kapbepa

T'opHOTpaHcnopTHOE 000- Bcekpeitne
oBanue (OypoBbIe CTaH- OTKPBITBIMH TPaH-
pyA (©yp (V P P VY ianeHue BCKpbIII- JloObrua
KH, 9KCKaBaTOPbI, aBTOCA- HICHHBIMU BBIPA0OTKAMHU
L N HBIX OJIE3HOTO
MOCBaJIbl, KOHBEIepHbIC WM KOMOMHAIMEH oT-
opoJt HCKOMaeMOT0
CUCTEMBI, OyJIbJI03ephI 1 KPBITBIX U TIOJI3¢MHBIX
Ip.) BbIPabOTOK)

— =

Cucrema pa3paboTku

v

VYriry6ounas

v

Kounbnesas

'

ITapameTpbl 1 OKa3aTeIN CHCTEMbI Pa3pabOTKI

CkopocTb

Konuen- || Hampas-

[Hupuna JlmHa || moasura- Ckopocts || CkopocTb
Beicora N Tpanus JIeHne MoIHoCTb
paboueii ¢poHTa HUS MOHMXKe- || yIIIyOKH
YIyna | promax obopyxo- || pponta aboT ¢pouTa KapbeP i g pador apbepa
man BaHMs pabot p POHT p Kapbep

pabot

Puc. 1. brok-cxema cTpyKTyphI Kapbepa «BoCTOUHBI» Kak TEXHOJIOTHIECKOT0 KOMIUIEKCa U TOPHO-
TEXHUYECKOW CUCTEMBI
Fig. 1.The flowchart of the pit Vostochny structure as a technological complex and mining technical
system

B cBs13u ¢ KpyTOHAKIOHHBIM MMAJICHUEM PYIHBIX Tell U TUIAHOBBIMU 00bheMaMU TOp-
HBIX pa0OT MaKCcMMaJlbHas TIIyOWHA Kapbepa B HacTosiiee Bpems gocturia 500 m.
C 2005 1o 2018 . uaTeHcuBHO paszpabdareiBany 11 ouepens ¢ TomoBOM MTPOU3BOICTBEH-
HOW MOIITHOCTBIO TIO0 pyAe 8§ MIH T M MPOWU3BOAWUTENBHOCTBIO IO TOPHOM Macce /10
30 vt M. B 2018 1. ipu yBeamueHnn o0IuX 006EMOB TOPHOM Macchl 10 46 MitH M3
OBUIM Ha4yaThl BCKPHINIHBIE PaboThl B rpaHunax [V odepeny ¢ 1enbio MOoCIeTyoIero
JIOCTHKEHUSI TOJOBOM MPOU3BOJCTBEHHOM MOLTHOCTH 110 pyae 13,4 MIH T.

J1y1s BBIMIOJIHEHUS 3TUX O0BEMOB U JIOCTIIKEHUSI HAWTYYIIUX YKOHOMUYECKUX T10-
Kazareyiell MPUMEHSIOT COBPEMEHHOE TOPHOTPAHCIIOPTHOE 000PYIOBAHHUE PA3TUUHBIX
MIPOU3BOIUTENCH, 00ECIIEINBAIOT B3aUMOCBSI3b TEXHOJIOTHH TPOU3BOJICTBA BCKPBIII-
HBIX ¥ TOOBIYHBIX PaboT, ¢ OJHOM CTOPOHBI, TAPAMETPOB U TEXHOJIOTHYECKIX XapaKTe-
PUCTHK KOMILIEKCa 000PYI0BaHHUS — C IPYTOH.
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Tax, 3a cpok pazpabotku g0 rpanut Il ouepenn kaprepa BMECTUMOCTH KOBIIIA IKC-
KaBaTOpOB BO3pociia ¢ 5 10 15 M3, rpy30MoabeMHOCTh aBTOCAMOCBAJIOB YBEINUHIIACH
¢ 30 mo 136 T, a g manpHEHIIEro pa3BUTHsI TOPHBIX padoT g0 rpanull IV odepean
PUOOPETEHBI SKCKABaTOPBI C BMECTUMOCTBIO KOBIIA 35 M3 U aBTOCaMOCBAJIbI IPy30-
MoABEMHOCTEIO 220 T.

Bmecre ¢ TeM AOCTHXKEHUE HAMITYUIIUX TEXHUKO-PKOHOMHMUYECKUX MOKa3aTeyeu
pa3paboOTKH MECTOPOXKICHUS BO3MOYKHO TOJIBKO NPU YBS3KE TEXHOJIOTMH IPOU3BOI-
CTBAa BCKPBIIIHBIX WU ]IO6I)IT-IHI)IX pa60T C nmapaMeTpaMu U TCXHOJIOTHYCCKUMU XapaKTe-
PUCTHKaMU KOMIUTIEKCa 000PYIOBAHMS.

Teopusi 1 MeTOT0JIOTHS HCCAETOBAHMIA. J[J151 TAKOTO €MHCTBA TEXHOJIIOTHHU U KOM-
TUIEKCHOM MeXaHU3allul OTKPHITBIX pa3paboTok B. B. PxeBckuM BBeneHO MOHSATHE
TEXHOJIOTUYECKOTO KOMIUIEKCa Kaphepa Kak COBOKYITHOCTH KOMIUIEKCAa 00OPY/I0BaHUS
Y TEXHOJIOTMYECKUX pelIeHuH (B MEPBYIO o4epeb 0 CHCTeMaM pa3paboTKH U BCKPHI-
THS U WX IapaMeTpaM), COBMECTHO 0OECIIECUNBAIOINX 0€30MMacHOE, BHICOKOTIPON3BO-
JTUTEITFHOE ¥ SKOHOMHYHOE BBIITOTHEHVE TOPHBIX paboT B TIIaHOBBIX o0beMax [1, 2].
Ecnu pa3Buth 3Ty MBICITB, TO JTFO00# Kapbep MOXHO paccMaTpuBaTh KaK TOPHOTEXHHU-
YECKYI0 CHCTEMY, TPEACTABISIONIYI0O COO0H COBOKYITHOCTh TOPHBIX KOHCTPYKIIHIA,
000pyIoBaHUs, TEXHOIOTUYECKUX MPOIIECCOB TOPHOTO MPOU3BOJCTBA BO B3aUMO/ICH-
CTBHHU C BMEMIAIONINM UX y9acTKOM Hemp [3].

YyacTok «3amagHsli» Vyactok «BOCTOYHBII»

IIT ouepenp

pa3paboTku
IV ouepens

pa3paboTku

Puc. 2. Mopens pazpabotku ONMMIMAAUHCKOTO MECTOPOXKICHUS 10 IPOEKTHOHN rryOuHbI 750 M
Fig. 2.The model of the Olimpiadinsky deposit mining up to the design depth of 750 m

C y4eToM 3TOTO MOJOKEHHS JUIs IPUHATHS PEIIeHUH 1Mo JanbHeHIei pa3padoTke
MECTOPOXKIICHUS TIpeIJIokeHa O10K-cxema (puc. 1).

Pe3ynbTarhl 1 uX aHaau3. C yueToM U3JI0KEHHOTO IPOESKTHBIMHU PEILIEHUSAMU IS
paspabotku IV ouepenn kapbepa 000OCHOBaH BBIOOp CIENYIOLIETO OOOPYIOBAHUS:
oyposeie cranku CBII-250/270, PV-351 ¢ auamerpom nomnora go 270-351 mm, skc-
kaBatopbl OKI'-18(20), WK-20, WK-35, Komatsu PC 5500 ¢ BMecTUMOCTBIO KOBIIA
1o 18-35 m3, aBrocamocsainsl CAT 793 rpy3onoabeMHOCTBIO 220 T.

JlanHble Mozpenu 00OpYIOBaHMS C YYETOM HMPUHIMIIOB CUCTEMHOCTH JOJDKHBI 3a-
MEHUTH IpUMEHseMble paHee s paszpabotku Il ouepean OypoBble CTaHKH
CBII-250MHA, DML, PV-235 ¢ nauametrpom nonota 215,9-250,0 MM, 3KCKaBaTOpbI
DKTI-10, Komatsu PC 3000 ¢ BMectumocThio kKoBma 10—15 M3, aBTocamocBaiibl
CAT 777 u CAT 785 rpy3onogbeMHOCTBIO 90—-136 T.

Kax moka3zasnu BBITIOTHEHHBINA aHAN3 PhIHKA [4, 5], pacdeTsl ¥ UCCIIEI0BAaHUS aBTO-
poB [6], 3 PeKTHBHOCTH HOBBIX MAIINH B YCIOBUSAX MECTOPOXKICHHUS IIPEIOTIpeIieIeHa
BO3MOXHOCTBIO TIPOJIOJDKUATE pa3pabotky mo 2028 r. ¢ 3aJjaHHONW MHTEHCHBHOCTHIO,
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a TaKKe MEHBIIMMHU MHBECTHUIMSAMH M SKCIUTyaTallMOHHBIMH 3aTpaTaMH Kak HaubOosee
W3BECTHBIMH KpUTEpHUIMH [7, 8], OONbIIEH YCTOHYMBOCTHIO K HETATHBHOMY BIUSTHHIO
NPUPOIHBIX KIMMAaTHYECKUX (PaKTOPOB M COMOCTABUMOCTBHIO PEKOMEHJOBAHHOTO CPO-
Ka SKCILTyaTally cO CPOKOM BEICHHUS TOPHBIX padot [9].

Mogens Kapbepa, WUIIOCTpUpYIOLIAsl €ro pa3Butue a0 rpanull [V ouepenu,
nokasasa Ha puc. 2. IIpuuem BricoTa ycTymna, pa3padaTbiBaeMOro SKCKaBaTOpamH,
st obecriedeHUs HEOOXOAMMOH CKOpPOCTH pas3Hoca Oopra mpuHsTa 15 M.
MuHnumanbpHas WuprHa padoueil IIoIaaAKy B 30HE Pa3HOCa COCTaBIAET 78 M, KpU-
tudeckas — 51 M. MuHHManpHas MIHpPUHA TPAHCIOPTHOW OEpMBI MPH YKIOHE
100 %o paBHa 46 M.

A D G

YuacTtok
«3ara bl

Yyacrox
«BocTouHbI»

Puc. 3. Cxema pa3paborkn OJIMMIONAJUHCKOIO MECTOPOXKACHHS
anpoOMPOBAHHON TEXHUKOW M TEXHOJIOTHEH 10 ITyOUHBIL:

750 M — mnpoektHslii koHTYp ABCDEFG; 780 M — xouryp ABCHIJG;
810 M — xouTYp ABCKLG; 840 M — kouTyp AMNG

Fig. 3. The scheme of the Olimpiadinsky deposit mining with the

tested equipment and technology up to the depth of:

750 m — a design contour of ABCDEFG; 780 m — ABCHIJG contour;

810 m — ABCKLG contour; 840 m — AMNG contour

[IpoBeneHHbIN TOPHO-TEOMETPUUECKUIM aHAIM3 MOKa3aJl, YTO PACIIMPEHHUE IPaHuUIl
Kapbepa NPUHATEIM 000pyIOBaHHEM W TEXHOJOTHEH BO3MOXKHO IO CXeMe Ha puc. 3.
3nech NpoeKTHOE ToJIoKeHUe rpanul 1V ouepenu kapbepa A0 mryounsl 750 M cooT-
BeTCTBYeT KOHTYpY ABCDEFG, nepcieKTUBHbIE MOJOXKEHUs TpaHull V odepean 10
rry6uns! 780, 810 u 840 M — xoutrypam ABCHIJG, ABCKLG u AMNG cOOTBETCTBEH-
Ho. [To Mepe moHmKeHHs TOPHBIX PadOT M MPUPE3KH 3aMacoB PyAbl ydacTKu «BocTod-
HBII» U «3anaJHbIi» 00beAMHIIOTCS B €IMHOE POCTPAHCTRO.

[Ipu uccrnenoBanny pexuMa TOPHBIX PabOT Ha 0a3e MONYYEHHBIX MEPCIIEKTUBHBIX
rpaHuL pa3padoTKH OBLIO OIIEHEHO MHOKECTBO BapHaHTOB KaJICHAAPHBIX I'paUKOB
JOOBIYY TIPUPE3aeMBbIX 3allacoB PYIbI C pa3IMYMeM CPOKOB Hauana pa3paboTku V oue-
penu Kapbepa U TOJOBBIX BCKPBIIIHBIX 00bEMOB. B pe3ynbrare ycTaHOBIEHO, YTO TPU
HEU3MEHHOW MPOEKTHOW MPOU3BOACTBEHHOW MOIIHOCTH MO PYJAE MEPHUOJ OTKPHITOM
pa3paboTKu MECTOPOXKICHHS BO3MOXKHO TpoutiTh 110 2034 1. OgHako ronoBbie 00be-
MBI BEIEMKH BCKPBIIIH OyIyT yBeIW4YeHbI B 1,6—1,8 pa3a, a Juis UX TpaHCTIOPTUPOBAHUS
HEOOXOMMO AOMONHUTEIHHO MPUOOPECTH U BBECTH B JKCILTyaTtanuto okoso 70 en.
220-TOHHBIX aBTOCAaMOCBAJIOB.

IIpu pa3paboTke MECTOPOXKICHUS HA TaKUX IIyOHMHAX dKOHOMHYECKas ¢ (heKTHB-
HOCTH OyzeT mpenomnpenenena pumoM Tpancropra [ 10, 11]. s ero Beroopa mpeamoxe-
Ha cCXeMa, IPUBE/ICHHAs Ha puc. 4.

CornacHo 3T0i1 cxeme c(OopMHUPOBaHbI 1Ba BapuaHTa npogoibkeHus pador. [lo nep-
BOMY B KOHTYpe AMNG paccMOTpeHO MpUMEHEHHE KOHBEHEPHBIX CUCTEM JJISl TpaHC-
MOPTUPOBAHUSA BCKPBIITHBIX TTOPOJ, a 110 BTOpoMy B kKoHTYype ABCHI'NN'JG — uctionb-
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30BaHME ABTOMATH3MPOBAHHBIX CHCTEM JIUCTAHLIMOHHOIO YHpaBJIEeHUs OypOBBIMHU
CTaHKaMH, YKCKaBaTOpaMH, aBTOCAMOCBaJIaMH U OyJibA03epamMH.

C y4yeToM TOro YTO OCHOBHBIM HEAOCTaTKOM IMKIMYHO-IIOTOYHON TEXHOJIOTHUHU
(LITIT) B ycnmoBUsIX MECTOPOXKICHHS SIBIISIETCS HEOOXOAUMOCTE MTPUBJICYEHUS OOJIBIINX
WHBECTHUIIMH, a X KOMIIEHCAIIUS BO3MOYKHA 33 CUET COKPAIIEHHS KOJIMYeCcTBa Mpruoo-
peTaeMbIX aBTOCAaMOCBAJIOB U 3HAYMTEIBHOIO CHMKEHUS YIEIbHOH cebecToMMOCTH
TPaHCHOPTUPOBaHUs, oleHKY dpdexruBHocTH LIIIT ocymecTBnsIM ¢ NCIONB30BaHU-
€M YHCTOI0 JUCKOHTHPOBAHHOIO 10X0Aa. B pe3ynbrare ycTaHOBIEHO, UTO 3KOHOMHUYE-
CKO€ TOXKIECTBO IO BapHaHTaM TPAHCIOPTHUPOBAHMS BCKPBIIIM aBTOCAMOCBAJIaMH U
KOHBEHEpHBIMH CUCTEMAMHU B pacCMaTPHBAEMbIX TPaHHIIAX KAPEPHOTO MIPOCTPAHCTBA
BO3HHKAET IPH FOJIOBOM 00BeEMe TIepeBO30K puMepHO 50 % ot 00111ero KajieHaapHoro
3HaueHus. KonBeliepHoe 000py10BaHKE IIPU 3TOM BO3MOXKHO Pa3MECTHTh Ha OOPTY 1O
muann F'G' ¢ yrmmoM HakiioHa A0 37°, qpoOWIBHBIA KOMILUIEKC W IEepPerpy30YHBIN
IYHKT — B Touke F' Ha TiryOnHe He MeHee 50 M OT MOBEpXHOCTH.

Yyactox
«3anaHbIi»

Yyacrox
«BocToUHBI»

Puc. 4. Cxema nepcrnekTHBHO# pa3paboTku ONUMITHAMHCKOTO MECTO-
poxnerus no TryOuHbI 840 M ¢ MpUMEHEHHEM KOHBEHEPHOTO TpaHC-
nopra B koHType AMNF'G' 1 NUCTaHIIMOHHO YIPaBIIEeMOro 000pyIo-
BaHUs B KoHTYype I'ILJN'N
Fig. 4. The scheme of Olimpiadinsky deposit advanced mining up to
the depth of 840 m with the use of conveyor transport in a contour of
AMNF'G' and the remote-controlled equipment in /’ZJN'N contour

BapuanT pa3sutus kapbepa B koHTYpe ABCHI'NN'JG Ha puc. 4 IpUHAT K OLIEHKE
Ha OCHOBE 0a30BBIX BApHaHTOB C TMpeneibHON mmyOmHON paszpaborku 780 n 840 m
B KoHTYpe ABCHIJG u xouType AMNG cootBercTBeHHO (puc. 3). [Ipu sTOM B IoTyOHH-
HOW YacTy BblAeNeHa pyaHas 30Ha I'NN'JI ¢ yBenudeHHbIMH 10 83° yIIaMH OTKOCOB
YCTYTIOB M JONOJHUTEIBHBIMY 3ariacaMu pyabl. [opHbIe paOoThI B TaHHOM 30HE BEAYT
KOMIUJIEKCAMHA O00OpPYIOBaHUSl C JAMCTAHIMOHHBIM YIpaBICHHEM. OTO MO3BOJISET
CHHU3HUTh MaKCHMAJIbHBIC TOJIOBBIC OOBEMbI BCKPBIIIH HIIH TP MX MOYTH HEM3MEHHOM
3HAUYE€HUM TOBBICUTH I'OJIOBYI0 IPOM3BOJCTBEHHYIO MOIIHOCTh IO PYIAE A0 YPOBHS
15 mumH T/TOI.

CTOUT OTMETHTH, YTO B HACTOsIIee BpeMs Al 0OJblIel 6e3omacHOCTH paboT Ha
Kapbepe ykKe pealiu3yeTcs MPOEKT MO BHEAPEHUIO MOoA00HOr0 000pyaoBaHUs. YKOM-
TUIEKTOBaHbI UMetomIrecs OypoBoii craHok Atlas Copco DML ¢ muamerpom nonora
215,9 mm; skckaBarop Komatsu PC 3000 ¢ BMecTMOCTBIO KoBIIA 15 M3; 5 ex1. aBTOCa-
mocBasioB CAT 777 F rpysomomsemuocteio 91 T n Oympmozep Komatsu D 275A.
[Ipu ycremHoM pa3BUTHH IIPOEKTa UCIIONb30BaHNE U3BECTHBIX IPEUMYILECTB MAIINH
C IUCTaHIIMOHHBIM yTIPaBICHUEM LiesIeco00pa3Ho U Ha cTaguu gopadboTku IV ouepenu
kapbepa. Jng oueHku 3¢ ¢GeKTHBHOCTH pabOTHl MOXHO NMPUMEHUTH NpPEAIOKEHHbIE
paHee cxeMbl u kputepuu [12].
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TakuM 00pa3oM, K OCHOBHBIM NMPHUYUHAM, YCIOKHSIOIIMM MpoIecc 000CHOBaHUS
[IapaMEeTPOB TOPHOTEXHUYECKOU CUCTEMBI Kapbepa «BOCTOUYHBINY», CIEAYET OTHECTH
00JIBIII0€ KOMMYECTBO M BBICOKYIO IIEHHOCTH 3aIllacOB 30J10Ta; 3HAYEHHE dTHX 3aI1acoB
JUTSE MacTaboB CTPaHBL; OOJBIIYIO MPOU3BOACTBEHHYIO MOITHOCTh Kaphepa U ITyOu-
HY pa3pabOTKH; OrpaHUYEHHOCTh KapbepHOTO MPOCTPAHCTBA, pabOUNX Pa3MepOB U Ia-
paMeTpoB 000pYyIOBaHUS; BEICOKYIO c€0€CTOMMOCTh TOPHBIX padOT U MHOTOMHJUIMOH-
Hble UHBECTHIMH. PelneHue »THUX 3a7ad MO3BOJHMT obecneynTh Oe30IacHoe,
BBICOKOTIPOM3BOIUTEIBHOE U 3KOHOMUYHOE BBHIMTOJHEHNUE TOPHBIX paboT B ILIAHOBBIX
o0bemax.
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The validation of the pit mine technical system parameters
for the Olympiadinsky gold ore deposit mining
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Abstract

Introduction. The article reviews the equipment and technology for open mining operations at the largest
Russian gold pit Vostochny with the annual ore production capacity up to 15 million tons per year with the
depth up to 840 m.

Research theory. Concepts of the technological complex and the pit mine technical system are given.
Taking this into account the flowchart which defines the studied object structure is offered. On the basis of
integrating practice data and design experience the features of mining-transport equipment kitting out and
mining operations key parameters determination are introduced.

Results and conclusions. The results of conveyor systems application evaluation for overburden rocks
transportation are presented as well as remotely-controlled drilling rigs, excavators, dump trucks and
bulldozers in a deep ore part of a pit. The condition of mining operations is analysed. On the example of
schemes, the pit attitude positions and sizes change is shown. It is established that for conveyor transport
economic efficiency, the volume of the transported overburden rocks has to be not less than 50% of the
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general calendar value. At the same time it is possible to place a crushing complex and a reloading point
at the edge of an opens pit at a depth of 50 m from surface. The reasonability of equipment remote control
systems application is estimated by the possibility to develop edges with the increased slope angel in a
deep ore zone of a pit. Such decision allows to reduce the maximum annual volumes of overburden or at
their almost invariable value to increase annual ore production capacity to the level of 15 million tons per
year.

Key words: pit technological complex,; mining technical system of a pit; severe climatic conditions, pit
depth; distance of mined rock transportation; ore production capacity, mined rock productivity.
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OcobeHHOCTM thopMUpOBaHMA HanpsXKeHHO-AedopPMUPOBAHHOTO
cocTosiHUA B 6eTOHHOM Kpenu cTBonoB [loHckoro u Manckoro NOKos
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" MHcTutyT ropHoro gena YpO PAH, r. ExatepuHOypr, Poccus
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Peghepam
Lenv uccneoosanusn. Hszyuenue nanpsicenno-oepopmuposannozo cocmosinus (HC) 6emonnoii kpenu
cmeonos Jonckoeo u Iatickoeo I'OKos. Ha J{onckom I'OKe 6 nauane 1980-x ee. npoucxoouno cnonman-
Hoe paspyuienue kpenu cmeonos. Haubonvuiue 06vembl 6616a7106 NOPOOLL ObLIU OMMEUEHBL 8 CKUNO-KTIe-
megom u Kiemesom cmeonax wiaxmol « Llenmpanvnasy, 20e 6vLi0o o6credosano 4 cmeona, u 2-x cmeonax
waxmul «Monooedxcnasny. Ha Iatickom TOKe ¢ 2013 2. gedymcesa uccredoganus gopmuposanus HIAC
Kpenu ¢ yeabio npo2Ho3a yCmouyueocmu Cmeon08 u npedynpeicoenus asapuiiHblx Cumyayuil.
Memoouka uccnedosanus. Ilpobrema ycmouuugocmu cmeonos o0yciosuia Heobxooumocms peuieHus
3adauu no onpedeneruio yposus H/[C u npounocmuuix ceoticme 6 bemonnot kpenu. Ilapamempor HJ[C
Kpenu cmeosnog u MOHUMOpUHe Ux UsMeHeHull gnepevle 6 0meyecmeeHHoll npakmuke onpeoeneHsl ujeie-
80l pazepy3Koll — MOOePHUZUPOBAHHBIM MEmOO0oM usmepenus degpopmayuii pazepysxu. Hcnonvzosarvl
makaice Memoosl 1a60paAMOPHLIX UCCIEO08AHUI U AHATUMUYECKO20 MOOETUPOBAHUSL.
Ananu3z pezynomamos. Ycmanosneno, ymo nepagnomeprocmo pacnpedenenus H/[C 6 kpenu no nepu-
Mempy cmeona 06yCcl061eHa AHU30MPOnUeli NOAs HANPANCeHUll 8 maccuse nopoo. Ilpu smom nonooice-
HUe 30H ¢ HaubONLUUM BbIBATI00DPA308AHUEM XOPOULO CO2NACYEMC C MAKCUMANLHBIMU COHCUMAIOUUMU
HANPAACEHUAMU, 0eliCMEYIOWUMU 8 KPENU U 8 OKPECIMHOM MACCUEE NOPOO.
Bui6oovt. Ha npaxmuxe npeonodtceHo UChOIb308amb OCHOGHbIE GblA6IEHHbIEe NONONCEHUS, A UMEHHO:
HAanpsdliceHHoe COCMOosAHUe Kpenu WaXMHbIX CEO0N08 QOPMUPYEMCs KaK GYHKYUA UX KOHCIMPYKMUBHBIX
napamempos, noIHo20 MeH30pa epasumayOHHO-MeKMOHUYECKUX HANPANHCEHUI, OeUCMBYIOWUX 8 MaC-
cuse nOpooO HA MOMEHM HAYANA UCCIe008aHUIL U NePEeMEHHbIX 80 8peMeHU, KOmopble onpedension Ha-
MypHbLIMU U aHarumuyeckumu memoodamu. Obazamenen maxoce yuem QuU3UKO-MeXAHUUECKUX C8OUCME
nopooHo20 Maccusa u 6emoHa Kpenu.

Knroueewte cnoea: 6emonnas Kpens Cmeono8; HanpsdiCceHHO-0ehopMUpPo8anHoe COCMosHue, 8bl6a-
J00Opaszosanue; yCmouuueocms, weneeasn pasepyska; oegopmayuu pasepysku, Qusuxko-mexanuieckue

ceoticmea.

Beenenne. B Hauane 1980-x rr. Ha 1maxte «MonoaexHasp» Jorckoro 'OKa 6puin
TOTOBBI K KCILTyaTallud 3 BEPTUKAIBHBIX CTBOJNA. [IJIsT BCKPBITHS MOIIHBIX XPOMHUTO-
BBIX 3aJIeKeH B moJie maxThl «LleHTpabHash B CTaIUHN IPOXOIKU HAXOMUIUCH 4 CTBO-
na. OCHOBHBIE XapaKTEPUCTHKH BCEX CTBOJIOB, 3aKPETUICHHBIX MOHOJIUTHOW OCTOHHOM
KpeTIbIo, PUBEICHBI B Ta0M. 1.

Ha maxte «lleHTpanbHasy MpOU30ILINA CIIOHTAHHBIE Pa3pyIIEHUs KPEH B CTPOS-
IIMXCSI CTBOJIAX. MaKCUMaJIbHbIE O0OBEMBI BHIBAJIOB MOPOJ U Kpernu 3ahUKCHUPOBAHBI
B CKHUIIO-KJIETEBOM M KJIETEBOM CTBOJIaX (Tal. 2).

[ITaxTOoCTpOUTENN MPOBEIH PSI MEPOIPHUATHI T 00€CIICUCHUS MMPOXOAKU CTBO-
JIOB: YMEHBIIIIN BBICOTY OMAIYOKHU C 4 10 3 M, MIPUMEHIIH KOHTYPHOE B3pHIBaHHUE,
YBENWYUIIN MapKy OeToHa, HO pa3pylIeHHe MPUKOHTYPHOTO MacCHhBa MPOUCXOAWIIO
Jlake Briepean 32005, Tak Kak mopoja mectamu 1o 2,0 M pa3oupanack 0e3 MpUMEHEHUS
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OypOB3pBIBHBIX Pa0OT. YCTaHOBIEHO, YTO 0OBEM BHIBAJIOB Ha 1 M CKUIIO-KJIETEBOTO
CTBOJIA IIPEBBIIIAET [10KA3aTeNb 110 KJIETEBOMY CTBOIY B 1,7 pa3a.

AHain3 r1yOuHBI BBIBAJIOB OT KOHTYpa CTBOJIOB NIPHUBS3aH K a3sUMYTy. B kiereBom
CTBOJIE TIPOCIEKEHBI AraMeTpaibHbie a3uMyThl (135° u 315°) paspymenwii, iryOnHa
koTopbiX B 1,4-1,8 pa3a Gonplie, 4yeM Ha COCEAHUX Y4acTKaX, U OHH COINIACYIOTCS
C 30HaMH O)KUIaeMbIX [VIaBHBIX HATPsDKEHUH Ha KOHTYpe (okoio 145° u 325°). B ckumo-
KJIETEBOM CTBOJIE OTMEUEHO PABHOMEPHOE pa3pyIlIeHHE 110 MEPUMETPY 33 UCKITIOYEHH-
€M CIIydaeB 1o a3umyTy 45°.

Tabuauna 1. OcHOBHBIE XapaKTePUCTUKH cTB0JI0B Jlonckoro 'OKa
Table 1. Main characteristics of Donskoy GOK shafts

IIlaxTa, cTBON Auavetp, m I'ny6uta B
B CBETY BYEpHE HpOCKTE, M
Monooexcnas
Kneresoii 8,0 8,8 760
CxurmoBoit 6,1 6,8 708
BeHTHISIIIMOHHBIIH 6,0 6,7 523
Llenmpanvnas
Kieresoii 8,0 8,8 765-1290
CKHUITO-KJIETEBOM 7,6 8,3 696
BeuTuisiuoHHbIi 6,6 7,2 603
BcnomorarenbHbIiA 6,5 7,2 649

Ha maxte «MomnoaexHas» B CKUIIOBOM M KJIETEBOM CTBoJIax oTMeueHo 40 30H 00-
pyuieHui no HanpasieHnto 30°—45° u 210°-225°, koTopble coracyroTcs ¢ HampasJie-
HUEM TJIaBHBIX HaNpsKeHUH, JeHcTRyomuX o a3uMyTy 135° u B 1,5 pa3a npeBblma-
IOLINX I10 BEIMYMHE OPTOrOHAJIbHbIE HANPSDKCHHUS.

Ananu3 aBapuii B ctBonmax Jlonckoro ['OKa mokasbiBaeTt, 4To 30HBI OOpYIICHUS
B OCHOBHBIX CTBOJIAaX COBINAJAIOT C 30HAMH MaKCHUMAJIBHOTO C)KAaTHsl IPUKOHTYPHOTO
MaccHBa, KpOMe CKUIIO-KJIETEBOT0 cTBOJA IaxThl «LleHTpanbHasy.

Tabauna 2. O0beMbl BLIBAJIOB ¢ r1y0uHoii Ha maxrte «LlenTpanbuany, m3
Table 2. The volume of inrushes with a depth at mine Tsentralnaia, m?

T'nyOuna, M
Creon 0-100 100200 | 200-300 | 300—400 | 400-500 | 500-600 | 600-700
Cxuno-kiereBoi 492 386 360 1000 533 1074 1952
Kuneresoit 254 310 246 227 126 925 899

W3BecTHO, UTO HapsQy C HANPSKEHHBIM COCTOSIHUEM HAa YCTOMYMBOCTH MAacCHBa
OKa3bIBACT BIHUSHUE €r0 T'€OJIOrMUecKoe U TeKToHuuyeckoe crpoenue [1, 2]. CTBoMBI
maxtel «l{eHTpanbHas» NpoiICeHBl B CEPICHTUHUTAX C KOA(PQPHUIIMEHTOM KPEIOCTH
f=10. [ox ne¥icTBUEM TEKTOHUKH MOPOABI pa3ouThl TpemuHamu (0T 4 1o 15 Ha 1 M),
KOTOPBIE 3aIIOTHEHBI CEPIO(PUTOM, ITOATOMY CIIETIICHUE MTOPOJ c1ab0e M OHU CKIOHHBI
K oOpymreHuto. [Ipu mpoxoaKke OCHOBHBIX CTBOJIOB OBUIH TIEpECEUeHbI TPHU 30HBI HEY-
CTOWYHBBIX, OPEKYMPOBAHHBIX OT 5 10 50 CM U MIJIOHUTU3UPOBAaHHBIX ITOPOJT MOIITHO-
cThio 110 1,0 M ¢ 30HaMu apobeHus pazmepom a0 200 M. Y4acTok Jist IPOXOAKH CTBO-
JIOB CJIOXHBIA 1O TOPHO-TEOJIOTHYECKMM YCJIOBHSIM W HE HMEET aHaJOTOB
B OTE€YECTBEHHOM MPAKTHUKE.

CrtBoNBI mMaxThl «MonoaexHas» MPOUIEHBI 10 CEPIEHTUHU3NPOBAHHBIM JTYHHU-
tam. Tpemwmubl umeror kpyrtoe mnaaenume (70°-80°). MoIHBIX 30H IpoOIeHUs
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HE BCTPCYCHO, HO OTMCYCHLI TCKTOHMYCCKHNEC HAPYUICHUA, IO3TOMY YCJIOBHUA IIPO-
XOOKH YAOBJICTBOPUTCIIbHBI.

TakuM 06paszom, YIBTPaOCHOBHEBIE BMeIaromnue mopoas! Jonckoro 'OKa umeror
LIIMPOKHUI HAaNa30H NPOYHOCTHBIX CBOMCTB U CHUJIBHYIO TPEIIMHOBAaTOCTb. 3aIlOJHU-
TeJIb TPEIIUH — TaJIbKO-CIIOAUCTBHIA MaTepHrall, IPU YBIa>KHEHUH KOTOPOTO PE3KO CHU-
JKAIOTCSl IPOYHOCTHBIE TIOKA3aTEIH MacCUBa.

lalickoe MeTHOKOYEIaHHOE MECTOpOXIeHHe oTpabarkiBatoT ¢ 1959 1., oHO npen-
CTaBJICHO 3aJIe)KaMHU CJIOKHBIX JJMH3000pa3HbIX U )KUI000Pa3HBIX OPM: MEITHBIN KoITde-
JlaH, MEAHO-IIMHKOBBIH KOTYEJaH, CEPHBIN KOTUeaH U IIPOKUIKOBO-BKPAILICHHBIE PY/IBL.
Bwmemmaromast cBuTa nipezictaBieHa ansoutodupamu, TyhoOpekausmu u Tydhamu.

CrBOJIBI HaxoAATcs B Tyax aHIAe3UTOJALUTOBOTO COCTaBa, MMEIOIIMX MOAYJb
YIpPYrocTH B moponHom obpasue £, = 0,72 - 105 MI]a.

CesepHast
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Puc. 1. Cxema npoXo/IK1 CTBOJIOB MOJ3EMHOI0O PyIHHKA [0 TOAAM
Fig. 1. Scheme of underground mine shaft sinking by years

Moznyns ynpyrocts B MaccuBe onpezeinsercs o dopmyie [3]: E, = 0,93"E,, MI1a,
TJIe 71 — KOJIMYECTBO PAHTOB T€00JIOKOB.

B MaccuBax co cpemHIM pa3MepoM CTPYKTYPHBIX 0J10k0B 0,57 M 1 KO3 HUTTHEHTOM
BIIOKEHUSA A = 2 MOJy/ b YIPYTOCTH nopof npu n = 5 coctasur £ = 0,5 - 105 MI1a.

C 1enpl0 yBENUYEHHUS TMPOU3BOAMTEIBHOCTH [aliCKOTO TOA3EMHOTO pPYIHHUKA
¢ 5,6 1o 7 MJIH T pyabl B rof pa3paboTaH MPOEKT pa3BUTHs «BCKpbITHE 1 pa3padoTKa IIy-
6oxux ropu3oHTOB B 3Taxke —830...—1310 M moa3emMHoOro pynHuka». B mpoekre pera-
IOTCs BOIIPOCHI BCKPLITHUA U pa3pa60TK1/I FJ'IY6OKI/IX TOPU30HTOB IIOA3CMHOI'0 pyAHUKA,
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pa3pabOTKK HOBBIX CXEM JIOCTABKU PYIbl, PEKOHCTPYKIIUU IIAXTHBIX CTBOJIOB U UX
yriyOoku 710 otMeTkd —1420 M ot moBepxHOcTH. C 2012 I TPHOPUTETHBIMU 0OBEKTaAMHU
SBISIOTCS maxThl «KiereBas», «CeBepHass BEHTHIIAITMOHHASY, « DKCIUTYaTaIIHOHHASD)
u «Hogas» (puc. 1).

IIpu BusyanbHOM ocMoTpe cTBONa WaxThl «KiereBas» ¢ ropuzonta —750 M U CTBO-
J1a maxThl « DKCIUTyaTallMOHHASD BBIABIEH Psi HAPYIICHUN Kpenu, XapaKTepHBIX MPU
MIPOSIBJICHUU BBICOKOTO TOPHOTO JaBiieHus. [1o Bcell nyOuHe CTBONOB ObUTH 3a()UKCH-
POBaHBI pa3pyIICHUS CTHIKOB MEXK Ty OCTOHHBIMHU KOJIBITAMH, a TAK)KE B MECTax COIIPSI-
JKEHUH CTBOJIOB C BRIPAOOTKAMU OKOJIOCTBOJIHHOTO JBOPA.

g

Jcs|cmb)

21

1780

Puc. 2. HanpasneHust 1eiicTBYs INIaBHBIX CKUMAIOIIUX HANPSDKEHUI ¢ UX
OPHEHTHPOBKOI1 k ocu cTBoJa maxThl «Kneresas» [aiickoro 'OKa
Fig. 2. The direction of main compressive stresses action with their orientation
to the axis of Kletevaia mine shaft of Gaisky GOK

BonbmmHCcTBO HapyIIeHni ObLTO OTMEYEHO B CEBEPHOM 4acTH CTBOMOB. [ocKobKyY
IJIABHBIE CKUMAIOIIUE HAIPSDKEHHS G, OPUEHTHPOBAHEI 0 a3UMyTy 97°, TO B paiioHe
AeHCTBUA G, 110 a3uMyTy 7° (POPMHUPYETCs 30HA MAKCHUMAJILHOTO CKAaTHs, IIe M ObLIN
OTMCUYCHBI HAPYUICHU. CJIe,Z[OBaTeJII)HO, KpEIlb HAXOAUTCA IMOI I[GﬁCTBI/ICM BBICOKOT'O
ropHoro nasjeHus. HampaBieHust 1eMCTBUS INIABHBIX CKUMAIOLIUX HANPSKEHUHN € UX
OPUEHTHUPOBKON K OCH CTBOJIA MIPEACTABICHBI HA PUC. 2. 30Ha MAKCUMAJIBHOTO C3KaTHs
0003HaYeHa KPACHBIM I[BETOM.

Jng yctaHoBneHUs KapTUHBI pacnpeaenenus napamerpos HIC no nepumetpy Kpe-
M Ha Pa3MUYHBIX [TyOMHAX W B 0003HAUEHHBIX 30HAX OBbLI BBHINOIHEH KOHKPETHBIH
KOMILIEKC UCCIIEI0BAaHUM.

Heanr pa6otbl. UMccnemoBanne ocoOeHHOCTEW (OpMHUpOBaHUS HaNpPsSKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHHS OeToHHOW Kperu cTBoioB JloHckoro u [aiickoro
I'OKoB ¢ nenbto npor1o3a v NpeAoTBPALEHNS aBapUHHBIX CUTYalHi.

HccnenqoBanue HaNpsizkeHHO-1e()OPMUPOBAHHOIO COCTOSIHAS 0eTOHHON Kpenu
HMonckoro 'OKa. YuuthiBasi CIOKHOCTh U TPYIAOEMKOCTb Pa0OT MO OIMPEASIICHUIO
HJ/IC MaccrBa TOpHBIX TTOPOM B TIOJA3EMHBIX YCIIOBUSX, HA PYIHUKAX OOBIIHO ITPOBO-
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WU OJHY CEPUI0 M3MEPEHHUI B KOHKPETHOE BPEMS U Ha KOHKPETHOW IITyOHHE U HC-
MOJIb30BAJIM ATH PE3YNbTaThl B JaJbHEHIIEM, CUUTast TEKTOHUYECKYIO COCTABIISIONLYIO
o, KOHCTaHTOH. Ha psisie pyAHMKOB ITPOBOJMIIN 110 JIBE, TPH M OOJIEE CEPUU N3MEPEHUH
M0 Mepe BCKPBITUS HOBBIX TOPU30HTOB. DTO JAJI0 BO3MOKHOCTH TPOCIEINTh H3MEHE-
HUE HaNpsOKEHUH ¢ TTyOWHOM, MOSBIIIACH BO3MOXKHOCTH MTPOAHAIN3HPOBATh H3MEHE-
HUE 3TUX PE3YJIBTaTOB BO BPEMEHHU.

K coxanenuto, u3 25 pynaukoB Ypana n Kazaxcrana takyro HH(popManuio yaauioch
MOJIyYUTh TOJBKO Ha TpuHaAuatu. Ha npyrux pynaukax Poccun u Mupa, kak mpaBuio,
HET TOYHOH MPUBSI3KY Pe3yIbTaTOB M3MEPEHHH KO BPEMEHH U JTAIOTCS JIUIIb YCPETHEH-
HbIC M3MEHEHUS HANPsOKEHUH ¢ TIryonHoH [4—7].

AHanu3 MacmTabHO# aBapuitHOM CUTyaluu, UMeBIer MecTo B Hadate 1980-x rT. Ha
Honckom 'OKe, noka3za, 4To 11 NIporHo3a MoJoOHBIX SBICHUH HapsLy ¢ HH(opMarm-
€1 0 TOPHO-TEOIOTHYECKUX 0COOEHHOCTSIX MECTOPOXKIICHNI HEOOXOIMMO 3HATh MapamMe-
tpsl HIC MaccuBa mopoa. [{ns onpeneneHus BeNWYUH U HAIIPaBJICHUs JEHCTBHSI HAIpsi-
KEHHUH B KPEIH CTBOJIOB IIIaXT HEOOXOMMUMO BBHIOPATh METOAWKY MCCIIEIOBAHMSL.

Metoauxka onpeneneHusi HaNpsikeHNH B 0eTOHHOM Kpenu cTBOJIOB M BMeLa10-
meM mMaccupe nopoa. OnpenencHus BeIMYNH HAOPsHKEHUH B OSTOHHOH Kperu CTBO-
JIOB B OTEYECTBEHHOH MpaKTUKe HE OTMEUeHO. OOBSICHSIETCSA 3TO TEM, YTO CYLIECTBYET
psix ycnoBuil Ha BBIOOp MeTona uaMepeHust. OOMIIBHBIA BOAOTIPUTOK U 3aIllOJTHUTENh
B OeToHe (mebeHp pazmepom 1-1,5 cM) uCKiIIOYaeT MPUMEHEHHE METOAOB JJIEKTPO-
TEH30METPUYECKUX JTaTINKOB MM CKBOKWHHBIX J1e(hOpMOMETPOB.

B gaHHBIX yCIIOBUSX PUEMIIEMBI METOIBI, PUKCHUPYIOITHE AePOPMAIIHIO pa3rpy3Ku
MEXaHUYECKHM cII0cOO0M Ha 0a3aX, MPEBBIIAIOIINX pa3Mep 3aloNIHUTENs OeToHa He
MEHEE 4YeM B 5 pas.

Merton meneBoit pasrpysku pazpaboran B UI'JI MUM CCCP muist onpenesneHus Ha-
MIPSHKCHU Ha 00HAKCHHSIX BBIPAOOTOK. Pasrpy3ounyto mens paguycom 0,3 M B popme
MONyAUCKa OypsT IImypamMu 1o madnony. edbopmanmn pasrpy3kd H3MEPSIOT MEXITY
TIAPHBIMH peTiepamMu JI0 U TIOCIIe pas3rpy3KH.

[ onpenesneHus nepBoHa4YaIbHbIX HANPSKEHU BO BMEILAIOIIEM MAaCCHBE HCIIONb-
3yHOT METOJ] YaCTUYHOW pa3rpy3ku Ha Oombinoi 6aze UIJI MUM CCCP. I1epssiii 3amep
BBITIOJTHSIOT MEXJIy TTAPHBIMU periepaMH 3aMEPHBIX CTAHIIMH, YCTAHOBJICHHBIX BOJIU3M
3a00s1 cTBOMa. [locie yrmyOku 3a00s AenaroT ClieAyrontiue 3aMepsl. PasHuIia B 3amepax
naet neopMaIrio CTBOJA, KOTOPYIO UCIIONB3YIOT MPH pacueTe HarpsbKeHuH [2].

[IpouHocTHBIE U yIpyrue cBoicTBa 6eTOHHOH Kpenu onpeneneHsl mo 'OCTawm [8].
HcnpiTanue 06pa3ioB Kpemu MoKa3ajo, YT0 MPOYHOCTh OETOHA NP CKATHH COCTABIIS-
et 34-49 MIla, a moxyns yupyroctu E = (0,23-0,25) - 10° MITa. B npenenax Harpy3ok
10 20 MIla orMeueHa nTuHEHAs CBSI3b MEXy HANPsDKEHUSAMH U Aedopmanneii.

Pesyabsrarsl usmepenust HJAC B kpenu crBojioB Jlonckoro I'OKa. I1pu coBme-
HIEHHOM CIIOCO0€ MPOXOJKU M KPETUICHHS CTBOJIA HAMPSDKEHUS B KPENn 00YCIIOBIICHBI
nedopmanmell CTEHOK CTBOJIA TIOCTIE BO3BEICHHS KPETIH, a TAK)KEe YIPYTHMHU CBOHCTBA-
MU ¥ TONIIHUHOW OeToHHOH Kkperu [1].

Cornachno uccnenosanusm UI'JI MUM CCCP ycranoBneHo: Ipu AeHCTBUM HaYaJIb-
HBIX HalpsHKCHUH MaccuBa Nopol AedopMalius cTBoja y 3a0os cocrasisier 60—70 %
OT MakCUMalbHOH aeopmanuu U, KOTOpas IIPOUCXOIUT BbIlIe 32005 HA PaccTos-
Huu Oonee 2,5 paauycos cTBona R [1, 3].

M3mepennst O6putm mpoBeneHsl B «KiereBom» (39), «Cxumo-kmereBom» (31),
«CeBepHOM BeHTWIAIIMOHHOM» (4) m «BcmomorarenpHOM» (6) CTBONAxX IIAXTHI
«llenTpanbHasny, a Takke B «KieteBom» (9) 11 « BeHTUIAIIMOHHOMY (4) CTBOJIAX IIAXTHI
«MononexHnas». B ckoOkax NMpuBeIEHO KOMUYECTBO TOYEK H3MepeHuid. Bcero mo
[1axTaM BEITIONHEHO cooTBeTcTBeHHO 80 1 13 3amepos.

o momy4eHHBIM TaHTeHITHATEHBIM HAIPSHKEHHUSIM OBIITH TIOCTPOEHBI AITIOPHI pactipe-

JIeNIleHHs HaIlPsHKSHUH 0 TIEpUMETpPyY CTBOJIA HAa YPOBHE HH3a 3aX0A0K KpemnH (puc. 3).
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B PEIYNBTATE MOABHUIIACH BO3ZMOXXHOCTDH OITPEACIINTE MaKCUMAJILHBIC G ]r;ax 1 MUHUMaJIb-

HbIE G . HANPHKEHUS B KPEIH, & TAKKE a3UMYT UX JeHCTBUs. Hanmuure MakcuMyMoB u
MUHHMYMOB OOBSICHAETCS aHH30TPOITHEH OIS HANPsDKEHUH B MaccuBe opoy [9].
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Puc. 3. Dmiopel pacmpeneneHuss HamnpsDKeHUH B OCTOHHOW KpEMmH KISTEBOTO
1 CKHITO-KJIETEBOTO cTBONA maxThl «LleHTpansHas» JJorckoro ['OKa:
a — KIIETEBOM; 6 — CKHIIO-KJIETEBOI
Fig. 3. Stress distribution diagrams in concrete support of cage and skip-cage shafts
of Donskoy GOK mine Tsentralnaia:
a — cage; 0 — skip-cage

I/ICCJICZ[OBaHI/ISIMI/I NEPBOHAYAJIBHOTO HAIMPAKEHHOTO COCTOSAHHA MAaCCHUBA HA IIAXTC
«MosoniexxHas) METOJIaMH IIIEJICBON W YaCTUYHOHN Pa3rpy3KH Ha OOJIbIION 0a3e ObLIO
YCTaHOBJIEHO: Ha TOp. —135 M BepTHKaNbHBIE HANPSOHKCHHUS DPaBHBI BECy IOPOI
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M 193
6, =-13,5Mlla; ropu3zoHTaNbHbIE, JCHCTBYIOIINE 10 MPOCTUPAHUIO MECTOPOXKICHUS

(asumyT 45°), o™ =—13 MIla, a Bkpect npoctupanus 6y = —18 MIIa. [To ananoruu
y

¢ pynHbIMHE MecTopokneHusMu Ypaua [10] u Kazaxcrana n3amMeHneHne HanpspKeHAN 110

mmyoune H, Mlla, MO)XHO BBEIPa3UTh 3aBHCHMOCTSIMH:

o, =—0,026H;
(shyd =-0,026H;
" = —0,026H +4,5.

[Ipu onpeneneHny HANPSHKEHWH METOIOM YaCTUIHOM pasrpy3KH Ha OOJIBIION Oa3e
BO BCIIOMOTaTEIILHOM CTBOJIE MIaxThl «LleHTpanpHas» Ha riryouHe 500 M ycTaHOBIIEHO,
410 ero Aedopmanys Mo MepuMeTpy HEOAWHAKOBA. 3aMepHas CTaHLUs, yCTaHOBJICH-
Hast B 1,5-2 M ot 320604, nocie yrimyOku cTBosia Ha 3,54 M IMoKa3aja yMEHBIICHUE
JuaMeTpa CTBosa Mo a3uMyTy 55° Ha 12 MM, a o asumyty 145° Ha 5 mMm. Ilo mepe
JMaTpHEHTIeH yrimyOKky AedopMans Bo3pacTajia COOTBETCTBEHHO /10 23 u 10 MM.

Takast medopmarusi CTBOIa C Y4eTOM MOAYJS YNPYTOCTH TOPOABI B MAacCHUBE
E =17 -10° MIla (no nanueiM nactutyra BUOT'EM) cornacHo Teopuu BO3MOXKHA IIPH

v o M
JEUCTBUM B MAacCUBE IOPOJA TOPU3OHTAIBHBIX HampstkeHuil O = —13,2 MIla u

M M )
6, =-20,9 MIla. Hanipsixenust O, JIEHCTBYIOT MO a3UMyTy 55°.
Hanps>xenus B MmaccuBe Ha 1axre «LlenTpanbHas», Mlla, MOKHO BbIpa3uTh CIledy-
FoIuM 00pazom:

o, =—-0,026H;

o) =-0,026H;

o, =—0,026H +7,7.
AHanu3 mapaMeTpos G, U G.. TOTOPH30HTHO B CTBOJNAX WIaxThl «l{eHTpab-
Has» MOKa3ajl, 4TO TJIABHbIE HAIIPSKEHUS] B MACCUBE JACMCTBYIOT MO a3uMyTy 22°-72°,
B cpemnHeM 51°. DTo coracyeTrcs ¢ pe3yinbraTaMyd U3MEpPEHUs HaIpsDKeHUN Ha OOMb-
o 0aze, TAe a3UMYT OonpeencH 55°. 3To MOATBEPKAAIOT U 30HBI ¢ MAKCHMAaITbHBIMHU
BbIBaJlaMH U3 CTEHOK cTBOJIOB [1]. Ha maxre «MononexHas» OpUEeHTUPOBKA [IABHBIX
HaNpsDKEHUH U BBIBAJIBI KPEMH CTBOJIOB IOATBEPKIAIOT UX ICHCTBHE B MAaCCUBE ITOPOX
1o a3uMyTy 135°.

Nzmepennsie mapametpsl HJIC natoT BO3MOXXHOCTH MIPOCIETUTH IO BCEM CTBOJIAM
M3MEHEHHE IIaBHBIX HANpPsOKEHUH ¢ Tmyounoit (puc. 4). J{o mmyounst 450-500 M rimaB-
Hble HampsbkeHus B Kpenu He mnpeBblmaroT 10 MIla u Bapuanus ux B mOpenenax
4-10 Mlla o6bsacHseTcs pasnuareM TormuHbl kKpernw oT 0,4 10 1,0 M, a Takxke pasiu-
YHEM TEOJIOTHYECKOr0 CTPOEHHUsI MaccuBa Ha ropu3oHTax [11]. OnHako B3auMHOCTB
BIIMSTHUSE OTHX (DaKTOPOB HA G, YCTAHOBHUTH HE yAAJIOCH.

Haunnas ¢ miy6un 450-500 M u Hibke HaOMrogaeTcsi Pe3KHid pOCT HalpsbKeHUH.
Tak, npu yBenmueHuu riyounsl Beero Ha 100 M (1o 550—600 M) ypoBeHb HanpsKEHUH
BO3pacTtaeT B 2 pa3a. Eciiu mogoOHast TEHAEHITUS UX POCTa COXPAHUTCS, TO HA HHKHHUX
OTMETKax KJIETEBBIX CTBOJNOB MaxT «LleHTpanbHas» n «MooaexHas ClenyeT OXu-
1ath G, CcooTBeTCTBeHHO 30—35 MIla 1 25 Mlla, 4to G:1M3KO K Ipeaeny H3MEePeHHO
NPOYHOCTH OeTOHa B 00pa3le, HO BhIIIE HOPMATUBHOM IPOYHOCTH 3THX OCTOHOB.

Pesyabrartsl ucciaenosannsa HAC kpenu creonos Iaiickoro I'OKa. B mponecce
uccienoBaHuil Ha ['alickoM MeCTOpOKIEHUH HaTypHBIE ONpeAeTeHHs HaNpsKeHWH,
JEHCTBYIOMIMX B KPEMH CTBOJIOB, POBOIWIMCH MPU TOMOIIX MOJU(PHUINPOBAHHOTO
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MeToza mieneBoi pasrpy3ku [12, 13]. M3mepenust ObLTé TpoBeneHBI Ha TIIyOWHE
—830, 910, -990, —1075 u —1390 M ["aiickoro MOA3eMHOTO PYTHUKA.

[To pe3ynbraraM U3MEpeHUil ¢ MOMOIILI0 HOBOTO METOJIa OBUTH TIOTyUESHBI CIE/YIO-
e nedopmariiy, mpeacTaBIeHHBIE B Ta0. 3.

ITyTem peleHus TII0CKOH 3a71a4i TEOPUH YIIPYTOCTH TIepecUeT MOTyICHHBIX BEJU-
YHH OTHOCUTENBHBIX Je(opManuii B HapsHKEHKs PUBEICH B TaoI. 4.

Jlns yTouHeHHs (PU3NKO-MEXaHHUECKUX XapPAKTEPUCTHK OETOHHON KPEru B MECTax
YCTaHOBKH J1e(DOPMAITMOHHBIX CTAHIIMH OBLIO TPOBEAICHO ONPEICICHHE IPOYHOCTH Oe-
TOHA CKJIEPOMETPUUYECKUM HepaspymawmuM MerogoM. CoracHo [OCT 22690-88.
bemonvi. Onpedenenue npounocmu MexaHudyecKumu Memooamu Hepaspyuarouezo

KOHMPOJisl, TONTBEPKICHO COOTBETCTBHE OETOHA HAa JJAHHBIX yYacTKaxX CTBOJIA MMPOEKT-
HomMy kiaccy M200 u tpe6oBanusm CHull 3.02.03-84 u CHull 11-94-80.

Jlara nuzmepenus

» X 5 o
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=& lI3meHenns Ha 6aze 70 MM

—fi— l13meHenns Ha BepTUKaIbHOIT 6a3e 1600 MM 6e3 yuera nepBOHAYATBHBIX HATPSHKEHUIT
c— VI3MeHeHus Ha ropu30HTaNIBHOI 6a3ze 1600 MM

==>=50 % OT HOPMATHUBHOI POUYHOCTH OETOHA

Puc. 4. I'paduk n3MeHeHNS HaNPsDKEHUH B OETOHHOH Kpenu cTBoJa maxThl «KereBas» Ha rop. —830 m
Fig. 4. The graph of stress changes in concrete support of Kletlevaia mine shaft on the horizon
—830m

s mpoBeeHns TONTOBpeMEHHBIX HaOmoneHni 3a m3menenneM HJIC B xperm
cTBona maxThl «Kierepas» crelUanbHO YCTaHABIUBAINCHL CTAHIMU Ha TIIyOWHE
—830, -910, —990, —1075 u —1390 M B X0[JOBOM OTIEJICHUH CTBOJIA OPTOTOHAIBLHO IS
oTpesieNIeHns TOPU3OHTAIBHBIX W BEPTUKAIBHBIX Aedopmariuii. B mectax ycraHOBKH
CTaHIMIA OBLIN MPOU3BEEHB U3MEPEHNUS ACUCTBYIONMUX HANPSHKEHUH B KPS CTBOJIA
METOJIOM IIENIEBON pasrpy3ku. B manHoe BpeMs Ha 3THX 6a3ax MPOU3BOISATCS U3MeEpe-
uus n3menennst HJ{C Bo BpeMeHuU ¢ IEpUOAMYHOCTRIO pa3 B YETHIPE MeECHIIa.

B pesynprare miumrensHOTO reofeopManMoOHHOTO MOHHTOPHHTA B KPEMH CTBOJIA
maxTel «Kneresaspy ObuM 3aMKCUpOBaHBI MI3MEHEHUS HANpsHKeHNH BO Bpemend [13].
BenuuuHbl nony4eHHBIX U3MEHEHUN IPUBEACHEI Ha pucC. 4.

O0sacTh NpuMeHeHHMs pe3yJbTaToB. [IpakTHueckoe NMpUMEHEHHE Pe3yNbTaToB
WCCIIEZIOBAaHUS TIPEICTABIAETCS B HCIIONB30BAaHUM BBIABICHHBIX 3aKOHOMEPHOCTEH
hopMupoBaHHUS HAIPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUS OCTOHHOM KPEIH CTBO-
noB Jlonckoro u INatickoro I'OKoB npu pacuetax ux JajbHEHIIEH yCTOMYMBOCTH Ha
BECh MEPUOA IKCIUTyaTaluu. Pe3ynpraTsl Takke MOTYT OBITh MCTIOJIB30BAHBI TSI pac-
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YyeTa yCTOWIMBOCTH CTBOJIOB HA JPYTHUX MOA3EMHBIX PYIHUKAX C UICHTUYHBIMU TOPHO-
T€OJIOTUIECKUMHU YCIOBUSIMH.

3akirouenne. Ha ocHOBaHWY MMPOBEICHHOTO KOMILIEKCA MCCIICIOBAHII 10 OTIperie-
JICHUIO COCTOSIHUSI YCTOWYMBOCTHA OETOHHON KpPEmH CTPOSIIUXCS W JEUCTBYIOIIUX
ctBoioB JloHckoro u [Maiickoro I'OKoB MOXHO caenare cieyonie BEIBOAbL.

Ta0auuna 3. Pesyabrarsl nsmepenus aedopmanuii 6eTOHHOI
Kpenu cTBoJa maxThl «KiereBas» Ha 6aze 70 Mmm
Table 3. Deformation measurement results in concrete support
of Kletevaia mine shaft on a 70 mm base

Hedopmarus, MM
Cranmus
JI0 pasrpy3KH T0CJIE PasTPy3KH
1-51 (rop. —830 ™) 0,89 0,93
2-s (rop. —910 m) 0,61 0,65
3-51 (rop. =990 m) 1,63 1,64
4-51 (rop. —1075 m) 1,10 1,12
5-1 (rop. —1390 m) Bepx xonbua 0,88 Bepx xonbua 0,89
6-51 (rop. —1390 m) Hwu3 kombua 0,66 Hwus3 konbua 0,68

['opHO-T€0I0TNYECKUE YCIOBUS TPYIIBI CTBOIOB maxT «lleHTpansaas» u «Moio-
JEeKHas» OTHOCATCS K KpalHE CIOXHBIM, HE MMEIOIIMM aHaJOrOB B OTEYECTBEHHOMN
npakThke. [Ipoxoska CTBOJIOB B CJIOXKHBIX TOPHO-T€OJIOIMYECKUX YCIOBUSX COIPOBO-
JK/1aj1ach OOJBIINM KOJIMYECTBOM BBIBAIOOOPA30BaHMIA, HHTEHCHUBHOCTh KOTOPBIX pe3-
Ko yBenuumiach ¢ ryous 500-600 m.

[TpouHOCTH OETOHHOM KPEIH CTPOSIIIIMXCS CTBOJIOB MOI3EMHBIX PYHUKOB B OCHOB-
HOM COOTBETCTBYET ITPOCKTHOI MapKe U BO MHOTUX CITy4asiX IPEBBIIIACT ee.

Tabmuna 4. Pe3yJbTaTbl H3MepeHHs] HANIPSIKeHNii B 0eTOHHOI Kpenu cTBoJIa
MeTO0M 1ueJieBoii pa3rpysku, MIla

Table 4. Stress measurement results in shaft concrete support using the method of slot relief

1-s1 cTaHnMs 2-5 CTaHILIUSA 3-s1 cTaHUUs 4-5 cTaHIAS 5-s1 craHIHs 6-51 CTaHLHS
(rop. —830 m) (rop. —910 m) (rop. =990 m) (rop. —1075 m) (rop. —1390 m) (rop. —1390 m)
-2,90 -2,90 -0,72 -1,40 -0,72 -1,40

st onpenenenust GakTHYECKUX HANPSHKEHUH B OETOHHON KpEMH CTBOJIOB BIIEPBBIE
B OTEUECTBEHHOMN NPAKTUKE IPUMEHEH MOJEPHU3UPOBAHHBIA METOI LIIENIEBOM Pa3rpy3-
KM, pa3paboTanHbiii THCTUTYTOM TOPHOTO Jena.

Ha ocHoBaHuU pe3ynbTaToB N3MEPEHUI YCTAHOBIEHO, YTO HEPABHOMEPHOCTh pac-
NpeesICHUs] HalpsHKEHUH B KPEI 10 MEPUMETPY CTBOJIa 00YCIIOBIIEHa aHU30TPOIUEH
TIOJIS1 HAIIPSDKEHUI B MacCUBE TOPHBIX MOPO/I.

MaxkcumanpHble CKMMAIOIINE HAMPSKEHUS] B KPenu CTBOJIOB mIaxThl «LleHTpaib-
Has» JEHCTBYIOT MO a3uMyTy 55°, 4TO XOPOIIO CoIiacyeTcs ¢ HalpsKeHUSIMH, Jei-
CTBYIOLIMMH B MaCCHBE TOPHBIX OPOJ, U TIOATBEP)KIACTCS MTOJIOKESHUEM 30H C MaKCH-
MaJIbHBIMH BBIBAIOOOPAa30BaHUSIMHU.

MaxkcuManbHbIe HalpsDKEHHS B KPETTH CTBOJIOB 10 TTyOrHBI 450—600 M He ITPEBhIIMIAoT
10 MIa, HO ¢ yBeIHUYeHHEM ITyOWHBI pE3KO BO3pACTaloT, IpUMEPHO B 2 pa3za. Ha mryoume
700-750 M MaKCUMAaJIbHBIE HAIPSHKEHUSI MOTYT Hocturarh Beaumuussl 30-35 MIla, uro
COOTBETCTBYET IPEeeiTy IPOYHOCTH OETOHA, HO BBIIIE HOPMATUBHOM MPOYHOCTH.

Karactpoduueckue spnenus B ctBoiax Jlonckoro 'OKa o0ycnosminu npoBenenue
JOJITOBPEMEHHOTO KOMIUIEKCA MCCIeoBaHUH 1o omnpeaenenuto napamerpos HJAC u
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YCTOMYHMBOCTH CTBOJIOB Ha MOA3eMHBIX pyaHMKax ["aiickoro I'OKa c nensro nporuosa u
NPEAYNPEKICHNST HETaTUBHBIX siBIeHUH. TakuMm 00pa3oM, HampsHKEHHOE COCTOSHUE
0eTOHHOH Kpeny MIaXTHBIX CTBOJIOB POPMUPYETCS KaK (DYHKIIUS KOHCTPYKTHBHBIX I1a-
paMeTpoOB CTBOJA, MOJTHOIO TEH30pa IPaBUTALUOHHO-TEKTOHUYECKUX HANPSIKEHUN U
IIEPEMEHHBIX BO BPEMEHM, ACHCTBYIOIINX B MACCUBE TOPHBIX IIOPOJ HA MOMEHT Havdajia
uccnenoanuii. O0s3aTeNeH Takxke y4eT (PU3HKO-MEXaHUYECKHX CBOWCTB IOPOJHOTO
MacCHBa, MOIYJIS yIPYTOCTH OE€TOHA, KOTOPBI 3aBHCUT OT CKOPOCTH YXOJKH H JTOTIOJN-
HHUTEJbHBIX HaNpPsDKEHUH, 00YCIIOBICHHBIX BHE 30HBI BIMSHUS FOPHBIX PaOOT LUKIIHU-
YECKMM W3MEHEHUEM IPUPOIHBIX HANPSDKEHUH, a B 30HE BIMAHUS BBIPAOOTAHHOIO
MIPOCTPAHCTBA — U3MEHEHHEM BTOPUYHOTO OIS HAPSKEHUM.

Paboma évinonnena npu noodepiicke npozpammsl QynoamenmanbHovlX UCC1e00-
eéanuiit YpO PAH, npoexm Ne 18-5-5-51.
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Special characteristics of stress-strain state development in a concrete support
of Donskoy and Gaisky GOKs shafts

Albert V. Zubkov!, Iurii G. Feklistov!, Sergei V. Sentiabov!
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Research aims to examine the stress-strain state (SSS) in Donskoy and Gaisky GOKs shafts concrete
support. Donskoy GOK experienced spontaneous destruction of shafts support in the early 1980s.
The largest rock inrushes were recorded in the skip-cage and cage shafts of mine Tsentralnaia with
4 examined shafts, and 2 shafts at mine Molodezhnaya. To forecast the stability of shafts and prevent
emergency, support SSS development has been examined since 2013 at Gaisky GOK.
Research methodology. Shaft stability problem has conditioned the need to solve the task of SSS level
determination together with strength characteristics in a concrete support. For the first time in national
practice, the parameters of shaft support SSS and their variation monitoring have been determined
through slot stress relief — an advanced method of measuring relief strains. Laboratory study and
analytical simulation methods were also used.
Results analysis. It has been determined that SSS irregular distribution in the support around the shaft
perimeter is conditioned by stress field anisotropy in the rock mass. At the same time, the position of the
zones with the largest inrush agrees well with the maximum compressive stresses acting in the support
and in the surrounding rock mass.
Conclusions. It is proposed to use the main identified provisions in practice, namely: the stress state of
mine shaft supports is formed as a function of their design parameters, the total tensor of gravitational-
tectonic stresses acting in the rock mass at the time of the start of research and time variables determined
by natural and analytical methods. It is also necessary to take into account the physical and mechanical
properties of the rock mass and concrete of the support.

Key words: concrete support of shafts; stress-strain state; inrush; stability; slot relief; relief strain;
physical and mechanical properties.
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MpoekTUpoBaHWe yHUBEPCanNbHOU U3MEPUTENbHO-aHANUTUYECKON
nnatgopmMbl ANA UccrneaoBaHUA COCTOSAHMA NOPOAHOro MaccuBa

KoHcTanTuHOB A. B.", Magbipb A. B.!
" MHetutyT ropHoro aena ABO PAH, r. Xabaposck, Poccust
*e-mail: alex-sdt@yandex.ru

Peghepam
Beseoenue. B nacmoswee epems 6ce boniee akmyaibHOl CIMAHOBUMCA pa3padbomKa 2eoaKyCcmuieckux
CUSHATILHBIX cucmeM 6e30nacHoCmu 8810y Y8eIUUUBAOUe20Cs 00bema 00ObIYHBIX YUACMKO8 HA PYOHU-
Kax u 8bICOKUX cKopocmell 6e0eniis 20pHodobwisatowux pabom. K maxum cucmemam omuocames cpeo-
CMea 10KAIbHO20 KOHMPOS YOAPOONACHOCIU HA 6a3e NPOSPAMMHO-ANNAPAMHBIX CPEOCME C UCHONb30-
6aHUeM 2e0aKycmuyeckKux Memooos.
Leny pabomu. Ycosepuencmeosanue psoa Xapakmepucmuk UCnOIb3yeMo20 npubopa 10Ka1bHO20 KOH-
mpons yoapoonachocmu «Prognoz Ly. Ilpednacaemulii n00X00 K NPOEKMUPOBAHUIO OONHCEH NPedo-
CMABAAMb 803MONCHOCHIb TOKAYUU CUSHATI08 AKYCIMUYECKOU dMUccuu, boiee Wupoxuti cnekmp pabouux
yacmom u ygenudeHue 30Hbl KOHMPOJA NPUKOHNYPHO2O Maccusd. B kawecmee dononnumensHuix npeu-
Myujecme npeononazaemcs noGulCUmMs KOMGOPmM UCHONb308aHUs NPUOOPA 8 npoyecce 83aumooeticmaus
¢ epauueckum unmepgeicom, npedoCcmasus MHOICECME0 HOBbIX DYHKYUIL.
Memooonozus. B pabome paccmampugaiomcs npoekmusle pewlenus no paspabomie yYHU8epcaibHoll
u3MepumenbHO-aHaUMuUIeckol niamegopmsl Ol UCCIe008aAHU COCMOAHUA 20pHO20 Maccusa. Paspa-
bamvisaemoe ycmpocmeo NO3UYUOHUPYEMCSL KAK 3AMeHA XOPOULO 3apeKoMeH008aswe2o cebs npubopa
JIOKANbHO20 KOHmMPOAs yoapoonachocmu «Prognoz Ly, nacnedyiowee u pacwupsaiowee e2o QyHkyuo-
HanvbHble osmoxcHocmu. Coz0anue Ho8oU naam@popmvl 00YC106/1€HO PAOOM 02PAHUYEHUL OPUSUHATb-
HO20 npubopa, nocmpoenno2o Ha baze muxpoxonmponnepa cemeticmea STM32, ucnonvsyroweco 6ul-
yucaumenvHoe s10po ¢ apxumexmypoii ARM.
Pezynoemamut. B paccmampugaemom nooxooe Kk npoexmuposanuio npubopa 10KaabHo20 KOHMPOIa yoa-
POORACHOCMU 8bIO€NIAIOMCS KOHCMPYKMUSHASA, ANNAPAMHAS U NPOSPAMMHASL YACMU, KAXHCOAs U3 KOMO-
DPbIX ABNAEMCS HEe3A8UCUMOU U MOdicem Oblmb YCOBePUIEHCMBOBAHA Oe3 HeoOXOOUMOCHU 6HeCeHUs U3-
MeHeHUll 8 Opyaue 4acmu.
Bui6oowl. [Ipumeneniie yka3anno2o nooxo0a no3e0aum onpeoeisims UCMOYHUK aKyCMU4ecKoll IMUccul,
nosvicumbs P HeKmusHOCMb NPOBOOUMBIX USMEPEHUL U CHU3UMb MPYO0EeMKOCIb NPoyecca HeopeHUs
U YCOBEPULEHCME0BAHUSA OMOENbHBIX KOMNOHEHMO8 PA3PAOOMAHHOU CUCEMbL.

Kniouesvie cnosa: NOPOOHbII MACCUB, YOAPOONACHOE COCMOSAHUE; TIOKAIbHBIN KOHMPOJIb, AKYCMU-
yecKkas dIMUCCUs, 10KaAyus,; 2eoMexauuyecKuli MOHUMopuHe.

Beenenue. BBuay ysennuuBarommxcs 0ObEMOB BBIPAOOTAHHBIX IMPOCTPAHCTB
Y TEMIIOB TOPHBIX Pa0OT KaK Ha MOA3EMHBIX PYIHHKAX, TAK U MPH BEAEHUH OTKPBITHIX
TOPHBIX paboT Bce OONBUIYIO aKTyaJbHOCTh MpHoOpeTaeT pa3paboTka reohu3nIeckux
cucreM OezomnacHocTd [1—4]. B kadecTBe OCHOBHBIX NMPEHMYIIECTB TAKHX CHCTEM
MOXHO OTMETUTH OTCYTCTBHUE Tpe6OBaHI/I$I HapyoI€HUs CINIOITHOCTU rOPHOT'O MaCCHBa,
a TAaK)Ke HU3KYIO TPYIOEMKOCTh M BBICOKYIO ONEPaTHBHOCTH [5]. OLEHKa COCTOSHUS
TOPHOTO MaccHBa OCYIECTBISETCS IPH MIOMOILY PETHCTPALIUH TAPaAMETPOB, OTPaXKaI0-
[IMX TeOMEXaHMYECKUE MPOLECCHl IPU BEACHUH TOPHBIX PadoT, ¢ MOCIEnyomei 00-
paboTKOl W MHTEepHpeTanneil NoMy4YeHHbIX TaHHBIX. Takue cpeacTBa MO3BOJISIOT (-
(1)GKTI/IBHO HCIIOJIB30BaTh X B JUHAMHWYHO PAa3BHUBAIOUIUXCA NPUPOJHO-TEXHUUCCKUX
cucTeMax.

Jist peanuzanuy JTOKaJIBHBIX SKCIIpecc-MeTo0B B Poccun co3aan mupoxuii Habop
TEXHUYECKUX CPEICTB, CPEAN KOTOPBIX BaXKHOE MECTO 3aHMMAIOT MEPEHOCHBIE OIHO-
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WK JIByXKaHaIIbHbIE PETHCTPaTOpPhI reoakyctruueckoi nadopmanuu 3YA, [II'M, «Bon-
Ha-1», «IIpornos-Nax, «Putm», «ADP», «Arrem» u ap. C UX IOMOIIBI0 MOXKHO OIpe-
JIeNIATh JIMIIb OTPAaHUYEHHOE YHUCIIO MapaMeTpPOB PETHCTPUPYEMBIX CHTHAJIOB, Yallle
perucTpupyercs TOIbKO MHTEHCUBHOCTD CJIEJJOBAHMUS HMITYJIbCOB aKyCTHYECKOH dMUC-
cuH (KOJIM4ECTBO UMITYJIbCOB B €MHUIY BpeMeHH). OHAKO 3TH TPUOOPBI XapaKTepH-
3yIOTCSl OTHOCHTEIBHOM MPOCTOTON ¥ MOOMIIBHOCTBIO, YTO OCOOEHHO BaXKHO JIJIsl KOH-
TpoJIsi pU3a00iHOI YacTu BBIPAaOOTOK B Ipoliecce MPOBENSHUsI TOPHOKATUTATBHBIX
Y TOPHOIIOJITOTOBUTENBHBIX paboT.

Cpenu mpuOOpPOB JIOKAILHOTO KOHTPOJSL TakkKe MOXKHO BBLICIHTH IMPHOOP
«Pocket AE-2», npencraBisiroinii co00H KOMITAKTHBIN JIByXKaHAIbHBIH HHCTPYMEHT
JUTSL UCTIBITAHUN METOZIOM aKyCcTUdecKol amuccuu (AD), co3naHHbli Ha 0a3e KapMaH-
HOTO KOMITbIOTepa. briaronapst ManbiM pazMepam 1 IOJTHOMY HaOOpY BO3MOXKHOCTEH 110
peructpanuu U 00padboTke AD, CHCTEMa MOXKET UCIIONIb30BATHCS IS JIFOOBIX JOKAIb-
HBIX ¥ YJIaJeHHBIX TpuiiokeHnil. OHa BBIIOIHIET TPaJIUIIHOHHOE U3MEPEHHE ITapaMme-
TpoB AD Ha 0a3e CUTHAJILHOTO MPOLIECCOPa, a TAKIKE PErUCTPAII0 U 00pa0OTKy BOJ-
HOBBIX (opMm. TekcTtoBeie W TpaduuecKUe pe3yinbTaThl O0TOOpa)karoTcs Ha
KUIKOKpHUCTAITHIecKoM I1BeTHOM auciuiee Quarter-VGA (240 x 320 mmkceneid).
®aiinbl TaHHBIX AD coXpaHsIoTces B TpaanioHHbIX popmarax PAC Ha kapTax Compact
Flash u moryT OBITh epe1aHbI Ha CTOPOHHHIN KOMITBIOTEP KaK C TOMOIIBIO KapT, TaK U 10
nmue USB jyis nanpHeiiero ananusa ¢ nomoiisio nporpamm AEwin u NOESIS [6].

K Henocrarkam ganHoro mpubopa cienyer OTHECTH OTCYTCTBHE BCTPOCHHBIX ajro-
PUTMOB U METOZOB KOHTPOJIS yAapOOMACHOTO COCTOSHMSI TOpHOTO MaccuBa [7, 8],
YTO BechbMa 3aTpyJHSET €ro NMpUMEHEHHE AN pelIeHHs 3a7iad TeoMeXaHHueCKOTO
MOHHMTOPHWHTA.

IlepcrieKTUBHBIM TTOIXOJIOM K OIIEHKE COCTOSIHUSI TOPHOTO MaccuBa SIBJISETCS JIO-
KaJIbHBIH KOHTPOJIb YAAPOOMIACHOCTH C HCIIOJIb30BaHIUEM T'€0aKyCTHUYECKHIX MPOTPaMM-
HO-almapaTHBIX KOMILIEKCOB. /[aHHOE HampaBieHne aKTUBHO Pa3BUBAETCS B pse Ha-
YUHBIX YUpexAeHuH, BKiItoyas MHctuTyT ropHoro aena /IBO PAH.

0030p npuMeHsieMbIX cpeAcTB. B HacTosmee Bpems Ha psne pygHHKOB Poccuu
MPUMEHSIOTCS PA3INYHbBIE TOPTATUBHBIE PETHCTPATOPHI, B TOM YMCIIE TPUOOP JIOKAIb-
HOTO KOHTpOJISI TOpHOTO faBinenust «Prognoz Ly, couertatommii B cebe COBpeMEHHBIE
TEXHUYECKHE CPEICTBA M THOKOE MPOrpaMMHOE 0OecIiedeHue.

C 1enpio OINpeaesIeHusl CTENeHH YIapOOIIaCHOCTH aHAIMTHYECKIM POTPAMMHBIM
obecrneueHreM MprOOpa JOKAITFHOTO KOHTPOJIS HCIIONB3YIOTCS CIEAYIONINEe KPUTEPUH:
CpEeIHssl HHTEHCUBHOCTH CUTHAJIOB aKyCTHYECKONH IMHUCCHH, TTOKA3aTeNb aMILTUTYIHO-
O pacmpezeneHus u T. 1. [IpakTuaeckoe nCnoab30BaHNnE U 1a00PaTOPHBIE HCITBITAHUS
npudopa JIOKAIBHOTO KOHTPOJS MOKA3ajl JTOCTATOYHYIO TOYHOCTh M aJ€KBAaTHOCTHh
OIIEHKH KaTeTOPHH YIapOOMaCHOCTH, COOTBETCTBYIOIIEH HadalbHOMY MOMEHTY pas-
PYILICHHS ISl KPETIKMX BMEIIAIONIUX MOPOJl, @ THOKOCTh HACTPOIKM MapaMeTpoB pac-
YyeTa TMO3BOJISET MPOBOANTH KOPPEKTUPOBKY AHAIUTHUYECKHX AITOPUTMOB C Y4E€TOM
0COOEHHOCTEH MPAKTHYECKH JTF000TO TOPHOTO MPEIPUSITHSI.

Crenmyer OTMETHTD, YTO 3aJIOKEHHAs pa3paboTdnKaMu TaHHOTO pUOopa THOKOCTh
MIPOrpaMMHOT0 00€eCIIedeHNs TO3BOJISIET NCIIOIB30BATh OTIOIHUTEIbHBIE METO/IBI aHA-
nu3a 1 00paboTKH pe3yabTaTOB MOHUTOPHHTA COCTOSIHUSI TOPHOTO MacCHBa.

B pesynbrare mpoBenEeHHBIX HCIBITAHWN TOpTAaTHBHOTO mpubdopa «Prognoz Ly
B TOPHBIX BBIpaboTKax psna pyaaukoB Poccun [10]:

— MOJTy4YeHBI PE3yIBTaThl MOAPOOHOTO aHaIN3a BOIHOBBIX ()OPM CHUTHAJIOB M TPEH-
JIOB CIIEKTPAIbHO-IHEPTeTUYECKUX MMapaMeTPOB aKyCTHUECKOW AIMHUCCHH JJIS IIHPOKO-
TO IMana3oHa TOPHO-TEOJIOTMYECKUX YCIOBUH MPOSBICHHS TOPHOTO JTABICHUS;

— copMynrpoBaHa KadeCTBEHHAsI MOJIENTb T€0AKYCTHUECKHX SIBICHUH Ha yJacTKax
pynuuka OKP;
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— MpoBelieHa KJIacCH(UKAIMsI CUTHAJIOB aKyCTUYEeCKOW SMHCCHU IO CIIEKTPATbHO-
My COCTaBy U hopMaM KOppeJSTOPOB, ONPEACISIONIIX UX TPUHAICKHOCTD K oTpee-
JIEHHOMY THITy uctouHuKa [10, 117;

— pa3BHBACTCS COBPEMCEHHBIH alTOpUTM OOpaOOTKHM M aHAJIM3a MOTOKa MHGpOpMa-
IIUY, OCHOBAaHHBI Ha KOHIICTIIIUU PAcCIO3HABaHUS OOPa30B; B OCHOBE alTOpUTMA —
CHEKTPaJIbHO-KOPPEISLMOHHBINA aHaIN3 CITyYaiHbIX IPOLECCOB U TEOPHsI UCKYCCTBEH-
HBIX HEHPOHHEIX cetel [12—-14].

Pa3paborannslii mpubdop 061a1aeT HEOCTIOPUMBIMH ITPEUMYIIIECTBAMH, K YHCITY KO-
TOPBIX OTHOCSITCS:

— MaJbIid BEC U KOMITAKTHBIE Ta0apuTHBIC XapaKTePUCTHKH, TTO3BOIISIONINE OTepa-
TUBHO OCYIIECTBIISTH TPAHCIIOPTHPOBKY U MPOBOIUTH HEOOXOOUMBIE U3MEPEHHUS;

— HaJINYME TPapUUECcKOTo TUCTIIEs, MO3BOJSIOUIETO C JOCTATOYHBIM KOM(OPTOM U
npuemMiieMoi HH(OPMAaTHBHOCTHIO IPOBOINTH HACTPOHKY MapaMeTpoB pabOTHI BCTPO-
E€HHOTO MPOrPaMMHOT0 00eCTICUCHH S, aHATM3UPOBATh PE3YIILTATHl U3MEPECHUH U T. 1.

Crnemyetr OTMETUTB, 4TO OoJiee YeM ABYXJIETHHH OMBIT dKCIuTyaTanmu «Prognoz Ly
Ha Pa3UYHBIX TPOMBIIIIEHHBIX 00BEKTaX, COOTHECEHHBIN C aHATTN30M COBPEMEHHOTO
YPOBHS METOAWYECKHX U TEXHHUYECKUX PELICHUH B 00IAaCTH CO3AaHUS U UCIIOIB30Ba-
HUSI CHCTEM T€OMEXaHMYECKOTO KOHTPOJISI, TO3BOJIMI BBISIBUTH CIICAYIOIIUE TCHICHIIUH
WX Pa3BUTHS U COBEPIICHCTBOBAHHS:

— HaOIIomaeTcs CTpeMJICHHE aJalTallii CHCTEM TeOKOHTPOIIS K KOHKPETHBIM 00b-
€KTaM, BBIpaXkarolieecss B MHAWBHYaIbHOM HCIIONHEHUH W KOMIUIEKTAI[MH TEXHUYE-
CKHX CPEJICTB;

— COBpPEMEHHBIE CHCTEMBI TEOKOHTPOJISI CO3JAI0TCSl B BUJE OTKPHITOW WHPOPMAIIH-
OHHO-U3MEPHUTEIBHOW CUCTEMBI, MO3BOJISIIONICH ONMEPAaTUBHO MOAEPHU3UPOBATH TPH-
MEHsIeMbIE aHATUTHYECKUE METOIBI M CPEJICTBA M TUOKO ITOJICTPANBATHCS O] TOCTOSTH-
HO MEHSIOIINECS YCIOBUS;

— Bce Oouplliee BHUMaHUE YIEIsIeTCS COBEPIIEHCTBOBAHUIO COOTBETCTBYIOIIETO MH-
Tepdeiica mporpaMMHBIX CPEICTB, CPEACTB 00pabOTKH, HHTEPIPETALUHN U MPEICTaB-
JICHUS TAaHHBIX, C TOMOIIBIO KOTOPBIX OCYIIECTBISIFOTCS pab0TOCTIOCOOHOCTD CHCTEMBI
TEOKOHTPOJIS U €€ YIPaBJICHUE;

— pacIupseTCs] UCIOIH30BaHUE aHAOTO-IIU(PPOBEIX METOAOB 0OPAaOOTKH CIydaki-
HBIX TPOIIECCOB, B TOM UYHCIE (UIBTPALlUH, CIIEKTPATFHOTO aHaln3a, MHOTOMEPHOTO
KOPPETAIHMOHHOTO aHalln3a;

— MOBBIIIEHNE HAJIS)KHOCTH U TOCTOBEPHOCTH MH(OPMALIUK O COCTOSHIUH MacCHBa
o0ecrieunBaeTcs HHTETPUPOBAHUEM MAaTEMaTHIECKUX MOJIeIiei (BOJTHOBBIX, CTATUCTH-
YECKHUX, BEPOSTHOCTHBIX M JAPYTHX) JJISl ONMCAHUS [TOBEJCHUS MaCCHBa M MEXaHU3MOB
pa3pyIIeHUs ero HIEMEHTOB;

— 33/1a4M TIPOTHO3a TOPHBIX YAAPOB PEIIAIOTCS MPEUMYIIIECTBEHHO Ha OCHOBE II0-
BBILICHUSI JOCTOBEPHOCTH U3MEPEHUH MECTOIMOJIOKEHHUSI M SHEPTHH HCTOYHHKOB CO-
ObITHH, aHaMU3a (HOPM NPUHHUMAEMBIX CUTHAJIOB, COYETAHHsI aKTHBHBIX U MACCUBHBIX
METOJIOB AMArHOCTUKH MacCUBA TOPHBIX MTOPO]I.

Taxum o0pazom, TpeOOBaHHS K MOAECPHHU3AIMH MPOTPAMMHO-ANIIAPAaTHON YacTH
JTAHHOTO MTprOopa u pa3paboTKe pacIIMPEHHON eT0 BEPCHH MOYXKHO YCIIOBHO Pa3/IenTh
Ha TPU TPYIIIHL

— KOHCTPYKTHBHBIC YITyUIICHUS;

— yIny4IllleHHs TpOrpaMMHOM YacTu;

— YCOBEpIICHCTBOBAHKE aIMapaTHON YacTH.

KoHcTpyKTHUBHBIE 0CO0EHHOCTH pa3padaTbiBaeMoro npudopa. B kagecTse koH-
CTPYKTHUBHBIX YITYYIIEHUHA TpeiaraeTcsl NCIOIh30BaHNE CEHCOPHOTO dKpaHa Kak oc-
HOBHOTO CpE/CTBAa YHpaBJICHHUsS MPHOOPOM C COXPaHEHHEM MEXaHMYECKHX KIIaBHII
B Ka4eCTBE BCIIOMOTaTeNbHbBIX. 3a JaHHBIMH KIIaBUIIAMH CIIEAYET 3aKpENUTh Haubomee
BOCTpeOOBaHHBIE KOMaH bl YIPABICHHUsI BCTPOCHHBIM MIPOrPaMMHBIM 00€CIIeYeHUEM,
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a Tak)Ke KHOTIKM BKJIIOUEHHS M BBIKJIIOUEHHUs Nproopa. Taxke o npuurHe UCIOIb30-
BaHHA MPUOOpPa B YCIOBUSX CJIa00il OCBEIIEHHOCTH LENIecO00pPa3HO OCHAIICHHUE J0-
MIOJIHUTEIBHOU MTOICBETKOM.

[Mpeanaraercs pa3padboTaTh U pEaATU30BaTh CUCTEMY IEKTPOIUTAHHSA C TyOIrpoBa-
HUEM MUTAIOIIUX JIEMEHTOB C BO3MOKHOCTBIO OIEPATUBHON «TrOpsdeiD» 3aMeHBI 31e-
MEHTOB MUTaHUs NprOopa Uil pelIeHus 3a1a4i 00ecredeHns] HePEePHIBHOCTH MPO-
recca u3MepeHus B TeUeHue pabouell CMEHBI.

[TockonbKy OOJBIIYI0O YacTh BPEMEHHM IPENIoiaraeTcsi HCIHONb30BaTh MPHOOP
B arpeCCHUBHBIX KIMMAaTUYECKUX YCIOBHUSAX, B YCIOBHAX IMOBBIIMIEHHOW BIAXXHOCTH U
3alBUIEHHOCTH, CJIEAYeT MPeayCMOTPETh 3alllUTy JaHHOTO NprUOOpa OT BHEIIHUX BO3-
neiictuii He HUke [P65. [1pu 3TOM B KauecTBe 00sI3aTEIHLHOTO YCIIOBUS JTOJKHBI OBITh
NPEAYCMOTPEHBI TepMETHYHBIE 3alIyIIKU Jisi BCeX BHEMIHMX HHTepdeiicoB. UToOk!
00ecreunTh MOBBIIICHHYIO CTENeHb 3allMIIEHHOCTH B IPOLECCE B3aMMOACHCTBHS
C BHEIIHMMH YCTpPOHCTBAMM M BO BpeMs 3apsiAKM aKKyMYJSTOPOB Mpesularaercs,
M0 BO3MOYKHOCTH, UCIIONIb30BaTh OECIIPOBOAHBIC TEXHOIOTHH.

BrruncnutensHbIM SIpOM UCTIONB3YEMOT0 B HacTosIIee BpeMs nmpubdopa «Prognoz Ly
SBJISIETCSI MUKPOKOHTpoJuIep cemeiictBa STM32, yTo Mo3BOIISET peann30BaTh BEICOKOE
OBICTpONENCTBIE BCTPOCHHBIX MaTEMAaTHYECKUX aIropuTMOB. K ero 0CHOBHBIM HeJ0-
CTaTKkaM OTHOCHTCS HEOOXOAMMOCTH aIllapaTHOTO IEePEenporpaMMUPOBAHUS KaKIOTO
9K3eMIUIsIpa pudopa MpHu BHECEHUH W3MEHEHUH B KOJ YIPaBISIONICH MPOrpaMMbl U
MIPAaKTUYECKas CIOKHOCTh Pa3paOdOTKU M MOJIEPHU3ALNHN YTIPABIIAIONIEH POTrpaMMBl.

[ noCTHKEHHS OmpelieieHHOro OanaHca ObICTPOAEHCTBUS U 3PPEKTUBHOCTH
MPaKTHYECKOTO MCIIOJIb30BaHUS 000PYIOBaHUS 1IeIeco00pa3HO PUMEHEHHE YHEPro-
spdexruBHbIx SoC Monymed, Hampumep Herroma Intel Compute Stick
[BLKSTK2m364CC] na 6a3e mporieccopa ¢ apXuTeKTypoit x64.

VYiy4duieHue nporpaMMHoil yacTi. B KadecTBe OnepalliOHHOW CUCTEMBI IIpejia-
raercst ucnonb3oBarts Windows 10 [oT Enterprise — npoaykt komnannu Microsoft, BbI-
NoJTHEeHHBIH Ha sape Windows 10.

ITockonbKy OCHOBHOE MpeaHa3HaYeHHE JaHHOW CHCTEMBl — 3TO HCIOJNb30BaHUE
B COCTaBE IMPOMBINUICHHBIX YCTPOWCTB: KHOCKH, OaHKOMATbl, TOHKHE KJIMEHTEHI,
POS-cucremMsl, MEAUIIMHCKHE CHCTEMBI, HH(QOpMaIMOHHBIE Ta0JI0 H T. 1., HCIIOIb30Ba-
nue Windows 10 IoT Enterprise Ha BcTpauBaeMbIX cuCTeMax 00eCIeUunBacT CTaOUIIb-
HYIO U TIpEJICKa3yeMyIo paboTy YCTPOMCTB B TEUEHHUE TOJITOCPOUHOro neproaa. Brico-
Kasi BOCTPEOOBAaHHOCTh CpEOM pa3padOTYMKOB INPOTPAMMHOTO OOECTeYeHUs H
MOJIb30BATENICH, APYKETIOO0HBIN Tpadudeckuii HTepdErc U IMUPOKUE BO3MOXKHOCTH
0 BCTpanBaHHIO (OJIOKHPOBKA yCTPOICTBA, PUIIBTPHI 3aIIKCH, OJIOKUPOBKA BCILIBIBAIO-
IIMX YBEIOMJIEHUM M T. J.) MO3BOJSIOT Ha MOPAJOK COKPATUTh BPEMS U CTOMMOCTh
pa3paboTKH CIeMUATU3UPOBAHHOTO MPOTPAMMHOTO O0ECIIEUEeHUs Uil PETUCTPAIIHH,
BU3yaIM3alliy U aHaJH3a 3a CYeT IPUMEHEHUsI Pa3BUTHIX CPEICTB OBICTPON pa3paboT-
KM TIPOTPaMMHOTO 00ecTiedeHUs] M HCIIOIBb30BaHus pa3paboTaHHBIX CTOPOHHUMH ITPO-
W3BOJUTEISIMU MOMyJield U OMOIHMOTEK, B TOM YKCJIe BXOISIIMX B Haubolee pacrpo-
CTpaHECHHBIC TAKETHI MAaTEMaTHYECKOT0 aHanu3a, Harpumep MatlLab. JlanHbli momxon
MO3BOJIUT CHU3UTH TPYAOEMKOCTh IpoIlecca BHEAPEHUS U TECTUPOBAHUS Pa3IMIHBIX
anroputmos [15, 16].

OTMeTHM, YTO NMPUMEHEHHUE MOJHOLEHHONW ONEepallMOHHON CHCTEMBI C Pa3BHUTHIM
rpaduuecKkuM HHTEePErcoM MO3BOIUT OCHACTHUTH OOHOBICHHBIH MPUOOP JOMOIHU-
TEJIBHBIM MPOTPAMMHBIM 00€CIIEYeHUEM.

B kauecTBe AOMOIHUTETHHOTO MPOTPAMMHOTO O0ECTIeYeHUEe PEKOMEHTYETCsI MpH-
MEHEHHE:

— CIIPaBOYHBIX 0a3 TaHHBIX;

—rpadrIecKux N300pasKeHHUH TIAHOB MOI3EMHBIX TOPH30HTOB TOPHOTO TPEATIPUSITHUS;
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— TMPOTrPaMMHBIX CPENCTB (DOPMUPOBAHMS OTUYECTHOW JOKYMEHTAIUU TIO Pe3yJibTa-
TaM IPOBENECHHBIX U3MEPEHUI;

— aBTOMAaTHYECKH MOMOIHIEMON 0a3nl JaHHBIX IMPOTOKOJIOB IIPOBOANMBIX I/I3MepeHHI>‘I.

YcoBepuieHCTBOBaHHE anmapaTHoii yactu. Ocoboe BHUMaHUE TIpH HOPMUPOBa-
HUU TpeOOBaHMI MO0 COBEPIICHCTBOBAHUIO MPUOOPA JIOKATHHOTO KOHTPOJS CIEIyeT
YICNUTh TEXHUYSCKUM BO3MOXKHOCTSM BBOJIa aHAJIOTOBOM MH(popManuu. B HacTosmee
BpeMsI BO3MOXKHa 00pabOTKa OJTHOTO KaHalla aHAJIOTOBBIX JaHHBIX ¢ yactoroi 100 k[ 'y
U paspeliaroliel criocoOHOCThI0 16 OUT MPU OTCYTCTBUU BO3MOXKHOCTHU JIOKAIIMU HC-
TOYHHKA aKyCTHYECKOW 3MHCCHU B MaccuBe. OMBIT MPAaKTHIECKOTO MCIOJIH30BAHUS
nmpuOopa JIOKAIBHOTO KOHTPOJIS BBISBHI MOTPEOHOCTh B JIMHEHHOM, a BIOCIEICTBUU
IUIOCKOU M OOBEMHOM JIOKAIWIl CUTHAJIOB.

Ta6auua 1. CpaBHUTEIbHAS] XapAKTEPUCTHKA NPUOOPOB
Table 1. Comparative characteristics of devices

INokazarens Prognoz L Prognoz L Pro
KonmnuecTBo KaHaIOB aHAJIOTOBBIX JAHHBIX 1 o 8
MakcumManpHast 9acToTa OIU(POBKH HA 100 xI'n 750 xI'mx (4 xanama)
KaHaj 375 xI'u (8 xaHAIOB)
Pazpemraromias ciocoOHOCTH 16 6ur 14 6ut
B03MO0XHOCTb JIOKAaLlMK UCTOUYHUKA Her [IpucyrcrByer
aKyCTHYECKOI SMUCCUH B MacCUBE

Jns perieHns ykazaHHOM 3a/1a9 MPejIaraeTcs UCTIONb30BaTh MPOMBIIIJICHHBIE MO-
Iy aHajioro-nudpoBoro npeodpa3oBaHusi, pa3pabOTaHHBIE HAYYHO-TIPOU3BOJICTBECH-
Hoii Tpymmoit «P-TexHonomku». B kauecTBe aHajoro-mudpoBoro mpeodpazoBarens
(ALIT) Beiopan RT USB3000, xoTopklid mpeacTaBiseT cO00H KOMIAKTHBIH YHUBEp-
canpHbIl  8-kaHampHBIH ALll, monmkmiowaeMblii K KOMIIbIOTEpPY TO HHTEpdeiicy
USB 2.0, ocHaIeHHbIH JOTTOJTHATEILHBIMI BXOTHBIMU W BEIXOTHBIMH TG POBBIMH JTH-
HUSIMU U JIBYXKaHAJIFHBIM U PO-aHATIOTOBBIM ITPE00pa30BaTEIEeM.

Ta6auna 2. Pekomenayemble BUIbI JaTYHKOB
Table 2. Recommended sensor types

XapakTepucTuka GT250 GT350

Tun natunka Huskouacrotusiit | IlupoxornonocHbli
C YCHITUTEIEM C YCHITUTEIEM

Koo durpeHT 21eKTpoaKycTHIecKOro Menee 90 Menee 75

npeoOpaszoBanus, 1b otH. 1B/M/c

Pabouas gacrora, kI 11 50 120

[onoca nmponyckanws, kI 11 40-100 xI'g 100-800 xI'x

Koa¢pdumuent ycunenus 10 10

CXeMOTEXHUUECKOE UCIIOJTHEHUE BXOIHBIX KaCKaI0B 00CCIICUMBACT:

— BBICOKOTOYHBIC U3MEPEHHUST HE3aBUCUMO OT BBIXOJHOTO CONPOTUBIICHUS HCTOYHH-
KOB CHTHAJIOB;

— BO3MOXXHOCTh U3MEPCHHSI BBICOKOBOJILTHBIX CHUTHAJIOB HAMPSMYIO Yepe3 pe3u-
CTUBHBIC JICTTUTEIIH;

— HU3KOE MEKKAHAJILHOE MTPOXOXKICHUE U OTCYTCTBHE KOMMYTAIIMOHHBIX IIIYMOB;

— BBICOKHUI BXOIHOM UMIIEIaHC BCEX KAHAJIOB MPH JIIOOOM PEKUME PabOTHI.

OTMeTuM, 4TO TPH OJHOBPEMEHHOM HCIIONh30BAHHH YETHIPEX KaHAJOB aHAJIOrO-
1 poBOTO MPeoOpa3oBaHUI MaKCUMaJIbHAsI YacToTa onu(poBku coctaBisaeT 750 kI
Ha KaHall, a MPY UCIIONb30BaHUN BOCHhMH KaHaJo0B — 375 kI 'I1, 4TO 3HAYUTEILHO MPEBbI-
IIaeT CyIISCTBYIOIIME B HACTOSINEE BPEMs BO3MOXHOCTH MpUOOpa JIOKAILHOTO KOH-
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Tpoist [17]. CpaBHHUTENbHAs XapaKTEPUCTHKA CYIIECTBYIOIIETO U MPOEKTHPYEMOTO
npuOOpPOB MpeacTaBieHa B Tao. 1.

Hcmonp30BaHne OTHOBPEMEHHO YETHIpEX U 0oJiee KaHAJIOB BBO/IA aHAJIOTOBOM MH-
(hopmaruy OT IPUEMHHUKOB aKyCTHYECKOM 3MHUCCHUU ITO3BOJIUT B JaJIbHEHIIEM IPOBO-
JUTD JIOKALIMIO HCTOYHMKOB AD Ha MJIOCKOCTH U B 00beMe Nocie pa3paboTKU COOTBET-
CTBYIOILIETO TPOTPaMMHOT0 0OecedeHusl.

a 6 6

S— S

‘/\m'aacr}

Puc. 1. IlpeoOpa3oBaTenu akyCTHUECKOH SMUCCHH CO BCTPOESHHOH JIEKTPOHUKOM:
a— GT250; 6 — GT350; 6 — BBICOKOUYBCTBUTENBHEIN BUOponpeodpaszosatens AP2099-1000
Fig. 1. Acoustic emission transducers with integrated electronics:

a— GT250; 6 — GT350; 6 — highly sensitive vibration transducer AP2099-100 (left-to-right)

B 3aBucnMocTH oT MIPUMEHACMBIX PEXXMMOB U3MCPEHUS JJI4 UCITOJIB30BaHUA B MHO-
TOKaHaIbHOM MPUOOpPE JIOKATTLHOTO KOHTPOJS YAaPOOTACHOCTH JOMYCKAeTCs IpUMe-
HEHHE Pa3HOOOPa3HbIX MEPBUYHBIX MpeodpazoBaresneit (GU3MICCKUX BETMYHH (JaTINKOB),
pa3IMYaroNIMXCs TI0 THITY, HATUYHUIO BCTPOCHHOMN AIICKTPOHUKU M XapaKTEPUCTUKAM
(Tabm. 2, puc. 1).

O Ipensapu- >
]
é O—V TENBHBIN > AL Beraucnaurensusiit Moayib
5 .
5 < )—> YCUIIUTEIh > Y CTpoiCTBO XpaHEHUs JAHHBIX
<
m :
A A A
Y ¥
AKKYMYJISITO] Morrrop ©
I}_/i i]on P »| USBHUB |<—p| CECHCOPHBIM
9KpaHOM

Puc. 2. CrpykTypHas cxeMa MHOTOKaHAIEHOTO MPHOOpPA JIOKAIFHOTO KOHTPOJIS y1apooIiac-
HOCTH
Fig. 2. Rockburst hazard local control multichannel device block diagram

B03MOXXHOCTh MpPUMEHEHHUS IIHPOKOTO CHEKTpa MEPBHYHBIX MpeoOpasoBaTeneit
nojipa3yMeBaeT pa3paboTKy CIEUaTU3UPOBAHHOTO IMPEIBAPUTEIBHOTO YCHUIIUTES,
COBMeIIAKoIIEero B cede PpyHKunu O6J10Ka MUTAHUS JaTYUKA U YCUIIMTENS CUTHAja U
o0ecrieueHus COIIacOBaHMs YPOBHEH Ha BBIXOJE JaTUMKa M BXOIE MOIYNS aHAJIOro-
IUQPOBOTO MPeoOPa3z0BaHMsI C BO3SMOKHOCTBIO MPOrPaMMHOT0 U3MEHEHHsSI KO uiu-
€HTa ycuiieHHs AJ1s obecriedeHns: Haubosee MUPOKOTo AMHAMHYECKOTO Uara3oHa u3-
MepeHuid. sl yrnpaBieHHsT YCHIIMTENEM LEeNecoo0pa3HoO HCIONIB30BaTh U(PPOBEIC
BBIXOJIBI MOAYJIS aHaoro-udposoro nmpeodpaszosanus RT USB3000.

CrpyKTypHas cxema pa3padaTbiBaeMOI0 MHOTOKAHAJIBHOTO MPHOOpa JIOKAJIBHOIO
KOHTPOJISI yAapOOIIaCHOCTH MPEACTaBIEHa Ha puUC. 2.

HarypHble HCOBITAHHUSI ONBITHOIO MAaKeTa YHHBEPCAJBHOH IJIAaT(OPMBI.
Ha Teppuropun pyauuka «Hukomaesckuit» I'MK «/lanpnonuMeranm» B ceHTAOpe-
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okTsi0pe 2018 . mpoBOAMINICH HATypHBIE HCTBITAHUS ONBITHOW T'€0aKyCTHYECKOH
YEeTBIPEXKaHAJIBHOW CUCTEMBI C aBTOHOMHBIM JJIEKTPOITUTAaHUEM.

HWcmpiTanns BKITIOYAJIN CIETyIOIINe OCHOBHBIE ATAITbI:

— MOHTaX MEPBHYHBIX Tpe0Opa3oBaTescil B TOPHBIX BBIPA0OTKAX;

— ONTHMU3AIHIO HACTPOEK U OTPAOOTKY KPUTEPHEB YAAPOOTIACHOTO COCTOSHUS Kpae-
BBIX yYaCTKOB TOPHOTO MacCHBa;

— omnpenenenue nHGHOPMATUBHOTO YaCTOTHOTO AWANa30HA TIOJIE3HBIX CUTHAJIOB aKy-
CTHYECKOU SMHUCCHH;

— JUTUTENbHYIO 3aIlMCh CUTHAJIOB TEXHOJIIOTHYECKUX IIYMOB M €CTECTBEHHOW aKy-
CTHYECKOU SMHUCCHH;

— OTpabOTKy Pa3INYHBIX CXEM YCTaHOBKH MTEPBUYHBIX MTPeoOpazoBareiel B TOPHBIX
BBIPAa0OTKaX U CIIOCOOOB KPETJICHHsI Ha TIOBEPXHOCTH TOPHO IMTOPOJIBI.

3axaouenne. [IpuMeneHne cOBpeMEHHBIX MOIXO0B MTO3BOJISET MONYyUNUThH Oosee
COBEpIICHHBIH MPUOOP U OCYIIECTBICHHUS JIOKATHHOTO KOHTPOJS yAapOONacHOCTH
B MacCHBE TOPHBIX IIOPOJI, IIPETOCTABUB €T0 MOJIB30BATEISIM MHOXKECTBO HOBBIX (DYHK-
U I TPUMEHEHUS B TIOJIEBBIX YCIIOBHSX, a TAKXKe yAI00CTBO M KOM(OPT B MpoIecce
ucnoibp30BaHus. [1omoOHBIN MOAX0/ K MPOEKTHPOBAHUIO TIOPTAaTUBHOTO MPUOOpPA TO-
3BOJIUT €TO pa3paboTunukaM O6osee OBICTPO BHEAPSATH IEPEIOBBIC CPEICTBA, HAIIPABIICH-
HBIE Ha OCYIIECTBIICHHE JIOKAJTHHOTO KOHTPOJIS yAApOOTAaCHOCTH, HCIIPABIISATH OIINOKH
MPOrpaMMHOTO OOECIeueHHs] M YIIydIlaTh TEXHUYECKHEe XapaKTePHCTUKH MpHOopa.
Taxum 06pa3oM, COBOKYITHOCTH MPEIIOKEHHBIX CPEJICTB SBIISETCS BAKHBIM M HE00XO-
JUMBIM JTallOM Pa3BUTHUS T€0AKYCTHUYECKHX CPEACTB JOKAaJHHOTO KOHTPOJIS yAAapo-
OITACHOCTH B MAacCCHBE TOPHBIX MOPO/I.
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Designing universal measuring and analytical platform to investigate the state
of rock massif
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Abstract
Introduction. At the present time, the development of geoacoustic signalling safety systems becomes more
relevant due to larger production units at mines and higher speed of mining. Such systems include
instruments for rockburst hazard assessment based on computer appliance with the use of geoacoustic
methods.
Research aim is to develop a range of characteristics of the existing equipment for local monitoring of
rockburst hazard Prognoz L. The approach considered in the work should allow locating the sources
of acoustic emission, provide wider range of working frequencies, and enlarge marginal massif control zone.
As an additional advantage, it is suggested to increase comfort of use while interacting with the graphical
user interface providing many additional features.
Methodology. The present research considers design solutions over the creation of universal measuring
and analytical platform for rock mass investigation. The device under consideration is introduced as
a substitution for the well-proven Prognoz L local control device, inheriting and enlarging its functions. New
platform creation is conditioned by a number of limitations of an original device built on the basis of a
microconroller from the STM32 family using a processor core with ARM architecture.
Results. The considered approach to the design of a rockburst hazard local control device, structural,
hardware, and software parts are distinguished, each of them being independent and able to be improved
with no need to change other parts.
Conclusions. The use of this approach will allow to define the sources of acoustic emission, increase the
effectiveness of measurements reducing the laboriousness of the process of developing and introducing
new techniques.

Key words: rock massif; rockburst hazard, local control; acoustic emission; event location, geomechanical
monitoring.
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PacueT cTaTMCTMYECKMX XapaKTePUCTUK MacnopTa NPOYHOCTM
FOPHbLIX MOPOA,

lopaees B. A.!
Ypanbckuit rocyaapCTBEHHBIN FOPHbINA yHUBEpCUTET, . ExatepuHbypr, Poccust
e-mail: gordeev.v@ursmu.ru

Peghepam
Beeoenue. Hpu OYeHKe pUcKa 6 3a0auax eopnoﬁ 2COMEXAHUKU HEOOX0OUMO yuumosleams cmamucmude-
CKue xapakmepucmuKku UsmeH4ueocmu u 63aumocesa3u d)usuuecxux napamempoe coOpHblx nopod — cped-
Hekeadpamuwecme OMKJIOHEeHUA U K03d)d)ul4u€Hmbl Koppeniayuu smux napamempoes 02151 KAdiCO020 UH-
HCEHEPHO-2€0/102UHECKO20 JdlleMeHmda. B pacdyemax ycmoﬁqueocmu KAPbepHblX OMKOCO8 UCNONb3YIOM
napamempbvi NACNOPMa NPOYHOCMU 2OPHBIX NOPOO — CYenlienue u y2on eHympenne2o mpenus. Heyuem
83AUMHOU KOPPenAYULU MexCcOy napamempamu nacnopma nPpo4HOCmMU NPUBOOUM K 3A8bIUUEHUI0/3aHU Ce-
HUIO noepemnocmeﬁ pacuyemmblx nokazamenet — Koatj)(j)uuuenma ycmoﬁqueocmu u ceomempuyecKux
napamempoe omkoca, K 3AHUNCCHUIO/3A6bIUUEHUI0 CMeneHU pucka.
Ile./lb paﬁombt u memooonozus. Ha ocrose pecpeccCuornoco anaiusza paccmompems eapudanmaosl nouty-
YEeHUA dl1emMeHmoe KOppe‘/Z}ZL}MOHHOﬁ mampuysl ons pasiudnoblx cnocoboe nocmpoeHus nacnopma npod-
HocCmu no pesyibomamam ,m60pam0publx UCnvlMmanul 06p(13l¢06 — npu 0O0HOOCHOM CoHCAMUU U pacmsi-
JHCEHUU U MEMOOOM OOHONIOCKOCHHO20 cpesda.
Pezynomamut. B cmamve 6616005mcsi Heobxooumble Qopmyivl 0is paciema Ko8apuayuoHHOU MAmpuybsl
napamempog nacnopma 20PHeIX NOpoo. Yemanoeneno, umo cnocob paciema K08apUAYUOHHOU MAMpPu-
Yol 3asucum om npumeHsiemoco ﬂa60pamopH020 Memooa UCnbImMaHull 06pa31406. Ha npumepax nokasza-
HO, YmMo KoIQhpuyuenm Koppensyuu Mexcoy cyenieHuem u KodQpuyuenmom Hympenne2o mpeHus mMo-
acem umemos pa&’HbllZ 3HAK.
Obnacmp nRpUMeHeHUus pe3ylbmamaoe. Buviyucnennsie no }’lp@d’lOJfC@HHOIJ MemoouKe 3HAYeHus Cmamu-
CMUYeCKUX Xapakmepucmuk napamempos nacnopma npo4YHocmu 2OpHblX nopod moeym ObIMb UCNOTIb-
306aHbl NPU PEUICHUU 8EPOAMHOCHHBIX 30y 20PHOU 2e0MEXAHUK.

Knroueswte cnoea: nacnopm npounocmu; cyenaenue; xosgguyuenm euympennezo mpenus, uchvl-
manus 06pazyos; KOBAPUAYUOHHAS MAMPUYA; KOG @uyuenm Koppeisiyuu.

Heas pa6orbl. CoBpeMeHHbIE CIOCOOBI pEIIEHHs 3ahad TOPHOH I'eOMEXaHHKH
B YCIJIOBUSIX PUCKA YUMTBIBAIOT CTOXaCTHUYECKYIO MPHUPOAY (U3MUECKUX MapaMeTpoB
TOPHBIX IIOPOM, O6yCJ]OBJ'IeHHYIO HX UBMCHYUBOCTBIO JAKE B IpPEACIax OAHOTO MHKCHEP-
Ho-reosiorndeckoro anementa (MI'D). Ilpu pa3paboTke HWMUTAIIMOHHBIX METOIHK
OLIEHKH PHCKA IPUHUMAIOT BO BHUMAaHHUE 3aKOHBI pacrpeiesieHusl, KOO QHULIUCHTHI Ba-
pHaLuy, CPEAHEKBAAPATHYECKUE OTKIOHEHUS M OPyTrHe CTaTUCTHYECKHE XapaKTepH-
CTHKH [TOKa3aTesieil CBOMCTB ropHBIX opoAa. OnHa 0cOOCHHOCTD (PU3NYECKHUX IapaMeT-
POB TOPHBIX MOPOA OcTaeTcs ciabo U3y4eHHON — Koppesius (B3aMMOCBI3aHHOCTB).
O4eBHUIHO, YTO U3MEHEHHS B CTPYKTYPE U XUMHUUECKOM COCTaBE MOPOBI 1aXKe OJJHOTO
TUIIA JOJIKHBI NPUBOAWUTH K B3aWMMOCBA3AHHBIM H3MCHCHUAM (I)I/ISI/I‘ICCKI/IX CBOMCTB.
OnHaKo yCTaHOBUTH TAKHE CBSA3U MOXHO JIMIIb MEXY CBOMCTBaMHU (IIJIOTHOCTD, BIaX-
HOCTb, IOPUCTOCTh, aKyCTUUECKUE CBOMCTBA), IOKA3aTe/Id KOTOPBIX ONPEEISIOTCS He
paspymamomuMu odpasen; (MOHOIHUT) METOAaMH, JTHO0 MEXIy STUMU CBOWCTBAMU U
OJTHUM M3 NTOKa3aTeseil MpoYHOCTH.

Oco0eHHBI HHTEpEC MPEACTABISIOT MapaMeTphl AcIIOpTa MPOYHOCTH TOPHBIX MO~
POI — CIEIUICHHE U yTOJI BHYTPpEeHHETO TpeHust. OHU UCTIONB3YIOTCS B pacueTax yCTOU-
YUBOCTH KapbepPHBIX OTKOCOB. B nuTeparype orMeuanioch, 4T0 Hey4eT B3auMHOM Kop-
peNsiMM MEXAy MapaMeTpaMH Iaclopra MPOYHOCTH TPHBOIUT K 3aBBILICHUIO
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MOTPEIIHOCTEH pacueTHBIX NoKazaresael — Ko duimeHTa yCTOMYMBOCTH 0TKOCA, T€0-
METPHUYECKUX TTapaMeTPOB OTKOca (TIpeAeTLHOTO yIvia WK IpeAebHON BEICOTHI) [ 1, 2].
[Ipemmaranucey Takke pa3TUYHbIE CIIOCOOBI ydeTa KOPPEISIIUU — C TIOMOIIBIO perpec-
CHOHHOTO aHanu3a [2] ¥ KOH(IIIOEHTHOTO aHallN3a CTATUCTHYECKUX CBs3eit [3].

B maGopaTopHBIX yCIOBUSX MAaCHOPT MPOYHOCTH CTPOUTCS HECKOJIBKHUMH METO/a-
MU: TI0 pe3yJIbTaTaM UCTIBITAaHUH 00pa3IoB P OHOOCHOM CKATHH U PACTSDKEHUH; 110
pe3ynbTaraM MCIBITaHUS TPYHTA METOJIOM OJHOIIJIOCKOCTHOTO CpPe3a; IO pe3ysibTaraM
oTIpe/ieTIeHHs Mpe/ieNia MPOYHOCTH MPH CPE3E CO CIKATHEM.

MeTonuka ucciaenoBaHuii. B craTthe paccMaTpuBaroTcs CriocoObl OIleHKH Kodhhu-
LUEHTA KOPPEJSIMY MEXIY CLEIICHUEM B K03()(OUIIMEHTOM BHYTPEHHETO TPEHHS 110
pe3yabpTaTaM UCTIBITAHUM IPY OTHOOCHOM CHKaTHH U PacTSKEHUH U METOJIOM OJHOILIO-
CKOCTHOTO Cpe3a.

TOCT 21153.8-88. Ilopoowi copusie. Memoo onpedenenus npedeia npoyHOCmu npu
o0bvemMHOM colcamuu ONPENeNIeT pacdeTHbIE MPOIEAYPHI IS MOCTPOCHHS TacIopTa
MPOYHOCTH CKAIBHBIX U MOJIYCKAJIbHBIX TOPHBIX MOPOJ 110 JAHHBIM ONIPEAEIICHUS IPOY-
HOCTH IpU OJHOOCHOM ckaThu M pacTspkeHHH. [[OCT He comepkut GpopMyI s BbI-
yucnenus cuerienus C, (IpeaenbHoro CONpOTUBICHUS CPE3Y T, IPH OTCYTCTBHH HOP-
MaJlbHbIX HANPSUKEHWH) ¥ yIa BHYTPEHHEro TpeHus @, (Wi Kodpduuuenra
BHYTPEHHETO TPEeHHUs f, = tg(,). Kpome Toro, pexomMeHayemslii pacueTHbIi MeToz Tady-
JUPOBaH, OH TPOMO3AKUI M HEYIOOHBIH 11 pacueToB Ha DOBM [4].

U3 Bcero MmHOTOOOpa3wst popMyIT TOPHOM TeOMEeXaHUKH [ 5, 6] BO3bMeM J1Be (HOPMYJIbI,
OMMCBIBAIOIINE CBA3H MEKAY MPOUYHOCTHBIMHU XapaKTEPUCTHUKAMHU FOPHBIX mopof [7]:

(O o) G, —O

C PC”‘; t — oK p,
2 8 2./c 0 (1

p oK

e 6, M O — HpEIeNbl POYHOCTH MOPOBI COOTBETCTBEHHO NPH PACTHKCHHH U
CKaTHU.

Pacuets! o ¢opmynam (1) maroT pesynbTrarsl, OIM3KHE K pacdeTHBIM 3HAYCHUSM
Cy 1 @, momysenHbM 1o Meroauke 'OCT. Hanpumep, npu 6, = 10,2 Mllau 6, = 78,7 MIla
no meropuke 'OCT nomyunm C, = 17 MIla u ¢, = 49°, a no popmymnam (1) C, = 14 MIla
u @, =50°.

[MoctaBuM 3aa4y — 0 pe3ysibTaTaM MHOTOKPATHBIX UCTIBITAHUI 00pa3IoB, BBITIOJI-
HEHHBIX JUIS ONpeneNeHUs IPOYHOCTH IPU OAHOOCHOM CXKAaTHUH U PAcTSIKEHHUH, OLe-
HHUTb CLEIUIEHUE U YIoJl BHYTPEHHEIO TpeHUs (KO3 QHULUUEHT BHYTPEHHETO TPEHHUS),
UX IPUPOTHYIO U3MEHYHBOCTD U B3aMMHYIO KOPPEIISALHIO.

Cuennienne U Kod3((GUIMEHT BHYTPEHHEro TpeHHsI HaxoguMm mo ¢opmyiam (1),
UCTIONB3Ys cpeqHeapruPMeTHUECKUE 3HAUCHHS TIPENIEJIOB MTPOYHOCTH MPU OIHOOCHOM
C)KaTHU M PACTSDKEHHH, TTONTYYCHHBIE TI0 Pe3yJIbTaTaM UCTIBITAaHuH 00pa3IoB (m — Juc-
JI0 MCTIBITAaHUH Ha CXKATHe, 7 — YHCJIO UCIBITAHUN Ha PACTSKEHUE):

n
Zopi chmi [olke} -0
_ = .

c
i p - ox (& p
; c == c=X2=. ¢ = arctg
P n o m 2 2

(o)
6 O

p oK

s momydeHust CTaTUCTUYECKUX XapaKTepUCTUK MapaMeTpoB MaclopTa MpoYyHo-
CTH — CPEAHEKBAAPaTUICCKUX OTKIOHEHUH U KO PHUIIMEHTa KOPPEISILIUT — He0OXOIHU-
MO PacCuMTaTh 31€MEHThI KOBaPUALIMOHHON MaTpUIbl HepeMeHHbIX ¥, = C 1 y, = tgo,
ABISIOIMXCA QyHKIUAMH OT IEPEMEHHBIX X; = G M X, = o, [8]:



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 4, 2019 35

ko k
Ko =BK B =] ' | 2)

OCXK, Op
k12 k2

DJIEMEHTBI MaTpulbl YaCTHBIX NPOU3BOJAHBIX paCCYUTACM I10 q)OpMYJ'IaM:

[ C % VO
ox, Ox, 4,/c.. 4,/c,
B= = - 3)
¥ W Cu O, G + O,
ox,  0x, 4o, \/GC)KGP 4o, \/GcmGp

KoBapuanuonnas MaTpuia NEPEMEHHBIX X, U X,, B CHIIy HE3aBUCUMOCTH PE3yJIbTa-
TOB HCITBITAHUH 00Pa3IOB Ha MPOYHOCTh, UMEET BUJI AMATOHATBHON MaTPHIIbI:

KGC)K, op = 2 (4)

TI€ S, Sop — CPCAHEKBAJPATHYECKUE OTKIOHCHUS (B obo3nauenusx [ OCT 20522-

2012. I pynmei. Memoosr cmamucmuueckotl 0Opabomxu pe3yiomamos UCnblmaHuil)
MIPEJIENIOB IPOUYHOCTH IPU OTHOOCHOM CKaTHU U PACTSKEHHH, TTOJTyYEHHBIE 110 PE3YIIb-
TaTaM MCIBITAHUN 00Pa3IoB;

Onementsl k, k,, k,, koBapuannonno# marpunst K., oo HCTIOJIB3YIOTCA Ul pacyeTa
CpeTHEeKBaAPATHIECKUX OTKIOHEHHH MapaMeTPOB MacopTa MPOYHOCTH:
CpeIHEeKBaAPATHYECKOe OTKIIOHEHHUE IS CIIETUICHUS

se = ks (5)

CpeIHEeKBaAPaTHYECKOe OTKIOHEHHUE IS KOO QHUIIMEeHTa BHYTPEHHETO TPEHUS

S =k, (6)
CpEeIHEKBAPATHIECKOE OTKIIOHEHUE TS YIyIa BHYTPEHHETO TPEHMS
2 i
s, =57,3°c0os” @ /k,; (7)

KO3 GHUIUEHT KOPPEALUN MEXIy CUEIIeHHEM B K03()(HUIMEHTOM BHYTPEHHETO
TpeHus

v, =—2
or = Jkk ®)
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C yaetom dopmyi (5)—(8) momydum:

1 |o c
_ P2 ok o2 .
Se == | Soex T 5005 )
4\ o, c,
2
6. +0 52 s
Sf(tgtp) =—= : SGC)K +—= 35 (10)
4 0.0,  OuO,

(11)

2 S2 2 S2
7 _ Scc»( ___©p Sccm + op 12
C.f 2 2 2 2 | ( )
O x Gp Oy Gp

Paccmotpum nipumep. B kauecTBe MCXOMHBIX TaHHBIX IPUMEM PE3YJIbTaThl IOCTPO-
€HHUS TaclopTa MPOYHOCTH It MpoObl Ne 12 — rpaHOIHUOPUT HA MECTOPOXKIACHUHU
OpmeHTHitH-OBo0 B MoHronmnu (Mccredosanue  usuko-mexanuveckux ceotcmae
20PHBIX NOPOO U CEUCMUHECKUX GIUSHULL 83DbIGHBIX pabom 6 patione 0 pa3pabomxu
npoexma yukauuno-nomounou mexnonoauu (L{IIT) npu mpancnopmupogxe pyovl Ha
oboecamumenvhyio Gabpuxy Ha pyouuxe omkpwvimuix pabom KOO «llpeonpusmue
Oposnsmy.: omuem no HUP. Moneonus. Ucnonnumenv UDL] UT /] YpO PAH. 2010. 42 c.):

o, =109,4MIa; s =37,3MIla; 5, =10,3MIla; Soy =2,9MITa,

ITo dpopmynam (2) BeuMcHsieM napameTpsl nacnopra npounoctu: C = 16,8 MIla;
tge = 1,476; ¢ = 55,9°. Ilo Tabnumam ['OCT noxyunm C = 19,3 Mlla; ¢ = 53,5°.
Pacuet xoBapuarmonHoit MaTpuibl o Gopmynam (2)—(4):

o (13,77 0,2766
K., =BK,, ,B" = .

0,2766 0,1554

CratucTrdyeckue XapaKTepUCTUKH ITapaMeTPOB MacnopTa MPOYHOCTH — 10 hopMy-
nam (9)—(12):

Se =3,71Mlla; s, = 0,394; Sy = 7,1°; r

e =0,19.

®opmynst (9)—(12) MOXXHO BBIpa3UTh Yepe3 K03 PHUIHEeHTH BapHaIliH:

\]GPGWK 2 2.,
4 Voox TVaps

SC = GCXK
o.+0O
§, === V2 4V
4 Gp
Gchm
2 2
r, =l (13)
“f R gy
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e V. = Soo | Ou — KOODQUIMEHT BapHanuy npesena MpOYHOCTH TPU CHKATUH,
Vip = scp/csp— KO3 GHUITUEHT BapHAIMH TIPEIesia IPOTHOCTH TIPH PACTHKCHHH.
N3 dhopmymnst (13) crienyet, uTo K03hGUITHMEHT KOPPEISAIHH
0 mpu V., =V,;

GCK

Tey =

<0 mpu V_, <V,.

[TacopT mpoYHOCTH A JUCIEPCHBIX TPYHTOB — MECKOB (KpOME I'paBEIMCTHIX
Y KPYITHBIX ), INIUHUCTBIX U OPraHO-MUHEPAJIbHBIX TPYHTOB — CTPOAT I10 Pe3yJIsTaraM Hc-
MIBEITAaHUS TPyHTa METOJIOM OTHOIJIOCKOCTHOTO cpe3a B cooTBeTcTBHU ¢ [ OCT 12248-
2010. I pynmoi. MemoOsi 1abopamopHo2o onpeodenerus XapakmepucmuK npoyHOCmu u
oeghopmupyemocmu. XapakTepUCTUKU IPOYHOCTH IPYHTA — YTOJl BHYyTPEHHETO TPEHHS
U yIEIbHOE CLEIJICHHE — OIPENENsIoTCs Yepe3 nmapamMeTphl JTMHEHHON 3aBUCUMOCTH
T =0 tge + C MeXJly KacaTeJIbHBIMH T U HOPMAJIbHBIMU G HaNpsHKEHUSMHU, BOZHHUKAIO-
MU TIpH cpe3e obpasna. [lpu 3ToM u3mepsieMoil BeMUYNHON ABJISETCS TOPU3OHTANb-
Hasl cpe3arollias Harpy3ka [Py pa3iIMyHbIX 3HAYCHUSIX 3aJaHHON HOPMaJIbHOM Harpy3Ku.

KoBapuanuonnas Marpuna napameTpos C 1 tgQ JTMHEHHON 3aBUCUMOCTH OyZIET BBI-
yHCcIAThCA 10 popmyie [8, 10]:

- kk
Ko, =(ATKA) = 7 "2
(ATKA) = (14)

Citgo —

OneMeHTBl MaTpHIlbl YaCTHBIX IPOU3BOIAHBIX YPaBHEHUH CBA3U T, = o, tgp + C,
KOTOPBIE COCTABIISIFOTCSI 4TSI KasK/A0TO U3 71 UCTIBITAHUH, PaCCUUTHIBAIOTCS 110 (hOpMYyJiam:

or, Ot

oc otgo 1 o
A= =

ot, oOr, 1 o,

ac o tge

KOBapI/IaLII/IOHHaH MaTtpula Kr’ B CUJIYy HC3aBUCUMOCTH U3MCPCHHBIX 3HAYCHHUM Ka-
CaTCJIbHBIX Hal'[pi[)KeHHfI, HUMECT BU I[HaFOHaHLHOﬁ MaTpuUlbI:

e s, ..., S, — CPCAHCKBAAPATHYICCKUC OTKJIOHCHHA KaCaTCIbHBIX HaHpﬂ)KeHI/II\/'I.

EcTecTBeHHO MPUHATH A7 UCIIBITYEMOM MPOOBI cpeHeKBapaTHIeCKUe OTKIOHEHUS
paBHBIMH, T. €. 5, = 5_ = 5. Torma ¢popmyna (14) mpumer Bu:

n -1 n n
2
n Z o, 5 Z O; _Z O;
i=1

S i=1 i=1

n n - n n
2 2 2 2 z
G; G; n E o; — E o, - G; n
i=l1 i=1 1

i=1 i ; - i=1

K

s? (ATA)i1 =5’

C,tge =



38 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 4. 2019 ISSN 0536-1028

Hcnons3ys dpopmyinst (5)—(8), momyyum:
CpEeIHEKBAAPATHIECKOE OTKJIOHEHUE IS YACIBHOTO CIEIUICHUS

n
2
Zci
i=1 .
T 2
n n
2
S-S |
i=1 i=1

Sc=S§

(15)

CpeIHEeKBaApaTHIeCKOe OTKIIOHEHHUE TS KO3 QHUIMEeHTa BHYTPEHHETO TPEHUS

R

Sp =5 n . ) (16)
ny o - (Z Gij
i=1 i=1
CpeIHEKBAIPATHIECKOE OTKIOHEHHE JUTS YIVIa BHYTPEHHETO TPEHHUS
_57,3°c0s% 0, | &
s, =57,3°cos’ ¢, (17)

75
n n
2
n E o; —( E G,.j
i=1 i=1

KOB(b(i)I/ILII/IeHT KOppeiiaiuu MEXKAY YACIbHBIM CHCIUVICHUEM U KOB(l)(l)I/II_II/IGHTOM BHY-
TPECHHETO TPCHUA

T = ———=

C.f —
’nZGf
i=1

3aMeTHM, 4TO AJISl PACCMOTPEHHOTO CII0CO0a ompeneneH s IapaMeTpoB MacrmopTa
NPOYHOCTH KOAPPHUINEHT KOPPEISIIUU MEXIY YAEIbHBIM CLEIUICHHEM H Kodpduiu-
€HTOM BHYTPEHHETO TPEHHS BCET/Ia OTPULIATENbHBIM.

VaensHOE cremieHne U Ko3(GUIUEHT BHYTPEHHETO TPEHHUS OLIEHUBAIOTCS MO Me-
TOAY HAUMEHBIINX KBaJPaTOB:

[C =(ATK'A)=ATK 't =
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T. €.

n n n n
2
Soise-Soon
_ =1 i=1 i=1 i=1 .
- —
n n
2
S0t (3 |
i=1 i=l1
n n n
DICAEDICHIRS
i=1 i=1 i=1

.
i3 ol —(icl)
i=1 i=1

C

(18)

f=tgo=

CpenHeKkBagpaTHUECKOe OTKJIOHEHHE KacaTelbHBIX HaNpsDKeHUH, HeoOXxoammoe
Jutst pacueToB 1o dopmynam (15)—(17), Haxonum 1o opmye:

n

Z(ri -C- csitg(p)2
s (19)

®Dopmynst (18)—(19) mpusenenst B [OCT 20522-2012. HanexHble OLEHKH TOMY-
YalOTCs MPHU CTAaTHCTUYECKOH 0OpabOTKEe OMBITHBIX 3HAUEHWH HOPMaJIbHBIX M Kaca-
TEJBHBIX HANPSHKEHUH KaK €IMHON COBOKYMHOCTH ISl MOHOJIWTOB, MPUHAIIEKAIITIX
OITHOMY WHXXEHEPHO-TeoJIoTHIeckoMy dmeMenty (UI'3).

Paccmotpum npumMep. B kauecTBe HCXOAHBIX JAHHBIX IPUMEM pe3ynbTaTsl 27 1a0o-
PaTOPHBIX ONpPEAETICHUI CONMPOTUBICHUN CPE3y T B AEBATH CEPUAX IIPH TPEX 3HAUYCHU-
AX HopMasbHOro Hanpsbkenus 6, = 100 kIla, o, = 200 klla, o, = 300 kIla, BbIIOIHEH-
HBIX JUISI WHXEHEPHO-TE€OJOTMUECKOro 3JIeMEHTa, CIOXEHHOTo cyruHKamu [11]
(Tabmuma).

PesyabTaThl 1a00paTOpPHBLIX ONpeeaeHUIi cCONPOTHBIIeHMIl cpe3y [11]
The results of cut resistance laboratory determinations [11]

Hopmanbsubie

Kacarenbusle HanpspkeHus, klla
HanpsbkeHus, klla

61 =100 73 71 75 67 80 69 85 62 70
62=200 96 99 120 | 110 | 108 90 117 | 101 119
63 =300 116 | 122 | 159 | 148 | 135 | 137 | 150 | 136 | 133

ITo manHBIM TaOMULBI cHOPMHUPYEM MATPHUILy A U BEKTOD T:

! 11 11 1Y
1100 .. 100 200 .. 200 300 .. 300)
T=(73 .. 70 96 .. 119 116 .. 133).

OLeHKH yIeapHOTO CIETIeHU 1 Ko (OHUIIMEeHTa BHYTPEHHETO TPEHUS:

C T 40,6 xI1a
=(A"A) A'r= , ¢ =18,0°.
f 0,324
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CpenHekBaapaTHIeCKe OTKIOHEHUS U KOAQPHUIMEHT KOPPESINH:

5. = \/(TTT ~TTA(ATA) AT/ (n-2) =10,6 KT

7 U

oo aTAN 2| 27 900
Ko =5 (A A) =st| 7 1

900 180 000

Sc =5,4 klla; S;= 0,025; Sy = 1,3 o = —-0,926.

OTMETHM BBICOKYIO OTPHULIATENBHYIO KOPPEISLNI0 MEXKIY MapaMeTpamMu Hacropra
MIPOYHOCTH.

T'OCT 21153.5-88. I[lopoovl copnvie. Memoo onpedenenus npedena npoyHOCmu npu
cpese co colcamuem CONEPXKUT METOIUKY ONIpEeNesICHUs Ipeiesia IPOYHOCTH TIPH cpe3e
T, ¥ HOPMAIIbHOTO CKMMAIOLIETO HAIIPSIKEHUS Gy U1 00pa3LioB, IOMEIAEMBIX B CTallb-
HbIE€ HAKJIOHHBIE MaTpPUIIbl UCTIBITATEIBHOTO YCTPOMCTBa [12]. XapakTepuCTHKH MPOU-
HOCTH T'PYHTa — YTOJI BHYTPEHHETO TPEHHUS U CLEIVIEHHE — OTIPENIEISIOTCS Yyepes3 mapa-
METpBI JIMHEMHON 3aBUCUMOCTH T, = 6, tg¢ + C MeXKIy KacarelbHbIMH T U
HOPMAJIbHBIMHA G HaNPsHKCHUSAMHY, BO3HUKAIOMIMMHU TIPH cpe3e o0pasma 1Mo METOTUKE
perpeccruonHoro aHanm3a [2]. OgHaKo PEerpecCHOHHBIA aHAIN3 TPH TaHHOM METOJIE
VCTIBITAHUI IIPUMEHATD HENb34, TaK KaK B 00€ IIEPEMEHHBIE — T, U G, — BXOJAT HOTPELI-
HOCTH ONpeAeieHUs paspylaromeil cuibl P. 3aeck clienyeT NPUMEHATh (OPMYIbI
KOH(QIIIOGHTHOTO aHain3a. Teopusi KOH(QIIOEHTHOTO aHaIu3a Il NPIMOJIMHEHHOH 3a-
BUCHMOCTH W TIpUMep o0paboTKW JaHHBIX NpuBeneHbl B [8]. Tam ke moka3aHo, 4To
3HauYEHMs IIapaMeTpOB MAacIopTa IIPOYHOCTH, PACCUNTAHHBIE 110 METOJUKE PErpeccH-
OHHOTO aHaJN3a, MOTYT OBITh UCKakeHBI Ha 20 %, a UX CTaTHCTUYECKUE XapaKTepHh-
CTHKH — B HECKOJIBKO pas3.

BeiBoabl. B cTatee paccMoTpeHa METOANKA KOPPEIALMOHHOTO aHalln3a pe3ysbTra-
TOB HCIIBITAHUHA 00pasnoB JUIsl TOCTPOCHMS MACHOPTa MPOYHOCTH TOPHBIX TOPOI.
YcTaHOBIIEHO, YTO CMIOCO0 pacyeTa KOBapMAIlIOHHONW MaTpPHUIlBI TapaMeTPOB MaclopTa
IMPOYHOCTH 3aBUCHUT OT IIPUMEHAEMOTI0 J1a00paTOPHOIO METOA UCTIBITAHUI 00pa3LoB.

B craructuueckux pacueTax npu pelieH!H 3a1a4 TOPHOM TeOMEXaHUKH Y4eT Ko3(-
¢dunreHTa KOppessaud MPOU3BOAUTCS 10 hopMmyIe:

2 2
Sp = (2—2) sé+{g—;j sf.+2rc,f(2—£j(z—;jscsf, (20)

rae F — QyHKIHS OT MapaMeTpoB MacropTa MPOYHOCTH.
[Mpumepsr Ha npuMeHeHne Gopmyibl (20) TpU pelieHuH 3aJadu 00eCIeUeHHs
YCTOMYHUBOCTH KaphEPHBIX OTKOCOB MPUBEACHBI B padote [13].
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Calculation of statistical characteristics of rock strength certificate

Viktor A. Gordeev!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. At risk assessment in problems of mining geomechanics it is necessary to consider statistical
characteristics of rock physical parameters variability and interconnection — mean square deviations and
coefficients of correlation of these parameters for each engineering-geological element. In calculations of
career slopes stability rock strength certificate parameters are used — coupling and internal friction angle.
Neglection of mutual correlation between rock strength certificate parameters leads to settlement indicator
errors overestimate/understating, while the neglection of the coefficient of stability and geometrical
parameters of a slope leads to understating/overestimate of degree of risk.
Research aim and methodology. On the basis of the regression analysis the present research aims to
consider ways of receiving elements of a correlation matrix for various ways of creating rock strength
certificate according to the results of laboratory researches of the samples — at monoaxial compression and
stretching and by the one-plane cut method.
Results. The formulae necessary to calculate rock strength certificate parameters covariance matrix are
introduced in the article. It is established that the way of calculating covariance matrix depends on the
applied samples laboratory test method. The examples have shown that the correlation coefficient between
coupling and of internal friction coefficient can be of various signs.
Scope of results. Values of rock strength certificate parameters statistical characteristics, calculated by the
offered technique, can be used to solve rock geomechanics probabilistic problems.

Key words: rock strength certificate; coupling; internal friction coefficient; tests of samples, covariance
matrix, correlation coefficient.
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WccnenoBanue paspylueHns NpoayKTMBHOIO NacTa ypaHa B3pbiBOM
KaMy(hbrieTHOro 3apsiga B3pbIBYaThIX BELLECTB

Mucnu6aes WU. T.!, 3aupos LL. LLL.™*, Conues B. 3.1, Hopos A. 10.
" HaBowiickuit rocyaapCTBEHHBIN TOPHbIit MHCTUTYT, . HaBou, Pecnybninka Y3bekucTaH
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Peghepam
Beeoenue. Hecmompsi na neocnopumble npeumyujecmed Memood CK8ANCUHHOZ0 NOO3ZEMHO20 Bbllyend-
yuganus (CIIB), umeem mecmo meHOeHyus nogvluleHus cebecmoumocmu 000b16aeMblX NOJIE3HbIX UC-
KONAeMbIX 6 C853U C OCBOCHUEM U BOGLEYEHUEM 6 IKCNILYAMAYUIO 21y O0KO3ANe2AIOUUX MECHIOPOINCOeHUTL
CO CIOIACHBIMU 20PHO-2€0N02UYECKUMU U 20PHOMEXHUYECKUMU YCIOBUSMU U 000COOLEHHBIX PYOHBIX meil
€ He3HAYUMENbHBIM COOEPIUCAHUEM NOLE3HbIX UCKONAEMBIX, 4 MAKIHCE KPAEBbIX YUACMKO8 MECHOPOANCOe-
HULL C BLICOKUM COOEPIICAHUEM NONE3HbIX UCKOnaeMblx. PaKmopom, OKa3vblearouwum CyuwecmeeHHoe -
SHUe HA NoGblULeHUe CeOeCmOoUMOCmU 000bIYU NoNe3HbIX uckonaemvlx memoodom CIIB, aensemcs ysenu-
yeHue mpyooGvlX U MAMEPUAIbHBIX 3AmMpam HA 0CCHMAHOGIEHUe OOCMUSHYMOU NpU O0CE0eHUU
nPOU3800UMENLHOCMU CKGAJICUH, CHUNCAIOWENCS, KAK NPABUILO, GCILeOCMEUe KOIbMaAMayuu npuduis-
mMpoGoil 30HbI NPOOYKMUEHO20 niacma. Beudy besycneunvlx nonsimox packoibMamayu npu@uibmpo-
601 30Hbl NIACMA C NPUMEHEHUEM U3BECIHBIX CNOCOD08 U CPEOCME IKCNILYAMAYUOHHbIE CKEAICUHDL, KAK
npasuno, TUKGUOUPYIOM U COOPYIUCAIOM HOBbe, YMO NPedonpedensiem CyujecmeeHHoe CHUdICeHUe npu-
ovinu. Ilosmomy obocrosanue u paspabomra HOGbIX MEXHONO2UL U MEXHUYECKUX CPeOCmE Npu IKCIY-
amayuy mexHoNI0SUYECKUX CKBAJICUH C Yelblio NOBbIUEHUs UX NPOU3EOOUMENbHOCMU SGISLeMC sl AKMY-
anvHol 3a0auell 015 HAYKU U NPAKMUKU 20PHO20 NPOU3B0OCMEA.
Lens pabomer. Paspabomka mexnonozuu u mexHu4yeckux cpeocme packoibMamayu npUGUIbmposoll
30HbL NPOOYKMUBHO2O NIACMA QUULECKUM 8030elCmEuem nymem RPUMEHEeHUs KaMyQremnozo 3apsaod
63PbIGUAMBIX BelyeCms.
Memooonozua. Bvinonnenvl meopemuueckue UCCIeO08AHUSL CROCODA NOO3EMHO20 BbIUETAYUBAHUS,
AHATU3 U MAMeMAmuyeckoe MoOeIuposanue 0etcmeus Kamy@iemuolx 3apsaoos 63pbleuamo2o eeuje-
CM6A 6 CKBAJICUHAX.
Pezynemameut. [Ipeonodicenvt pewienusi no nOGbIUEHUIO I ekmusHocmu pabonmul 260MexHON0SUYECKUX
CKBAJICUH YPAHA NymeM AUKSUOAYUU KOTbMAmMayuy npooyKmueHo20 NAACMa 83PbLGHbIM 8030€UCmEuem
¢ npumeHeHuemM mopneonsIxX 3apso0s.
Bbo1600b1. Ha ocnose meopemuuecko2o ucciedo8anusi pazpabomana MamemamuyecKkdsi Mooensb 0eticmeus.
63PbI8A KAMYDLEMHO20 YUIUHOPUYECKO20 3aps0d, ONUCLLEAIOWAsl 30HY MPeuuHo00pa308anus 8 2iyoune
NPOOYKMUBHO20 NIACMA YPAHA. YCMaHo681eHo, 4mo npu 63pblée Kamyhremno2o yuliuHOPU4ecKo2o 3apsod
noo 6o3delicmeuem YOApHOU U OMPAXCEHHOU Om C80000HOU NOBEPXHOCMU YCIYNA BONH HANPANCEHUS
6 2nyOuHe NPOOYKMUBHO20 NAACMA YPara oopazyemcs 30Ha mpewunoodpazosanus maccusa. Ha ocnose
UCNONBb308AHUSL 3AKOHO8 MEOPUU YNPY2OCHU ONPedeleH paduyc mpeuwjuHoo6paz08anus 8 2youre npooyK-
MUBHO2O NAACMA YPARA, 3AGUCAWULL OM PAOUYCA KAMYPIEMH020 CKEANCUHHO20 3apsidd, Kodgduyuenma,
onpeoensiowe20 YCioust 63pbl8aHUsl, AKyCMUYECKOU Jcecmkocmu maccusa, kosgguyuenma Ilyaccona u
NPOYHOCHHBIX C8OLUCME NOPOO NPOOYKMUBHO2O NAACMA YPAHA HA PACMAICEHUE.

Knroueevte cnoea: ypan; zeomexnonozus; noosemnoe viuyenauueanue, mpewurnoobpasosanie nia-
cma; Konbmamayus, Kiaccugpuxkayusi cnocobos noo2omogKu pyoHvIX 3aiedcell, unmencugurayus 0o-
bblyu,; mopneduposanue; 30Ha MPewUHO0OPA308anUsl; 3DbIGHOE 6030elicmaue, 3apsao 63pPblBYAMbIX
sewecms, packoivmamayus niacmad.

Beenenue. /[yt onpenencHus npeacTaBIeHUs O Pa3BUTHHU B3pbIBa KaMy(JIeTHOTO
CKBXMHHOTO 3apsijia B TBEPIOH Cpejie pacCMOTPUM (PU3UIECKYIO KapTHHY B3PHIBHOTO
pa3pylIeHUs NPOLYKTUBHOIO IIACTa ypaHa, B OCHOBY KOTOPOTO MOJIOKEHO 3KCIIEPUMEH-
TaJbHOE MOATBEPKICHUE U CTaBINAs KIIACCHYECKON CXeMa, peaiokeHHas B padore [1].
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CornacHo 3T0# cxeMme (puc. 1), mocie NpakTHYecKH OJJHOBPEMEHHOM JICTOHAINH ce-
PHUECKOTO 3apsia B3pbIByaToro BemecTsa (BB), B MoMeHT, korna neToHaoHHas BOJI-
Ha JOXOIMT /0 MIOBEPXHOCTH 3apsija, Ha MOPOAY IEHCTBYIOT B3PbIBHBIC I'a3bl C BEChbMa
BBICOKMM [aBJIcHMEM. B pesynbrare B cpene BO3HHMKACT BOJIHA CXKAaTHs, KOTOpas
CKMMAeT, pa3laBIMBacT U MEePEBOIUT B TEKyUee COCTOSHHUE CIOM MOPOX Ha KOHTAKTe
npooyKkmul 63pbléa—cpeda. Matepuainsl 31ech OylyT UCIBITBIBATE COCTOSHHUE BCECTO-
poHHero cxkarud. Pazmepsl 00pazoBaBIIEHCSs TIPY 3TOM 30HBI CKATUS BCEIIENIO 3aBHUCST
OT AaBJICHUS, Pa3BUBAEMOTO B IIPOAYKTaX B3pbIBAa B 3TOM 30HE, IPOYHOCTHBIX U YIIPY-
TUX CBOMCTB OKpYXKarolleH 3apsia noposl [2].

a [

Puc. 1. Pa3pymenne MaccuBa OpoJ] IPH B3pBIBE B OE3TpaHUYHON cpefe —
1 BOJIM3U CBOOOJHOM TTOBEPXHOCTH — 6:

1 — B3pbBIBHAS MOJIOCTh; 2 — 30HA pa3laBiMBaHUs; 3 — 30HA PaJUKAJIbHBIX TPELIVH;
4 — 30Ha TPEIINH, pa3BUBAEMBIX OT CBO6OHHOﬁ TIOBEPXHOCTH, 5 — 30Ha TPEIINH,
Pa3BUBAEMBIX OT COBOKYITHOTO pa3pyllIeHHMs; 6 — HEpa3pyLIeHHas 30Ha
Fig. 1. Rock mass blasting destruction in infinite medium — a and near the free
surface — 6:

1 — explosion chamber; 2 — crushing zone; 3 — zone of profound fissures; 4 — zone of
fissures propagating from the free surface; 5 — zone of fissures propagating from the
aggregate destruction; 6 — undisturbed zone

IIpu manpHEWIEM yNaIeHUH OT LEHTPa B3pbIBa HHTCHCHBHOCTD HANPSKCHUH, BBI-
3BaHHBIX BOJHOM CXKATHUsA, CHIYKAETCS U MPOLECC pa3pylIeHNsT HOCUT HHOW XapaKTep.
Yactuie! nopobl, BOBIEUEHHBIE B IBUKEHHE BOIHOM CKATHs, IPOIODKAIOT IEpeMe-
aTbCsl BOJb PaJUuyCOB, UCXOMAIINX U3 LEHTPA B3pbIBa. B pesyibrare Kaxablid die-
MEHTapHBI c(epUvIecKuil CIIOW, MBICIIEHHO BBIACISIEMBIH B Cpefie, pPacTArHBaeTcCs,
YBEJIMYMBAsL CBOM pajuycC, YTO IPHUBOAUT K IOSIBICHHUIO CUCTEMBbI PAIHAJIBHBIX Tpe-
IIVH, pacXOASIINXCS BO BCE CTOPOHBI OT 3apsifa. MHade ToBOpsI, HapyIIEHUE CIUIONI-
HOCTH Marepuasa opoj B 30He IPOUCXOAUT IIyTeM 00pa30BaHMsl TPEILMH, HAIIPaBICH-
HBIX [0 HOpPMasiM K TMOBepXHOCTH cdepsl. [losBneHne paavanbHBIX TPEIIUH
00yCIIOBJICHO HAJIMYMEM TaHT€HIHMAIBHBIX PACTATUBAIOIINX HAPSHKEHUH, IPEBHIILAIO-
LIUX IIpeses MPOYHOCTH MaTepuana FrOpHbIX NOpoJ Ha pa3psIB. IIpu nanpHelnem yna-
JICHUH OT IEeHTpa KaMy(IeTHOro B3phiBa AeopMaIny, BEI3BAHHbBIE PACTATHBAIOIINMU
HaNpsDKEHUAMH, IPEKPAILAIOTCS U HOBbIE TPELIMHBI He 00pasyrorcs. OJHAKO BO3HHK-
IIMe paHee TPEIUHBI MOTYT PAaCIPOCTPAHATHCS €Ille Ha HEKOTOPOE paccTosiHuEe Oaro-
Jlaps IepepacipeelcHUI0 HalPsHKEHUI OKOJIO UX KOHIIOB, IIE€ IMPOUCXOJUT KOHIIEH-
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Tpamnusi pacTATHBAIOIINX YCHIIMH. PasMepsl 30HBI paguaNbHBIX TPEUIMH 3aBHCAT OT
TPELIMHOBATOCTH MacCHUBa MOPOJ, UX (HU3MKO-MEXaHUYECKHX M TOPHOTEXHOJIOTHYe-
CKHMX CBOMCTB, Ilepeiaud 3Hepruv BB B BoJIHY HanpspKeHWH M BPEMEHM MX BO3JEH-
cTBUA Ha cpeny (puc. 1). Ha pa3meps! 3THX 30H CyLIeCTBEHHOE BIUSHHUE OKA3bIBAIOT U
pacumpsromuecs ra3o00pa3Hble TPOAYKThI B3PhIBa.

B ocTanpHOI YacTH cpesl 3a IpefenaMyd OTMEUEHHBIX 30H BOJIHA CXKAaTUs PUBO-
JIUT K HaKOIUIGHUIO HEKOTOPOTO 3araca MOTEeHIMAaIbHOW SHEPTUK yrpyroi nedopma-
LM, KOTOpasi peaanu3yercs: B paboTy pa3pyLeHHs JIULIb [IPU HAJIMYUU CBOOOIHOH TO-
BEepXHOCTU. B 3TOM cirydae nmpu JOCTHKEHUH BOJTHOM CHKaTHsi CBOOOTHOM MTOBEPXHOCTH
YaCTHLBI IPUTPAHUIHOTO CJOS MOIyYaroT BO3MOKHOCTh PACHIMPUTHCS B €€ CTOPOHY.
Takoe paciupeHre Toposl OyeT MepeaaBarbes Bce Ooliee yaaJeHHBIM CIIOSM CPEIbl.
B pesynbrare BO3HUKAeT BOJIHA PACTSKEHUS (MK OTPaXKEHU), paCIPOCTPAHIOIIASCS
oT cBOOOJIHOI TOBEPXHOCTH B IIyOb MaccuBa. JTa BOJHA BBI3BIBACT PACTATUBAIOLIEE
HaNpsDKEHHE B TIOPOZE, a TaK Kak Mpenen MPOYHOCTH TOPHBIX MOPOX Ha pa3phIB B Jc-
CATKHU pa3 HUXKE Mpefiesia UX MPOYHOCTH Ha CHKaTHE, ITO NMPUBOAUT K UHTEHCUBHOMY
paspylLIeHuIo cpensl. Tpeunsl, 00pa3oBaBIIMECs 110 ACHCTBHEM BOJIHBI pacTsiKe-
HUSl, pa3BUBAIOTCS MEPIEHANKYIPHO HANIPABIEHUIO €€ PaclpOCTPAHEHMS.

B HEKOTOpEBIX cily4asiX HAJIOKEHHUE MPSIMBIX U OTPAKEHHBIX BOJIH IPUBOINT K SIBJIC-
HHUIO OTKona [3-5].

Y4acTok nopojibl, OrpaHUYEHHBIN ¢ OJIHOM CTOPOHBI 30HOM pajiMalibHbIX TPEIIUH,
C Ipyroil — 30HOM TPELIMH, HAYIIUX OT CBOOOAHOW MOBEPXHOCTH, Pa3pyLIaeTCs MOX
COBOKYITHBIM JICHCTBHEM BOJTHOBBIX ITPOIIECCOB U Ta3000Pa3HBIX MIPOMYKTOB B3phIBa [2].
ITpu B3pBIBE B OE3rpaHUYHON cpefie TocIIe MaaeHus AaBlIeHus NpoayKToB B3phiBa (I1B)
B TIOJIOCTH CHJIFHO C)KaTas BOKPYT Hee TOpOja He3HAYUTEIHHO CMEIIAETCSl B CTOPOHY
LEHTpa 3apsia, BO30yxK/asi BOJIHY pa3pekeHUs, B Pe3y/IbTaTe 4ero B Cpee MOSBIISIOT-
Cs1 KOJIBIIEBHIE TAHT€HIINAIbHBIE TPEIIUHBI.

TakuMm 00pa3oM, OCHOBHOE pa3pylI€HHE CKaJIbHBIX TOPHBIX TOPOA POUCXOAUT MOA
JIefiCTBHEM BOJIH HaNpsHKeHUH, BO30yKIaeMBIX B Cpesie B3phIBOM 3apsina BB, n cammx
ra3000pa3HbIX MPOAYKTOB B3pbIBa. [Ipy 3TOM BUAMMBINH KOHTYp MaccuBa HE U3MEHSET
CBOETO HayaJIbHOTO MOJIOKeHHs. Jlanee ocTaBUIMeCs B MOJIOCTH MPOAYKTHI B3phIBa J10-
paspy1IaT 0TOMBaEMyI0 YaCTh MACCHBA U COOOIIAIOT €i JOTIOIHUTEIbHYIO KWHETHYEe-
CKyI0 3Hepruio. B pe3ynprare pa3npobieHHast Macca MoIydaeT MeXaHHUeCKoe TBUKE-
HUE W 3aHUMAET ONpEAEICHHOE KOHEYHOE IOJ0KEHUE B MPOCTPAHCTBE. B CHIIBHO
YIUIOTHAEMBIX IOpOAax (TpyHTax) poiib BOJTHOBBIX MPOIECCOB B Pa3pyIIEHUN CBOIUT-
Cs1 K MUHMMYMY U pa3pyLlIeHHe OCYLIECTBISIETCS 3a CUeT COOOIIEHHsI Cpee KUHEeTHYe-
CKOH 9Heprum razoo0pa3HbeIX NPOAYKTOB B3pbiBa BB.

Pa3zpa0orka MaTeMaTH4yecKoi MoJe/Iu U ee aHAIU3. s perieHus 3a1a4u o poy-
HOCTHOM XapaKTEepUCTHUKE MOPOJI B YCIOBHSIX BCECTOPOHHETO B3PBIBHOIO HATPY>KEHUS 110
aHaJIoruu ¢ paboTamu [2—5] OyaeM cuuTarh, YTO pacLIMPEHHE MOIOCTH IPEKPATUTCS IIPH
HaJIMYXUU OONBIIOr0 BHYTPEHHETO TPEHHS B pa3apo0IeHHO cpesie Tora, Kora cTaThde-
CKH HaIpsDKEHHOE COCTOSIHUE, 00YCIIOBIEHHOE IIPOYHOCTBIO CPEbl, OyIeT B COCTOSIHUM
yAep>KaTh AaBJICHUE MTPOILYKTOB JIETOHAIIH.

YrtoObI BEIYUCINTD BETMYMHY MAKCUMAJIBHOTO AABJICHUS B IIOJIOCTH B O€3rpaHUYHON
cperne, KOTOpYIO CIIOCOOHBI yAEpkKaTh CHJIbI, 00YyCIOBICHHBIE MMPOYHOCTHIO CPEbl, HO-
JIOKHM, YTO B3PBIB B KaKJIOM 2JIEMEHTAPHOM CJIOE IO BBICOTE 3apsia MPOHU30IIET MIHO-
BeHHO. PaccMoTprM ceueHue 3apsiia, Haxoaduieecs Ha JOCTaTOYHOM PacCTOSHUM OT €T0
KoHIIOB. Cpey B HapaBJICHUH paIinyca cJost OyZIeM CUNTaTh O€CKOHETHO TPOTSHKECHHOH.
Pemienue, mony4eHHOE MPH STHX IOMYLIEHUSX, OyAeT COOTBETCTBOBATH B3PHIBY JOCTa-
TOYHO JJTUHHOTO MUJIMHAPHUYECKOTO 3apsiia B HeorpaHmueHHoH cpene [6—11].

Crnenys [12], pa3pyuieHue ckaabHON MOPOABI PEICTaBUM MPOUCXOIAIINM P T0-
CTEIIEHHOM HapacTaHUM AABJIECHUS BHYTPH HOJIOCTH OT OECKOHEYHOCTU K OCH 3apsaja
(puc. 2). IIpu ManbIxX 1aBIEHUSX B MOJIOCTU CKaJIbHBII MACCHB MOKHO paccMaTpHBaTh
Kak yrnpyryio cpeny. B aTom ciyuyae ¢ MOBBIIIEHHEM JaBJIeHHUS HA TPaHULIE TIOIOCTH
OyIlyT pacTy pacTArMBarONIe TAHTCHIMAJIBHBIE U CKMMAIOIINE PaUalIbHbIE HAIPSDKECHMYS.
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IIpu HOCTHMKEHWU TaHTCHIUAILHBIMH HAIPSDKEHUSMH HEKOTOPOTO NPEACILHOTO
3HaA4YCHUA Gp Ha T'paHULC IMOJIOCTU MOABATCA TPCIIWHBI, HAIIPABJICHHLBIC IO paanycCy.
IIpoTsaxeHHOCTh KaXK10M OTJEIbHOMN TPEIIUHBI TPEANOIAraeTCa 3HAYUTEIbHO MEHBIIIE
paanyca 30HBI TPEITMHOOOPa30BaHus. DTO HEOOXOAMMOE YCIIOBHE COXPAHCHUS CHMMET-
PHH 30HBI pa3pylIeHUs U TOTO, YTO TPAHUIIA 30HBI OTMPENEIACTCS 3HAYCHUEM TAHTCH-
[IUATBHOTO HANPSDKEHHS, PABHBIM TIPEIeTy IPOYHOCTH TIOPOABI Ha PACcTsHKCHHE.

[Ipu nanpHEWIIEM MOBBIICHUH JABJICHUS B TIOJOCTA 00pa3yeMble pauaibHBIMU
TpeIMHAMH KOHHYECKHUE KyCKH IMOPOJIbl HAUHYT pa3iaBinBarhesi. C pOCTOM JIaBICHUS
30Ha pa3iaBivBaHUs OyIeT PacuIUpsAThCA. [IpruyeM B KOHIIE 30HbI pa3IaBIMBaHUs pa-
JUajbHble HANPSHKEHHs TOCTUTHYT HEKOTOPOH Mpe/ebHON BEIMYUHBI G, , COOTBET-
CTBYIOIICH 3HAUCHHWIO HANpPsDKEHWS HAa pa3llaBIMBaHHUE TPH OJHOOCHOM CXKATHH.
BHyTpH 3T0#i 30HBI MAaTEpHa JOBOJIBHO CHIBHO MIEPEH3MENBUCH U TI0 CBOCH CTPYKTYpE
MPHUOJINKACTCS K 36PHUCTOH CpeJie THITA neCOK C TUIOTHOM YIaKOBKOW 4aCTHII.

| 3oHa ynpyrux

_______________ | nedopmarnuii
~~~~~~~ I

/

Fpas /

TTonocts T'rp /
3ona

pasaaBiMBaHus 30Ha paauaIbHBIX

— 30Ha paspyuieHus

10 €CTECTBEHHBIM
TpELMHAM

Puc. 2. 3oHs! pa3pymenus B 6earpannynoii cpexne (o B. H. Pognonogy):

7, — PajIyC MOJIOCTH OT LUCHTPA 3aPsifa; 1\, — PALHYC 30HbI PA3/IABIUBAHUS, I, | — PAJYC 30HBI

panuajdbHBIX TPEIIUH
Fig. 2. Zones of destruction in infinite medium (according to V. N. Rodionov):
r, — the radius of a cavity from the center of a charge; r,,, — the radius of a crushing zone;
r,,— the radius of radial fissurcs zone

Hcxond U3 onuMcaHHOM CXEMBI pa3pylICHUs], YypaBHEHUE PABHOBECHS, BBIPAXKEHHOE
gepe3 cMereHue u = u(r), I yIpyro 00JIacTH B CIIydae OCEBOM CHMMETPHUN MOYKHO
3amucarh B BUJIC:

4>
u ldu u
—+—-——-—==0,

ar*  rdr »*
r1e ¥ — TeKyLui paguyc.

3710 00BIKHOBEHHOE JTMHEHHOE YpaBHEHUE BTOPOTO MOPsiAKa, OOIMIMKA HHTErpall Ko-
TOPOTO BBIpaXkaeTcs Kak

u=Ar+ Alr, (1)

rae A 1 B — IOCTOSIHHEIE HWHTCTPUPOBAHUSA, ONIPEACTIACMBIC U3 T'PAHUYIHBIX YCJIOBI/Iﬁ.
VYpasuenue (1) paccmarpuBaeTcss COBMECTHO CO CIETYIOITAMH IBYMsI YCIIOBUSMH:
YCIIOBHUEM 00 OTPaHHUECHHOCTH CMEIICHHSI Ha OECKOHEYHOCTH U YCIIOBUEM TOTO, YTO Ha

BHEIIHEH T PpaHrLC 30HBI PAAUAJIBHBIX TPCUIUH TAHICHIUAIIBHOC HAIIPAKCHUC IIPUHU-
MacT MnMpeaAcJIbHOC 3HAYCHUC Gp:

u =0 npu r = oo; Co = Cp IpU 7" = 71,

rac Gy — TAHICHIIMAJIbHOC HAIIPAKCHUC, r = paanycC 30HbI paguaJIbHBIX TPCIIUH.
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U3 nepBoro ycnoBus cienyert, uto A = 0. Torna

EB EB

G, =——; Gy =———,
' 1+ vr? ! 1+ vr? (2)

IJie G, — PaJuajbHOE HaNpsKeHue; £ — Moayns ynpyrocts; v — koapduuuent [Tyaccona.

Hcnomns3ys BTOpoe rpaHnyHOE ycioBue (2), Haxonum B.
Takxum 06pa3om, B yIIpyroi 001acTs IS HAMPSDKECHUH U IEpEMEITICHIS TMEeM

2 2
i i I+v 7
G.=-0,|—|; Gy =—6,| — | Uu=——0.1,—.
7 p p E r ”

CMelenne rpanuipl yIpyroi 30Hbl IIpH 7 = 7

1+v
u =

Gpli- 3)

OHo ompenenseT paccTosHUE, HA KOTOPOE CMECTUIIACh I'PaHMLIA 3a cueT IedopMu-
POBaHMS yNIPYIOH 30HBI.

B 30ne paguanbubix TpemyH 6, = 0. C y4eToM 3TOT0 3alMIIEM YPaBHEHHE PaBHO-
BECHsl B paccMaTprBaeMoil 30He:

do
o, +r—-=0. 4
P 4)

Pemenuem ypaBnenus (4) sBaseTcs 6, k = const, rae K — KO3(GHUIMEHT UHTEHCHB-
HOCTH HamlpsKEHUH.

['panuuHOe ycnoBue At BHyTPEHHEHW IPaHUIIBI ATON 30HBI
Gr = —Ocx IpU 7 = 12, (%)
I7ie 7', — PafinyC 30HBI Pa3/aBIUBaHHUS.

CornacHO 3aBUCUMOCTH (5) pacripeaciicHue HaHpS[)I(eHI/IfI B OTOH 30HE INOAYUHACTCA
3aKOHOMCPHOCTH

6, =04 (n/r). (6)

I[J'ISI YCTAHOBJICHHUA CBA3U MCXKIY 7'y U 1", PACCMOTPHUM CUCTCMY

E (du u E (u du
G, = P tv—|; Oy = ) —+v—,
1-v°\dr r 1-v-\r dr

TJle G, — TAHT€HIHAIbHOE HAPSKEHHE.
Tak xak B 5T0ii 0bnactu 6, = 0, TO

Eu 7
6, =———.
' vr )
Hcnonb3ys cBOMCTBO HEPA3pbIBHOCTU I'PAHULBI MEXKAY YNPYrod 30HOM U 30HOU
paAvambHBIX TPELIUH, T. €. YCIOBUE HENPEpPHIBHOCTH CMEIIeHHs, U noacTasisas (3)
B BbIpaxkeHue (7), moiay4yaem
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0——£ﬂ——l+vc g
Ty T Ty o (8)

Ha ocnoBanmnu (5), (6), c yaeroMm (8) nmeem

Oyl ©)
PamuanbHOe HampspkeHUE B paccMaTpuBacMoOl 30HE CBS3aHO ¢ JedopMaimeis 3a-
xoHoM I'yka 6. = Ee_[8]. Torna pacnpenenenue aegopmanyu UMeeT BU

e =2
" E r

Ilepemerienre u, BHyTPEHHEN IPAHUIIBI paJUaibHLIX TPELIMH IO AEHCTBUEM Ha-
NPSDKEHUS G, = —G_, ONPEIETSIETCS BHIPAKEHUEM

]

+ j d Lty + ! Ind
Uy, =u edr=——o 1 +—0_7nIn—,
2 =Y i p)
r E p E CK }"2
i
C yuetom 3aBucumoctu (9)
u, = Jex’2 v+In =
E l+v o,
GC)K
Tak KaK Juist TAIMYHBIX TOPHBIX OPOJI OKOHYATEIbHO In | : ~ 1, umeem
+v o,
1+
U, = T cSc»ch'

B 30He pa3maBnuBaHus ¢ ONPEACIICHHON CTETIEHBIO0 TOYHOCTH MOXKET OBITh UCIIOJNb-
30BaHO ycioBue [14]:

6, —20,=0.

HOJ'IL3y5ICL YpaBHCHUCM PAaBHOBCCHA B BUAC

do. 1
dry +;(Gr —Ge) =0,

C YYETOM TOT0, YTO PajHajbHOE HANPsDKEHHE Ha BHEITHEW IPaHUIIC PacCMaTpUBAEMOi
30HBI (7 = 7)) H3BECTHO, HOIYYHM

1/2
G, = —Ocx —(7"2/7") :
HpI/I 9TOM OAaBJICHHUC P Ha cTeHKHn HHHHHHqueCKOi;I IIOJIOCTHU COCTAaBUT

P=o(nfr,)”.

IIpuMeHNB 3aKOH HEpa3pbBIBHOCTH, KOTOPBIA CHPABEUIMB B 30HE Pa3AaBIIMBAHMS,
ONPENETMM COOTHOIIEHHUE 7', /F,, ¥, — PAANYC IHIUHAPUYECKON MONOCTH.
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O0bemHas nedopMarius, Kak M3BECTHO, paBHA

(10)

A:Gr+ce+cz: 30ﬂr_21/2
3K 4 K\r) "’

e K — Momyas o0beMHoro cxxarus, K z — [IPOJIOJILHOE HANPSIKEHUE.

3(1-2v)
IMpu BeBome 3aBucuMmocTd (10) HCMONB30BaHBI W3BECTHBIC TIONOKCHUS W3
TEOPUH YNPYTOCTU U IUIACTUYHOCTH O TOM, YTO MPU LWIMHIPUYECKOH CHMMETPUH
6. = (6, +6,)/2 [12], B cmyudae cpelsl THIA NECOK G, = 2G,,.
ITockonbky A =1 —p, /p,, TO U3 3aK0Ha 00BEMHOTO Je()OPMUPOBAHUS HOTYIHM

3 ” 1/2
2
4 K(J ’

GC)I(
Py =Pyt —Py—

TJIE Py, P; — MIIOTHOCTB JI0 U T0CIE AeOpMaluH.
YpaBHEeHHE HEPa3pBIBHOCTH UM OaaHCa Macchl IMEET BU:
HtV,

Py 1) =2 [ prar. (11)

To

WnterpupoBanue Boipaxkenus (11) B ykazaHHBIX mpeesnax AaeT

1/2
1+Gﬁ }/'72 _ i
r K \r r

2

PaznoxuB ciaraembie B 3HAMEHATENE B Psii U OTPAHUYUBILIMCH YJIE€HAMU IEPBOTO
MOPsIKa MaJIOCTH, MOJTYYHUM
1/2
12 S (B) [
7 K \r 7

n
1+v o
E %"k

. 2

MakcumanbHOe 3HaYeHHE JABJICHHsA, YAEPKMBAEMOIO CPEloi, M0CTUraeTcs IpH
r, /r, — 0. CiemoBarensHo,

hl _ m
, h 1+v .’ (12)

rae m — Ko3QPUIUEHT TONIOMICHNS SHEPTHH.
3
VYuureBas, yro K = gE ,a E = Zpoc2 npu v = 0,3 ¥ poc’ IS TOPHBIX TIOPOJ

(¢ — CKOPOCTB BOIHBI B IIUITMHIPUYIECKON TOJOCTH) Ha IBa-TPH NOPsAIKa OONbINE G,



50 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 4. 2019 ISSN 0536-1028

BTOPBIM CJIaraeMbIM B YHCIIHUTENIE MOAKOPEHHOTO BBIPAKEHUSI MOXKHO NpEeHeOpeyb.
Torna u3 ypasHenus (12) numeem

Ll _ 3 p002

n). 4 (3,2+2v)o,, '

n

B cooTBeTCTBUM C 3THM MakCHUMaJIbHOE JaBJICHUEC B HI/IJ'IHHILpPI‘IGCKOfI IIOJIOCTH
B OTHOPOJTHOM CKaJIhbHOM MaccuBe mpu v = 0,3

1/4

2
P=o,| P | (13)
SGC)K

Bripaxxenue (13) momyueHo U3 pacCMOTPEHUS KBa3UCTaTUUYECKOTO PACIIMPEHHS TT0-
JIOCTH, KOTOPOE MMEET MECTO Ha 3aKIIOUMTENbHOM cramuu B3phiBa [12]. [lockombKy
B HauaJIbHBI MOMEHT JIeHiCTBHE B3pbIBA HA CTEHKH IIOJIOCTH HOCUT YAApHBIN XapakTep,
B ypaBHeHHe (13) crnemyeT BHECTH MONPABKY, YUUTHIBAIOILYIO 3TO YCIOBHE.

B pabote [15] o0ocHOBaHO, UTO HANpPSKEHUsI, BOSHUKAIOIINE PU TUHAMHUYECKOM
(ynapHOM) IaBleHUH Ha YIIPYroe TeJo, MOTYT OBITh OIpeesieHbl 10 GopMyIe:

=k0., (14)

I€ G, — HAIpsHKEHHE B YNPYIOM TeJ€ IPH CTAaTUYECKOM IPHJIOKEHHU Harpy3Ku,
T, — KHHETHYECKAs DHEPIUs yAapsmouero rena (B ganHoM ciuydae I1J[) x MomeHTy
Hayana yznapa; U, — noTeHlIuanbHas S5Heprus Jedopmalnuy mopojsl; B — OTHOIIEHHE
Macchl yaapsieMoro Tena (OKpysKaroliel MoI0CTh MOPOobl) K Macce yIapsoLIero Tena
(3apsina BB); kﬂ — K03 GUIMEHT TMHAMAIHOCTH.

®opmyna (14) npu perieHun 3a1a4d B3pbiBa OblIa BIIEPBHIE MPUMEHEHA B padoOTe
[15]. Tak kak OTHOIIEHHE Macchl 0OTOMBaEMON YacTH MacCUBa K Macce 3apsaja B 00bId-
HBIX YCIIOBUSX B3PBIBAaHHS COCTaBIseT He MeHee 3 - 103, a otHomenue 7, /U, He npe-
BBILIAET OJJHOTO Nopska, To Benuuuna 7,,/U, (1 + B) Oyzner Becbma mManoi. B pesynb-
Tare KOA(QQUIUEHT NWHAMUYHOCTH B Hauajle [AEHCTBUS B3PHIBHOM Harpy3ku IO
¢dopmyre (14) Oyner paBeH 2.

C y4eToM TOro 4To K MOMEHTY JOCTH)KEHUS MOJIOCTHIO MPEAETBHOIO MON0KEHUS
pacipeHre HOCHT CTaTHYECKUH XapakTep, CpeAHUH KOdQPHUIUEHT TUHAMUYHOCTH
Ha MPOTSHKEHUH BCETO 3TOT0 MpoIlecca MOKHO MPUHATH PaBHBIM 1,5.

O060CHOBaHHOCTH MIPHUBEJECHHOTO 3HAUeHUs KOA(h(HUIIMEHTa MOATBEPKIACTCI IKC-
nepuMeHTamu. Tak, paspyliaroliee HalpspDKEHHE IPU B3PBIBHOM HArpy)KEHHM IS
cTekna ysennuusaercs Ha 50 %, monnMeTtunMeTrakpuiaara — Ha 65 %. ComiacHo #aH-
HbeIM [13], TuHAMHUYECKHUH Mpeaes MPOYHOCTH s 4yryHa cocrasiser 1,50, meau —
1,35 1 MaraueBsIX cI1aBoB — 1,25 ero crarmdeckoro 3HaueHusA. B cOOTBETCTBUU C U3-
JIOKEHHBIM MaKCHMAaJIbHOE [IaBJICHHWE B TIOJOCTH, OOpa30BaHHON IIpU B3PHIBE
LITMHIPUYIECKOTO 3apsaa:

P 1/4
C
P =o,, F;"— - (15)

CK

Kaxk BunHO 13 ypaBHeHus (15), mpouyHOCTHAs XapaKTEPUCTHKA 3aBUCUT KaK OT CHKHU-
MaeMOCTH, TaK M OT Mpenena MPOYHOCTH MOPOAbI Ha pas3laBiMBaHHE. BrlpakeHue
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B CKOOKax MpeAcTaBiseT co00i Oe3pa3MepHYIO BEIMYHHY, YUUTBHIBAIOIIYIO YCIOBHUE
BCECTOPOHHETO IMHAMMYECKOTO Harpy>KEeHMsI Cpelbl ITpy IeicTBUU B3pbiBa BB. naue
TOBOPSI, 3TO YHCJIO MOKA3bIBAET, BO CKOJIBKO Pa3 YBEJIUYUBAECTCS CONPOTUBISEMOCTh
MTOPO Pa3pyIICHUIO B OMMKHEH 30HE B3pBIBA IPH BCECTOPOHHEH TUHAMUYICCKOW Ha-
rpy3ke. JTa XapakTepUCTHKa pa3IudHa Ul pa3HbIX BUJOB IMOPOX U ONPEAEIAETC UX
MEXaHUYECKUMH U YIIPYTUMH CBOMCTBAMHU.

Jns onucanus mpouecca paspyLieHus IPOAYKTHBHOIO IUIACTA ypaHa IPOAYKTaMHU
JIETOHAINHM PACCMOTPHUM CXEMY THAPOJMHAMUYECKOTO IMpOoIecca TPemuHooOpa3oBa-
HHSI TOPHOT'O MacCHBa, CO3JaBaeMOr0 B3pbIBOM KaMy(IIETHOTO CKBaXKMHHOTO 3apsaa BB.

Jnd onpeneneHus BENMMYUHBI pa3pyLIeHUs IPOAYKTUBHOIO IIACTa YCTAHOBUM Pa-
JUYC TPeLIMHOOOpa3oBaHMs B IIyOMHE MaccuBa COIVIACHO METOAMKE, MPHUBEACHHON
B paborte [16]. IIpu 3TOM Oynem cuuTarh, 4TO PagUyC TPEIIMHOOOPA30BAHUS MacCHUBa
ompepenseTcs AeHCTBUEM B3pbIBa KaMy(IIETHOTO IHIMHApPUIEcKoro 3apsina BB nna-
METPOM d,,.

CornacHo 3aKOHaM TEOPHH YIPYTOCTH, PAINyC TPEIIMHOOOPa30BaHUS TOPHOTO
MacCHBa 3aBHCHT OT BEJIMYHMHBI TAHTCHIHAIBHBIX HANPSKCHUM Ha PacTAKEHHUE,
BO3HHUKAIOIIMX B TOPHOM MAaCCHBE, KOTOPBIE ONPENCIAIOTCS MO 3MIUPUYECKON

dbopmye:
¢ = MO, /(1—p),

rme p — kodddurment Ilyaccona.

PangnaneHbie HalpspkeHUS Ha C)Karhe Ha (POHTE JETOHAIMOHHON BOJHBI M CKO-
POCTHh MacCOBOTO CMEIIEHHSI MaCCHBa TOPHBIX TOPOJI CBSI3aHBI MEXKTy COOOH CIIEeTyI0-
el 3aBUCUMOCTBIO:

o = UpC, /g,

rae pC, — aKycTHYecKas KECTKOCTh MaccuBa TOPHBIX nopox, pC, = (1,5-15)x
x103 rc - cm/em? - ¢; g — yCKopeHHe CBOOOTHOTO MaieHusI, M/C2.

CKOpOCTh MacCOBOTO CMEIIEHHS MPOAYKTUBHOTO IJIacTa ONMpPEAeIsIeTCs 10 H3BECT-
Hol popmyie M. A. CagoBckoro:

U=A4(3o/r,)". (16)

rne A — ko3 dunment, 3aBucAnINi ot ycinoBus B3peBanus, 4 = 200-250; O — macca
3apsana BB, kr; R, — paccTosHHE OT LEHTpa 3apsiia 10 pacCMATPUBACMON TOUKH, M;
m— Koaq)(bHuHeHT MOIVIOIIECHHSI SHEPTUHU ATl KaMy()IeTHOTO HMIMHAPUYECKOTO 3apsi-
nmaBB, m=2[17].
IMoxcrasiss B ypaBuenue (16) snauenus Q = 2nR P, umeem:
n
R
U=354—2>|. (17)

T.p

PemnB ypaBuenue (17) oTHOCHTENBHO R M moacTaBuB 3HayeHus U, ¢
CIIEYIOIIY0 AIMIHPHUYECKYIO (HOPMYITY:

oJIy4yum

K
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MakcuMalbHBIH pafnyc 30H TPEIIMHOOOpa3oBaHUS B TIIyOMHE MPOAYKTUBHOTO
IIaCTa ypaHa OKOHYATEIEHO ONPEEsIeTCS U3 YCI0BHs G, = [0, ].

3axirouenue. Takum 00pa3oM, HA OCHOBE TEOPETUUECKOIO HMCCIIEIOBAHUS pa3pa-
0oTaHa MareMaTHYecKasi MOAEb AEHCTBUS B3phIBAa KaMy(IIETHOTO LHMIHHAPHYECKOTO
3apsizia, OMMCHIBAIONIAS 30HY TPELIMHOOOpa30BaHMsl B IITyOHHE MTPOIYKTUBHOIO [LIaCTa
ypaHa. YCTaHOBIEHO, YTO MPHU B3PbIBE KaMy(JIETHOTO IHIHHAPUIECKOTO 3apsiia Mmoj
BO3/ICICTBHUEM yAAPHOW M OTPaKEHHOH OT CBOOOIHOI TOBEPXHOCTH yCTyTa BOJH Ha-
MIPsDKEHMS B TITyOMHE MPOMXYKTHUBHOTO IJIacTa ypaHa o0pasyercs 30Ha TPelImHOo00pa-
30BaHMs MaccuBa. Ha ocHOBe MCIOIBb30BaHMS 3aKOHOB TEOPUH YIPYTOCTH ONPEIEICH
panuyc TpemuHooO0pa3oBaHusl B NIyOMHE NPOAYKTUBHOTO IUIACTA ypaHa, 3aBUCAIINN
OT paanyca Kamy(QJIETHOTO CKBRXWHHOTO 3apsna, kKod(h(UIMEHTa, ONpeaelsSIomero
YCIIOBHUS B3pBIBAHHS, aKyCTHUECKOH JKECTKOCTH MaccuBa, kodddunuenta [lyaccona u
IPOYHOCTHBIX CBOMCTB MOPOA IPOAYKTUBHOIO IIACTa ypaHa Ha pacTsDKEHHE.
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Study of uranium productive strata destruction by camouflet explosive charge
detonation

Ilkhom T. Mislibaev!, Sherzod Sh. Zairov', Bekzod Z. Solievl, Akmal Tu. Norov'
I'Navoiy State Mining Institute, Navoiy, Republic of Uzbekistan.

Abstract
Introduction. Despite the undeniable advantages of the underground downhole leaching method (UDL),
there is a tendency to increase the cost of mined minerals due to the development and involvement of deep
deposits with complex mining-geological and mining-engineering conditions and isolated ore bodies with
insignificant mineral content, as well as marginal areas of deposits with high mineral content. The factor
that significantly influences the prime cost rise of mineral extraction with UDL method is rise in labour
costs and material costs to restore the rating of well achieved during the development as long as it usually
decreases as a result of productive strata filter zone colmatage. Due to unsuccessful attempts to unclog
strata filter zone with existing methods and means, production wells are usually liquidated and new ones
are usually built, which causes significant decrease in profits. Therefore, the substantiation and development
of new technologies and technical equipment for production wells operation in order to increase their
productivity is a relevant task for mining science and practice.
Research aims to develop the technology and technical equipment unclogging productive strata filter zone
by physical action through the use of a camouflet explosive charge.
Methodology includes theoretical research of underground leaching method, analysis and mathematical
simulation of the action of camouflet explosive charges in wells.
Results. Decisions have been made on geotechnological uranium wells efficiency improvement by
eliminating productive strata colmatage by explosive impact using torpedo charges.
Summary. Based on the theoretical research, a mathematical model has been worked out of cylindrical
camouflet charge detonation, describing the fissuring zone in the depth of uranium productive strata. It has
been determined that during cylindrical camouflet charge detonation under the influence of shock stress
wave and stress wave reflected from the free surface, massif fracture zone is formed at the depth of the
productive strata. Based on the laws of elasticity theory, cracking radius in the depth of the uranium
productive strata is determined which depends on the radius of the camouflet borehole charge, the
coefficient determining the blasting conditions, acoustic rigidity of the array, Poisson ratio and tensile
strength of uranium productive strata.

Key words: uranium,; geotechnology; underground leaching; strata fracturing; colmatage; ore deposits
preparation methods classification; production intensification; torpedoing, fracture zone; explosive
impact; explosion load; explosive charge; strata unclogging.
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AHusoTponus hm3nKo-MexaHM4eCKMX CBOUCTB CnaHLeBbIX NOpos
BaxeHOBCKOW CBUTDI

LWycToe A. B.!
' MepMcKuit HaLMOHaNbHbIA UCCNea0BaTENbCKUI NONUTEXHUYECKNIA yHuBepcuTeT, T. MepMb, Poccus
y y
e-mail: denispstu@mail.ru

Peghepam
Beeoenue. Onpeodenenue Guzuko-mexanuieckux ceotUCme aHU30MPONHbIX 2IUHUCIBLX NOPOO S6JISLeMCsL
6AJICHOU U AKMYATbHOU 3a0ayeti, MaK KaK OMJLONCEHUsL 2/IUH, IUHUCIMbIX CIAHYE8 U AP2ULIUMO8 8eCbMd
Yacmo 6CmMpedalomcs Ha HePMAHBIX U 2a308bIX Mecmopodicoenusx. Ecmo dannvle, ymo apeuiiumol u
caanywl cozoarom om 70 0o 90 % écex npobnem, Céa3aHHBIX CO CMAOUTLHOCMBIO CKBANCUH, YO 00)-
CNLOBNIEHO 0COOEHHOCMAMU UX PUIULECKUX U MEXAHUYECKUX CBOUCE.
Lens pabomui. Ha ocnose ucnvimanus o6pazyos kepna CroOUCmulX apeuiiunos nOLyYums XapaKkmepu-
CMUKU AHU30MPONUU YAPYSUX CEOUCME NOPOO.
Memooonozusn. Jlabopamophvie ucciedo8anus QuuUKO-MexaHuyeckux c8olUCms apeuiumos u ClaHyeé
UMeom cyujeCmeeHHvle 0COOeHHOCMU KAK 6 Nlane omoopa KepHa u nod20moeKu obpazyos, max u
6 MemoouKe npogederus u 06pabomKu IKCHePUMEHMOo8. Dmu 0coOeHHOCmU 00YCN08eHbl YPEe38bIUALIHO
HU3KOU NPOHUYAEMOCMbBIO, YYECMBUMETbHOCMbIO K 6YPOBbIM PACMBEOPAM HA B0OHOU OCHO8E, AHU30MPO-
nueil ynpyeux u npOYHOCHMHBIX COUCMS BCIeOCmEUe UX CIoucmou cmpykmypol. Paccmompen onvim
nposedenus UCNbIMAHUL 00paA3Y08 KEPHA CIOUCIIBIX APSUILIUNOS, 8bINOIHEHbL UCRLIMAHUSL HA 000PY00-
8aHUU NO NPOSPAMME KOHCONUOUPOBAHHO-HEOPEHUPOBAHHO20 HASPYIICEHUs. 8 COOMBEMCMEUU CO CIAH-
oapmamu ASTM.
Pezynomamol. B pesyismame 5KCnepumMenmos Ha o0paszyax KepHa, GbINUIEHHbIX 800b U NONEPeK CJlo-
ucmocmu, uzyueHvl aHU30MpPOnHble YIpyeue c80UCmed nopoo, a MakKlce Ux 3a8UCUMOCTU OM 2eopu3u-
YeCKUx napamempos.
Bb1600b1. Anuzomponus ynpyeux ceoucme cyujeCmeeHHblM 06pazom énusiem KaxK Ha HaAnpsiceHHo-0e-
Gopmuposannoe cocmosiHue npu peuleHuy KOHKPemHuix 3a0a4 MEeXaHuku CiouHou cpeovl, mak u Ha
pacuemmule 3HAUeHUsL UCXOOHO20 NOJSL HANPANCEHUL 8 YeloM. Yyuem napamempos aHuzomponuu, noiuy-
YEeHHbIX 8 OAHHOU pabome, NO360NUN Peuams 3a0a4u 2eOMEXAHUKU NPUMEHUMETbHO K CIOUCIbIM ap-
eunnumam badscenosckoii ceumut.

Knroueewte cnosa: zecomexanuxa; AHU30MPONUSL, NPOYHOCHb, YNPY2OCMb, CIOUCIOCMb, AP2UNIU-
mbl, 1a00pamMopHbLe UCNBIMAHUA, KEpH.

Brenenune. Onpenencnrue GU3NKO-MEXaHUUSCKUX CBONCTB aHW30TPOIHBIX TJIMHU-
CTBIX NOPOJ SBJSAETCS BaKHOM U aKTyaJIbHOW 3aJlau€il, OCKOJIbKY OTJIOKEHHUS IVIMH,
IJIMHKUCTHIX CJIAHIICB M apTHJUIMTOB BEChMa YacTO BCTPEYAIOTCS HA HE(PTAHBIX U ra3o-
BBIX MECTOPOXKJICHUIX. ECTh MaHHBIC, YTO aprUUIUTHI U chaHIbl co3aaroT ot 70 1o 90 %
BCEX IMPOOJIEM, CBS3aHHBIX CO CTAOMILHOCTBIO CKBaXKUH, YTO 00YCIIOBICHO 0COOCHHO-
CTSAMU UX (PU3NYCCKUX U MEXaHUYECKUX CBOUCTB [1, 2]. JlTabopaTopHbIe UCCIIC0BaHUS
(hM3HKO-MEXaHUYECKUX CBOWCTB aprUJUTUTOB U CIAHIICB MMEIOT CYIIECTBEHHBIE OCO-
OCHHOCTH KaK B IJIaHE 0TOOpA KePHA U MOATOTOBKU 00Pa3IloB, TaK U B METOJUKE MPO-
BEJICHUS U 00pabOTKHU IKCIEPUMEHTOB [3, 4]. DT 0COOEHHOCTH OOYCIIOBJICHBI Ype3-
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BBIYAfHO HU3KOW MPOHUIAEMOCTBIO, YYBCTBUTEIFHOCTBIO K OYPOBBIM pacTBOpaM Ha
BOJIHOM OCHOBE, aHM30TPONMEN YIPYTHX U IPOYHOCTHBIX CBOMCTB BCJIEICTBUE UX CJIO-
HCTOU CTPYKTYPBL.

O0beKThI U MeToAbI uccaeqoBanuii. [1o CpaBHEHUIO ¢ M30TPOITHBIM MAacCHBOM,
JUTSL TPAHCBEPCATBHO-H30TPOITHON Cpeibl TpeOyeTcs onpeielieHne MSATH YIPYTUX KOH-
cTaHT BMecTO IBYX (E|, E,, G, , v,, V,), YTO NOApa3yMeBaeT U3rOTOBJIEHUE 00pas3LoB
pa3HOU OPUEHTUPOBKHU OTHOCHUTEIBHO CIOUCTOCTH [3, 4]. KpoMe 3TOr0, NPeabABIsSIOT-
Ccsl TIOBBIILICHHBIE TPeOOBaHUSI K OTOOPY, TPAHCTIOPTUPOBKE M XPAaHEHHIO KepHA, I10-
CKOJIBKY €r0 CBOMCTBA BEChMa CYIIECTBEHHO MEHSIOTCS IIPU HAPYLIEHUU ITPUPOIHOTO
cocrosiaus. Hapyrnenne TexHOmOruii orOopa M MOATOTOBKH KEPHA MOXKET MPHUBECTH
K MTOJTHOW HEBO3MOXKHOCTH M3TOTOBJICHHS 00Pa3IoB.
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Puc. 1. 3aBucHMOCT OTHOIICHUSI MOTYJICH yIIpyrocTu £1/E; OT MOIyIIs
ynpyroctu £,
Fig. 1. Dependence between the ratio of elasticity moduli £,/E, and elasticity
modulus £,

[Tomo6HBIE TPOOIEMBI BOSHHUKIIN ITPH HCCIieoBaHIH KepHa DpostoBckoi, baxeHoB-
ckoil 1 Abanakckoit ceut Cpeane-HazpiMckoro Mecropoxaenus 3amagHort CuOupy.
Crarnveckue U AMHAMHYECKUE YIPYTHE H IPOYHOCTHBIE XapaKTEPUCTHKH ITOPOA ObLIH
HEOOXOAMMBI JJISi CO3/aHUs TeoJoro-reoMexaHndeckoi 3D-Momenu MecTopOXKIeHUs
C LEJBIO MOCIEAYIOMET0 aHAIN3a YCTOMUYNBOCTH CKBaKUH W IIPOEKTUPOBAHMS OIEpa-
Ui MHOTO30HHOTO THIpopa3peiBa miacta (I'PIT) [1].

KepHoBBIf MaTepua, MOIy4YeHHBIH 110 OHOW U3 CKBAXKHH, OB B HEYIOBJIETBOPH-
TEIHHOM COCTOSIHAN: KEPH MPAKTUYECKU YTPATHII IPUPOTHYIO BIAXKHOCTD, TPOU3O0IILIO0
pacTpecKuBaHUEe U pa3pylleHHe 10 CIOUCTOCTH. OHAKO U3 OTIEJIbHBIX HEIIOBPEXKICH-
HBIX MOHOJIUTOB YAAJIOCh U3TOTOBUTH 00pa3lbl HECTAHAAPTHOIO pa3Mepa IUaMeTpoM
77-79 MM, OpHEHTUPOBaHHbIE MEPIEHIUKYISIPHO cioucTocTH. [IpoBenenne ucnpita-
HUI HeCTaHAapTHBIX 00pa3oB NoTpedoBaso 1opadoTku ycranoBku [TUK-YU K/

Pesynprarsl ncnbITaHU Ha TakuX 00pa3nax MO3BOJIMIN HONYyYUTh Ae()OpMaLiOH-
HBIE U TIPOYHOCTHBIE XapaKTEPUCTUKHU IS 00pa3LioB, OPHEHTHPOBAHHBIX 110 OCH CKBa-
JKUHBL, T. €. IEPIEHIUKYIISIPHO CIOUCTOCTH.
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OO0pa3s1pl UCTIBITHIBAIIICE B CyXOM COCTOSIHHUH, IIOCKOJIBKY MX €CTECTBEHHAs BIIaK-
HOCTH ObLiIa YTE€psAHA, a HACBINICHHUE MOIJIO IOBJICYL JONOJJHUTCIBbHBIC N3MCHCHUA
CTPYKTYPHI B CBOHCTB 00pa3iioB. To ecTh (DaKTHUECKHU MPH HCIBITAHUAX TAHHBIX 00-
PasIoB ONPEAEIAINCh YIPYTHE MOAY/IH £, ¥ v, B IPEHUPOBAHHBIX YCIOBUAX. B nanb-
HelmeM npu OypeHHH ABYX HOBBIX CKB)KWH YAAJIOCH MONyYUTH KEPH CTAHIAPTHOTO
pa3mepa 30 x 60 MM, ecTecTBEHHON BJIQ)KHOCTH M B KpaTyailliie CPOKH IMPOBECTH Ha
HeM ucnbITanng. O0pasiisl BEIMIINBAIACH KaK BIOJb, TAK U TIOMEPEK CIOUCTOCTH U
HCCIIEZIOBAJIMCH TI0 CXeMe KOHCOIUAMPOBAHHO-HEAPEHUPOBAHHOTO HATPYKCHHS, TaK
Kak B Cllyyae HU3KOIIPOHHULIAEMBIX OPOJ AJIsl oOecIieueHHs APEHUPOBAHHBIX YCIOBUM
TpeOyIOTCsI TpeneabHO HU3KUE cKopocTu Harpyxerus (107-1078 ¢1), uto o3Hauaer
HEMpUEeMIIEMO OOJIBIIIHE 3aTpaThl BpeMeHH [5—8].

E, T'Tla
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Pyc. 2. 3aBUCMMOCTB YIPYTHX MapaMeTpOB, TOIyYSHHBIX IPU HEAPEHUPO-
BaHHOM HAarpy>KeHHH, OT CKOPOCTHU IPOJOILHON BOJIHEI
Fig. 2. Dependence between elastic parameters obtained under undrained
loading and compression wave velocity

WccnenoBanus o0pas3IioB, OPUCHTHPOBAHHBIX MEPICHIUKYISPHO M MApauIeIbHO
CIIOMCTOCTH, TO3BOJIMIIM ONPENEIUTh yIPYTUe KOHCTAHTHl E,, v, (IIepIeHUKYIIPHO
croucTocTn) U E, (mapamtensHo cnoucroctn). Kooppunuent Ilyaccona v, Ha o0pas-
1ax UUIMHIPHIECKOH (OPMBI ONPENENIUTh HEBO3MOXHO. Monynbs casura G, kpaiiHe
CJIOKHO OTPEACIUTh SKCIEPUMEHTAIILHBIM MTyTEM, BCIIEACTBUE YETr0 HUCIOIh30BAACH
NpUONIMKEHHAs 3aBUCUMOCTb, TIpUBeieHHas B [2, 6]: G, = 0,5E, /(1 —v,).

Pe3ynbrarel. 11 onpeneieHusi aHM30TPOITHH YIIPYTHX CBOMCTB HEOOXOIMMEI HCITHI-
TaHUA PACIIONIOKESHHBIX PAIOM 00PAa3II0B, BHITWICHHBIX BIOJb U MOMEPEK CIIOMCTOCTH,
CO CXOXKUMH CBOHCTBAMH U MUHEPAJIOTHYECKUM COCTaBOM. [IpH BBIOTHEHUH JTAHHOH
paboThl BEIMMIIMBATH 00pa3lbl B HEMOCPEACTBEHHOM OJIM30CTH APYT OT JIpyra yJasa-
Jock He Beerna. Vcxoms U3 3Toro, MakCUMallbHOE PACCTOSIHAE MEXKITY COCETHUMH 00-
pastamu npuHIManock 0,15 M, Taxke IpPOU3BOIMIACEH OIIEHKA CXOKECTH 00pa3IoB MO
MHUHEPaJIOTHYeCcKoMy cocTaBy. s kaxmoro obpasma onpenessiiuch CKOPOCTH IMPo-
XOXKACHUA NPOAOJIBHBIX U MONEPEYHBIX BOJIH, @ TAKIKE CTATUUCCKUEC YIIPYIUe MOAYIIN

(puc. 1).
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Ha puc. 1 xpacHbIMU TOYKaMU TOKa3aHbl PE3yAbTaThl TEKYIIUX UCIBITAaHUH, CHHU-
MU TIPUBEACHBI JTaHHBIE UCTIBITAHUN CIOUCTHIX apruyummtoB CeBepHoit Amepuku [9].
MOKHO BUACTH, YTO UCIIBITAHUS AT JOCTATOYHO OIM3KUC PE3YIBTATHI.

B xone nmpoBeneHHs 3KCIIEPUMEHTOB OIIPEALIIach CKOPOCTh TPOXOXKACHUS TIPO-
JonbHOU BOHBI [ 10—12], 4TO MO3BOIMIO NOMYYUTH 3aBUCUMOCTh COOTBETCTBYIOLIUX
YIPYTUX MOAYJIEH OT JaHHOro mapamerpa. Ha puc. 2 mpeacTaBieHbl 3aBUCUMOCTH
MOJYJIsI YIPYTOCTU KaK NEPIEHIUKYISIPHO, TaK U MMapajiyIeIbHO CIOUCTOCTH OT CKO-
POCTH NPOJOJIBHOM BOJHEL. Moayns ynpyroctu £, B MHTEpBajIe CKOPOCTEN MPOIO0JIb-
Ho# BosHEI 2500—4000 M/c mpakTHUecKu He u3MeHseTca u coctapiser 25-35 I'Tla,
B TO BpeMs KaK MOZyJb YNPYrocTH £, Ha JaHHOM MHTEPBAJIE 3aKOHOMEPHO IaJaeT
¢ 25 no 7 I'Tla.
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Puc. 3. 3aBucumocts kodddurmenta [Tyaccona 00pas3ios, OpUEHTHPOBAHHBIX
HEPICHIUKY/IPHO HAIIACTOBAHUIO, OT CKOPOCTH HPO/IOJIBHON BOJHBI
Fig. 3. Dependence between the Poisson coefficient of samples oriented
perpendicular to bedding and longitudinal wave velocity

Pa3nuna B koauyecTBe 00pas3oB, BHIMUICHHBIX BIOJb U MOMEPEK CIOUCTOCTH — TO-
YeK, MPUBEJCHHBIX Ha pUC. | — BBI3BaHa CIIOcO00M UX oToOpaxkeHus. BenencTaue Toro,
YTO OCBIO OpPIMHAT BHIOpaHa CKOPOCTh MPOOETa MPOAOIBHOIN BOJIHBI MONEPEYHBIX 00-
pasiioB V, (B COOTBETCTBHH C HAINPABICHNEM ITPOXOXKICHNAS yIPYTHX BOIH MPH aKy-
CTHYECKHUX HCCIEJOBAHUIX B BEPTUKAIBHOM CKBAXKHHE), ONEPEUHbIE 00pa3Lbl MOTYT
OBITH IPUBEICHBI BCE, @ MIPOIOJILHBIE — TOIBKO MapHBIE K MOMEPEYHBIM.

BropriM, HE MeHee 3HaYMMBIM, MTapaMeTpoM siBisgeTcs: kodd¢uuueHT Ilyaccona.
Ero onpenenenue A aHU30TPOITHON CPEAbl CONMPSKEHO C Oojiee Cepbe3HBIMU TPY/-
HOCTSAMHU, HEXKEIU ONpENeNIeHue Moayiei ynpyroctu £, u E,. B pamkax npoBeieHus
SKCIIEPUMEHTA yNAJIOCh MOIYYHUTh TOJBKO 3HAYEHHMS V, TIOPOJ, PACIIONOKEHHBIX IEp-
NeHIUKYISIpHO cinoucTocTd. Ha puc. 3 mpencrasieHa 3aBUCMMOCTb TaHHOTO IapaMe-
Tpa OT CKOPOCTH NPOAOJIBHOM BOMHBEL. Kak BHIHO, MMeeTcs OINpeeeHHas 3aBUCH-
MOCTh cTartuueckoro koaddummenta IlyaccoHa oT CKOPOCTH NPOAOIBHON BOJHEI
B MHTEpBase ckopocteit 2500—4000 m/c.

BeiBoabl. TakuM 00pa3oM, yAajaoch HONYYUTh 3aBUCHUMOCTHU AJISI aHU30TPOIIHBIX
MOAYyJeH yHpyrocTH OT €AMHOTO IapaMeTpa, XapaKTepU3YIOLIEro CKOPOCTh mpodera
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IMMPOAOJBHBIX BOJIH, C LICJIBIO HOCJ'IC)IyIOIIIeﬁ MIPUBA3KHU I'MC u ucnonb3oBaHus npu mo-
CTPOCHUU reoMexaHn4eCKOM MOICIIN.
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Bazhen Formation shale rock physical and mechanical properties anisotropy

Denis V. Shustov!
! Perm National Research Polytechnic University, Perm, Russia.

Abstract
Introduction. Anisotropic clay rocks mechanical properties determination is an important and relevant
problem, because the sediments of clays, clay shales and argillites are quite often present in oil and gas
fields. It is reported that mudstones and shales are the reason for 70—90% of all problems associated with
wells stability, which is due to the peculiarities of their physical and mechanical properties.
Research aims to obtain the anisotropy characteristics of rocks elastic properties based on bedded
argillites core samples testing.
Methodology. Laboratory studies of argillites and shales physical and mechanical properties have significant
features in both core sampling and sample preparation and experimental procedure and processing
methodology. These features are due to extremely low permeability, sensitivity to water-based drilling mud,
and strong anisotropy of elastic and strength properties caused by their bedded structure. The experience of
testing bedded argillites core samples is considered. The tests were carried out on the equipment available
under the consolidated undrained loading program in accordance with ASTM standards.
Results. Anisotropic elastic properties of the rocks and their dependence on geophysical parameters were
studied in the course of tests on core samples drilled along and across the bedding.
Conclusion. The elastic properties anisotropy significantly affects both the stress-strain state when solving
specific problems of continuum mechanics and the calculated values of the initial stress field as a whole.
Accounting for the anisotropy parameters obtained in this work will allow solving the problems
of geomechanics as applied to bedded argillites of the Bazhen Formation.
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Generalizing the experience of forecasting dynamic events
at the Upper Kama potassium salt deposit according
to geological and geophysical data
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Abstract
Introduction. Mineral deposits opencast and underground mining is accompanied by excavation and
conveyance of enormous rock masses. As a result, geological medium natural stress state is disturbed.
Its balance restoration is accompanied by dynamic events of various forms and intensity, often
catastrophic. That is why the problem of deposits safe exploitation is relevant in scientific and practical
terms. At the territory of the Ural region there are several regions where the level of technogenic load
is estimated to be potentially dangerous. One such region is Solikamsk-Berezniki region, the largest in
the world, the Upper Kama (Verkhnekamskoe) potassium salt deposit (VKMKS) has been mined there
since 1932, along with hydrocarbon, underground waters, and other mineral deposits. There is also
a large reservoir there. Geological medium within the deposit is in the state of unstable balance.
Catastrophic dynamic events of 1995, 1999, and 2006 give evidences of this.
Research aim is to generalize the experience of studying dynamic events at VKMKS and substantiate
the criteria of their forecasting.
Research methodology. Generalization and analysis of the results of geological and geophysical survey
made at VKMKS.
Research results. Structural-tectonic models of the Upper Kama deposit and its separate parts have
been built, within the limits of which hazardous dynamic events took place.
Conclusions. Features characterizing deposit sites within which dynamic events took place have been
formulated. These features can be considered as criteria for potential dynamic events forecast.

Key words: Upper Kama (Verkhnekamskoe) potassium salt deposit; dynamic events; forecasting;
criteria; geological and geophysical data.

Object and aim of research. When studying geological medium, the problem of
determining genesis and nature of this or that event or object is fundamental. This
problem has got satisfactory solution if we know the mechanism or mechanisms
through which the event took place or the object formed. Having answered this question,
we can forecast the development of an event in time and space.

Time-space sequence of geological events, their interrelation and conditions they
happen under, are complex and often difficult to study. That is why geological events
are studies at the phenomenological level, i. e. without their nature determination. And,
nevertheless, descriptive research of geological events often allows to describe the
observable facts correctly and even forecast their space-time evolution.

Empirical facts generalization and systematization is finished by the construction of
a model (or models) of the studied event. Models in the form of maps are the most
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widespread in geology: geological, tectonic, structural, petrophysical, geological-
physical, etc.

Research methodology. As regards methodology, the problem of building a model
of'an event or an object is assigned to inverse problems; multiple solutions (theoretically
infinite) are their main feature. This means that several models can be built as a result

Fig. 1. Structural-tectonic scheme of VKMKS and the location of
the forecasted sites of dynamic events:
1 — fracture zones: I — Krasnoufimskii, II — Durinskii, III — Zyrianskii;
2 — the axial lines of fracture zones; 3 — the epicentres of earthquakes — a,
seismic events — 6, caves-in and the sites of earth’s surface increased
subsidence — g; 4 — the sites of the forecasted dy-namic events: steadily
marked out — a, less steadily marked out — 6; 5 — the location of wells and
contours of mine fields; 6 — the site of the accident, October 2006.
Puc. 1. CrpyxrypHo-TexkToHnyeckas cxema BKMKC u nomnosxe-
HUE MPOTHOZUPYEMBIX YUACTKOB JUHAMUYECKHUX COOBITHIA:
1 — 30HBI pa3nomoB: | — KpacHoydumckoro, 1T — Typunckoro, III — 3pipstH-
CKOro; 2 — OCEBbIC JIMHUU PAa3IOMHBIX 30H; 3 — SIHIEHTPbI 3eMIIeTpsice-
HUil — @, CeficMONPOSBICHUS — 6, MPOBabl U YYaCTKH YCKOPEHHOTO
OCellaHusI JHEBHOI MOBEPXHOCTH — 6; 4 — Yy4acTKH IIPOTHO3HMPYEMBIX
JMHAMHYECKUX COOBITHii: BBIICIACMbIC YBEPEHHO — «, BBbIACISAEMbIC
MEHEE YBEPEHHO — 6; 5 — MOJIOKEHHE CKBAXXUH U KOHTYPOB IIAXTHBIX
moJiei; 6 — Mecto aBapuu B OKT10pe 2006 T.

of generalizing and interpreting one set of actual data. Which one of them is going to
be the most probable? Unfortunately, the criterion, allowing to make an unambiguous
choice, has not been formulated yet. The priority should be given to the model describing
the major part of the observed facts. Apparently, this model will make it possible to
forecast the development of this or that event sufficiently.
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The mentioned criterion is particularly suited for the study of technogenic dynamic
events taking place within relatively short periods of time, amounting to years or
decades. They are common with the regions of intensive urbanization, regions, where
deposits are mined, and geological medium loses its balance under significant
technogenic load, and the restoration of balance is accompanied with such dynamic
events as induced earthquakes, rock bursts, caves-in, and the earth’s surface collapse.

Fig. 2. The scheme of Balakhontsevskii (BKRU-3) site
tectonics elements according to geophysical data:
1 — fracture zones of the 3rd order, marked out mainly by gravimetric
data; 2 — the same, 4th order (according to L. D. Noiaksova and
G. G. Kassin); 3 — zones of increased rock fracture at the suprasalt
strata, marked out by gravimetric data; 4 — zones of increased electrical
conductivity conditioned by suprasalt strata fractured rock (according
V. P. Beliaev); 5 — the location of wells and their numbers; 6 — the point
of brines outflow
Puc. 2. Cxema »3JeMEHTOB TEKTOHHUKM bamaxoHueBCKOro
(BKPVY-3) yuacTka 1o reou3n4ecKnM JaHHBIM:
I — 30HBI Pa3IOMOB 3-TO paHra, BblIEJICHHbBIE IPEUMYILECTBEHHO 110
TrPaBUMETPUYECKUM JaHHbBIM; 2 — TO ke, 4-ro panra (mo JI. /. Hosikco-
Boit u I'. I'. Kaccuny); 3 — 30HBI HOBBIIIEHHOI TPEIIUHOBATOCTH OPOX
HAJICOJISIHOM TOJILM, BBIIEJICHHBIC 110 IPaBUMETPUYCCKHM JaHHbIM;
4 — 30HBI HOBBIIICHHOH 3IEKTPOIPOBOIHOCTH, OOYCIOBICHHBIC Tpe-
LIMHOBATBIMKU TOpoAaMu HajcoisHod tonum (mo B. II. Bensesy),
5 — noNOKEHNE CKBAKKH M UX HOMEPA; 6 — MECTO HCTEYEHHsI PACCOJIOB

The problem concerning dynamic zoning and spatial forecasting of the areas with
the most probable dynamic events manifestation is an important problem of urban lands
study. The basis for its solution is the model of structural-tectonic and dynamic structure
and properties of geological medium at various scale levels, as soon as these are the
exact factors which determine dynamic behaviour conditioned by natural and
technogenic force fields [1-5].

Research results. This problem has been solved (to some extent) through the study
of VKMKS. By means of generalizing various empirical data: geological, structural-
tectonic, geomorphological, petrophysical, geophysical (the results of detailed high-
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precision gravimetric observation with a scale of 1 : 25 000, the results of gravimetric
observation with a scale of 1 : 100 000, the results of high-precision detailed
aeromagnetic survey with a scale of 1 : 10 000) and other [6—8], based on the principles
of similarity and hierarchy, a structural-tectonic model of the deposit (fig. 1) has been
built in the form of the system of ganged faults with their kinematic type characteristics
at various development stages, activation time and penetration depth estimations,
determination of their monitoring role under the modern dynamic behaviour, and the
establishment of the main types of local structures, strongly influencing the formation
of a technogenic stress field (force field).

1 KM

—all s [ ] BE=de [V ]5 [en1]s

Fig. 3. The scheme of the elements fracture tectonics of Balakhon-
tsevskii site (BKRU-3) by geomorphological data (according
to S. Iu. Kvitkin):

1 — lineaments reflecting fracture zones in the sedimentary cover — a, with
the increased fractures propagation — 6 (according to Iu. A. Iliinykh);
2 — the zones of the predicted increased infiltration of surface waters
according to Iu. A. Iliinykh; 3 — the outlines of landscape anomaly according
to Iu. A. Iliinykh; 4 — tectonic zones (according to Iu. A. Tretiakov);
5 —the point of brines outflow; 6 — the location of wells and their numbers
Puc. 3. Cxema 31eMeHTOB pa3pbIBHON TEKTOHMKH bamaxoHies-
ckoro ydactka (BKPY-3) mo reomopdonornieckuM IaHHBIM
(mo C. 1O. Kutkuny):

/ — nMHEaMeHTbI, OTOOpaKalolIMe TPEIIMHHO-PAa3PHIBHBIC 30HBI B
0CaJOYHOM HYeXJe — «, C MOBBIICHHBIM PACKPBITHEM TPEWIMH — O
(mmo 10. A. MnbuHBIX); 2 — 30HBI NPEATIONAraeMoil HOBBINICHHOH HH(HIIb-
TpaLuy MoBepXHOCTHHIX Box (1o FO. A. MibuHBIX); 3 — KOHTYpBI JIaHA-
madtHOH aHoMamuu (1o 0. A. WnbuHEIX); 4 — TEKTOHHYECKHE 30HBI
(o O. A. TpeTbsKOBY); 5 — MECTO HCTEUCHHUSI PACCONIOB; 6 — HOJIOKEHHE
CKBaKMH M MX HOMEpa

During the study of VKMKS tectonic structure and dynamic behaviour, it has been
stated that the epicentres of dynamic events (induced earthquakes, rock bursts, etc.) are
spatially and genetically connected with the following tectonic structures: fracture
zones, active faults of various ranks and the intersection nodes of faults.

As the blocks of geological medium move along the fracture zones, elastic energy
accumulates and discharges in the form of various dynamic events. It is generally
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accepted that earthquakes (as a type of dynamic events), especially minor, are generated
by crust fractures. This conclusion is considered to be one of the most significant
achievements of modern seismology [3].
In this regard, let us refer to the study of dynamic events at the territory of VKMKS:
— 24 epicentres of dynamic events out of 25 are located within the fracture zones;
—more than half of epicentres of dynamic events are in the intersection nodes of two
or more fracture zones;

'f",:'. >

=7 ) [F ) e [0 s

Fig. 4. The scheme of Solikamsk node structure (SKRU-2):
1 — fracture zones established by geophysical data (/ — Timan-
Kokshetau fault); 2 — isoanomalies of the gravity field; 3 — local
negative anomalies in the gravity field; 4 — the location of
earthquake’s epicentre — a and other dynamic events — 6; 5 — the
location of wells and their numbers
Puc. 4. Cxema Conukamckoi y350Boii ctpykrypsl (CKPY-2):
1 — 30HBI PA3JIOMOB, YCTAHOBIICHHBIC MO I€O(PUNUECCKUM JaH-
HeIM (! — Tumano-KokderaBckuil pasinom); 2 — HM30aHOMAJbI
TOJISI CHJIBI TSDKECTH; 3 — JIOKaJIbHBIC OTPULIATENBHBIC aHOMAJIUH
B T10JIC CHJIBI TSDKECTH; 4 — TOJIOKEHHUE SIHICHTpa 3eMIeTpsice-
HUS — @ ¥ APYTUX IHHAMHYECKUX COOBITHI — 6; 5 — MOJIOXKEHHE
CKBayKMH M MX HOMEpa

— the major part of dynamic events took place in the east part of VKMKS, the
activity of which is conditioned by three factors: the influence of the Upper Kama
Reservoir, Krasnoufimsky deep fault, active at the modern stage of tectogenesis, and
high speed of the earth’s surface motion (up to 6 mm per year) [1].

The nodes, the elements of which are faults and fracture zones, have got the most
complex structure; node structures strongly influence the formation of natural and
technogenic force fields (stress fields).

The analysis of these structures properties has shown that the probability of
forecasting dynamic events within their epicentres is very high and depends on a great
number of factors [4]:
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— the number and the type of dynamic events which occurred within the area of the
node;

— the presence of active faults in the node structure;

— the number of faults forming the structure;

— the presence of the sites of increased fracturing at the area of node structure;

— the distance to the nearest dynamic event epicentre;

— the presence of negative anomaly in the gravity field at the area of node structure;

— the presence of helium anomaly at the area of node structure;

— the presence of structural complications in the relief of crust deep horizons within
the area of node structure;

— the distance between the node structure and the edge part of a growing salt dome;

— the distance between the node structure and the nearest large reservoir;

— the presence of a mine within the area of node structure;

— kinematic type and azimuth of strike of faults, forming the node structure;

— variation of the earth’s surface relief height at the area of node structure;

— the distance to the nearest node structure;

— the character of lineaments at the area of node structure according to the results of
space and aero images interpretation;

— the character of river system at the area of node structure;

— the presence of troubles in shearing kinematics among the faults forming the
tectonic node [9].

The set of the enumerated features (criteria) with the account of the results of seismic
monitoring [10, 11] is not random. It reflects the state of geological medium under
the action of two force fields, natural and technogenic. It is impossible to estimate the
weight and the role of each feature as well as the informative completeness
of the whole set of the features and what should be done for this set to grow into a new
quality, i. e. into the system of forecasting features. Nevertheless, structural-tectonic
scheme of VKMKS (fig. 1), which has got the features described earlier at bottom,
should be considered as adequately substantiated and used to forecast dynamic events.

Up to 1986 technogenic loads never led to geological medium disturbances at
VKMKS. The first catastrophic event happened in autumn, 1986. That event resulted in
mine BKRU-3 flooding (fig. 2, 3). In 1995 there was an induced earthquake in
SKRU-2 mine with collapse of significant rock mass into the goaf (fig. 4). In 1999 in the
vicinity of Novaia Zyrianka village within the limits of BKRU-1 mine, a chain of
caves-in appeared at the earth’s surface (fig. 5). In October 2006 there was a catastrophic
flooding of BKRU-1 mine (fig. 6). These events testify to the presence of systematic
disturbances of geological medium happened under the action of technogenic load
conditioned by the deposit exploitation.

In the course of studying these events, structural-tectonic conditions they occur
under, have been analysed.

The region of flooded mine BKRU-3 (Balakhontsevskii site) is characterized by
hierarchical node structure and represents three blocks put one into another and limited
by the faults of various ranks of north-south, north-west, and north-east strike (fig. 2).
The flooded region epicentre, the point of brine outflow, is the intersection node of
faults of east-west north-west, and north-east strike, and fracture zone which is steadily
mapped in gravity and electric fields. Faults in the plan coincide with the lineaments.
It testifies to the fact that motions along the faults occurred in the contemporary history.
The faults are strike-slip faults. At the earth’s surface relief, the node structure is
connected with the landscape anomaly — the upheaval with the radius of 6—7 km,
complicated by the ring-type tectonic troubles conforming to relief isohypses. In the
plan, the centre of landscape anomaly coincides with the point of brines outflow. The
dynamic influence area radius of faults forming the node structure has been ranked
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at 3—4 km. According to [2], within the mine field of BKRU-3, polygene dislocations
are developed which are formed during underground water migration in the suprasalt
and salt parts of the salt-marl strata in the points of ancient discharge channels. These
locations should be considered as one feature of node structure tectonic activity, while
brines could inflow through the channels.

3 bl ]

i\

Fig. 5. The fragment of the Upper Kama deposit tectonic scheme in the
area of Zyrianskii fault:
1 — fracture zones and the time of their activation by geophysical data:
a — Paleozoic and earlier, 6 — contemporary (arrows indicate the direction of
shift along the fracture zone); 2 — the location of dynamic events epicentres
(according to V. M. Nezhdanov): a — earthquakes and seismic events, 6 — earth’s
surface subsidence; 3 — linear zone of caves-in of the earth’s surface in 1999;
4 — the points of rock and gas pressure manifestation; 5 — the location of the cave-in
at the place of BKRU-3 mine flooding; 6 — the sites of increased fracturing of
geological medium
Puc. 5. ®parmeHT TEKTOHMUYECKOW cXeMbl BepxHekamcKoro mecro-
pOXJeHUs B paiioHe 3BIPSIHCKOIO pasioMa:
1 — 30HBI Pa3IOMOB M BPeMsl UX AKTUBU3ALMH 0 TeO(PU3NUECKUM JaHHBIM!
a — naneo3oiickoe u Oonee nmo3aHee, 6 — HOBelIIee (CTPENIKaMK MOKa3aHO Ha-
[PaBJICHHE CIBUTAHMS BIOJb PAa3JIOMHOM 30HBI); 2 — IIOJIOKEHHE SIHIICHTPOB
JHHAMHIYeCcKUX coObITHii (o B. M. HexnaHoBy): a — 3emiieTpsiceHust 1 ceificMo-
HPOSIBIICHHUSI, 6 — OCEAAHHs JHEBHOM MOBEPXHOCTH; 3 — JIMHEIHAs 30HA MPOBa-
JIOB THEBHOM moBepxHOCTH B 1999 1; 4 — MecTa mposIBIICHUsI TOPHOTO U Ta30BO-
TO JIaBJICHUS; 5 — MOJI0XKEHHE TpoBaJla Ha MecTe 3aroruieHus pyaauka BKPY-3;
6 — y4acTKH IOBBIIICHHON TPEIMHOBATOCTH TeOIOTMYECKOM Cpe/bl

The epicentre of the induced earthquake of 1995 was also located in the node
structure limited by three faults: ancient deep Timan-Kokshetau fault of north-west
strike, submeridional fault of Paleozoic age, and latitudinal fault of post-Paleozoic age;
gravity field of a node structure is characterized by isometric, negative in the plan,
anomaly (fig. 4). Geological structure of a node is complex both at suprasalt horizons
(disjunctive and fracture zones), salt (halitization of sylvinite), and undersalt (tectonic
troubles, Pashkovsky reefogenic upheaval). Seismic works in the node stated the
increased fragmentation of cover rocks and tectonic troubles permeating the undersalt
and suprasalt strata. The results of gravity force anomaly interpretation testify to the
fact that the anomaly is conditioned by rock weakening and that the weakening process
spreads to both productive and suprasalt rock. Weakening is not of lithological, but of
tectonic nature pointing to the deposit’s waterproof strata trouble.

At the course of VKMKS territory geodynamic zoning according to the set of
geological and geophysical data, a sublatitudinal Novo-Zyrianskii fault with shear
kinematics (fig. 5) has been mapped and assigned to the category of active faults.
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The fault lies in the south part of the mine field of BKRU-1 mine. The conclusion about
the fault’s activity was proved in May, 1999 when within several days along the whole
axis at the earth’s surface, an echelon chain of caves-in occurred 2—4 m deep and about
1 m wide. Caves-in formed two sublatitudinal zones in the plan. The most pronounced
of them was the southern one, about 2 km long. The planimetric position of some
caves-in coincided with the earth’s surface projections of das-dynamic manifestation
sites in mine workings, which pointed at their possible interconnection. Caves-in were
of tectonic nature and, apparently, formed as a result of a horizontal shear along the
axial part of the Novo-Zyrianskii fault.

Fig. 6. Cave-in in Berezniki city at BKRU-1, October, 2006.
Puc. 6. Ilposan B r. bepesnukn na BKPY-1, okts16ps 2006 T.

Another catastrophe occurred in October, 2006 within the limits of BKRU-1 mine
field [12]. As the results of underground water inburst, the mine was flooded. The
epicentre of the accident was situated within the dynamic influence of Novo-Zyrianskii
active fault (fig. 5). In structural-tectonic terms the area of the accident represents
a node structure formed by the sublatitudinal fracture zone and Novo-Zyrianskii fault.
Tectonic node structure is situated at the west slope of the growing Bereznikovskii salt
dome. Fracture zone (FZ) — is the fault of the fourth or fifth order, being the fragment
of the system of deformational structures of Krasnoufimskii deep fault; according to
gravimetrical data, FZ troubles the continuity of VKMKS sedimentary strata increasing
its permeability for hundreds of meters vertically [12].

Results analysis and discussion. Thus, all dynamic events which occurred within
the past thirty years at the territory of VKMKS, in structural-tectonic terms, are
genetically and spatially connected to the fracture zones, active faults, and tectonic
node structures, which are characterized by a large number of factors and features.

Conclusions and scope of results. The experience of studying forecasting features
has shown that they are stable and they repeat within the limits of all investigated sites
of the deposit where hazardous dynamic events occurred. That is why they should be
used to forecast dynamic events.
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O06o011eHNe ONBITA NPOrHO3MPOBAHUS JUHAMUYECKHX SIBJICHUI
Ha BepxHekaMCKOM MeCTOPOXKIEHNH KAJTHITHBIX coJiei
M0 reosIoro-reopu3nIecKuM JaHHbIM

®uiaros B. B.!, Bosornosa JI. A.2
! BiraiMMUPCKHii TOCYIapCTBEHHBIH YHUBEpcHTeT, Biagumup, Poccust.
2 VpaIbCKuii TOCYIapCTBEHHBIN rOpHbIN yHUBepcuTeT, Ekarepunbypr, Poccus.

Pegpepam

Beeoenue. Dxcniyamayus mecmopoxcoeHuil noie3HblX UCKONAemvlx, 000b18aeMblX OMKPbIMbIM U NOO-
3eMHBIM CROCObAMU, CONPOBOICOAEMCS 8bIEMKOU U NepeMelyeHueM O2POMHBIX MACC 2OPHOU NOPOObL.
B pesynvmame npoucxooum napyuienue ecmecmeeHHO20 HANPAHCEHHO20 COCMOAHUSA 2€0N102UHECKOT CPEObL.
Boccmanosnenue ee pasnosecus conpogodicoaemes paznuiHbiMu no popme U UHMEHCUSHOCHU OUHAMU-
YecKUMU ANEHUAMU, Hepeoko kamacmpo@uueckumu. [losmomy npobrema 6e3onachoi dKCniyamayuu
MeCmOopodICOe ULl aKmyanibha 8 HAYYHOM U npakmuieckom omuowenusax. Ha meppumopuu Ypanvcrkoeo
Dpecuona ecnb HECKOIbKO PatioH08, 8 Npedenax KOmopbix YyPogeHb MeXHOLEHHOU HASPY3KU HA 2eono2ute-
CKYIO cpedy oyeHusaemcs Kax nomenyuansio onachuvii. Oonum uz makux paiionos aensemcs Conuxam-
cko-bepesnuxosckuii, 20e ¢ 1932 2. gedemcs pazpabomka Kpynueliuezo 6 mupe Bepxuexamckozo mecmo-
pooicoenus kanuunvix coneti (BKMKC), mecmopodicoenuii yene6o0opodos, noo3eMHuix 600, Opyeux
NONE3HBIX UCKONAEMBIX, 4 MAKXHCe UMeemcs KpynHoe sodoxpanunuwe. I eonosuveckas cpeda é npeoenax
MeCmOpodICOeHUss HAXOOUMCS 8 COCMOSIHUU HEYCIMOWYUBO20 PABHOBECUSL, O YeM CBUAEMeNbCTNBYION KAma-
cmpoguueckue ounamuyeckue aeienus, npousoweouue ¢ 1986, 1995, 1999 u 2006 ze.

Lenvto pabomur ssnsemes 0bobujenue onbima u3y4eHus OUHAMUYECKUX COOLIMUL, NPOU3OUEOUIUX HA
BKMKC, u obocnosanue kpumepues ux npocHo3upo8anus.
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Memoouxa uccnedosanuii. Ob6obwjenue u anaius pe3yrbmanmos 2eos020-2e0pU3UIeCKUX UCCLe008AHUIL,
svinonnenuvix Ha BKMKC.

Pezynomamut uccnedoganuii. [locmpoenvl cmpykmypHo-mekmoHuueckue mooenu Bepxuexamcrkozo me-
CMOPOIHCOEHUs U €20 OMOENTbHBIX YHACMKOS, 8 Npedeiax KOmopslx Npou3ouLIu Onachvle OUHaMuyecKue
cobbImus.

Bui16oovr. Chopmynuposanst npusnaku, xapaxmepusylouwjue y4acmKu Mecmopoxcoenusl, 8 npeoenax Ko-
MopuIX npouzouinu OuHamuieckue coovimus. Imu RPUIHAKU MOICHO PACCMAMPUBANb 6 Kauecmee Kpu-
mepueg 015l NPOSHOZUPOBAHUS MECH BOZMONHCHO20 NPOABTEHUS OUHAMUYECKUX COOBIMULL.

Knrwoueswie cnosa: BepreKaMCKOe Mecmopoofcdeﬁue KAMUHBIX CO]I@ZZ,‘ ounamuyeckue A61EeHUA; NPOCHO-
3upoearue; Kpumepuu, 260/1020-2€O¢M3M1160KM€ OaHmble.
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BnusiHue peHTreHOpagMoMeTpMUECKon cenapawmm
Ha TeXHONoru4yeckue nokasaTtenu rnyookoro oboraileHus
3abanaHcoBOM LIMHKOBOW pyabl
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1 YpanbCkuil roCyAapCTBEHHbI TOpHbINA YHUBEPCUTET, T. EkaTepuHbypr, Poccust
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Peghepam
Beeoenue. B nociednee spems 6 nepepabomxy 6061eKaiomcs pyobl CIONCHO20 XUMUHECKO20 U MUHepa-
JI02UHECKO20 COCMasa, 8 mom ducie u 3abanancosvie pyool. /s 3a6a1ancosuix pyod XapakmepHo Hegbi-
cokoe coodepacanie yYennoz2o komnonenma. OOnum u3 naubonee nepcneKmueHbIX Memoo08 NOGbIUEHUS
Kauecmed culpbsi AGNAEMCs PEHM2EHOPAOUOMEMPUYECKU.
Lenvio pabomut s6naemcs usyuenue 6IUAHUA NPEOBAPUMENLHO20 0002aWeHUA PEHM2EHOPAOUOMemPU-
YeCKUM MemoOOM HA MeXHONOSUYecKue NoKasamenu GromayuoHHo2o obozaujenus 3a6ai1ancogoil YuH-
KOOIl pyOul.
Memoouxka. Hccnedosanue nposedeHo Ha 3a6aNaHCO80U YUHKOBOU pyoe KpynHocmvio —50+0 mm.
U3 ucxoomnotl pyowi gvloenenvl HecOpmupyemvlii Kiacce KPYRHOCMU U 00UH MawuHubll kiacc +30 mm.
Mawunnblil knacc pasoenen Ha peHmMeeHoOPaAOUOMEMPUYECKOM CENnapamope ¢ Noay4eHueM KOHYeHmpa-
ma penmezenopaouomempuueckoii cenapayuu (PPC) u xéocmos PPC. [Iymem cmewusanus KoHyeHmpa-
ma PPC 6 3a0annoti nponopyuu ¢ cooepicanuem Hecopmupyemozo kiacca 80, 60, 30 % chopmuposarut
00veouHenHble nPodyKmul, AGIAIWUecs npodykmamu numarnus gromayuu. I[Iposedeno gromayuon-
Hoe 0bozawenue OAHHbIX NPOOYKMOS ¢ NOTYUeHUueM 2pybo20 YUHKOBO2O KOHYEHMPAma u Gromayuon-
HbIX X60Ccmo6. Paccuumansl mexnono2uieckue nokazamenu.
Bu1600vt. Cosmecmmuoe npumereHue peHmeeHopaouoMempuseckoli cenapayuu u GromayuoHHo2o 060-
eawjenus 3a6ananco6oll YUHKOBOU pyobl NO360NSEM CYUWeCMEEHHO NOBLICUMb MEeXHON02UYecKe NOKA-
3amenu u nepecmompents H00X00bl K NOCMPOEHUI0 MeXHON02Uuu 0602aujenus OaHHOU Pyobl.

Knroueesvtle cnoea: npeosapumenvnasn xonyenmpayus,; gromayus, penmzenopaduoMempuieckas
cenapayusi; 3a0a1aHCO8AA YUHKOSAS pyOa, MEeXHON02UYecKie NoKa3amen, npeosapumeivHoe obozauyenue.

BBenenue. IloTpeOHOCTD pacmmpeHus pyqHON CHIPBEBOW 0a3bl TUKTYETCS POCTOM
MOTPEOICHUsT CHIPhS M MPOU3BOAUMON M3 HETO MPOMYKIMH. 3arackl OOraThix pyz co
BPEMEHEM HCTOIIAIOTCS. B CBA3M ¢ 3TUM B nepepabOTKy BOBJICKAOTCS OTHOCHUTEIBHO
OemHbIe 1 3a0aTaHCOBBIC PY/IbL. TPaAUIIMOHHO UCTIONB3YEMbIC TEXHOJIOTHHU TIIyOOKOTO
oborareHus, Takue Kak (poTanrmoHHbIe, HE TIO3BOJISIOT JOCTHYEL HA HUX CTOJIb K€ BBI-
COKHX TEXHOJIOTHYECKUX ITOKa3areseii Kak mpu odorarmeHun 0oraTelx pya. JdhdexTus-
HOCTH 00OTaIIeHUs] MOXKET OBITh TIOBBIIICHA 32 CUET UCTIOIH30BaHUS MIPEIBAPUTEIHHON
KOHIIEHTPALIUU B CTAJUSAX PyA0onoAroToBkH [1, 2]. Takoi monxon HaXoauT NPpUMEHEHUE
B Pa3HBIX CTpaHax MpH MepepaboTKe pa3lIuYHbIX BUJOB MHHEPAJIBHOTO CHIpbs [3—6].
HauGonbiee pacnpocTpaHeHHne MONYYHIH WHGOPMAIIMOHHBIC MM CEHCOPHBIE METO-
ItbI oborarmenws [7, 8].

B kmactep mH()OPMAIMOHHBIX BXOAST CIEAYIOUINE METOABI: PaIlOMETPHYECKHE,
MIPUMEHSIEMBIE JIJISl COPTUPOBKH PATUOAKTUBHBIX PYI; ONITHYECKUE, TPUMEHAEMBbIE JITIS
COPTUPOBKHU HEPYAHOTO CHIPbS, MAPTraHLIEBBIX, 30JI0TOCOACPKAIIMUX PYA; TpyHrna Heu-
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TPOHHBIX (HEUTPOHHO-PAJMAIIMOHHBIA, HEHTPOHHO-aKTHBALMOHHBIN, HEUTPOHHO-
abCcOpOLIMOHHBIN ), KOTOPBIE TOTEHIIMAIBHO MOTYT OBITh TPUMEHEHBI K ITUPOKOMY KPYTY
pa3HoOOpa3HBIX Pym; (HOTOHEHTPOHHBIN, HMCIIONB3YIOMHKA (DOTOSICPHYIO PEAKITHIO
(y, m) ¥ TmpUMEHSeMbI ISl COPTHUPOBKH OEPWIIIMEBBIX DYH; PaaHOpPE30HAHCHBIE
U TETUTOMETPUIECKHE, TPUMEHSEMBIE [UIS Py, COIEPKAILIX MUHEPAIIBI U TOPHBIE TOPOJIBL,

Pyna
I'poxouenne
Hakomuennslii kinace —30+0 Mm Hakomuennsiii kinace +30 MM

:

PCHTFCHOpa}II/IOMeTpH‘{eCKaS{ cernapanus

! Konuenrpar PPC XBoctel PPC

v

OObeMHEHHBIH TPOIYKT KoHLeHTpaTa PPC n
HECOPTHPYEMOro KJlacca B 3aJJaHHOM
HPOTOPIUH € COZICPKAHUEM HECOPTUPYEMOTO
kiacca 80, 60, 30 % 1o COOTHOIIEHUIO K CMeCH
nutanust PPC u HecopTupyemoro kiacca

M3menbueHune

rne

Arwurarust ¢ CuSOy

A e

Aopamus ¢ CaO

man s 00

OcHoBHas IIMHKOBast (hroTamus
¢ D0TalMOHHBIC

¢ ¢ XBOCTBI L

I'pyOblif THHKOBEII ‘

KOHLIEHTDAT CyMMapHbIe XBOCTbI

Puc. 1. Cxema npoBezieHYs ONIBITOB
Fig. 1. Research design scheme

OTIIMYAIOINECS COOTBETCTBEHHO 3JIEKTPHUYECKUMH W MAarHUTHBIMH WJIH TeTUo(u3nde-
ckuMu cBoiictBamu [1, 7]. Ocobo ciieyeT OTMETUTh HanOoIIee IUPOKO HCIOIb3YEMYO
B MPOMBIIJICHHOCTH MHOTOOOPA3HYI0 TPYIITY PEHTTCHOBCKUX METOJIOB, 3TO PSHTIeHO(D-
JIYOPECLIEHTHBIN, PEHTTeHO0a0COPOLIMOHHBIH, PEHTICHOJIFOMUHECIICHTHBIN METO/IBI.

Ta6muna 1. Iloka3aTe i peHTreHOPaTHOMeTPHYEeCKOro pasaeaenus, %
Table 1. Indicators of X-ray radiometric separation, %

Iponykr PPC Boixon MaccoBas 10515 IMHKA N3Bneuenue nuHka
Konuentpar PPC 46,14 3,731 88,51
XBoctel PPC 53,86 0,415 11,49
HUmozo 100,00 1,945 100,00

PentrenodmyopecueHTHbIM METOJ OTINYAaET BO3MOKHOCTH COPTHPOBKH CHIPbS 110
COAEPKAaHUIO XUMUYECKHX 3JIEeMEHTOB, HaunHast ¢ Ca, pazHooOpasue cnennpuaeckux
aJTOPUTMOB, HCIIONB3YEMbIX JJIS Pa3esIeHus MHOTOOOPa3HBIX BUIOB MHUHEPAJIHLHOTO
ceIpbs [9—11]. B mpOMBITITIEHHBIX YCIOBHUAX 3TOT METO/I TIOKA3bIBAET BBHICOKYTO A eK-
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TUBHOCTbH IPH MPEABAPUTEIHLHOM O0OTaIEHUHN C BBIJICICHUEM OTBaJbHBIX KYCKOBBIX
XBOCTOB M YaCTU KYCKOBBIX KOHIICHTPATOB Py I[BETHBIX, PEAKUX U OJArOPOIHBIX Me-
tamios [1, 9, 12, 13], ypaHoBeIX pyn [14, 15], pyx dyepHBIX MeTaimioB [ 1], HemeTammm-
YECKHUX TOJIE3HBIX UCKomaeMbIX [9, 16, 17].

Ta0auuna 2. Pesyabrarsl GuioTanuoHHoro odoramenus, %
Table 2. Results of flotation, %

CyMMapHbIe XapaKTepPUCTUKH
Tponyxr Konuenrpat XBOCTBI
Bbxox Macco- W3Bineue- Bexox Macco- W3Brneue-
Bas 10JI1 HHEC Bas 10JIs HHEC
bBes ucnonvzosanus PPC
- Pppakyst IEHHOTO MPOIyKTa 2,40 22,35 35,29 100,00 1,52 100,00
2-s1 pakiysi ICHHOTO POIYKTa 7,13 14,05 65,91 97,60 1,01 64,71
3-s1 paxiys IEHHOTO MPOAYKTA 11,82 9,26 72,05 92,87 0,56 34,09
4-s1 pakiysi IEHHOTO MPOIYKTa 15,69 7,19 74,29 88,18 0,48 27,95
5-4 Qpakysg NEHHOTO MPOAYKTa 16,92 6,72 74,86 84,31 0,46 25,71
®DJI0TALIMOHHBIC XBOCTHI 100,00 1,52 100,00 83,08 0,46 25,14
80 % necopmupyemoeo knacca
1-s1 ppakiyisi IEHHOTO MPOIYKTa 2,39 30,20 40,10 100,00 1,80 100,00
2-5 (pakiyst ICHHOTO NPOIyKTa 6,68 17,86 66,29 97,61 1,10 59,90
3-s Qpakys NEHHOTO MPOAYKTa 11,71 11,29 73,47 93,32 0,65 33,71
4-s Pppakyst IEHHOTO MPOIYKTa 18,45 7,47 76,62 88,29 0,54 26,53
5-s1 ppakiys IEHHOTO MPOAYKTa 22,34 6,28 78,00 81,55 0,52 23,38
®d1oTaMOHHBIC XBOCTHI 100,00 1,80 100,00 77,66 0,51 22,00
60 % necopmupyemozo xkiacca
- Pppakyst IEHHOTO MPOIYKTa 2,25 38,91 37,90 100,00 2,31 100,00
2-s1 pakiysi ICHHOTO POIYKTa 6,54 24,41 69,12 97,75 1,46 62,10
3-s1 paxiys IEHHOTO MPOIAYKTA 10,53 16,76 76,43 93,46 0,76 30,88
4-s1 pakiysi IEHHOTO MPOIYKTa 15,43 11,87 79,29 89,47 0,61 23,57
5-4 Qpaxiysg NEHHOTO MPOAYKTa 18,22 10,20 80,53 84,57 0,57 20,71
®D0TaMOHHBIE XBOCTHI 100,00 2,31 100,00 81,78 0,55 19,47
30 % necopmupyemoeo knacca
1-s1 ppaxiyst IEHHOTO MPOIYKTa 2,29 42,75 35,99 100,00 2,72 100,00
2-5 (pakiyst IEHHOTO MPOIyKTa 5,15 | 33,02 62,52 97,71 1,79 64,01
3-s1 Qpakys NEHHOTO MPOAYKTa 9,20 22,78 77,04 94,85 1,08 37,48
4-s1 ppakiys IEHHOTO MPOIYKTa 13,66 16,32 81,93 90,80 0,69 22,96
5-s1 hpakIys IIEHHOTO MPOJYKTa 17,18 13,32 84,17 86,34 0,57 18,07
DoTalOHHBIE XBOCTHI 100,00 2,72 100,00 82,82 0,52 15,83

[pu pemenny 3a1a4u NpeaBapUTEILHON KOHIICHTPAIIMH 9aCTh XBOCTOB YIAISETCS
B KyCKOBOM BHJI€, YTO IMIPUBOAMT K ITIOTEPSAM LICHHBIX KOMIIOHEHTOB B 9TOH CTanuH 000-
ramenus. [Ipu rmyGokom (Harmpumep, GpaoTaunoHHOM) 00OTAIlEHUN TAaKKe YIASIOTCS
XBOCTBI, C KOTOPBIMH TEPSETCSl YacTh MOJIE3HBIX KOMIIOHEHTOB. BMecTe ¢ Tem conep-
JKaHWE TIOJIE3HBIX KOMIIOHEHTOB B IHTAaHHM TIYOOKOro oOOTralleHws BO3pacTaeT.
3TO MOXET MOBIUATH Ha H3BJICYCHNE IIEHHBIX KOMIIOHEHTOB B CTJIUSIX IITyOOKOTO 000-
ranieHus ¥ KOMIIEHCHPOBATh MOTEPH LIEHHBIX KOMIOHEHTOB B CTAUAX MPEIBAPUTEIb-
HOI KOHIIGHTpAIIUH, a TAK)Ke TIO3BOJIMT MOTydarh Oosee Oorarbie KOHIEHTPATHI TITy00-
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KOTO oOorarieHus. B OTHeNbHBIX clTydasx IpenBapUTEIIbHAS KOHIICHTPAIMS MOXET
MPUBECTH K M3MCHCHHIO KMHETHYECKHX XapaKTePUCTUK (DIOTAIMOHHOTO Iporiecca,
YTO TO3BOJIUT YCOBEPIIEHCTBOBATh TEXHOJIOTHYECKYIO cXeMy (pioTaIlioHHOTO 00ora-
IICHUS C BBITCKAIOIIUMHU M3 3TOTO ONarONpHUATHBIMH YKOHOMUYECKHUMH U 3KOJIOTHYC-
CKHMH IIOCJICICTBUSIMHU.

TeopeTudeckuii MOAX0/ K BBISBICHHUIO B3aUMOCBSI3U TIOTEPh IICHHBIX KOMIIOHEHTOB
C XBOCTaMH IPEABAPUTEITHLHON KOHIICHTPAMH W TEXHOJIOTHYCCKUMH ITOKA3aTEIISIMHU
TEXHOJIOTUH B LIEJIOM MIPOAHATN3UPOBaH B [1]. OgHaKo AJI KaXXI0T0 BUAA ChIPbS YIIO-
MsHYTBIE 3()(EKTH MOTYT TPOSIBIIATHCS B Pa3HOW CTENEHH U MOTOMY JIOJKHBI OBITh
MOJITBEPKICHBI SKCIIEPUMEHTAIBHO.

Henabro uccaeq0BaHusl SBISICTCS YCTAHOBICHUE B3aMMOCBSI3U TEXHOJIOTUYECKHUX
MoKasareyeil 00oTraleHus ¢ YCIOBUSAMHE U TTOKA3aTeIISIMU TPEIBAPUTEIHLHON KOHIICH-
TpaIuu PyIbl PeHTreHO(IYyOpEeCIICHTHON cemaparueil U Mocieayronei duoTanueit
KOHIIEHTpAaTa PylOCOPTUPOBOYHOTO KOMILIEKCA Ha MpUMepe 3a0aaHCOBON IMHKOBOM
PYIBL.

N
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MaccoBast 015 IMHKA B TUTaHuU praotanmu, %

S

MaccoBas 107151 IMHKA B IEHHOM TPOYKTE, %o

—#— MaccoBas J0JIs IUHKA B IepBOi (h)paKIUy ICHHOTO MPOAYKTa

—@— MaccoBasi J0JisI IUHKA B 001IeM (JIOTallHOHHOM KOHIIEHTpaTe

Puc. 2. Vi3mMeHeHne MaccoBOM 1OIM IMHKA B ICHHOM IIPOIYKTE (IIOTallUH
B 3aBHCHMOCTH OT COZICP)KaHHs LIMHKA B MUTaHUU (IIOTALMY
Fig. 2. Zinc mass fraction variation in flotation froth depending on the content
of zinc in flotation feed

Metoauka. VccnenoBanusi mpoBeeHbl Ha NpoOe 3a0anaHCOBON LIUHKOBOM pPybI
KpynHocTbio —50+0 mm, conepxateit 1,52 % munka. OT UCXOAHOM pynbl BbIIEIEHBI
MAaITUHHBINA Ki1acc KpymHocTH +30 MM 1 HecopTupyeMbiid kitacc —30+0 M.

MammuHHBIN KJlace pasiesieH Ha peHTIeHOPaIMOMETPUIECKOM CerapaTope ¢ Moiy-
YeHHeM 00O0TaIeHHOTO IMHKOM MPOAYKTa U MPOYKTa C MACCOBOM JIOJIEH ITMHKA, COOT-
BETCTBYIOIIIEW MacCOBOW JI0Nieé MWHKAa BO (PIOTAIMOHHBIX XBOocTax. Ha ocHoBaHWU
M3y4YEeHUS! XapaKTEPUCTHYECKHMX PEHTTCHOBCKUX CIEKTPOB KYCKOB, pa3/ielieHue
BBITIOJTHEHO M0 CIIEKTPATbHOMY OTHOILIEHHIO HMHTEHCHUBHOCTEH B CIIEKTPaJIbHBIX 00JIa-
CTSIX: 00JIACTH BTOPUYHOTO XapPaKTEPUCTHYECKOTO PEHTTCHOBCKOTO M3ITyUCHHUs [IMHKA
N, 1 061acT pacCesHHOTO NEPBUYHOTO PEHTTEHOBCKOTO M3/TydeHH s N,

Ha puc. 1 npeacraBnena cxema MpOBEACHUS UCCIIEOBAaHUHN IO PEHTTEHOPAIHOMe-
tpudeckoii cenapanuu (PPC) ¢ mocnenyromieii ¢uoranueii mpoayKTOB pa3iaeieHus.
Hns ouenku Biusaust PPC Ha addexTuBHOCTE (u1oTalM HCKYCCTBEHHO COCTaBIICHBI
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CMECH U3 KOHIICHTpaTa Cenapalinu 1 HecopTupyemoro kiacca. Comepixanne HECOPTH-
pyemoro kiacca cocraBuio 80, 60 u 30 %, mpu 3TOM MaccoBast 10JIs IUHKA B UMUTH-
pyemoii ucxomHoii pyne (cMechb kinaccoB +30 MM 1 —30+0 MM B yKa3aHHBIX COOTHOIIIE-
HUAX) cocTtaBmia: 1,573; 1,695; 1,730 % cooTBeTCTBEHHO. B MUTaHUM U3METBICHUS U
¢norarmu (00bEIMHEHHBIH MPOAYKT KOHIEHTpaTa Cemnapaldd W HECOPTUPYEMOTrO
KJIacca) MaccoBasi JIOJsI IIMHKA COOTBETCTBeHHO cocTtaBwia 1,80; 2,31; 2,72 %. [ns
CPaBHEHHMS PE3YyJIbTaTOB [IOCTABIIEH (MIOTALIMOHHBIN OIBIT HA CXOIHOU PyZE C Macco-
BOM moineil nuHKa 1,52 % Ge3 npensaputensHoro odoramenus PPC.

Ta6auna 3. TexHooruyeckue nNokasatej 000rameHusi OTHOCUTEIbHO UCXOIHOI pyabl, %o
Table 3. Technological parameters of dressing regarding the initial ore, %

Maccoas gost W3Bneuenue

TIpoaykr Bhixo,
polLy A IIMHKA LIMHKA

bes ucnonvzosanus PPC

I'pyOblit LMHKOBBIN KOHIIEHTPAT 16,92 6,72 74,86
ODIIOTAOHHBIE XBOCTHI 83,08 0,46 25,14
Hmozo 100,00 1,52 100,00
80 % necopmupyemoeo xnacca
I'pyOblit LMHKOBBIN KOHIIEHTPAT 18,73 6,270 74,67
DI0TalMOHHBIE XBOCTHI 65,11 0,510 21,09
Xsoctel PPC 16,16 0,415 4,24
CyMMapHbIe XBOCTBI 81,27 0,491 25,33
Hmozo 100,00 1,573 100,00
60 % necopmupyemoeo xkiacca
['pyOblit TMHKOBBIN KOHIIEHTPAT 12,33 10,190 74,14
Di10TalOHHBIE XBOCTHI 55,35 0,550 17,96
XBoctel PPC 32,32 0,415 7,90
CyMMapHbI€ XBOCTBI 87,67 0,500 25,86
Hmozo 100,00 1,695 100,00
30 % necopmupyemoeo knacca
I'pyOBIii TMHKOBBIN KOHIIEHTPAT 9,78 13,350 75,44
DJ10TallIOHHBIE XBOCTBI 47,13 0,520 14,20
XBoctel PPC 43,09 0,415 10,36
CyMMapHBIe XBOCTHI 90,22 0,470 24,56
Hmozo 100,00 1,730 100,00

ITocrymnaromuii Ha nTyOoKoe 0OoraleHne MPOAYKT U3MENNbYAeTCs B IIEIOYHOH cpe-
ne o 83-85 % conepxkanus knacca —0,071 mm. Mi3MensdeHHBIN NPOAYKT NOABEPTraeTCs
arvTalry ¢ MeJJHBIM KYTIOPOCOM, pacxojl MEAHOTO Kyropoca Ipu 3ToM coctasisieT 500 1/T,
u asparnu ¢ CaO. Conepskanue cBoboquoro CaO B kuaKkoii (ase myabisl 868 r/m?.
Bpewms droramuu cocraisier 25 MuH, pacxos coouparens — OyTHIOBOTO KCAaHTOTeHaTa
kamust — 200 /1. [lpexycmorpena apoOHas momada cobuparens. CheM NMEHHOTO MPOo-
IYKTa OCYLIECTBIISIETCS 110 (PPaKIHSIM.

Pe3ynbTarhl ncciienoBanuii. B Tabi. 1 npeacraBieHsl pe3yibTaThl peHTTEHOPAAU-
OMETpHUYECKON cenapanuy 3ab6aJaHcoBOM IMHKOBOM py/bI.

MaccoBas 10715 IIMHKa B XBocTax cenaparuu coctasiser 0,415 %, 9To mo JaHHBIM
IPaKTUKH COOTBETCTBYET MAaCCOBOM J10Ji€ IIMHKA BO (MJIOTAIIMOHHBIX XBOCTaX. Buixox
xBocTOB PPC OTHOCHTENBHO cemapupyeMoro Kiacca KpymHOCTH cocTaBua 53,86 %,
YTO yKa3bIBAaeT Ha BO3MOXKHOCTh puMeHeHns PPC Ha 3a0anaHcoBoii HMHKOBOM pyze.
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B Tab6n. 2 npencTaBieHbl CyMMapHbIe XapaKTEPUCTHKH PE3ylbTaToB (DIOTaluoH-
HBIX OIBITOB, PACCYMTAHHBIE OTHOCUTENHFHO MUTAHMS (pIoTaImm.

Ananu3 pe3yansTaToB. [Ipumenerrne PPC mo3BosseT yaanuTh 9actb GIIOTOAKTHB-
HOTO TTUPHUTA, YTO KOCBEHHO IMOJTBEPKAACTCS JaHHBIMU Ta0i. 2. YMEHbIIIEHHE ITOTEPh
UHKA ¢ (I0TalnOHHBIMHU XBocTaMH ¢ 25,14 1o 15,83 % c omHOBpeMEHHBIM yBeIHye-
HUEM MAacCOBOW JIOJM IHMHKA B CyMMapHOM (UIOTallMOHHOM KOHIEeHTpate ¢ 6,72 1o
13,32 % yka3bIBaeT Ha TO, YTO B KOHIICHTPAT U3BJICKAaeTCs OOJblle chaiepuTa U COOT-
BETCTBEHHO MEHBIIIE ITUPHUTA.

Ha puc. 2 mpuBeieHBI 3aBUCHMOCTH MacCOBOH JTOJIM IIMHKA B TIEPBOH (hPAKITAH ITCH-
HOTO TPOJYKTa ¥ B TPYOOM ITUHKOBOM (DIIOTAIIMOHHOM KOHIIEHTpAaTe OT MaCCOBOM JTOITH
[MHKA B TUTAaHUH (IIOTALIH.

Taoauna 4. CBoaHasi Ta0JMIA MOKa3aTejleld 00orameHust
Table 4. Dressing indicators summary

CreneHb Konuenrpar XBOCTBI
MaccoBast 10151 LITHKA KOHIICH- Baron Macco- UsBie- Buxon Macco- W3B1e-
Tpanuu Bast J0JIst YeHHe Bast 1015 YeHHe

OmuocumenbHo NUManus iomayuu

B muranun 1,520 1,00 16,92 6,72 74,86 83,08 0,46 25,14
dhroTanumn
1,800 1,18 22,34 6,28 78,00 77,66 0,51 22,00
2,310 1,52 18,22 10,20 80,53 81,78 0,55 19,47

2,720 1,79 17,18 13,32 84,17 | 82,82 0,52 15,83

OmHocumensHo ucxooHouU pyovl

B umurHpye- 1,520 1,00 16,92 6,72 74,86 | 83,08 0,46 25,14
MO} ncxon-

HOIT py e 1,573 1,04 18,73 6,28 74,67 | 81,27 0,49 25,33
1,695 1,12 12,33 10,20 74,14 | 87,67 0,50 25,86
1,730 1,14 9,78 13,32 75,44 | 90,22 0,47 24,56

s

C yBenn4YeHHEeM MacCOBOH IOJIU I[IMHKA B MUTAHUH (PJIOTAIMH YBEIMYUBACTCS Mac-
coBast JOJIS IIMHKA KaK B CYMMapHOM ITIEHHOM TIPOAyKTe (00muii (proTanmoHHbI KOH-
HEHTPaT), TaK U B TIEpBOil (IOTAIMOHHON (PpaKIMK IMEHHOTO MPOAYKTA, PUIEM IPU
MacCOBOM J0JIe IMHKA B TUTaHUU (PIoTauu, paBHoi 2,72 % (rae 10y HeCOpTUPYyeMO-
ro knacca cocrasiser 30 %), nepBast Gppakius COOTBETCTBYET KOHIUITMOHHOMY KOH-
LIEHTPATY U Cpa3y MOXKET ObITh BHIBEJICHA B TOTOBBIN IUHKOBBIH KOHIIEHTPAT.

B Tabi1. 3 npencraBieHs! pe3ysIbTaThl 00oTameHus ¢ yaetoMm xBoctoB PPC, paccun-
TaHHBIE 110 cXeme puc. 1.

C yBenuueHHeM BBIXOJa CETapHpyeMOro Kiiacca (COMpOBOMXKIASTCS MOBBIIICHUEM
coepkaHus IMHKA B UCXOAHOM pyae ¢ 1,52 o 1,73 %) oTMeueHO HOBBIILIEHHE MACCO-
BO# JI0M ITMHKA BO (DIOTAIIMOHHOM IIMHKOBOM KOHIIeHTpate ¢ 6,27 mo 13,32 %, npu
9TOM CHHJKAETCs BBIXOJ KOHIICHTpAra, a IOTEPU IUHKA C CYMMapHBIMH XBOCTaAMH ME-
HSAIOTCS HE3HAUUTEIbHO 24,5-25,9 %.

O0001eHHbIe JaHHBIE 00OTaIIeHus MpeacTaBieHsl B Ta0m. 4. [lox crenenpro KOH-
[EHTPAIUN [UHKA TMOHMUMAETCsl OTHOIICHWE MAacCOBOW JTOJNU LIMHKA MCXOTHOU PYIBI
C IPUMEHEHNEM PEHTICHOPaINOMETPHUECKOM cenapainy K MacCOBOM J1oJie IUHKa 0e3
WCIIOJIb30BaHUS IPEABAPUTENEHOTO 000TaIIeHNS.

CreneHb KOHIICHTPAIMK IMHKA B MATAHUM (PJIOTAIUK C YMCHBIICHHUEM JIOJIH HECO-
PTHPYEMOTO KJTacca 3HAYUTENhHO yBenmduBaeTcs. CileayeT OTMETUTh CyIIeCTBEHHOE
TIOBBIIIIEHHE TEXHOJIOTUYECKUX ITOKa3aTelieil, 0COOEHHO MacCOBOM MIOJHM IUHKA B KOH-
LEHTpATe, IPU YBEIIMYCHUH COACPKAaHUS IIMHKA B MMTAaHUU (IIOTaIuy HauuHas ¢ 2,3 %.
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CreneHb KOHIICHTpAIMM OTHOCUTEIILHO UCXOJHON PY/bl B UCKYCCTBEHHO CO3/IaH-
HBIX CMECSIX U3MEHSETCS He3HAYUTEIHHO, HO TIPHU 3TOM 3HAYUTEIHHO MOBBIIIAETCS Ka-
YECTBO CyMMapHOTO (IIoTaruoHHOTo KoHIeHTpara (mo 13,32 %), a morepm nmHKa
C CyMMapHBIMU XBOCTaMU OCTAIOTCS MPAKTUICCKU HAa OJTHOM YPOBHE.

BeiBoasl. CoBMECTHOE NMPUMEHEHHE PEHTTCHOPaTUOMETPUIYECKON cenmapanuu U
(hrmoTaniOHHOTO 00OTAIIECHHUS 3a0aTAHCOBOM ITMHKOBOM PY/IBI TO3BOJISET CYIIECTBEHHO
MOBBICUTH TEXHOJIOTUYECKUE MOKa3aTeau (MOBBIIICHUE MaCCOBOM JIOJIM IIMHKA B TPY-
0oM (prroTarMOHHOM IMHKOBOM KOHIIEHTpare ¢ 6,27 1o 13,32 % 6e3 yBenuueHUs mo-
TEPh IIMHKA C XBOCTAMH 00OTAIIECHHUs) U IEPECMOTPETh MOJAXOABI K TIOCTPOSHHUIO TEX-
HOJIOTHH 00OTaIlCHYSI TAHHOW PY/IbI.

[ToBrIIeHHEe MacCOBOM IOJIM B MUTAHUH (DIOTAIMH BEIET K YBEITHYSHUIO MACCOBOM
JIOJIH I[UHKA B MEPBOU (JIOTAIMOHHOM (hpaKIMK, YTO YKA3bIBACT HA MEPCIICKTHBBI HU3-
MEHEHHsI CXeMbI (DIoTaIoHHOro oboraimieHus ¢ BeeneHueM PPC, a uMeHHO Ha BO3-
MOYXHOCTH BBEICHUS OIEepanuy (GIoTaluu UHKOBON «TOJIOBKK» C IONyYEeHUEM KOH-
JUITMOHHOTO KOHIIEHTpATa.
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The influence of X-ray radiometric separation on the technological parameters
of extra-balance zinc ore deep dressing

Evgenii F. Tsypin!, Elena V. Popova?, Tatiana A. Efremova?
1 Ural State Mining University, Ekaterinburg, Russia.
2 Uralmechanobr, Ekaterinburg, Russia.

Abstract
Introduction. At a recent time, ore of complex chemical and mineralogical composition, including extra-
balance ore, get involved into ore processing. Low assay is common with extra-balance ore. X-ray
radiometric method is one perspective way of improving the quality of raw material.
Research aim is to study the influence of preliminary dressing with the X-ray radiometric method on the
technological parameters of extra-balance zinc ore flotation.
Methodology. The research has been carried out with the use of extra-balance zinc ore with the size of
—50+0 mm. Unsortable grain-size class and one jigging class +30 mm have been selected from the initial
ore. Jigging class is separated at an X-ray radiometric separator to get the concentrate of X-ray radiometric
separation (XRRS) and XRRS tailings. By mixing XRRS concentrate in the given proportion and the
contents of the unsortable class 80, 60, 30%, combined products are formed being the products of flotation
feed. Flotation of the given products has been carried out to get the rough concentrate and flotation
tailings. Technological parameters have been calculated.
Summary. Combined application of X-ray radiometric separation and flotation of extra-balance zinc ore
allows significantly improving technological parameters and reconsider approaches to the technology of
the given ore dressing.

Key words: preliminary concentration; flotation; X-ray radiometric separation; extra-balance zinc ore;
technological parameters; preliminary dressing.
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CoBepLueHCTBOBaHWE Pa3OMKHYTOW CXeMbl (hnoTaummu Ha OCHOBe
ApobHON nogayn cobuparens no hpoHTy chnotauumn

Mopozos 10. 1."*, Banuesa O. C.2, EBrpachoBa E. J1.3
1'YpanbCckuil rocyaapCTBEHHBIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccus
2 MonUTEXHUYECKNN MHCTUTYT (unnan)
Cesepo-BocTtouHoro ®efeparnbHoro yHuepeuteTa, r. MupHbii, Poccus
3 MNpownssoacTBeHHast komnanus « Taunc KO, r. Exatepunbypr, Poccust

*e-mail: gmf.opi@ursmu.ru

Peghepam
IIpeomem u yenwv padomel. Paspabomka u onmumMuzayus cxem Gromayuu A6A5emcs 8AN*CHbIM HANPAG-
JIeHUEM COBEPULEHCME08AHUs mexHono2uu Gromayuu. Ilepcnekmusa co8epuLeHCME08AHUS CXEMHbIX
peuleHull promayuy Ce3A3aHA ¢ UCNOTbI0BAHUEM PAZOMKHYMbIX CXeM, 8 KOMOPbIX Hauboiee NOIHO ped-
JUZVIOMCA YCLOBUS NPUOIUdCEHU K UOeaNbHOMY GromayuoHHoMy Kackady. Llenvio dannoii pabomor
ABNAEMCSA UZYYEHUE BOSMONCHOCMEN NOBbIUEHUS dPPEKMUSHOCMU PASOMKHYMBIX CXeM gromayuu Ha
OCHO8€ PAYUOHATLHO20 00beOUHeHUs U promayuu 6 OMmoOeIbHbIX CHYNEHAX NPOOYKMO8 npu OpOOHOU
nooaue cobupamens no ppoumy gromayuu.
Memooonozus. /s nonyyenuss 3aKOHOMepHOCMEl (OPMUPOBAHUA PAZHOKAYECIMBEHHbIX NPOOYKIMO8
npu OpobHOU nooave cobupamens 6bINOIHEHO NOKAMEPHOE ONPOOOBAHUE PA3ZOMKHYMbBIX CXeM HA 08X
obocamumenvHbvix (habpurax npu nepepadbomie MeoHvlx pyo. B 1a60pamopHbix YC108UsAX UCCIE008AHA
KuHemuxa gpromayuu MeoHoul pyovl npu 0pooHoil nodaue cobupamens  npoyecc. Ilokamepuvim onpo-
008aHUEM PASOMKHYMBIX CXEM U UCCTeO008AHUEM KUHEMUKU promayuu MeoHol pyosl npu OpoOHOU no-
oaue cobupameis 8 npoyecc yCMaHOBIEHO CHynenyamoe Qopmuposanie NeHHo20 NPOOYKMa no PpoH-
my @uomayuu. IlonyuenHvle 3AKOHOMEPHOCMU MO2YM OblMb UCHONL308AHbL NPU POPMUPOSAHUU
DA30OMKHYMbIX CXeM romayuu npu CHUNCEHUU CMEeUUBAHUS PA3HOKAYECMBEHHbIX NPOOYKMOS, HMo
nPpUBOOUM K CyujecmeeHHOMY NOBbIUEHUIO noKasameieti promayuu.
Bu1600b1. Buissiiennvle 3aKOHOMEPHOCTU PACKPBIBAION OONOIHUMENbHbIE 803MONCHOCHU COBEPULEH-
CMBOBAHUA PLOMAYUOHHO20 0002AUeHUst CYIbOUOHBIX PYO HA OCHOBE UCNONb3068AHUA PAZOMKHYMbIX
cxem gpnomayuu ¢ OpobHoU nodayeil cobupamens no gponmy gromayui.

Knrouesvie cnoea: pazomxnymoie cxemvr promayuu,; Opobras nodaua cobupamens; gpopmupoganue

nomoKoe, mexHojocudecKkas cxema, KOMNOHO60YHOe peuerue.

Bgenenue. [Ipu ¢roranuu yamie BCEro HCHONB3YIOTCS 3aMKHYThIE KAHOHHUYECKUE
CXEMBI, B KOTOPBIX MPOMIIPOAYKTHI HAMPABIAIOTCS B MPEABIIYIIHE onepanuu ¢Giora-
i, O0beM [MUPKYIUPYIOMUX MPOAYKTOB AJIS PA3BUTHIX CXeM (UIOTAIMU COCTABIISCT
SHA4YUTCIIbHYIO BCIIMYMHY, KOTOpAasd B OTACJBHBIX CIIy4YasixX Ha IMOPAAOK HNPCBLIIMIACT
00BEMHBII pacxoa UCXOJHOTO MUTAHUA CXeMBbl. L{upKynupytomye moToK: MPUBOIAT K
YBCIMYCHUIO MAIITMHOCMKOCTHU CXEMBI, YBEJINYNBAIOT HAXOXKACHUEC OTACIBbHBIX YaCTHUIL
B TyJIbIIE, YTO OTPUIATENBEHO CKa3bIBAETCS HA MOKA3aTelNsaX (IIOTAIHH.

Pa3paboTka u peanusalys ONTUMAIBHBIX CXeM (IOTAIMU SBISCTCS BAXKHBIM Ha-
MPaBJICHUEM COBEPIICHCTBOBaHUs TexHojoruum (uotammu [1, 2]. Teoperuueckomy
000CHOBaHUIO HJICATBHBIX ()IOTAIIMOHHBIX KAacKaJlOB YACJICHO OOJIbIIIOC BHHUMAaHUE
B paborax [3-5]. [loka3aHo, 9To onTUMH3AIHS (HIOTAIMOHHBIX KaCKAI0B JIOJDKHA OC-
HOBBIBAaThCS HA Y4eTe KHHETUKU (DIOTalluy MHUHEPANOB B KaXKJOW cTyneHu (roranu-
OHHOTO Kackajia, Ha MUHIMAJIEHOM pa3yO00KUBaHHUHU MPOIAYKTOB MPH CMEITUBAHUY [5].
IIpu 3TOM HOMKEH OBITH peaT30BaH ONITUMANBHBIN PEareHTHBIN PEXKHM.
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ChopmynupoBaHHBIE YCIIOBHS NPUOTHKEHUS K UACATbHOMY (IOTalOHHOMY Ka-
CKaay HanOoJiee TOMHO PEAIN3yIOTCS B Pa30MKHYTBIX cxeMax ¢uioranuu. Jloruka mo-
CTPOCHUS PA30MKHYTBIX CXEM 3aKJIFOYAETCs B UCKITFOYCHUH IIUPKYISIUI TTOTOKOB, O0b-
€IMHEHNU U (QIIOTAIMU B OTACIBHOW CTYNEHH MPOAYKTOB IO 3HAYECHHSIM MacCOBOM
J0IH ¥ (IIOTUPYEMOCTH KOMIIOHEHTOB B HUX. Peanu3zanus B 1a00paTOPHBIX YCIOBHIX
Pa30OMKHYTOH CXEMBbl, COCTaBIEHHON Ha MPUBEICHHBIX NPUHIIMIIAX, TOKa3aJla BO3MOX-
HOCTb 3HAUUTEIBHOTO CHM)KEHHS MAIlIMHOEMKOCTH CXEMBbI IIPH CYIIECTBEHHOM IOBbI-
IICHUH TEXHOJOTHYECKHX MTOKa3aTese odorameHus [6].

Bornbioe 3HaueHUe B TEXHOIOTHH (DIOTAIMU MMEET pearcHTHBIM PEKUM, BKITFOYA-
FOIIAN AaCCOPTUMEHT PEeareHTOB, X PacXoX U TOYKH Iojadu B mportece [7—12].

ITpu ncnonb30BaHUM PAa30MKHYTBIX CXeM (pIoTalyu MOBBILICHUE TTOKa3aTeIel 000-
ramieHust BO3MOXKHO ITyTeM IpoOHO# nona4n coduparess o ¢pponty duorauuu [13, 14],
NpY KOTOPO peann3yeTcst «roJoAHBIN pexumy» ¢roTtauun. [Ipu Takom pexxume codbupa-
TEIb B TIEPBYIO O4EpE/Ib 3aKperisieTcs Ha 6oree THApoPOoOHBIX OoraThix YacTuiax uo-
THUPYEMOTO MUHEpaJa, 00ecredrBas BBICOKOE Ka9eCTBO IIEHHOTO MPOIYyKTa B HAYAITbHBIX
kamepax ¢rorartun. [lomaga ciaemyrornieil mopmuu cCoOMpaTets IMocjae OKOHYaHUs (IioTa-
1K OOraThIX JErKO(IOTUPYEMBIX YaCcTHLl (IOTHPYEMOTo MUHEpaa IPUBOAUT K (uioTa-
MK cpeaHEIOTHPYEMBIX YaCTHUI] U JlaJiee — TPYAHO(PIOTUPYEMBIX YaCTHII.

Peanu3zanust Takoro peareHTHOTO pexkuMa (HIOTaUK B Pa30MKHYTBIX CXeMax JOJK-
Ha o0ecreynTh MOBBIIIEHNE TTOKa3aTenel o0oraIeHus.

MeTomosorust ¥ pe3yibTaThl HCCJAEA0BAHUS. 3aKOHOMEPHOCTH (HDOPMHUPOBAHUS
KaueCcTBa IIEHHBIX MIPOLYKTOB IO (HPOHTY (JIOTALMU UCCIIEOBAHBI B IPOMBIIIJICHHBIX
ycnoBusix Ha Cubaiickoii u banxarickoit o0oratutenbHbBIX Gadpukax MyTeM MoKaMep-
HOT'O OIPOOOBaHMSI Pa30MKHYTBIX CXEM OCHOBHOHM M KOHTPOJBbHOM (hoTanuii.

Tabuuna 1. I'pynnupoBka pa3sHOKA4eCTBEHHBIX NPOAYKTOB 110 GPOHTY
Pa3oMKHYTO# cxembl (uioTanuu Ha Cubaiickoii oforaTuresiLHoOil padpuke
Table 1. Grouping the products of different quality in the front of open
flotation scheme at Sibai Concentrator

IMoxazaTenu daoTanun, %
Kamepst
MaccoBast 107151 MeTi H3BneyeHue meau
1-13 17,42 51,11
14-20 9,72 21,15
21-35 2,00 9,99

Ha Cuo0aiickoii oboratutenbHoOM habpuke A pealn3aliy OTKPBITOro MUK (IIo-
Talu TPOMIPOLYKTHl MCIBITHIBAEMON CEKIMU HAMpaBISUIM B TOJOBY IMpolecca Ha
JIpyryto cekiuio. Ha ucnbiThiBagMoii cekiuu, paboTaroIiell B OTKPBITOM ITUKIIC, BbI-
MOJTHEHO TTOKaMepHoe ompoOoBaHue 35 KaMep OCHOBHOW M KOHTPOJBHOM QuoTarnit
IpY IPOU3BOJUTEIBHOCTH CEKIMHU 110 TBEpAOMY nuTaHuo 50 1/4.

JpoOHyto monady KcaHTOreHara OCyIIECTBIISUIM: B IIepBYI0 Kamepy — 50 /T, B ceab-
myto — 30 r/t, B ABaauaTh nepsyo — 20 1/T. YcTaHOBIIEHO, 4TO JpoOHas mogada coou-
pareisi B pa30MKHYTOH cXeMe MPUBOAUT K CTYyIEHYaTOMY W3MEHEHHUIO KauecTBa IeH-
HBIX TIPOAYKTOB MO (QpOHTY ¢rortanmu. [pynmupoBKa pa3HOKaYeCTBEHHBIX MEHHBIX
MPOAYKTOB 10 PpoHTY (proranmu mpuBeAcHA B Ta0m. 1.

W3 nannbIx Tabmn. 1 cnemyer, 4ro cryneHyaToe GOpMHUpOBaHUE Ka4eCTBA IIEHHOTO MPO-
IyKTa 1o ()pOHTY Pa3OMKHYTOM CXeMbI (IoTauuu npu ApoOHOM mojade coduparess mo-
3BOJISET BBLAETUTH Oonee 50 % Meau B KOHIMLMOHHBIA KOHLIGHTPAT C MAacCOBOM AoJeit
Menu B HeM 17,4 % u 21,2 % mMenu — B IpOMITPOIYKT ¢ MACCOBOM Joneii Menu B HeM 9,7 %.

[Tpu nmokamepHOM ONIPOOOBAHUH 3aMKHYTOH cxeMbl (uoraruu Ha Cubaiickoli 0060-
raTUTeIbHOMN (haOpHKe CTYNEHYaTOCTh Ka4eCTBa IEHHBIX IPOAYKTOB HEe HaOII0na1ach.
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AHaJOrHYHO OKaMEPHOE ONPOOOBAaHNUE OCHOBHOW MEIHOM ()IIOTAlNK BHIITOJIHEHO
Ha Banxamickoit oGorarutenbHON (adpuke Mmpu mepepadoTKe PyIbl MECTOPOXKACHHS
lareipkyne. Pyna mepepabarbiBaetcst Ha abpHKe 1Mo cxeMe C OCHOBHOM MeHOH (ito-
Tanuen, padoTarIel B OTKPHITOM ITUKJIE C MOTYYECHHEM Ha TPEX CEKIMSIX MCHHBIX
MPOIYKTOB, KOTOPbIC OOBEMHSIOTCS ¥ HANPABIISIOTCS HA (DIIOTANMIO IO CTAaHJAPTHOM
CXeMe C IUPKYIAIUSIMHA TPOMITPOIYKTOB. KonndyecTBo kKamMep OCHOBHOM (oTaruu Ha
cexuun — 12.

B omepanuu ocHOBHO# (uioTanmu peanuzoBaHa ApoOHas mojgada coOUpaTeNis 1Mo
¢bponTy (utoTanyu: B IEpBYIO Kamepy 75 T/T; B ceibMyto — 9 T/T; B IeBIATYO — 23 T/T.

ITo pesynasraraM MmokaMepHOTO OMPOOOBAHUS OCHOBHOM (JIOTAIMK HA TIEPBOM CEK-
i banmxanickolr oborarutenbHON (Gabpuku cHOpMHUPOBAHBI PA3HOKAYCCTBEHHBIC
HCHHBIE MTPOAYKTHI. banaHc npoaykToB 0CHOBHOM (uoTanuu npu nuddepeHnnpoBaH-
HOM ()OPMHUPOBAHHU MEHHBIX MPOJYKTOB MPUBEICH B TA0OIM. 2.

Ta6auuna 2. bananc npoayKToB 0CHOBHOM ()JIOTAIMM HA MEPBOii CeKIMHN
Banxamickoii o6oraTuresbHoil padpuku npu 1uddepeHIUPOBAHHOM
(opMHPOBAHMH MEHHBIX NPOIYKTOB
Table 2. Balance of main flotation products at the first section of
Balkhash Concentrator under differential formation of froth products

Tlokazatenu ¢nortauun, %
TIponykr
MaccoBas 105151 MeIi UsBieuenne Meau
Konuenrpar 20,62 59,96
IIpomnpoaykr 6,65 25,17
XBOCTHI 0,17 14,58
UcxonHoe nuranue 1,62 100,00

IToka3aHo, 4TO B MEPBBIX KaMepax (UIOTOMAIINHBI MOJYYaeTCs KOHAUIIMOHHBIHN 110
Me/H KOHIIEHTPAT C MaccoBOM fomneit meau 6omee 20 % mpu U3BIIEYEHUN MENU B HETO
60 %. AHanoruyHbIe PEe3yAbTATHI OITY4EHBI JUIsI OCHOBHOM ()IOTAllMK BTOPO CEKLIUH.

Kuneruka ¢uoranuu npu 1poOHO# moade coduparens ucciaeIoBana B 1adoparop-
HBIX YCJIOBUSAX NPHU (IIOTALMU MEIHOW pyasl EJEHOBCKOro MecTtopoxiacHus. Menb
B pyJie TPEACTaBICHA TIaBHBIM 00pa30M XaJIbKOMMMPUTOM. B HEOOJBIIIOM KOJIMYECTBE
MIPUCYTCTBYIOT XaIbKO3WH, KOBEJUTUH M OOpHUT. MaccoBas A0 MEeIu B Py[e COCTaB-
aset 2,0-3,2 %.

Pyna Ha (aOpuke nmepepabarbIBaeTcs MO IBYXCTAIUANBHON CXeMe C BBIIEICHUEM
B MEPBOM CTAIUU KOHIUIIMOHHOTO MEIHOTO KOHIEHTpaTa W BBIIEICHUEM MEIHOMN
«TOJIOBKHY» BO BTOPOU CTaauu (IIOTAINY.

HccnenoBanus BEITIOTHEHBI HA TIPOOE PY/IBI C MacCOBOM Aoieit mean 2,0 %, n3mens-
yeHHOH 10 65 % u 85 % ximacca —0,071 mm. Pacxon kcanToreHaTa npu BcciaeI0BaHUN
KAHETUKY W3MeHsUtH B quamnas3one ot 10 go 200 r/T.

Wccnenosanus Ha pyne, n3MenpueHHOR 10 65 % knacca kpynHoctd —0,071 MM, mo-
Ka3aJii, 4YTO MaccoBas A0S MEIU B IICHHOM MPOIYKTE C TCUCHUEM BPEMEHU U3MEHSIET-
cs ot 7,5 % B Hauane ¢uiotauuu 10 2,5-0,5 % B KOHIIE (JIOTAIUU U CHHIKACTCS TEM
OnIcTpee, uem Ooubie pacxoy coduparens. [Ipu pacxomax cobuparens 50 r/T u BwIIe
MO0 OKOHYaHWH (PIOTAIMH TONYYalOTCS OTBAJFHBIE XBOCTHI C MacCOBOW JIOJNIEH Menu
0,09-0,1 % mpu notepsix meau ¢ xpoctamu 2,5-4,0 %. [Ipu 3TOM BBIXOI XBOCTOB Ha-
xonutcs B npenenax 50—77 %. DkcniepuMeHTHl ¢ IpOOHOI mopaveii codbuparens 1o
10 r/T B TOoNOBY Tpoliecca u yepe3 Kaxapie 30 ¢ GroTanuu MoKa3aid, YTO MaccoBast
TToJIsE MeIu B XxBocTax cHmkaercs 1o 0,08 % mpu morepsix Mmeau ¢ xBoctamu 1,74 %.

IlomydeHHBIE pE3yNBTAaTHl CBUIETEIBCTBYIOT O IEIECOO0Pa3HOCTH MPOBEACHUS
MEePBOH cTaanu (IOTAIMU C TTOyYeHHUEM OTBaJbHBIX XBOCTOB M OOOTAIIEHHOTO TIeH-
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HOTO MPOJYKTa, KOTOPBIM Hampasisercs nocie uzmensueHus 1o 85 % kmacca —0,071
MM BO BTOPYIO CTaIMIO (prioTarum.

HccnenoBanue KMHETUKHU (BIIOTAIMK Ha PYJIE, U3MENBUECHHOMU 10 85 % Kiacca KpyIi-
Hoctu —0,071 MM BBITIOJTHEHEI IpU APOOHOU TTofIade cobuparess B TOJIOBY Mporiecca U
yepe3 kaxabie 30 ¢ pnotammu. CheM MEHHOTO MPOAYKTa OCYIIECTBILIIN Yepe3 KaK IbIe
30 ¢ ¢moranmu. OTMedaeTcsl HATM4KEe CTYIEHYaTOCTH (POPMUPOBAHUS MACCOBOH JTOITH
MeIM B TICHHOM IPOAYKTE ¢ TeueHHueM Bpemenu. Tak, 3a nepsbie 30 ¢ Gpopmupyercs
MIEHHBIN MPOAYKT C MAacCOBOM poneit memu 7,73 % ripu u3BnedeHuu B Hero meau 81,16 %,
3a mocaenytomme 60 ¢ — MeHHBIN MPOIYKT C MacCOBOM nmoelt mean 2,55 % mpu u3Bie-
yeHnH B HeTo Meau 13,69 % u B koHue duortaruu 3a 210 ¢ popMupyeTcst meHHBIH mpo-
IyKT ¢ MaccoBoil goneit meau 0,36 % npu usBieyeHuu B Hero meau 2,72 %. XBOCThI
¢uroranmm nipu atom conepxkar 0,074 % menu.

Ta6uuna 3. Pe3yabTaTsl Hccjie10BaHUS KHHETHKH (MJIOTALMH H3MeJIb4Y€eHHOI 0
KOHIEHTPAaTAa NMepBoii cTaiuu NpH APOOHOIi moaade coduparens B npouecc (GJoTanuu
Table 3. Research results of first-stage refined concentrate flotation under fractional

feed of collecting agent into flotation process

[TpogomkUTenbHOCTh Beixox nponykra, | MaccoBas nons meau, | M3Brneuenue men,
¢oraumu, ¢ % % %

0-50 9,09 19,50 28,81
51-100 6,51 18,86 19,69
101-150 5,97 16,46 15,80
HUmozo: xonuentpar 1 21,57 18,54 64,30
151-200 7,97 10,32 13,23
201-250 6,54 9,91 10,42
251-300 4,41 9,15 6,50
301-350 3,46 5,25 2,92
HUmoeo: xoHuenTpar 2 22,29 9,23 33,09
351-600 14,07 0,86 1,94
Hmozo: xoHueHTpar 3 14,07 0,86 1,94
Xeocmebi 42,07 0,10 0,68
HUcxoonoe numanue 100,00 6,22 100,00

[lanee npoBeeHBI UCCIIC0BAHUS KUHETUKU (JIOTAIIMU HA MIEHHOM MPOAYKTE Iep-
BOH cramuu ¢roTtannu, U3MENBUEeHHOM 10 KpymHocTtH 85 % xmacca —0,071 MM mpu
IpoOHO¥ Tmomade cobuparens B mporiecc. [Ipu mpomomkuTenpHOCTH (utotaruu 600 ¢
CYMMapHBII pacxofl coOMpaTenss BO BTOpYIO cTaauro ¢uotanuu coctaBma 120 r/T.
KcanTorenar nogasaics B nmporecce npooHo: 40 r/T — 10 Hauana ¢moranuu, 40 r/T — 1o
ucteuenun 200 ¢, 40 r/t — no ucreuennu 400 ¢ ot Havaya nporiecca (aoTaruu.

CbeM IEHHOTO MPOAYKTa B OTACIbHBIC TIOPIIUH OCYIISCTRIISIN uepe3 Kax e S0 ¢
npu ¢ortaruu B TeueHue 350 ¢, mocie dero mpu (pIoTanuy «I0 KOHIAY) TOTydaan
TIEHHBIN MPOAYKT B Muarna3oHe BpeMeHH (rorarmu ¢ 350 1o 600 c. OnbITH TOBTOPSITH
TpH pasa.

Pe3ynbrarthl 3KCIEPUMEHTOB IIOCIIC MAaTEeMaTU4eCKON 0OpabOTKU IPHUBEICHBI
B TaOI. 3.

YCTaHOBIICHO, YTO KAY4ECTBO MEHHOTO MPOYKTa B TEUCHHE Mpoiiecca (GaoTauu npu
JIpOOHOM momade codupares B mporecc GOpMHUPYeTCs CTyTIICHIAToO.

Ha ocHOBe mMOIy9eHHBIX OSKCIIEPUMEHTANIBHBIX JAaHHBIX BBIOJHEH pacdeT
Pa30MKHYTOW KayeCTBEHHO-KOJIMYSCTBEHHON CXeMbl (WIOTAlMU, KOTOpas NpUBEICHA
Ha puc. 1.
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[Noka3aHo, 94TO pa30OMKHYTasl CXeMa B 3a/IaHHOM pexuMe (UIOTAIUU MPU TPOOHOH
nojiaye CoOMpaTelis O3BOJISACT MOTyYaTh KOHIIEHTPAT C MACCOBOM aone meau 17,96 %
MIpH U3BJIeYeHUH B Hero Mean 91,68 % u oTBaIbHBIE XBOCTHI C MACCOBOM JTOJICH MeTH
0,1 % mpu m3Bneuennu B HUX Menu 4,12 %. Kpome Toro, momydaercsi mpoOMITPOIAYKT
¢ maccoBoi noneit menu 1,05 % npu uzBiaedeHuu B Hero Meau 4,12 %, KOTOpbI MOXET
OBITH HampaBJICH B OTIEIBHYIO MepepaboTKy WM B «TOJOBY» MpOIecca BO BTOPYIO
CTa/INI0 U3MEITBYCHUS.

Pyna
" 100,00 | 2,00 | 100,00
M3menpuenue 1
65 % xiacca —0,071 Mm
v 100,00 | 2,00 | 100,00
Droranus 1
31,05 | 6,22 | 96,55 K XB 68,95 | 0,10 345
Y
M3menpuenue 2
31,05 | 6,22 | 96,55
Droranus 2
6,70 | 18,52 | 62,08 K XB 2435 | 2,83 | 3447
Yy
dnoranus 3
6,98 9,15 | 31,93 K XB 17,37 | 0,29 2,54
A
droranus 4
4,3510,86 1,87 K XB 13,01 0,1 | 0,67
v -
dnoranus 5
K XB
3,03117,9127,12 3,9512,4214,79 87,971 0,1 | 4,12
Y Y \
8,301 1,60 6,66
9,73118,33189,20
®doranys 6
0,48110,5]2,52 K XB 7,8211,05]4,12
< y Y >
Y {1021]17,96]91,72 89,79 0,17 | 8.28 I-Y

Puc. 1. KauecTBeHHO-KONMYIECTBEHHAs PA30MKHYTast cxeMa (oTannu MeaHo# pyasl EneHoBckoro
MECTOPOIKICHHS
Fig. 1. Quality-quantity open circuit of copper ore flotation at Elenovsky deposit

CpaBHeHHE MOKa3aTelel CyHIeCTBYIOMICH U PEKOMEHIyeMOH cxeM (JIOTaluu BbI-
IMOJIHEHO ITPpU YCJIOBUU 06’BCHI/IHCHI/IH IpoMIIPOAYKTa C OTBAJIBHBIMU XBOCTaMHU B PEKO-
MEHyeMOH cXeMe.

Pe3ynbrarel cpaBHEHHS IPUBEICHBI B Ta0. 4.

AHanu3 pe3ynbraToB TaOl. 4 MOKa3bIBACT, YTO MpeAiaraeMas pa30MKHYyTasi cxema
JIBYXCTaIuaibHON (rioTanuu ¢ ApoOHOM nogadeii cobuparesst B polecc odecneyrnsa-
eT 0oJiee BHICOKHE TEXHOJIOTHYECKHE MTOKa3aTesu odorameHus pyas! Enenosckoro me-
CTOPOXKICHHS M MOXKET OBITH PEKOMEHIOBaHA K BHEIPEHHIO.
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s mpennaraeMoii K peaiu3aliii pa3OMKHYTOW CXeMbI mepepaboTku pyasl Eie-
HOBCKOTO MECTOPOXKACHUS pa3pad0TaHO KOMIIOHOBOYHOE PElIeHUe OTAeeHus poTa-
IIUU B YCJIOBUAX 000OraTuTeNbHON (HaOpUKH, B KOTOPOU IIUKJI MEIHON (IOTAlUU CO-
CTOUT W3 TpeX NapajuleldbHBIX HUTOK (moTomamuH. [lepBas HuTKa QuoTanuu
BKJTFOUaeT 6 kamep Quoromammubl THHa PU®D-30, BTOpas M TpeThs HUTKU (ioTa-
UM cocToAT U3 8 kamep ¢noromamnabl Tuna OK-10.

Ta6auna 4. [Tokazarenu goranuu pyasl EjleHOBCKOIo MecTOpOKIeHHS
MO0 CyILIeCcTBYIONIeH W peKOMeHIyeMoii cxeMaM
Table 4. Ore flotation indicators at Elenovsky deposit according to the existing and
the recommended schemes

3HaueHue rnmokasarens, %
TTokazarenn
10 CYIIECTBYIOIIEH cxeme 0 PEKOMEHTyEMOM CXeMe
Brixo koHLIeHTpaTa 15,24 10,21
MaccoBast 107151 MeIM B KOHLIEHTpaTe 15,50 17,96
M3Bneuenue Meau B KOHIEHTpAT 87,50 91,68
MaccoBast 105151 MEIM B XBOCTaX 0,39 0,17

Jns peanu3auuy pEeKOMEHAYEMOH Pa3OMKHYTOH CXEMBI MpeIJiaracTcs OCTaBHUTh
NEPBYIO0 HUTKY QuoTanuu 6e3 n3MeHeHus. BTopyto u TpeThio HUTKU (QIOTaIuu Cylie-
CTBYIOILIEH CXEMBI IIPeIaraeTcs AEMOHTUPOBATh U YyCTAaHOBUTH § KaMep (hioToMaliu-
eI THIIA OIIM-6,3.

4% %

&+ | | T

L | [8]6]8]8]8]8] =
OF+H 41—
R 7
@-LL | | -

6000 |

Puc. 2. KoMmoHOBOYHOE peleHne OTIeNeHHs (IIOTAIIH C PA30MKHYTOH CXEMOM:
1 — ¢pnoromammna PUD-30 (6 kamep); 2 — ¢pnoromammuna GIIM-6,3 (6 kamep); 3 — GprnoTomarmmnza
OIIM-6,3 (2 xamepbl)
Fig. 2. Layout solution for flotation with open circuit:
1 — flotation machine RIF-30 (6 chambers); 2 — flotation machine FPM-6,3 (6 chambers); 3 — flota-
tion machine FPM-6,3 (2 chambers)

KommoHoBouHOE perieHue oTAeneHust (IOTalluU, peaju3ylollee Pa3oMKHYTYIO
cxeMy TepepaboTKH pynbl, PUBEICHO Ha puC. 2.

3amena 16 xamep ¢moromamuubl Trna OK-10 Ha 8 kamep QaoTomMamMHBI THOA
®IIM-6,3 0THOBPEMEHHO CO CHIDKEHHEM 3aHMMAaeMOH IUIOMIAN MPUBEIET K CHIDKE-
HUI0 aMOPTH3AIMOHHBIX OTYUCIICHHH, PacXOJ0B Ha DJICKTPOIHEPIHIO U PAcXOlOB HA
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peMoHT. CHIKeHre ce0ecTonMOCTH nepepadoTKH py/asl Ha (abpHKe 3a cUeT mepexoaa
Ha Pa30OMKHYTYIO cxeMy (uoTauu cocTaBut okono 10 % ot cymecTByromeii cebecto-
UMOCTH.

AHaau3 1 00cy:KaeHue pe3ybTaToB. [lokamepHBIM 0npoOOBaHIEM Pa3OMKHYTHIX
CXeM Ha JAByX 00OTaTHTENbHBIX (haOpUKaX yCTaHOBIIEHO, YTO ApOOHAs Togavya cooupa-
Tenst o (PPOHTY MEAHOHN (IOTAMK B OTKPHITOM ITHUKJIE OOECIIEYMBaET CTYIEHYATOe
(dopMupoBaHKE KauecTBa IEHHOTO MPOAYKTa, KOTOPOE MO3BOJISIET OOBEIUHSITD IPOLYK-
THI 715 TOCITIENYFOINX CTyTIEHEeH (IIOTAIMH C MUHIMAIBHBIM CMEIIMBaHHEM pa3HOKa-
YEeCTBEHHBIX MTPOIYKTOB U MOJIYYaTh B «TOJOBE» MpOIlecca 3HAYUTEIBHOE KOJTHYECTBO
KOHIUITMOHHOTO METHOTO KOHIIEHTpaTa.

HccnenoBanue kuHETHKH (IIOTAMKA MEIHOW Pyl EIEHOBCKOTO MECTOPOXKIESHUS
MNOATBEPAWIIO HAIWYHME CTYNEHYaroro (OPMHUPOBAHMS KauecTBa MEHHOTO MPOAYKTa
C TeUCHHEM BpeMeHH (DIOTaluK 3a cueT ApoOHOU moJadu cooupares B Mpouecc U 1o-
Ka3aJI0 BO3MOXKHOCTh 3(PPEKTUBHOTO 00bEAMHEHHS MIEHHBIX MPOAYKTOB B pa3HOKaue-
CTBECHHBIC ITOTOKH C MOJYYEHUEM B «TOJIOBEY Mpolecca KOHAUIIMOHHOTO METHOTO KOH-
HeHTpaTa ¢ MaccoBoil ponert meau 18,54 % npu uzpneuennn B Hero menu 64,3 % mo
OTHOIIIEHUIO K TUTAHUIO OTIepaIiy (proTarum.

Ha ocHoBaHnM dKCTIEpUMEHTAILHBIX JAHHBIX IPEATIOKEeHa TEXHOIOTHYECKasl CXeMa
1 pa3paboTaHO KOMIIOHOBOYHOE PEUICHUE OTAEIECHUS (IOTAlMHY, PEaTH3YIOIIETo Mpe-
naraemyto cxemy. [lokazaHo, 4To pekoMeHIyemas cxema (IIOTAIMH TI0 CPaBHEHUIO
¢ neicTytomei Ha (habprke 0OecTIeYMBAET TOBHIIICHNE KaueCTBA MEIHOTO KOHIICHTpa-
tac 15,5 % 1o 17,96 % npu noBeILLIEHNN U3BICUECHU MEAH B KOHIIEHTpAT ¢ 87,5 % 1o
91,72 %.

Peanuzanus pazoMkHyTOH cXembl (oTauuu pynsl EneHOBCKOro MecTOpOXKACHUS
3a cueT 3aMeHbl 16 kamep duioromamnabl THa OK-10 Ha 8 kKamep GroToMaMHb THTIA
®IIM-6,3 obecreunT CHIKEHNE 3aHUMAaeMOH TUIOMIAAH, aMOPTH3AITMOHHBIX OTIHCIIe-
HUH, pacXo/I0B Ha AJIEKTPOIHEPTHIO U peMOHT. CHIKEeHnEe ce0ecTONMOCTH nepepadoT-
KH pyasl Ha Gabpuke coctaBut okoso 10 % ot cymiecTByroIIei ce0ecTOMMOCTH.

O0nacTh NpUMeHeHHs1 Pe3yJIbTaToB. Pe3ynsraTsl HacTosIeH padOTH MOTYT OBITH
NPUMEHEHBl TpPU COBEPUICHCTBOBAHMU TEXHOJIOTHH (DIOTAllMOHHOTO OOOTaIIeHHs
CYIbOUIHBIX PY/ yTEM BHEAPEHHUS PAa3OMKHYTHIX CXeM (IIOTAIIHH.

BoiBoabl. BrisiBIeHHBIE 3aKOHOMEPHOCTH (OPMHUPOBAHUS Pa3HOKAYECTBEHHBIX
TIEHHBIX TMPOAYKTOB TIpH APOOHOM 1moyiaue coouparens mo PpoHTy pa3OMKHYTHIX CXEM
(hmoTanMu pacKphIBAIOT JOMOIHUTEIHHBIE BO3MOXXHOCTH COBEPIICHCTBOBAHUS TEXHO-
Jorud (GIOTAIIMOHHOTO 000TalIeHUS CYAb(QUIHBIX PYA.
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Abstract
Research object and aim. Flotation schemes development and optimization is a significant trend in flotation
technology improvement. The prospect of developing flotation schemes is connected with the use of open
circuits which realize the conditions approaching the ideal flotation cascade. This research aims to study the
possibilities of improving the effectiveness of open flotation circuits based on rational integration and
Sflotation at certain stages of products under fractional feed of a collecting agent in the front of flotation.
Methodology. In order to obtain the regularities of forming the products of different qualities under
fractional feed of a collecting agent, chamber assaying of open circuits have been carried out at two
processing plants with copper ore processing. In laboratory conditions, copper ore flotation kinetics has
been studied under fractional feed of a collecting agent into the process. Chamber assaying of open circuits
and copper ore flotation kinetics study under fractional feed of a collecting agent into the process
determined step-like formation of froth product in the front of flotation. The obtained regularities can be
applied when forming open flotation circuits through reducing the blending of the products of different
quality which leads to significant increase in flotation indicators.
Summary. Revealed regularities open up additional possibilities to improve flotation of sulphide ore
dressing based on the use of open flotation circuits with fractional feed of a collecting agent in the front of
Slotation.

Key words: open flotation circuits; fractional feed of a collecting agent; flows formation; flow chart;
layout solution.
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Abstract
Relevance. Insufficient elaboration of methodological foundations of sustainable development concept
predetermines ambiguous conceptual-categorical framework and, consequently, imperfect
methodological support for the possibilities of its realization.
Research aims to develop methodological provisions for sustainable development concept as regards
the determination of relationships between the types of sustainability and approaches to their realization.
Methodology. The analysis of the ways and distinctive features of sustainable development concept
formation. The development of the author's variant of systematizing the approaches to various types
of sustainable development realization.
Results. The article considers certain moments of sustainable development concept formation and
the special characteristics of approaches to its realization in different countries, the results of the
sustainable development problem discussion at international conferences and summits, the evaluation
of the degree of fulfilling the goals concerning switching to a new development model. Recommendations
concerning sustainability types selection are systematized, the criterion of classification is substantiated
—natural capital depletion and possibility of its substitution by physical (artificial) capital. Sustainability
classification with a greater detailed elaboration is considered according to R. K. Terner. The article
generalizes and analyses information characterizing methodological approaches to the realization
of the main provisions of sustainability development concept: anthropocentrism, eco and biocentrism,
their interrelation with scenario approaches — scientistic and conservationist according to B. M. Mirkin
and L. G. Naumova. The features of the approaches are revealed which are complementary to the
common ones. noospheric and scenario-centrist. Author's version is proposed for the given notions
integration, relation estimation between man- nature interaction character and scenarios of human
development towards the creation of sustainable development society and their attitude towards the
realization of different types of sustainable development.
Results. The obtained results, improving the methodology of sustainable development, ensure
the elaboration of more solid methodological approaches to the realization of a new development model.

Key words: sustainable development, international cooperation, sustainability types; methodological
approaches; realization.

Introduction. The recognition of the need for transition to a new development way
dates back to the 1970th. At the conference in Stockholm, the problems of social-
economic development coordination with environmental protection were raised for the
first time, and the guidelines of the ecodevelopment concept were formulated which
tolerates economic growth only within the limits of environmental restrictions. In the
1980th the concept smoothly transformed into the sustainable development concept,
which is “the development that meet the needs of the present without compromising the
ability of future generations to meet their own needs” [1, 2]. It is generally considered
that the groundwork for sustainable development ideas formation was laid by the
Russian scientist V. I. Vernadsky back in the beginning of the 20th century in his
noosphere concept (or the sphere of mind), which provides for the harmonisation of
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interaction between the society and the nature. This explains the selection of the first
stage of sustainable development concept in the historical aspect interpretation of this
concept in work [3].

It should be noted that certain provisions, which were reflected in sustainable
development concept, as well as endeavors to form the models of social-economic
development with the account of environmental restrictions were also reflected in the
earlier period in a number of works by native and foreign scientists. In this way,
D. L. Armand, defining the contents of “ecoacceptable use of natural resources” in his
book “For us and For Our Children” [4], notes eternal value of natural wealth,
popularizes the idea of fair intergenerational distribution of nature’s gifts, formulates
the idea of paid use of natural resources, and proves the need for environmental costs.
Work [5] proves the need for transition to a stationary development model, where stable
population, constant stock of goods or capital and their correlation ensure good living
conditions for the population.

An important condition, substantiated by G. Daly [6], is the introduction of
restrictions on economic growth associated with resources scarcity and depletion as
well as with the limits of tolerable level of contamination. In future, working out
provisions of his idea and analysing the concept of social-economic development, the
author of the work notes that none of them speaks about restrictions on the dimensions
of economy. To Iu. K. Efimov’s progress can be ascribed the substantiation of ecological-
economic unity of the problem of environmental protection and use, and the account of
the ecological component in sustainable development concept, whereas V. A. Anuchin’s
contribution is the proof of social, but not only industrial, use of natural resources.
It follows from above that sustainable development concept was not entirely new to the
native scientists, because its provisions were close to the statements of the concept of
nature resources rational use.

The term “sustainable development” appeared for the first time in 1980 in a document
World Conservation Strategy published by the International Union for Conservation of
Nature and Natural Resources. The term itself was then defined as “the integration
of conservation (environmental protection) and development to ensure that modifications
to the planet do indeed secure the survival and wellbeing of all people” [7, p. 6], and
development combined with conservation was considered as the very type of biosphere
management which may yield the greatest sustainable benefit to present generations
while maintaining biosphere’s potential to meet the needs and aspirations of future
generations.

Among the major specific objectives of the strategy are the following:

— to maintain essential ecological processes and life-support systems, on which
human survival and development depend;

— to preserve genetic diversity;

— to ensure the sustainable utilization of species and ecosystems.

Methodology is based on the analysis and generalization of methodological
approaches to sustainable development concept basic provisions realization and
systematization of approaches to the realization of difference types of sustainable
development.

In 1987 main provisions of sustainable development were raised in the UN Report
of the World Commission on Environment and Development: Our Common Future;
meanwhile, if earlier at Stockholm Conference the globality of environmental problem
was emphasized together with the need to interconnect social-economic development
and environmental protection, then the Report was aimed at simultaneous examination
ofthree problems — ecological, economic, and social. Sustainable development provided
for the economic growth with the account of pressing social problems resolution and
friendly environment conservation to meet the needs of the future generations [8, 9].
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Reporting the characteristics of sustainable development, scientists point out that in
Rio the concept acquired new political and social-economic, but not only ecological,
concern. New development path was supported by the representatives from 178
countries at the conference in Rio de Janeiro in 1992.

The conference resulted in accepting five important international conventions,
Agenda 21 being definitely the most important. It was considered as a course of action
for sustainable development national strategies development. It’s natural that the
priorities were not the same for different countries as well as the mechanisms of
strategies realization. In this way, Canada was the first to launch the plan of action to
develop national strategies of sustainable development [10]. Ecological problems have
long become public priority in this country, that is why Canada successfully realizes the
program determined by Agenda 21. In 1993 a very important document was issued
there, aimed at consensus-building at environmental protection problems resolution;
the document reflects the guiding principles and expands opportunities for public
participation in decision-making concerning certain tasks of ensuring sustainable
development in various sectors of the country’s economy and regions through the
organization of the Round Tables. Solution to institutional problems of transition
to anew development model, based on consensus-building and wide public involvement,
accepted in Canada were approved by the whole world community, which testifies to
its leading role in environmental governance.

In the USA, organization of sustainable development regulation at a regional level
deserves special mention. Implementing the worked out strategy of sustainable
development, the government has high hopes for “a team work of educated and trained
people driven by the sense of personal responsibility” [11, p. 54]. In the author’s
opinion, the means of human capital assets mobilization, used to provide sustainable
development, can be considered as the source of constructive ideas for the selection of
the means of transition to a new development model.

In Russia, transition to sustainable development provides for a stage-by-stage
approach and goal-orientation at every stage (The Concept of Russian Federation
Transition to Sustainable Development, approved by the Decree of the President
of 1 April 1996). The first stage provides for the solution of the first-priority problems
associated with overcoming crises in the social-economic sphere and creating proper
regulatory and legal framework for industrial ecologization. The second stage provides
for the realization of a number of sustainable development elements within the limits
of social-economic development process ecologization in Russia, biosphere
conservation and restoration with the restriction of the nature resource intensity of
industry and orientation toward sensible requirements of the future generations. At the
third stage, the resolution of the problem is forecasted concerning the harmonisation of
the development of the society, biosphere, and economy mainly by means of improving
workers’ qualification and moral values.

Results. It would seem that the only thing left was to realize the strategies and the
outlined plans of action. However, the conference of 1997 in New York (Rio + 5) stated
the default of obligations and the absence of positive results in the conflict resolution
between the development of civilization and the nature. The relevance of problems
connected with environmental protection, economic inequality, and a range of social
problems, continued to increase. At the Millennium Summit, held in New-York in
2000, in the Millennium Declaration the Millennium Development Goals were
formulated for the period up to 2015, the basic part concerning social problems: poverty
eradication and mortality reduction, fight against HIV/AIDS, etc [12]. Only one
objective was ecological.

The results of transition to sustainable development were summed up in 2002 in
Johannesburg (RSA) at the World Summit on Sustainable Development and turned out
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to be disappointing again: the destruction of nature on the planet continued under total
international acceptance of the need to abandon the existing development model.
According to V. I. Danilov-Danilian, “summit in Johannesburg turned out to be nothing
but a colossal party... not a single significant solution was proposed, not a single new
idea” [13, p. 54]. Significant change in the realization of sustainable development
concept was not noted at the conference in Rio de Janeiro (2012) as well. In all relevance
of transition to a new development model, the results of a twenty years period for the
majority of countries turned out to be negative.

In quest of new and more effective mechanisms, the conference in Rio + 20
concentrated greatly on “green economy” which increases human well-being and
ensures social justice under significant reduction of environmental risk [14]. Main
provisions of “green economy” model were reflected in the outcome document
(Outcome document of the conference Rio + 20. The Future We Want. Rio de Janeiro,
2012. Available from: http://daccess — dds — ny.un.org/doc/UNDOC/GEN/N11/476/12/
PDF/N1147612.pdf?:OpenElement). Summation of accomplishing the Millennium
Development Goals revealed the insignificance of the results achieved in fight against
poverty, hunger, and imminent ecological crisis [15]. Population growth is recorded,
increase in the scale of consumption and, consequently, more intense impact on the
environment. Needles to speak about sustainable development as soon as all remained
the same. The United Nations Summit for the adoption of the post-2015 development
agenda and approval of Sustainable Development Goals for the period up to 2030 was
held in New-York in September, 2015. New goals proved to be broader (17 goals
instead of 7 goals reflected in Millennium Development Goals) with emphasis on the
ecological component. Failures in sustainable development concept realization to some
extent predetermined the appearance of various approaches to this problem resolution
and several sustainability types selection.

Two sustainability types are commonly considered: strong sustainability and weak
sustainability, formation of which conditions the consequences of man-induced impact
on the natural capital [ 16]. Natural capital in this case is understood as the total of assets
providing natural resources and environmental services for humans [17].

The concept of weal sustainability provides for the possibility to replace natural
capital by physical (artificial) capital “while maintaining the total value of aggregated
reserve of all types of capital” [17, p. 40], which reduces the influence of the factor of
natural reserves scarcity on social-economic development. Economic growth is
tolerated with the account of consumer demands change and the introduction of “green”
evaluation of economic indicators.

The concept of strong sustainability only permits minimal substitution of natural
(inartificial) capital and orientation toward the stabilization and reduction of population
and, correspondingly, consumer demand and economy size reduction. As regards the
substantiation of critical natural capital concept, which should be conserved under any
variants of economic development, the opinions of researchers also differ. Some think
that critical natural capital should include nature’s gifts which cannot be substituted by
the artificial ones: ozone layer, rare types of plants and animals, etc.

Others focus on the extent of natural ecosystems allowing to maintain the mechanism
of biotic regulations on the planet. The coordination of the given points of view is
probably required to work out the definition of critical natural capital.

A doubtless advantage of the classification of ecological-economic development
types, worked out by the author of [18], is the versatile characteristic of sustainability
according to economy’s environmental friendliness, management strategy, and ethics.
In R. K. Turner’s classification, sustainability is differentiated according to four levels
[19]. Worked out in the beginning of the 1990th, it’s popular among foreign researchers.
According to R. K. Turner, for very weak sustainability verging upon technogenic
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economy, natural and artificial capital are considered to be interchangeable, natural
resources exploitation is permitted resting hopes concerning environmental conservation
in technical progress. Under weak sustainability, ecological restrictions are introduced
on economic growth; the conservation of critical limit of natural capital is demanded.
Strong sustainability is aimed at maximum conservation of natural resources. Natural
and artificial capitals are considered as complementing each other. Moderate economic
growth is permitted with the use of environmentally friendly technologies. And, finally,
very strong sustainability, according to [1], does not allow economic growth, i. e. zero
growth of population, economy, and “extreme conservation of natural capital”.

Specific character of sustainability types also requires various approaches to
sustainable development concept realization. In the present time, the presence of
anthropocentric and ecocentric (biocentric) approaches is commonly acceptable.
As soon as sustainability types are classified according to the level of natural capital
depletion (consequences of man-induced impacts), the substantiation of approaches to
their realization is based on the criterion of economic growth (man-induced impact).
Main provisions of anthropocentric approach are much close to basic provisions of
scientistic scenario of transition to sustainable development [20], which admits the
might of science, scientific and technical progress, and believes it possible for a man
armed with knowledge to solve any problem. Followers of this approach admit the
possibility of population growth and economic growth. They perceive nature as an
infinite source of natural gifs, endow it with the capability of adapting to man’s activity
and set their hopes on the possibility on human control over the biosphere. While
cornucopian supporters (the supporters of technocritical development model) admit the
possibility of infinite economic growth, the majority of anthropocentrists admit
economic growth only within the limits of ecological restrictions (environmental
protection model). In general, the considered approach and scenario are aimed on
subduing the nature, perception of nature as a utilization target, i. . dichotomy of social
world and natural world. Extreme form of anthropocentrism is concept “World without
nature”, according to which the biosphere can be replaced by technosphere with human
regulation of all processes within it.

Ecocentric (biocentric) approach perceives a human as one biological type being
subject to the laws of biosphere, and is at the opposite pole as compared to the
anthropocentric approach, in the same way that conservationist scenario is opposite to
the scientistic one. The supporters of this approach give priority to natural systems,
admit minimal growth of economy with its restriction according to ecological
requirements, minimal reduction of natural capital and its rebalancing with industrial
one. The main idea of ecocentrists is the need to conserve the mechanism of biotic
regulation. Among researches supporting the given approach, the following names can
be mentioned: V. G. Gorshkov, K. S. Losev, V. 1. Danilov-Danilian, K. Ia. Kondratiev,
T. A. Akimova, V. V. Khaskin, etc. Within conservationist scenario, the issue is raised
about the reduction of population and, consequently, reduction of biotic production
consumption (meeting the “one percent” principle), restoration of disturbed lands and
increasing the area of natural undisturbed terrestrial ecosystems. The extreme form of
ecocentrism is concept “Back to nature” aimed at the conservation of natural capital
without any substitution, demands reduction, ecosystems destruction prohibition
(ideology of reserve management and study).

In work [21, p. 189] these approaches are supplemented by the noospheric, which
provides for the biosphere rehandling by the scientific thought into a new condition,
noosphere, with man’s perception of the nature as “the supreme value of social
existence”. Attitude toward the existence of this approach is rather ambiguous,
a number of researchers consider the concept of noosphere as “a sphere of mind, the
supreme stage of biospheric development” to be utopian [22]. Centrist scenario is more
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acceptable [20] together with the approach to sustainable development, based on the
theory of central order by V. Geizenberg, which provides for society and ecosystems
harmonious development. The scenario of centrism is based on the principle of
ecological development including a range of elements of scientistic and conservationist
scenarios and provides for the achievement of their goals balance. The table proposes
the author’s variant of compatibility of sustainability types under consideration and
their realization approaches.

Summary. Data presented in the table under consideration testify to interconnection
between the approaches and scenarios of strategies realization for various sustainability
types. Research and results can be considered as the development of methodological
provisions of sustainable development concept, which can serve as a basis for the
development of methodological approaches to the realization of models of various
types of sustainable development.
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Crnennpuyeckue 0cO0eHHOCTH MoAesel yCTOHYMBOI0 pa3BUTHS

Crposckuii B. E.!, Komaposa O. I'.l, Jlorsunenko O. A.!
! Vpanbckuii rocyapcTBeHHbINH TOpHbIH yHIBepcuTeT, ExatepunOypr, Poccus.

Pegpepam
Axmyansnocmes. Hedocmamounas npopabomka Memooon02U4ecKux OCHO8 KOHYenyuu YCmouuugo2o
paszsumusi  npedonpeodensiem — HEOOHO3ZHAYHOCMb — NOMAMULHO-KAME20pUlino20  annapama  u,
COOMBENCMEEHHO, HeCOBEPUICHCINBO MEMOOUYECKO20 0becneyenus 603MOICHOCMEl ee Pearu3ayuu.
Llens uccnedosanus. Pazeumue memooonocuteckux NOA0JICEHUN KOHYeNnYuu YCmoudueo2o pas3eumus
6 Yacmu yCmaHoseHUs 63aUMOCea3ell Metcoy munamu yCmoudueocmu U noOX00amu K Ux peanusayuil.
Memooonozcun. Ananuz nymeii u ocobennocmell CMAHOGIEHUs KOHYENYUU YCMOUYUBO2O DPA3GUIMUSL.
Paspabomka asmopcroeo eapuanma cucmemamuzayuu HOOX0008 K peanu3ayui pasHvlX Munog
YCmOUUB020 pa3gumusl.
Pezynomamui. B cmamve paccmampusalomcs omoenvHble MOMEHMbl CHAHOBNIEHUS KOHYenyuu
YCMOUMUB020 pa3eumusi U 0COOeHHOCMU NOOX0008 K ee peanu3ayuil 8 pa3HbIX CIMpPAHax, pe3yabmambl
06CydcOerUss npodnemMvl YCMOUYUBO20 PA3GUMUSL HA MENCOVHAPOOHBIX KOHpEpeHYusx u Cammumax,
OYeHKU GbINONHEHUs. NOCMABNIEHHLIX Yenell, KACalowuxcs nepexood HaA HOBYI0 MOOelb pa3eumus.
Cucmemamu3uposamnsvl peKOMeHOayuu No 6blOeleHulo Munoe yCmoudueocmu, 00OOCHOGAH Kpumepuil
Kaaccugurayuu — ucmouyenue npupooHo20 Kanumana u 603MONICHOCHb e20 3ameujeHls MamepuatbHblM
(uckyccmeennvim). Pacecmampusaemes kaaccugurayus yemotuueocmu ¢ 60avuieil demanuzayueti no
P. K. Tepuepy. Obobwen u npoanaiuzuposan mamepua, xapakxmepuzyrouuti Memoouieckue nooxoosl
K peanu3ayuil OCHOGHbIX NOJIONCEHULl KOHYEeNnYUU YCHOUYUB020 PA3EUMUSA: AHMPONOYEHMPUIM U IKO- UYL
OUOYEeHMPU3M U UX 83AUMOCEA3b CO CYEHAPHBIMU NOOX00AMU — CYUCHMUCTNCKUM U KOHCEPBAYUOHUCTICKUM
no b. M. Mupxuny u JI. I Haymoseou. Packpvigaromcs ocobeHnocmu nooxo008, OONONHAIOUUX
obujeusgecmuvie: HoOCepHblll U CyeHapHwll yenmpucmcekui. IIpednodcena asmopckas mpaxmoska
00veounenUus OAHHLIX NOHAMUL, YCMAHOBNEHUA B3AUMOCEAU MENCOY XAPAKMEPOM B3aumooelcmesus
uenogeka ¢ NPUpoooll CO CYEHapusAMU pa3eumus 4enoeedecmsd 8 HANpasieHuu co30aHus odujecmsa
YCMOUNUB020 Pa3GUMUsL U UX OTMHOULEHUS K Peanu3ayul pasnuiHslx munog yCmouiuo20 pa3eumus.
Bo1600b1.  Ilonyuennvie pesynvbmamol, COBEPUIEHCMEYIOWUE MEMOO0I02UI0 YCIMOUYUBO2O PA3GUMUSL,
obecneuugaiom paspabomxy Haubonee 0O00CHOBAHHLIX MeMOOUYECKUX NOOX0008 K peanusayui Hool
MoOenu pazeumus.

Knrouesvie cnosa: ycmoiiuugoe pazgumue;, MexiCOYHAPOOHOE COMPYOHULECE0, MUNbL YCIMOUYUBOCHIU,
MemoouuecKue no0xXo0bl, peanu3ayusl.
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KOHOMMYECKasi OLieHKa NoCcneACTBUI NP OCBOEHUM PECYPCOB Heap

MBeaHoB A. H.', UrHaTbeBa M. H.™
1YpanbCkuid rocyaapCTBEHHbIN ropHbIiA YHUBEPCUTET, T. EkaTepuHbypr, Poccust
*e-mail: ief.etp@ursmu.ru

Pechepam
Akmyanshocme. Ycuienue SHUMAHUA K SKOHOMUHECKUM MepaM 20CYOapCMEEHHO20 pecynupo8anus
NPUPOOONONL306AHUS 6 COBPEMEHHBIX YCI08UAX Mpebyem BbIACHEHUs IBONIOYUOHHBIX USMEHEHUI 6 UH-
CMPYMEHMAapuu IKOHOMUUECKOU OYeHKU NOCAeOCMBULL AHMPONO2EHHBIX 6030eliCmEUtl, 00YCl08IeHHbIX
0CBO€eHUeM pecypcos Heop.
Llendb uccneoosanus — svissieHue SMaAnHOCMY 8 IKOHOMULECKOM 000CHOBAHUY OYEHKU 8030eliCMEUsi Ha
okpyorcarowyro cpedy (OBOC), ycmarnosnenue npuyuH, mopmo3auux npoyecc SKOHOMUYECKOU OYeHKU
nocreocmautl, 4mo CHUdcaem 00CmMo8epHOCHb OnpedeneHus IKOHOMUYECKoU 3P pekmuenocmu mepo-
NPUAMUL, CMASYAIOWUX UTU NPEOYNPEHCOAOUWUX BOSHUKHOBEHUE HeONA2ONPUAMHBIX 8030€lCMEUI.
Memoodonozus ocnosana Ha 0600ujeHUU U AHATU3E MEMOOUYECKUX NOOX0008 K IKOHOMUYECKOU OYeHKe
nocnedcmeuii 6030etiCmeus Ha OKPYICAUYIO cpedy Npu 0C60EHUU PeCYPCO8 HeOp.
Pezynomamut uccnedoganus. Oboduenue u anaius pe3yibmamos uccied08aHul N0 IKOHOMUYECKOl
oyenKe NOCIeOCmeutl NO360UNU BbIOETUMb HECKOAbKO NOCLe008AMENbHBIX dMANO08 3M020 npoyecca,
63AUMOYBAZAHHBIX C UHCMUNYYUOHATbHBIMU npeobpasosaruamu 6 omuowenuu OBOC. Ha nepgom sma-
ne umerom mecmo ppazmenmapusle onpeoeienus SIKOHOMULECKO20 yuepoa om nomepb NPUPOOHbIX pe-
CYPCO8 U U3LAMUS 3eMeNb U3 CeNbCKOXO03sLCcmeeno2o obopoma. Ha eémopom smane paspabamuliéaemcsi
Memoouueckoe obecneuerue no IKOHOMUUECKOU OYeHKe NOCIe0CMEUl, 00YCIL06IEeHHbIX 3d2PAZHEHUEM U
U3vLSMUEM NPUPOOHBIX pecypcos (ucmouenuem). HcKaouerue cocmaeisiion nociedcmsus, Ces3aHHbie
¢ UsMeHeHueM opm nosepxHocmu u aumocghepro2o maccusa. Tpebosanue BbINOIHEHU IKOHOMUYECKOU
oyenxu nocrneocmsuti npu OBOC 6 oguyuanrbHuix 00KYMeHmax noseiaemcs moibKo nocie pecidmeH-
mayuu nopsioxa npogedenus OBOC, npuuem HoCum nepeoHA4aAIbHO 8eCbMA HEONPedeleH bl XApaK-
mep: 6 00HUX OOKYMEHmMax npucymcmeyem, 6 Opyeux — omcymcmeyem. B pesynomame nosgnenue eou-
HbIX mMpeb06aHUtl K 6bINOIHEHUIO IKOHOMUYECKOU OYEHKU MOdicem Oblmb OMHECEHO UL K MOMEHMY
npunamus 6 1995 2. CII 11-101-95. Ilpagoa, c6o0nas mabauya nokazameneti 3K01020-9KOHOMUYLECKOU
OYEHKU CIMPOUmenscmed (PeKOHCMpYKyuu) NPOMbIUUIEHHBIX 00beKmMo8 8 paszoeie « IKON020-IKOHOMU-
ueckas APGeKmusHoCmb UHBECMUYULL 6 CPOUMENLCIBE) BKAIOYAEm 8 Ce0sl TUllb Nepederb CMemHOU
CMOUMOCmU NPUPOOOOXPAHHBIX 00bekmos u meponpusmuil. B mae 2000 2. ymeepocoaemes nosoe Ilo-
J0JKcerue 00 oyenke 8030eliCmeUs HameuaeMoll XO3AUCMBEHHOU U UHOU OesmenbHOCU HA OKPYICalo-
wyto cpedy 6 Poccuiickoti @edepayuu ¢ yenvr YCMAaHO61eHUs eOUHBIX NPASUIL OP2AHUZAYUU U NPOBede-
Hua OBOC, ¢ komopvix mpebosarue npogedenus IKOHOMUYECKOU OYeHKU NOCIe0CMBULl C80e20 Mecmd
He Haxooum, Kax enpouem u 6 yucie ocHosononazarowux npunyunoe OBOC. Jannoe Ilonosxcenue ciy-
arcum ce2o0us ogpuyuanbubim 0okymenmom, pezyaupyiouwum OBOC, 6 komopom auws 6 paszoene 3.2.2.
«Hccneoosanus no OBOC Hameuaemoti Xo331icmeeH O U UHOU 0esIMeNTbHOCMUY NPUCYMCMEYem YKa3d-
Hue 06 oyenke dPGeKmusHoCmU HaMeuaemMblX MEPONPUAMULL N0 CMASYEHUIO UNU NPEeOOMEPAUeHUIO
HecamugHwlx 6030eticmautl. Ha mpemvem smane, nauunas ¢ 1995 e. memoouueckue pekomeHoayuu 6ce
bonee demanu3upyomcs, nosAIAemcs pso OmMpAaciegblx Memooux, a maxKice Memoouyeckux nooxo0os,
VUUMBIBAIOWUX PECUOHATLHYIO CNEYUPUKY.
Bui6oowi. 13 ananuza cnedyem, umo s5KOHOMUYECKas OYeHKa Noc1edCmsull npu 0C60EHUU pecypcos Heop
Ha NpeonpoeKmHoll cmaouu He nposoOUMCs, Xoms memoouyeckoe obecneuenue O ee 6blNOIHEeHUs
6 onpedenenHoll cmenenu no02omosiero. Hesvinonnenue uiu He0OCMamoyHo KauecmeeHHOe GbINOJIHe-
Hue skoHomudeckux obocnosanuii OBOC o6ycnosneno omcymcmesuem eOUHOU pecnameHmayul 3mo2o
npoyecca u OMcymcmeuem coomeencmeyowezo MemoouiecKko20 UHCMpYMeHmapus, YmeepicOeHH020
Ha (edepanvHom yposHe.

Knroueevte cnosa: sxonomuueckas oyenxa; nocnedcmsus; memoouueckoe obecneyenue; penameH-
mayus, IKOHOMU4ecKuil 3¢pghexm,; sKoHoMuueckuil yuwepo, 9K01020-3KOHOMUYECKAs 3phexmusHocmo.
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BBenenue. l3HauanbHO 3KOIOTHYECKOE MPOEKTUPOBAHHE HMEJIO ECTECTBEHHO-
Hay4yHBIH XapakTep: ONpeAeIsINCh TUHAMUKA COCTOSHHUS M yCTOMYMBOCTD JIaHAmad-
TOB, (JOPMHUPOBAHUE HATYPaIBLHOTO yuiepOa Mo BIMSHUEM aHTPOIIOTCHHOTO BO3ZCH-
CTBUS Ha PACTUTENIBHOCTD, Ha 3/10pPOBbE UEIOBEKA, OPraHU3MBbI )KMBOTHBIX, CBOWCTBA
1ouB U T. A. MccneaoBaHus Mo SKOHOMUYECKON OLIEHKE MOCIIEICTBUI, TP OCO3HAHUU
BCEil BaYKHOCTH WX BBITIOJHEHMUSI, OCTABAINCh HEBOCTPEOOBaHHBIMH. M 3TO mpu TOM,
YTO XKM3Hb OOILIECTBA PETYINPYETCS] SKOHOMUUYECKUMH 3aKOHAMHU. TOJNBKO C ydeToMm
KOHOMHMYECKHX T0Ka3aTeel NOoCIeACTBUI BOZMOXKHO CO31aHHEe 00OCHOBAHHBIX KOM-
NEHCAMOHHBIX BBIIUIAT, IPUHATHE HanOolee 1eaeco00pa3HbIX PEeLICHUH, CBA3aHHBIX
C OCBOGHHMEM HeJlp, MpefoTBpalammx ymepd okpyxatouiei cpene [1].

Pe3synbTarsl nccienoBanus. K uuciny nepBix ohuIuagbHBIX JOKYMEHTOB, TO3BO-
JISIOMIMX OCYIIECTBIISITh SKOHOMUYECKYIO OIIEHKY MOCIEACTBUM, OTHOCATCS MHCmpyK-
yus gosmeujenus YOblmKo8 3eMIenoab306ameNiam U nomepsb CelbCKOX03AUCMEEHHO20
npou3800Ccmea npu omeooe 3emels 0Jis 20CYOAPCMBEHHbIX UU 00U eCNEEHHBIX HYHCO,
yms. [locmanosnenuem Cogema Munucmpog CCCP om 09.08.1974 Ne 636, Takchl Ans
UCUYHCIIeHUs yep0a, MPUYMHIAEMOTO PEIKAM JKUBBIM OpraHu3MaM, HOPMaTHBHBIE J10-
KyMEHTBI, OTIpeJIEIAIONINEe TOPSIOK yueTa 3aTpaT Ha PeKyIbTUBAIIIO HEPYAHBIX CTPOU-
TEJIBHBIX MAaTepHalOB, NECUCTBYIOUIME HAa TEPPUTOPUM YKpanHCKOM M MonjgaBckoil
CCP, HHCTPYKTHBHBIE MaTE€pPHAIIBI TIO OIIPE/IEICHHUIO yIepOa, 00yCIOBIEHHOTO 3arpsi3-
HEHHEM BOIHBIX pecypcoB U 1p. OnHako TpeOoBaHHE OLIEHKH SKOHOMHUYECKOH 3 dek-
TUBHOCTH HPUPOJOOXPAHHBIX MEPONPHITUH, KaK U PEKYJbTUBALIMOHHBIX PadoT, B 3a-
KOHOJIATETBHBIX JJOKyMEHTaX OTCYTCTBOBAJIO, YTO MOATBEPIKIACTCS PSIIOM aBTOPOB [2].
B T0 xe Bpemsi B HcCIeIOBaHNAX, CBI3aHHBIX B YACTHOCTH C PEKYIBTUBAINEH, METOH-
YECKHE MOAX0bI K SKOHOMUUYECKOH OLEHKE A(PPEKTUBHOCTH YK€ YACTHYHO HAXOIMIN
CBOE€ OTpakeHHUe, TeM OoJjiee 4To K 3ToMy BpemeHu [loctanoBnenuem ['ocrurana CCCP,
Tocctpos CCCP u llpesunuyma AH CCCP yixe O6buta yTBepkaeHa Tunosas memoouxa
onpeoenenus 3¢hpekmusHocmu KaNUMaibHbIX Gl10HCEHUL.

Tak, K. 1. Kopkun u B. A. OpunHHHuKOB B padote [3] mpeaiaratoT oleHUuBarh 3¢-
(heKTUBHOCTH Yepe3 CPOK OKYITaeMOCTH 3aTpaT Ha BOCCTAHOBJICHHE HAPYIICHHBIX 3€-
MeJb O] TIOCEBBI CENIbCKOXO3NCTBEHHBIX KyIbTyp. IIpn 3TOM IONMOIHUTENBHEIE 3a-
TparThl, CBA3aHHBIE C TEXHOJIOTHYECKUM 3TAIIOM Ha TOPHOM MPEANPHUATHH, U U3AEPIKKU
NPENNpPUATHI, KOTOpblE MPUHUMAIOT Y4aCTUE B IPOM3BOJICTBE U MOCIENYIOIIEH Nepe-
paboTKe MPOAYKTOB CEIBCKOXO3SHCTBEHHOTO MPOM3BOACTBA, COMOCTABISIOTCS C YH-
CTBIM TOJIOBBIM JIOXOJOM OT pe€alii3alliy CEJIbCKOXO3AMCTBEHHOM MpPOAYKUHU. Peko-
MeHmaruu B. JI. TopioBa CymecTBEHHO YTOUHSIOT pacueT yiiepOa, CBSI3aHHOTO
C HapyILIEHUEM [TOBEPXHOCTH 3€MIIU NIPH Pa3pabOTKE MECTOPOXKACHUH OTKPBITHIM CIIO-
coboM. B uncne 0CHOBHBIX MOTEPb, (POPMHUPYIOLUIUXCS NPH UIBATUH 3€MEIb U3 CEllb-
CKOXO3AHCTBEHHOT'O 000pOTa, UM PacCMaTPUBAIOTCS:

— yuiep6 OT HapyIIeHHs TOYBEHHOTO CII0S 3€MIIH;

— 3aTpaThl Ha BOCCTAHOBJICHHE MTPEKHETO III0A0POIHS;

— ymep0 OT CHHKEHUS! BAJIOBOT'O IIPOU3BOJCTBA CENbCKOXO3SIHCTBEHHON POLYKIMH
B CBSI3H C U3BATHEM 3€MJIU U3 XO35HCTBEHHOTO0 000pOTa;

— 3aTpaThl Ha PEKYJIBTUBALMIO UM OCBOEHHE 3eMenb [4, c. 14].

OO0u11e MoI0XKEHHUS OLICHKH SKOHOMUYECKOH 3(h(DEeKTHBHOCTH PEKYIETHBALMH C OT-
pPaKEHHEM COCTAaBJISFOIIUX CyMMapHOro 3¢ddekra, KOTOpble MOJIYYMIH AajbHEHIIee
pasBUTHE B METOAUKE OLIEHKU YKOHOMHYECKOH 3()(heKTUBHOCTH PEKYJIBTUBAIMHU, pac-
kpeITHl T. b. Kupmmosoit u B. A. OB4MHHUKOBBEIM B padote [5]. B "uciio cocrassiro-
MIMX CYMMapHOTo 3¢ $eKTa UMH BKIIIOUCHBI:

— o9Komoruueckuil 3¢dekT oxpaHbl Ccpeabl, BKIIOYAIOMIMN MpeAOoTBpaIeHHbIN
yiep0, IPUYUHSAEMBII HapyIICHHBIMHU 3eMIISIMH OKPYXKAIOIEeH cpeae;

— XO3AUCTBeHHBIN 3((deKT B BHJEC MPOMYKIINH, TOTYy4aeMOl C BOCCTAHOBICHHOTO
y4acTKa, MU IPUPOCTa MPOLYKIHMH C IPHIIETAIOIINAX TEPPUTOPHIL;
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— JIOTIOJTHUTENBHBIN XO3SHCTBEHHBIA S(PQEKT, MoaydaeMblid OT HCHOIb30BaHHUS
BCKPBIIITHBIX TOPOJT;

— COITMANBHBIN 3 (EKT, MOTydaeMbIid OT HCIIOIb30BAaHMS BOCCTAHOBJICHHBIX TEPPH-
TOPHH IS OT/IIXA HACEICHUSI.

B T0 e Bpems aBTOpbI OTMEYAIOT HEAOCTATOK HH(OpMALNK I OLEHKH psaa dax-
TOPOB U, COOTBETCTBEHHO, HEBO3MOKHOCTD BBITIOJIHEHHS IOCTOBEPHOI OLIeHKH Y hek-
ToB. HanboJee moiHO OleHKa SKOHOMHUYECKOTO yIepOa BBITIONHACTCS JUIS YCIOBUN
M3BATHS IPUPOAHBIX PECYPCOB U3 MPUPOIHON Cpeabl (IOTEPH JIECHBIX PECYPCOB MPHU
mokape, MOTepH MPU M3MEHEHUH XapakTepa WCIOJIh30BAHUS 3€Mellb, MOTEPH MHHE-
PaNBHBIX PECYPCOB MPH A0OBIYE U TPAHCIOPTHPOBKE, IOTEPH NPU HU3KOM YPOBHE KOM-
TUIEKCHOCTH MCIIOJIb30BaHUSI PECYPCOB U T. [I.), KOTZa SKOHOMHYECKUH ymepd oT mo-
Tepb MPUPOIHBIX PECYPCOB OMpPEAEISIETCS Pa3MEPOM HX JKOHOMHUYECKOW OICHKH
(HEemoMCIIONB30BaHNE, HEKOMIUIEKCHOCTD MCIIOIh30BaHU, HEOOOCHOBAHHOE CIIHCAHUE
3aI1acoB IOJIE3HBIX NCKOMAEMBIX H T. II.).

OmHUM U3 TIEPBBIX CTAJI 000CHOBBIBATHCS MOPSIOK OIIPEIEICHNs SKOHOMUYECKOTO
yiepOa npy H3MEHEHUH XapaKTepa UCIONb30BaHNs 3eMEIbHBIX PECYPCOB (M3MEHEHNE
UX LEHHOCTH) Ui CEJIbCKOXO3IHCTBEHHOTO MPOW3BOJCTBA, KOTOPBIH MPOSBIISETCS
B TIOSIBIICHHUH TTOTEPh U YOBITKOB Y TIPEXKHETO 3eMitenonb3oBarelts [6]. Komnencamuon-
HBIE BBITUIATHI 3a 36MJTH, U3bIMAaeMbI€ M3 CEIHCKOXO3SICTBEHHOTO 000pOTa, OCYIIECT-
Bisiich B CCCP 110 1960-x IT. TONBKO MPH CTPOUTENBCTBE THUAPOIIEKTPOCTAHITUH.
B nmocnexyroriye roasI B psijie COIO3HBIX pecityOnnk, a MMeHHO B benopyccun, JlarBum,
AzepbOaiimxane, Mongasumn, Kuprusuu u 1pyrux, cranu pa3padaTbiBaThCsl YKa3aHUS
0 pacuere koMmneHcanuu [7]. X aHann3 mokasbIBaeT, YT0 HOPMAaTHBBI CTOMMOCTH OCBO-
€HHS HOBBIX 3€Mellb B3aMEH M3bIMaeMBbIX JIJIsl HECEITbCKOX03SHCTBEHHBIX HY K U de-
PEHIIMPOBAHbI B 3aBUCUMOCTH OT OOHUTETA FITH BUAA CEITHCKOXO3SMCTBEHHBIX YTOAUN
(TamrHu, CEHOKOCHI, MAcTOUIIIA), TIPX 3TOM U3 O0IIel BETMIHHBI CTOMMOCTH OCBOSHUS
BBIJICTICHHIO MTOJIEKATHA KAlTUTAIBHBIE BIOXKECHUS.

B cepenune 1970-x rr. B pasButue llocmanognenus Cosema Munucmpos CCCP
om 09.08.1974 «O so3mewenuu yObimKo8 3eMienoib308amensim U Nomepsb CelbCKOX0-
BAUCMBEHHO20 NPOU3BOOCTNEA NPU 0MEO0e 3eMelb 0 20CYOAPCMBEHHbIX U 00 e-
CMBeHHbIX Hyo#cO» ObLTN BBEIEHBI KOMITEHCAIIMOHHBIE HOPMATHBBI, YIUTHIBAIOIINE TI0-
MHUMO 3arpaT Ha OCBOGHHE pABHOBEIWKHX IUIOMAJEH elie W 3aTpaThl Ha
OKYJBTUBUPOBAHUE BHOBH OCBAaWBACMBIX 3E€MeENb U IOBBILICHUE IUIOAOPOIHS TIOYB.
K uncny mocnemyromux OTHOCSATCS HOPMAaTHBBI CTOMMOCTH HOBBIX 3€MENb B3aMEH
W3bIMAEMBIX CEITbCKOXO3SMCTBEHHBIX YTOANH JJ1sl HECEIbCKOXO3IHCTBEHHBIX HYK/I, YT-
BepxkaeHHbIe [locmanosnenuem Cosema Munucmpos npasumenscmséa PD om
28.01.1993 Ne 77, u nopmamugsl cmoumocmu, ompadicenrvle ¢ Ilocmanognenuu Co-
séema Munucmpoe PO om 28.01.1997 Ne 77 « 06 ymeepoicOenuu nonodxiceHus: 0 nopsioke
803MeueHusl YOLIMKOE COOCMEEHHUKAM 3eMelb, 3eMIe6NA0eNbYAM, 3eMLEN0Nb306aMme-
JISIM, ApeHOamopam i NOMepsb CelbCKOXO3AUCMBEHHO20 NPOU3BOOCHEAY .

[Ipu oTBONE AT HECENBCKOXO3SUCTBEHHBIX HYKJI JIECHBIX 36MENb CTAHOBUTCS HE-
00xomnMBIM oOparieHre K 0a30BBIM pa3MepaM IUIATHI 3a TEPEBOM 3eMENb JIECHOTO
¢douma B npyrue kareropuu (Ilocmarnoenenue llpasumenocmea P® om 17.11.2004
Ne 647 «O pacueme u o3mewenuy nomeps 1eCHO20 X03aNUCMea npu nepesooe 1ecHIxX
3emenb 8 HelecHble 3eMau 071 UCHONb30GAHUSL UX 8 YelsX, He CEA3AHHbIX C 8e0eHUeM
JLECHO20 XO03AUCMEA, NONL30OBAHUEM TECHBIM (POHOOM, U NPU HEPesode 3eMelb 1eCHO20
¢onoa 6 semau unvix (Opyeux) kameeopuii»). B ciydae HeoOXOMUMOCTH TIEpPEBOAA JIEC-
HBIX 3€MEJb B APYTOW BUJ 3eMIIETIOIB30BAHUSA (CTPOUTEIHCTBO, (JOPMHUPOBAHNE TIOJTH-
TOHAa JUIS XpaHEHHWS OTXOJOB) B pacueThl BBOISATCS MOMpPaBOYHBIE KO3(PHIMEHTHI
C Y4ETOM CpOKa IepeBoja, pa3mMepbl KoTopbix MeHstores ot 0,4 no 1,0. Pacuer nporHo-
3UPYEMBIX YOBITKOB MPEXKHUM BJIaJeNblaM H MOJb30BaTeIsIM TIPU OTUY>KIACHUH CEllb-
CKOXO3SMCTBEHHBIX 36MEITb BBIIOHAETCS MPSIMBIM CUETOM JIJISl KOHKPETHOW CUTYAIIHH.
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Jnsa pacuera ymep6a oT BbUIOBA (YHHUTOXEHHS) PECYPCOB — )KUBBIX OPraHU3MOB Ha-
gpHas ¢ 1970-X IT. YTBEPKTAINCH TAKCHI, KOTOPBIC B MTOCIETYIONIEM MOy OTpa-
KEHHE B METOINKAX.

B Cymckom ¢unmane XapbKOBCKOTO MOJIMTEXHUYECKOTO MHCTUTYTa, B Bopormm-
noBrpajackoM ¢unuane MuactuTyTa 3k0HOMUKHM npombiiuienHoctd AH YCCP u apy-
TUX YCIECIIHO BBITOJIHSIIMCH UCCIICIOBAHUS 110 YKOHOMUYECKOH OIICHKE yIiepoa, 00y-
CJIOBJICHHOTO 3arps3HEHHEM OKpPY)KAIOIIeH Cpellbl, CBSI3aHHOTO B MEPBYIO OuYepelhb
¢ pocToM 3aboneBaeMocTd, cMepTHOCTH HaceneHus [8—10]. B 1969 1. 8 Cymckom drutu-
ane XIIM Opun BBITIOTHEHBI UCCIIENOBAHUS TI0 OI[EHKE 3KOHOMHYECKOTO yIiepoa, 00-
YCIIOBIIGHHOTO 3arpsizHeHHeM atMocdepsl, a B Hadane 1970-x — mpousBe/ieHbl pacueThl
9KOHOMHUECKOTO yliepOa OT 3arpsi3HeHHUs] BOIHBIX PECypCcOB, OpraHn30BaHHbIe MUHU-
cTepcTBOM Menuopaiuu. B pesynsrare B 1971 1. Opinia pazpaborana Bpemenuas memo-
OuKa onpeoenenust IKOHOMULECKO20 yuiepoa om 3a2psisHeHUsi Aammocgepvl npeonpusi-
musamu 4eproti memannypeuu, a B 1973 1. momroroenmeHa Memoouka oyeHKu
9KOHOMUYECKO20 Yujepba om 3azpsazueHusi 600HbIX pecypcog [11]. OubIT mpoBeneHus
NPaKTHYECKUX PACYETOB CBUAETENLCTBYET 00 Y4ETe JAOCTATOYHO OOJNBILIOrO KOJUYe-
CTBa YaCTHBIX yIIepOOB, psi/l U3 KOTOPBIX M B HACTOALIECE BpeMsl HE OLICHUBAETCS B Jie-
HEX)KHOM BBIPOKEHHU W3-32 CIa0OCTH METOAMYECKOTO OOECIEeYeHUs] U HEXBATKU WH-
¢dopmanmu [12].

B konne 70-x—nauasne 80-X I'T. MOSABJISIETCS MEepBasi METOIMKA, ONPEIENIoNIas mopsi-
JIOK pacdera SKOHOMHUYECKOH d((PEKTHBHOCTH MPUPOAOOXPAHHBIX MEPOIPUSITAN U He-
MOCPEACTBEHHO BEIMYMHBI SKOHOMUYECKOTO yliepOa, 00yCIOBICHHOTO MOCIEACTBUAMU
3arpsi3HEHHsT OKpyKaroueld cpenpl (Memoouxa onpedenenus KoHoMuydeckou dghgex-
MUBHOCIU U OCYWECMBIIEHU NPUPOOOOXPAHHBIX MEPONPUATULL U OYEHKU IKOHOMUYe-
CK020 yuiepba, NPUUHAEMO20 HAPOOHOMY XO3AUCMEY 3a2PAIHEHUEM OKpYHCcalouell cpe-
ovl. M., 1979. 72 c.; Bpemennasa memoouxa onpeoeienus IKOHOMUYECKOU dhpekmusrHocmu
3ampam 8 Meponpusmus no OXpame OKpyjcaroujell cpedvl. IKOHOMUYeCKds 2asemd.
1980. Ne 33. C. 13—14). B 1982 1. ObUI IONTOTOBIICH MPOSKT BpemeHHOU MUnogot Memo-
OuKU onpeodeneHus IKOHOMUYECKOU IghexmusHocmu ocyuwecmenenust npupooooXpa-
HbIX MEPORpUAMULL U OYEHKU IKOHOMUYECKO20 Yujepoa, NPUIUHAEMO20 HAPOOHOMY XO-
3AUCMBY 3a2psi3HeHuemM OKpydicarouell cpedvl, ¢ YTBEPKICHHE COCTOSUTOCh B 1983 T,
OKOHYaTeNbHOE u3gaHue — B 1986. MeTonuka, Kak U ee Mpenblaylliuii BapuaHT, craja
0a30BBIM OPHEHTHUPOM DPa3pabOTKH OTpacieBbIX METOAWK, OCHOBOH IS BBITOTHEHUS
SKOHOMHYECKON OIICHKH NMPH OOOCHOBAaHUM DPEKYJIBTHBAIMOHHBIX paboT (Memooduka
onpeoenenuss IKOHOMUHECKOU IPPeKmusHOCmU PeKYIbmMUBAYUL HAPYULEHHBIX 3eMeNb,
1986), ipn “CTIONB30BaHUN OTXOAOB (Memoouxa no oyenxe s3KoHOMU4eckoll 3¢pexmus-
HOCMU UCHONIb308AHU MEEPOLIX OMX0008 NPou3e00cmea u nompeodnenus, 1985) u T. m.
K cepenune 1980-x rT. MeToguyeckoe o0ecriedeHre BBITOTHEHHUS SKOHOMHYECKOM OlIeH-
KU MOCTIEACTBHA, 00YCIIOBIEHHBIX 3arpsi3HEHHEM MPUPOAHON cpeabl, ObLIO MOATOTOBIIE-
HO M HaxoJWJIO CBOE MPUMEHEHHE TPH MOATOTOBKE CIEUATBFHOIO pasjiesia 1o OXpaHe
OKPY’KaloIlleH MPUPOJHOH Cpe/ibl M PAIOHAIBHOMY WCIIOIB30BAHUIO MPHPOIHBIX pe-
CYPCOB, pa3padoTKa KOTOPOTO OTIPEeNsUIach AeHCTBYOIIUMH HOPMAaTHBHBIMHE TOKYMEH-
TaMH TI0 MPOSKTUPOBAHUIO U CTPOUTENLCTBY. [10mo0HbIH pazaen « DxoHOMUUYECKas d-
(PEeKTUBHOCTH OCYLIECTBICHUS! CPEJO3AIIUTHBIX MEPOIPUSATHI» HOMYUYHI JETalbHYIO
xapaktepucTiKy B CrpaBOYHHKE 0 OXpaHe OKpyxatomiei cpenst (1986) [13], kak u
paznen «dxkoHoMHu4ecKas 3PEKTHBHOCTh TPHUPOTOOXPAHHBIX MEPONPHATHID — B [1oco-
OuM M0 COCTaBJIICHWIO paszzmera mpoekra (padodero mpoekra) «OxpaHa OKpyKaromeit
npuponHoi cpenp» (Ilocobue no cocmasnenuro pasdena npoexkma (paboqezo npoekma)
«Oxpana oxkpyscaiowell npupooHoll cpedbly, 0000peHo Ynpasnenuem 20CIKCHEPMU3bl
npoexmos u cmem 25.12.1987).

HenocraTouHoe MeTomuueckoe o0ecredeHne UMeIIo MOCIENCTBHSL, 00y CIOBICHHEIC
u3MeHeHHEeM (OPMBI TIOBEPXHOCTH M JUTochepHoro Maccusa. [Ipu mom3eMHO# pas-
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paboTKe 3TO CABMKEHHE 3eMHOM IIOBEPXHOCTH 0€3 pa3pbiBa CIJIOMIHOCTH; C Pa3pbIBOM
CIUTOITHOCTH ¥ 00pa30BaHUEM IPOBAJIOB, TEPPUKOHOB, BIIaJUH, TPEILIH; IIAXTHEIC OT-
BaJbl. [Ipu OTKpBITOMN pa3paboTKe — Kapbepbl; OTBANBI BCKphIH [ 14].

OrnpeneneHne BEMMINHBI SKOHOMUIECKOTO yIepoa, GopMHUPYEMOTO IO BIUSHAEM
BO3/ICWCTBUI HACHIITHOTO MacCHBa Ha OKPYXKAIOMIIYIO CPEeIy, MOIYYHUIIO CBOE OTpaxke-
HHUE B METOAWYECKUX PEKOMEHIAIMSIX 10 OLIEHKE SKOHOMHYECKOH 3PEKTUBHOCTH UC-
MOJIb30BaHMs TEXHOT€HHO-MHHEPAJIbHBIX 00pa30BaHMUIi; UTO KacaeTcsi BIEMOK JINTOC-
(epHOTO MaccuBa, TO METOAMYECKOE 00ECTIeUeHUE OIIEHKN YKOHOMHYECKOTO yiepoa
0T (OPMHPYIOLIUXCS MIPH 3TOM TIOCIE/ICTBUI BecbMa (hparmeHTapHo. Eme MeHee wc-
CJIEJIOBaHHOW, B TOM 4YHCJI€ M B HACTOSIIEE BPEMs, OCTAETCS MpoOiieMa HapyIIeHUS
Henp (IuToc(hepHOro MacCuBa) U IKOHOMHYECKOU OIEeHKH rocieAcTBrii. O1eHKa mpe-
JOTBpAIIaeMoro yiepoa mpu peKyIbTHBALNH KapbePHBIX BEIPA0OTOK, a TeM Ooiee 3a-
MIOJTHEHHUH ITyCTOT BHIPa0OTaHHOTO MPOCTPAHCTBA MPH MOA3EMHOM pa3zpaboTKe MECTO-
POXIEHUN TIONE3HBIX MCKOMAeMBIX HE HAXOOUT OTPAXKEHHS B METOIUYECKUX
pekoMeHanusIX. MeToJuYecKuil MHCTPYMEHTapHil, Kacaroluicsi 3KOHOMHUYECKOU
OIIeHKH 3(PPEKTHBHOCTH PEKYIBTHBANYA TEXHOTEHHBIX ITyCTOT, B HACTOSIIEE BPEMs
HaXOIWTCS HA HAYalbHOW CTaJuH U HE UMEET O(PUIUATEHOTO 0(OPMIICHHUS.

TpeboBanue sxoHOMuueckoit orieHku npu OBOC Bo3HHKAET NHIIB MOCHIE OpHULIU-
aJbHOM perriaMeHTaIluH OLEHKH TOCIEICTBUH, PH 3TOM OHO HOCHUT XapakTep BecbMa
HEOoTpeeIeHHbINH. B gacTHOCTH, B cocTaBe TpeboBanmil k conepxanuio OBOC (Bpe-
MEHHAs UHCMPYKYUS O NOPSOKe NPOBedeHUss OYEeHKU 8030eliCBUsL HA OKPYHCAIOULYIO
cpedy npu paspabomre MexHUKO-3KOHOMUYECKUX 0O0CHO8AHULL (pacyemos) u npoex-
MO8 CMpoUmenbCmea HApOOHOXO3ANUCNEEHHBIX 00bEeKMO8 U KOMIIEKCO8, YME. 3aM.
npedcedamens Tockomnpupoovr CCCP om 18.05.1990) Bo BpeMeHHOI MHCTPYKIIUU
MIPUCYTCTBYET TpeOOBaHHE MPOBEACHUS IKOJIOTO-3KOHOMHUYECKOH OIIEHKH MPOEKTOB,
a B [Tomoxxernn 06 OBOC (1994) oHO yXe OTCYTCTBYET, pacCMaTPUBACTCS JIUIIH He-
00XOMMOCTE TIPHHATHS MEP M MEPOTPHUATHHA 10 MPEAOTBPANICHHIO HETIPUEMIIEMBIX
Ul OOIIEeCTBa MOCIEACTBUI OCYIIECTBICHHS NPUHATHIX pemeHuid (I/lonoscenue o6
OBOC ¢ P®, yms. [lpuxazom murucmpa Munnpupoosr om 18.07.1994. Ne 222).
HeonpeneneHHOCTs B peLIEHUH JaHHOTO BOIIPOCa OOYCIIOBMIJIA OTCYTCTBHE €IMHBIX
TpeOOBaHMI K BBITIOIHEHUIO IKOHOMHUYIECKOH OIIeHKH, X (HOPMHUPOBAaHUE MOXKET OBITH
OTHECEHO JIUIIb K MOMEHTY npuHaTHs B 1995 1. CIT 11-101-95. Ilopsioox pazpabomku,
CO2NACOBAHUSL, YMEEPAHCOCHUS U COCTNAB 0OOCHOBAHUS UHEECHMUYULL 8 CHPOUMETbCIEO
npeonpusmutl, 30anuil u coopysicenuu. OTHAKO, KaK CIEAYeT U3 MPAaKTHYECKOTO M0COo-
6ust x CII 11-101-95 B paznene «O1eHKa BO3IEHCTBHS Ha OKPYIKAIOIIYIO CpeLy» MpHU
000CHOBaHMY MHBECTHUIINH B CTPOUTENBCTBO MPEANPUATHI, 3AaHUN U COOPYKEHHM pe-
KOMEHJIAIINH TI0 PacueTy SKOHOMHUUYECKOTO yIep0a, SKoJI0Tr0-3KOHOMUIeCKoro 3 dek-
Ta U SKOHOMHUYECKOW d(h(HEKTUBHOCTH MEp U MEPOIIPHUITHHN 0 TPEAYTPEKACHAIO HE-
ONaronpusATHBIX TMOCIEACTBUI OTCYTCTBYIOT. CBomgHas TaOluma pPEKOMEHIYEMBIX
MOKa3aTeJiel SKOIOro-3KOHOMUYECKOW OLIEHKH CTPOUTENBCTBA (PEKOHCTPYKLIMH) MPO-
MBIIUICHHBIX O0BEKTOB B pazzeie «IKOIOro-3KOHOMHUYecKas d()(PEKTHBHOCTh HHBE-
CTHIIMA B CTPOUTENIHCTBOY 3aKAaHUYMBAETCS IEPEYHEM CMETHOM CTOMMOCTH MPHUPOI00X-
paHHBIX 00BEKTOB M MEPOIIPHSTHH.

B mae 2000 1. Ilpukazom npencenarens ['ockomakonoruu Poccuu ObL10 yTBEpHKIE-
HO HOBOE [lonodicenue 06 oyenke 8030elcmeus HAMeUaeMol XO3AUCMEEHHOU U UHOU
desmenvHoCmu Ha OKpyscaowyio cpedy 6 Poccutickoii @edepayuu ¢ 1enbio yCTaHOB-
JICHUSI €MHBIX MTPABUJI OPTaHU3aIlUH U MTPOBEACHUS TOCYIaPCTBEHHOM IKOIOTHYECKON
SKCIIePTH3bl. AHAIN3 TUIIOBOTO coaepkanus mo OBOC, npusenennoro B [lonokenun,
MOKA3bIBAET, YTO MPH CYIECTBEHHOHN NETAIN3aINH ITOPAIKA OOIECTBEHHBIX 00CYXK/Ie-
HU HEOOXOTMMOCTh SKOHOMHYECKON OIIEHKH IMOCIEACTBHIA MTOATBEPKACHUS HE HAX0-
JIUT, KaKk BIIpoueM U B uuciie ocHoBHBIX npuHIunoB OBOC. Ykazanue 00 oueHke 3¢-
(EeKTHBHOCTH HaMEYaeMBbIX MEPONPHATHH MO CMATYCHHIO WM TpPEeJIO0TBPAICHUIO
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HEraTUBHBIX BO3JEHCTBUH MpUCYTCTBYeT Jullb B myHKTe 3.2.2 «MccnemnoBanus mno
OBOC nameuaeMoli XO3SMCTBEHHOW M MHOH JeATEIbHOCTH». OQUIMATBHBIM JTOKY-
MEHTOM Ha CETOIIHS, PeryIHpyomuM mopsanok nposeaenuss OBOC, mpomomxaer ocra-
Bathcs [IpakTuaeckoe mocodme (1998).

U3 pabotsr [15], B KOTOpO# CHCTEMaTH3MPOBAH MaTepraj MO BOMPOCAM OXPaHBI
OKpYXXaroIIeH cpelibl, B TOM YHCJIE [0 SKOJIOTUIECKUM TPeOOBaHUAM MPU MPOECKTUPO-
BaHUU C HCIIOJIB30BAHUEM HOPMAaTHBHO-IIPAaBOBBIX akTOB B Poccuiickoii @denepanuy,
nerictByrommx Ha 01.01.2007, cnexyert, uto paznen mo OBOC npu o60cHOBaHMY HHBE-
CTHLIMI JOJKEH BKIIFOUATh B ce€0s TpU Moxpasena:

— OLIEHKA CYIIECTBYIOIIEr0 COCTOSIHUSA KOMIIOHEHTOB OKPY)KaIOLIEH cpelpl palioHa
pasMeLIeHus IPOEKTUPYEMOTo 00bEKTa;

— BIUSIHHE OOBEKTa HA OKPYKAIOIIYIO CPELY;

— JKOJIOTO-9KOHOMHUUECKast 3Q(PEKTUBHOCTh HHBECTUIIMI B CTPOUTEILCTBO OOBEKTA.

B 10 %€ Bpems B mepeuHe nokazarenei [15, c. 205-206] npucyTCTBYIOT JHIIB TT0-
Ka3aTelld CMETHOW CTOMMOCTH OOBEKTOB W MEPOIPHUATHI. BEIMOIHEHNE OIICHKH KO-
HOMUYECKOH 3(PPEKTHBHOCTH C pacyeToM oOIIell 3KOHOMHYECKOH A((EKTUBHOCTH,
CPaBHUTEIBHON SKOHOMHUUYECKOH 3(h(HEKTUBHOCTH U YUCTOTO SKOHOMHUYECKOTO 3 deK-
Ta IpeaycMaTpuBaeTcs JIMIIb B ospasaene «O1eHKa NpeoTBPallieHHOTO YKOHOMUYe-
CKOro yuiepba ¥ 3KOHOMUYECKOH d(PPEKTHBHOCTH MPUPONOOXPAHHBIX MEPOTIPUSITHIA
B pazzuene «OxpaHa OKpYKalolled cpenb» B COCTaBe MPOEKTHOW JOKYMEHTAllUW Ha
CTPOUTENBLCTBO MPENNPUATUH, 30aHUN U COOPY>KEHUU MPOU3BOACTBEHHOIO Ha3Haye-
Hus. [Ipudem, ecu o 2000 1. mpu pacueTe SKOHOMHUYECKOH 3(pPEKTHBHOCTH OCHOBOM
oIpenesicHHsT YKOHOMHYECKOro yuiepba ciyxuia Bpemenunas munosas memoouxa
onpeoenenus IKOHOMUYECKOU PhexmueHocmu ocyuwecmanenuss npupoo0OXpaHHIX
MepPOnpUAmMUL U OYEeHKU IKOHOMUYECKO20 yujepda, NPUUUHAEMO20 HAPOOHOMY XO3li-
cmay 3aepssnenuem okpycaroweti cpedwt (1983, 1986), To mo3aHee MaHHYIO POJIb CTa-
Jia BBIOJIHATH CHavana Bpemennas memoouka onpedeneHus npedomspaueHHo20 9Ko-
noeuyeckoeo yuwepoa (1999), a noznnee Memoouxa onpedenenus npedomepaujeHHo2o
axonoeuyeckozo yujepoa (1999).

Kak cnenyer u3 aHanu3a, perimaMeHTaIus SKOHOMUYECKON OLEHKHU MOCIeICTBUI Ha
MpeanpoeKTHOH ctanuu npu nposeaeHn OBOC dakTrueckn 0TCyTCTBYET, B yCEUEH-
HOM BHJIC OHA IPUCYTCTBYET JIMIIb Ha CTaJ1UH IPOESKTUPOBAHUs, KOI/a B cocTase cele-
CTOMMOCTH YYUTHIBAIOTCS JOTIOJIHUTEIIbHBIE 3aTPaThl HEAPOIIOIb30BATENs, CBI3aHHbIC
C apeHJ0i 3eMeNbHOr0 y4yacTka, IpUYMHEHHEM Bpeaa JIecHO! (ayHe, KoMIeHcauuei
YIIyIIEHHOH! BBITOJBI 3€MJIEIIONB30BATENSIM U T. J. BOIPOCHI SKOHOMUYECKON OLIEHKU
MOCIIEAICTBUN € TIO3ULIMK COOCTBEHHHMKA MPHUPOIHBIX pecypcoB (TocyaapcTBa) He pac-
CMAaTpPUBAIOTCA.

BuiBoasl. Takum o0pazom, k Hadary XXI crojerns MeTonndeckoe obecrevueHue,
MO3BOJISIIONIEE OCYIIECTBIISATH IKOHOMUYECKYIO OLIEHKY IOCIECICTBHIA IPH OCBOCHUH
PECYPCOB HEp, B ONPECTICHHON CTeNeH! ObIJI0 MOAr0TOBIeHO. [IprunHa HeBBIMOTHE-
HUSI WK BBITIOJIHEHHUS 5KOHOMUYECKOTO 000CHOBaHHSI HU3KOTO Ka4ecTBa KPOETCS B OT-
CYTCTBUH JOJDKHOM perfiaMeHTally 3TOTO MPOIEecca, YTO 00yCIOBIEHO OTCYTCTBUEM
COOTBETCTBYIOLIIETO METOJMUYECKOTO 00ECIEeUCHNUs, YTBEP)KICHHOTO Ha (henepaIbHOM
YPOBHE.
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Economic appraisal of consequences at subsoil resources exploitation

Andrei N. Ivanov!, Margarita N. Ignatieva!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Relevance. Closer attention to economic measures of state regulation of nature resources management in
modern conditions requires clearing up evolution in the tools of economic appraisal of anthropogenic
impacts conditioned by subsoil resources exploitation.
Research aims to determine the sequence of stages in economic substantiation of environmental impact
assessment (EIA), stating the reasons slowing down the process of economic appraisal of consequences
which reduces the reliability of economic effectiveness determination for measures mitigating and
preventing negative impacts.
Research methodology is based on generalization and analysis of methodological approaches to economic
appraisal of environmental impact consequences under subsoil resources exploitation.
Research results. Results generalization and analysis of research of consequences economic appraisal
allowed to distinguish some sequent stages of this process interconnected with institutional transformations
in EIA. At the first stage there are fragmentary determinations of economic damage caused by natural
resources loss and lands removal from agricultural use. At the second stage, methodological supply is
developed for consequences economic appraisal conditioned by contamination and removal (depletion) of
natural resources. An exception is the consequences associated with surface and lithosphere massif shape
variation. The requirement to consequences economic appraisal fulfillment under EIA appears in official
documents only after EIA procedure regimentation, and is initially of rather uncertain character: it is
present in some documents and absent in others. As a result, the development of unified requirements to
execution of economic appraisal can be referred only to the moment of passing CII 11-101-95 (code
practice) in 1995. Yet, summary table of ecological-economic appraisal of industrial facilities construction
(reconstruction) in part “Ecological-economic effectiveness of investment in construction” includes only
the list of estimated cost of environmental facilities and measures. In May 2000, new Statement on
environmental assessment of future business or other activities in the Russian Federation was approved
with the purpose of establishing uniform rules of EIA organization and fulfillment, and the requirement of
consequences economic appraisal is out of the picture both in this Statement and in EIA guidelines. Today
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the given Statement is an official document regulating EIA, in which only in part 3.2.2. “Examination of
future business and other activities according to EIA” there is a directive on effectiveness assessment
of future activity on mitigation and prevention of negative impact. At the third stage, beginning with 1995,
methodological recommendations have been progressively detailed, a range of subject methodologies
appears, as well as the methodological approaches taking into account regional specifics.

Summary. It follows from the analysis that economic appraisal of consequences is not carried out at the
pre-project stage, though methodological supply for it has been prepared. Desertion or insufficient
fulfillment of EIA economic substantiations is conditioned by the lack of uniform regimentation of this
process and the lack of the corresponding methodological tools federally approved.

Key words: economic appraisal; consequences; methodological supply, regimentation, economic effect;
economic damage, ecological-economic effectiveness.
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The calculation of heat exchange processes
in the conveying pipe of a skip pneumatic winder
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Abstract
Introduction. The article considers thermodynamic processes in the conveying pipe of a skip pneumatic
winder.
Research aim is to analyse the establishment of temperature regime of pipeline s operation and estimate
the influence of air refrigeration on the velocity of a skip in the conveying pipe of a skip pneumatic
winder.
Methodology. A mathematical model has been built of “mining blower—skip-lifting pipeline—surrounding
media” system, which will make it possible to get the dependence of conveying medium temperature and
loaded skip velocity on depth. The formulae are introduced to estimate pipeline wall heating and air
refrigeration inside the pipeline. The ratio has been found, which makes it possible to determine the time
of heating upon the expiry of which the process of heat exchange in the initial part of the pipe will be
steady.
Results. The relevance of the problems has been justified. Dependences of air-flow rate and air velocity
in the pipeline on the vertical height coordinate are presented together with skip winding velocity
variation conditioned by air flow refrigeration. The solution to the inverse problem is described: the
calculation of air blowing station capacity required to provide the calculated value of average velocity,
the results of which will allow to determine the value of mining blower capacity which provides for skip
calculated average winding velocity, predetermined cycle duration, and unit capacity.
Summary. The ratios, obtained as a result of the calculation, make it possible to determine the value of
mining blower capacity required to provide for skip calculated average winding velocity, predetermined
cycle duration, and unit capacity.

Knrouesvie cnosa: winder; skip; pneumatic system; pipeline; heat exchange processes; mathematical
model; mine winding.

Introduction. Increase in the depth of deposits and the capacity of heading machines
and shearers demands larger skip capacities and winding velocity. Limited operational
characteristics of cable winders condition the need for the alternative means of mine
winding with higher specific capacity. The analysis of various means of transport
clearly indicates the potentials of the specific type of pneumatic container conveying —
skip pneumatic winders [1-5].

When developing the systems with gaseous conveying medium, the problems arise
associated with the determination of the influence of physical, particularly
thermodynamic, properties of a medium on the system parameters. Mathematical
description of the units of heavy duty with the motion cycle being strictly determined
is extremely challenging. Mine winding systems must run at a steady pace, and with
high energy load, pipeline length being hundreds of meters. In such conditions, in the
mathematical model of a system, it is essential to take into account physical effects,
connected with the properties of air of both enclosing and conveying medium.
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Methodology. Mathematical model of mining blower—skip—lifting pipeline—
surrounding media system will make it possible to get the dependence of conveying
medium temperature and loaded skip velocity on depth. The indicated dependences in
turn will make it possible to determine the velocity of a container in the depth function.

Thus, mathematical description of thermodynamic processes made in this work will
become the constituent part of the calculation of skip pneumatic winder duty cycle
duration.

The analysis of heat exchange processes. Air blowing station delivers flow into
the conveying pipe, the temperature of the flow is significantly higher than the
surrounding air. This fact is explained by energy loss when pressurising with blower
rotor active elements. Modern mining blowers SIEMENS have got the coefficient of
efficiency of 80—-85 % [6, 7], and this number reduces with the increase of head capacity
of a unit. Although it is rather high for a turbomachine, about 20 % of the unit’s power
is expended to heat gas.

TTER

~ 7,
Ty
T2 Tﬂ
N —

8

< >
- -

Fig. 1. A fragment of the pipe’s wall
Puc. 1. dparMeHT CTEHKH TPYOBI

Heated air comes to the conveying pipeline under pressure and conveys the loaded
skip to the surface. As a result of heat exchange the pipeline gets hot, while the air
under the skip cools. This is an isobaric process; temperature drop is accompanied by
air density growth and winding velocity reduction.

The study of heat exchange processes between the heated flow and pipe wall and
between the pipe wall and the atmosphere provide for the solution of two problems:

— pipeline operation temperature conditions establishment;

— the estimation of air cooling influence on skip velocity.

The first problem is relevant because it is essential to determine whether pipes made
of polymeric composite materials, precisely of fibreglass, are able to function at
calculated temperatures.

As the skip elevates, flow cooling leads to air density growth and corresponding
consumption reduction, which impacts on the velocity of a container. The determination
of dependence between the loaded skip velocity and its coordinate will make it possible
to calculate an average velocity of winding and the duty cycle of the unit.

Fig.1 represents a fragment of the pipe’s wall. Notation: 7, — air flow temperature at
the outlet of the mining blower; T}, T, — the temperature at the internal and external
surfaces of the wall correspondingly; 7, — the temperature of the atmosphere; 8 — the
thickness of the wall.

The pipe’s wall is cylindrical, but as long as its thickness is much less than the
internal diameter d, the calculation can be performed using formulae for a plane wall
with no significant errors.



108 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 4. 2019 ISSN 0536-1028

Heat flow density ¢ through the wall is [§]
q= k(]—; - Ta )a

where k& — the coefficient of heat exchange.
The value of the heat exchange coefficient is determined by the formula

where o, —is the coefficient of the internal flow heat transmission to the wall; o, — the
coefficient of heat transmission from the wall to the atmosphere; A — the coefficient of
heat conductivity of polymeric composite materials.

The temperatures of the internal and the external surfaces of the wall are determined
according to the formulae:

r =1 -<;
G'B
(1)
T,=T,+L
o

Formulae (1) provide the value of maximum temperature 7', the impact of which
the material at the inlet of the pipeline is exposed to; formulae (1) make it possible to

calculate average wall heating temperature Ty (fig. 1) in the condition of the steady-
state heat exchange:

Of interest is the time of heating, after which the process of heat exchange in the
initial part of a pipe will be steady.

The problem of unsteady-state heat exchange calculation is rather labour-intensive
[9]. Taking into account that at the present stage of investigation, heavy demands are
not imposed on the accuracy, we will confine ourselves to rough estimate.

Let us make some assumptions:

—there is no heat transmission from the external surface of the pipe to the atmosphere
(o, = 0); B

— the pipe heats to temperature 7, throughout the length.

Then, for a minor fragment with a mass m and internal surface area s of the pipe near
the entry end, the following equality is true

cmdAT' = o sAT'dt, )

where ¢ — the specific heat capacity of polymeric composite materials;
AT'=T — Y_’y — the difference of flow and pipe temperatures at a time; dAT" — pipe

temperature increment in a time dz.
The relation & << d between the thickness and the internal diameter d of the pipe
means that internal and external diameters of the pipe are similar in value, consequently,

m = pso, (3)

where p — the density of polymeric composite materials.
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Substitution of (3) into (2) eliminates undetermined parameters m and s:
cpdd AT' = a, ATdt,
from which

dAT" _ o g (4)
AT ¢pd

Integration of (4) makes it possible to find temperatures difference dependence on
the time for the initial conditions (¢t =0; AT'=AT, =T, -T,):

AT’ = AT, £1 - exp(— “;D (5)
cp

Having expressed 7 in terms of (5), we get the unknown duration 7, of pipe heating
up to the average temperature T :

T -T
t =—@1n[1— d YJ. (6)

Y a, AT,

Formulae (5) and (6) provide a rough idea of the dynamics of wall heating process.

Study of heat processes influence on the winding velocity. It is convenient to

build rough dependence of flow temperature on the coordinate of arbitrary cross-section
of a pipe with the help of the equation by V. T. Shukhov [10], reduced to

knd
AT = AT, ——x,
0exp( e xj (7)

B

where AT — flow temperature rise over the temperature of the atmosphere at a height of
x from the pipe’s entry end; AT, — the same but in the entry end (at the outlet of the mining
blower); M — air mass flow rate under the loaded skip; c, — the specific heat capacity
of air in the pipeline; x — the distance between the entry and arbitrary cross-sections of
a pipe.

Using Gay-Lussac law [11, 12] and formula (7), we get the dependences of air-flow
rate Q and air velocity @ in the pipeline on the coordinate x:

AT, knd )

0=0, l:l— 73 [1—exp£—M—CBxD},

el

v=1v,|1- I—exp| ——x |||
273 Me,

_ 40,
° ngd?’ ()

o

where O, v, — consumption and average velocity at the entry end of a pipeline.
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Not taking into account the periods of acceleration and braking of a skip, we get
flow rate which is average for the shaft depth:

from which

izv{l

H
I—ATO 1 —exp —Mx dx;
b1 273 Me,

B

AT, AT Mc, kndH
- + 1 —exp| — , 9)
273 273kndH Mc

where H — the length of a pipeline, roughly the size of the depth of a mine shaft.
According to (9), it is convenient to determine the average winding velocity of a
skip during the calculation of the duty cycle of the unit.

H

A7

(x)

1 —
v

Fig. 2. Variation of flow
velocity in the pipeline:
o(x) — dependence between
velocity and x-coordinate;
o — average velocity
Puc. 2. l3meHeHue ckopo-
CTH TIOTOKa B TPyOOIpoOBOE:
() — 3aBUCHMOCTb CKOPOCTH
OT KOOPJIMHATHI X; T — CPell-
HsIsS CKOPOCTh

Fig. 2 illustrates skip winding velocity variation
conditioned by air flow cooling.
Air mass flow rate under the loaded skip is
M = p zQO' (10)
In (10) p, — the density of air at the outlet of a mining
blower is

+ A
P: = Po: P Ap:pm[l"‘ij,
o P

where p,, — the density of air under the atmospheric
pressure and temperature which the air gets after passing
through the mining blower; p, — the atmospheric pressure;
Ap, — overpressure under the loaded skip.

Overpressure Ap_is calculated by the following formula

_4m, +m)g

A
r nd’

B

where m_, m_— the mass of mineral and the proper weight
of a skip correspondingly; g — gravitational acceleration;
d — internal diameter of pipelines.

The formula by V. T. Shukhov is devised for
horizontally oriented pipe, that is why a question arises
about it applicability to the vertical pipeline. In [13],
heat transmission coefficient o, dependence on the
coordinate of a point on the wall of a vertical pipe is
shown. Thus, the applicability of the case under

consideration is well founded.

Inverse problem solution also becomes possible, which is necessary for design
calculation of a unit: the calculation of capacity Q, of an air blowing station, which
is necessary to provide calculated value of average velocity .
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Substitution of (8) and (10) into (9) allows to get the following expression

Y

T = 4Qg 1— AT, " ATp O, 1—exp| - kndH ’
nd 273 273kndH p,0,C,

which is an equation towards O, under the predetermined .
The complexity of equation (11) solution comes from the fact that the unknown

value is a part of the exponent’s index. With the account of the approximate character
of calculations it is advisable to consider that the following equality holds

_kndH _ kndH
th()CB pOQCB ,

where O — relative air flow rate, determined according to the average velocity:

~  _md?
O=3g iR

Then (11), after algebraic transformations, will be written as the following equation

O, +AQ,-B=0

/A2 A
Qo_ T"'B_E’ (12)

with the positive root

where

pOQcB

68,35kn’d’ H (13)

ATpec,|1- exp(— knc_l ]
pOQCB

Summary. The ratios (11), (12), and (13) make it possible to determine the value of
mining blower capacity required to provide for skip calculated average winding
velocity, predetermined cycle duration, and unit capacity.

Y [273 ~ lj kmdH ‘
AT, { ( kndHH’
pc,|1—exp| -

B =
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PacueT Ten1000MeHHBIX POLECCOB B MNOXbEMHOM
TpPyOONpOBOI€E CKUIMOBOIl MHEBMONOAbEMHOM YCTAHOBKH

Tayrep B. M., JleontbeB A. A.!
! Vpanbckuii rocynapcTBeHHbIH TOpHBIA yHEBepcuTeT, ExarepunOypr, Poccus.

Pegpepam
Beedenue. B cmamve paccmompensi mepMOOUHAMUYECKUE NPOYECChl, NPOUCXOOAUUE 8 NOOLEMHOM
mpybonposode CKuno8oli NHeGMONn0ObEeMHOL YCHAHOBKI.
Ilenv padomwr. [Ipoananusuposamsv YCMAHOGIEHUE MEMNEPAMYPHO2O DPENCUMA  IKCHIYamayuu
mpybonposooa u oyeHums GIUsSHUE OXIANCOCHUSI 6030YXA HA CKOPOCHb OBUINCEHUSI CKUNA 8 NOObEMHOM
mpybonpogooe cKunogol NHeBMoOn00beMHOLL YCMAHOBKIL.
Memoodonozua. CocmagieHa MamemMamuyeckas MoOelb CUCHeMbl «8030YX00YE8KA—CKUN—TO0bEMHbLI
mpyoonpogooO—oKpyscaiowas cpeday, KoOmopds NO360AUNM NOIYYUMb 3AGUCUMOCIY MeMNepamypbl
MpaHcnopmupyroweii Cpeobl U CKOPOCIU SPYHCEHO20 CKUNA om 21yOouHbl. Beieedenvl ghopmynvl 01 OyeHKU
Hazpesa cmeHKu mpybonpoeooa u oxaaxcoenus 6030yxa 6Hympu mpybonpogooa. Haiioeno coommnowenue,
nosgousiouee onpedenrums 8pemMs Hazpesd, No UCMedeHUY KOMOopPo2o Npoyecc meniooodMend Ha Ha4yatbHOM
yuacmie mpy0vl Cmanem yCmaHo8USUIUMCSL.
Pezynvmamut. O60cHO8aHA AKMYATLHOCID NOCMAGLEHHBIX 3a0ay. TIpusedenvl 3a8ucumocmu 00beMHO20
Pacxooa u ckopocmu 8030yxa 8 mpyoonposooe om KoOpOUHAMbL GbLCOMbL, A MAKICE UBMEHEHUS] CKOPOCU
noovema cKuna, 00yclo8IeHHO20 OXNAANCOeHUEM 6030VuIHO20 nomoxa. Onucano peuieHue oOpamHou
3a0auu: evluUcCIeHue NPoU3800UMENbHOCTU B030YXOHAZHEMAMENbHOU CIMAHYUY, KOMOPAs Heobxoouma
0151 obecneuenus pacyemHoz0 3HAHYEHUs CPeOHell CKOPOCMU, pe3VIbIambsl KOMOpo2o HNO360NAM
onpeodenums 3HaueHue nooadu 8030yxo0yeKu, obecneuusarouiell paciemuyto CpeoHIio CKOpoCHs NOObeMd
CKUNA, 3a0aHHYI0 NPOOOIICUMETbHOCHb YUKIA U NPOU3B0OUMENbHOCTG YCIAHOBKU.
Bo1600b1. Tlonyuennvie 6 pamkax paciema cOOMHOUEHUSL OAION 603MONCHOCHb ONPeOeIumyb 3HAYeHUe
nooauu 8030yX00yeKu, Heobxooumoe 0Jisi 0becneyeHuUs paciemHol cpedHell CKOpOCmU NOObeMd CKUNA U
3A0aHHBIX NPOOOIIICUMENbHOCU YUKILA U NPOU3EOOUMENbHOCIIU YCINAHOGKL.

Knrouesvle cnosa: nodvemnas ycmamoska, CKun; NHEBMOCUCTEMA; MPYyOONpogood; MeniooOMeHHbie
npoyeccovl;, MamemMamuyeckas Mooeib,; pyOHUYHbI NHEEMONOOBEM.
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MonurapmoHuyeckne BO3MOXHOCTH BUOpOMALLMH
C KapAaHHOW nepeaayen B TPAHCMUCCUN MHEPLIMOHHOTO NpMBOAA

BenoBopackum B. H."™, BykuH C. 1.1
1 [loHeLKMiA HALWMOHAMBHBINA TEXHUYECKMIA YHUBEPCUTET, T. [JoHeLK
*e-mail: v.belovodskiy@gmail.com

Pechepam
Beeoenue. Hccnedosanuamu ycmanosieHo, Ymo notueapmMoHuyeckue Koiebanus, 8030yxcoaemvie 6 pa-
Oouux opeanax 6UOPOMAUWIUH, MO2YM CYWECMEEHHO UHMEHCUDUYUPOSAMb PAIUYHbIE MEXHON02UYe-
CKUe npoyeccul. BvlsigneHo, umo uem HacvluyeHHee YacmomHblil CReKmp KOLeOaHUL, meM eblue 8eposini-
HOCMb 603HUKHOBEHUSA PE3OHAHCHBIX NepeMeweHull yacmuy oopabamuiéaemotl cpedsl, 4mo nosvluiaem
KauecmeeHnHble U KOIUYeCmeeHHble MeXHON02U1ecKie NoKA3amenu pabomvl 6UOPOMAULUH.
Ieny padomer. Hzyuums xapakmep Konebanuii paboye2o opeand 0OHOMACCOB0U GUOPOMAUUUHBL C WA~
Hupom Iyka 6 mpauncmuccuu npueooa 0edarancHo2o eubposo3byoumens, a maxoce NOAY4UmMy npeo-
cmasienue 0 NOAULAPMOHULECKUX BOZMONCHOCNAX MAKUX MAULUH.
Memoodonozus. Ilpedcmasgnenue MamemMamuieckoi Mooenu O8UNCEHUs Paboye2o opeana BUOPOMaLU-
Hbl 8 U0 TUHENH020 Oughpepenyuanvhozo ypasnenus emopozo nopaoka. Ocobennocmoio Korebamens-
HOU cucmembl 67I51eMCsl B030eUCmeue Ha Hee 8030Yicoaroujell Cuibl YeHmpoOes cHo20 8UuGP08o30YOU-
mens, KOMOpwvlil NPUSOOUMC 80 6pAujeHue NeKmpoosueameneM npu NOMOWU KAPOAHHO20 6ad.
Pewenue 3a0auu ocyuwjecmsnanoch YUCieHHbIM MemoOOM ¢ onpeoeneHuem «noumu nepuooay u cnex-
MpanrbHO20 cOCMasa Konebanull pabouezo opeaua.
Pesynomamul. Bvisgnen nenepuoouueckuii xapaxmep Koiebauutl, npedioxcena u anpoouposana memo-
OUKA UCCIe008aANUA UX CHEKMPATLHO20 COCMABA, OCHOBAHHAS HA ONpedeNeHul «NOYmy Nepuooay Kaxk
Momenma «3amvikanuay gasosou mpaexmopuu. I1o pezynomamam npogeoeHno20 uccie008anus 6CKpbl-
Mol 0COOeHHOCTU KONeOaHUll UOPOMAUUH C UHEPYUOHHBIM NPUBOOOM, OMMedeHbl UX OOCOUHCEA
U HedoCmamxku.
Bo1600b1. B cnexmpe nepemewyeHull paboue2o opeana SUOPOMAUUHbL QOMUHUDYIOWUMU SAETSIOMCS 2ap-
MOHUYecKue cocmasasiowue ¢ onuskumu yacmomamu. K uucuy nonoxcumenshuix ocobennocmeil pac-
CMOMPEHHOT CXeMbl MAKIHCE MOICHO OMHECMU 2N00ANLHYIO YCMOUYUBOCb POPMUPYEMBIX NOTUSAPMO-
HUYECKUX PEHCUMOB OBUNCEHUSL.

Knroueevte cnosa: suopayuonnas mawuna; 6036youmens xonebanuii; wapnup Iyka, cnexmpano-
HbIll COCMAB, «NOYMU NEPUOO»; NOTUSAPMOHUKA.

Beenenune. C MOMeHTa IIMPOKOTO MPUMEHEHHS BUOPAIMOHHBIX MAIMH B pa3iiny-
HBIX OTpAacisfiX MPOMBIIUICHHOCTH NPAKTHYECKH BCE OHM CO3AaBaJUCh C peaanu3alu-
ell rTapMOHWYECKOTO 3aK0Ha KoJieOaHuil. OTHAKO UCCIIENOBAHUSIMH, BBITIOJTHEHHBIMHU
OTEYECTBEHHBIMH W 3apyOeKHBIMH YYEHBIMU, YCTAHOBIEHO, YTO TOJIUTApMOHHYE-
CcKHue KojebaHus, BO30yXIaeMble B paO0odMx OpraHax BHOpOMAIIWH, MOTYT CYIIe-
CTBEHHO MHTEHCU(UIIMPOBATH TEXHOJOrHUeckue npoieccsl [1, 2]. PaboTsl, mpous-
BEJCHHBIE BO BTOPOH TMOJIOBMHE NPOILJIOr0 BeKa, NoKazanu dS((HEeKTUBHOCTD
MOJMTapMOHMYECKUX BUOpaAIMil B Ipoleccax yMmiIOoTHEHHs] OETOHHBIX CMECEH, MpH
TPOXOYEHUH, U3MEIBUCHNN U CeNapaliy MOJE3HBIX UCKOIMAEMbIX, TIPH TPAHCIIOPTH-
POBaHMH BIAKHBIX U JUMTKUX MaTepHasioB U T. 1. BeisBieHo [1], 9To ueM HacHIIIeH-
HEee YACTOTHBIN CIEKTp KoieOaHW, TeM BBIIIE BEPOATHOCTh BOSHUKHOBEHHS pe30-
HAHCHBIX TepeMelleHuil YacTul, oOpadaTeiBaeMOW Cpebl, YTO YIy4IIAeT yCIOBHS
00paboTKK MaTepuaa U MOBBIIIACT KAYeCTBEHHBIE U KOJIMYECTBCHHBIC TEXHOJIOTH-
YeCKHUE IMOKa3aTesId padoThl BUOPOMAIIINH.
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Pa3BuTHe Moaxon0B K (OPMUPOBAHHIO MTOJIUTAPMOHUYECKUX BHOpaunii B BHOPO-
MaIIMHOCTPOEHUH HJET B HECKOJIbKUX HampasiieHusax. [lepBoe HampaBiieHHE BKIIIO-
YaeT TpaluLUOHHBIC /I BUOPALMOHHON TEXHHMKH crocoObl BO30OYXKIeHUs Koneda-
HUN MEXaHWYECKHX CUCTEM, K KOTOPHIM OTHOCATCSA CUJIOBOM M KMHEeMaTudeckui [3].
Pesynbrarom siBisieTcs cozganne BUOPOBO30yaUTENeH TUHAMUYECKOTO (LIEHTPOOEK-
HBIC W IUIaHETapHbIE) H KWHEMAaTUYECKOTO (KPUBOLIMITHO-IIATyHHbIE, YKCIEHTPHKO-
BbIe) THIOB. Kpome HUX B psAfe ciyyaeB NPUMEHSIOTCS THIPaBINYeCKUE, THEBMATH-
YeCcKHe, OJJIEKTPOMATHUTHBIE W  DJIEKTPOJUHAMUYECKHE IOJUTapMOHHYECKHUE
BUOpoB0o3OynuTenu. MccnenoBanuio konebareabHBIX CUCTEM M BHOPAaLMOHHBIX Ma-
IIMH C UCIIOJIb30BaHUEM MOJUTapMOHIYECKHX BHOPOBO30yAUTEICH TOCBAIIEHBI pa-
ootel A. A. Arpanosckoii, . U baexmana, 1. ®@. 'onuapeBuua, D. D. JlaBenzena,
S1. T. TlanoBko, B. H. [lotypaeBa, B. II. ®panuyka, A. I. YepBonenko, B. K. Ilpe-
cuskoBa, 3. E. @unepa, H. II. SApomesuua, B. II. Hagytoro, I. A. IlleBueHko,
G. Erlenstddt, R. Modrzewski, P. Wodzinski u npyrux yuensix. K apyromy Hampas-
JICHUIO MOXKHO OTHECTH Pa3palOTKy BHOpPOMAIIWH, MPUHIMNHAIBHBIE CXEMBI KOTO-
PBIX OPHEHTUPOBAHBI Ha HCTIONb30BaHE (P (EKTOB, MPUCYIINX HETHHEHHBIM CUCTE-
MaM. B umcno paboT, MOCBSIIEHHBIX JaHHOMY HANpaBICHUIO, CIEAYET BKIIOYUTDH
pabotsr U. U. BrixoBckoro (cyneprapMOHHYECKU BUOPONPUBOI, OCHOBAaHHBIH Ha
yCHJIEHUH HEPaBHOMEPHOCTH BpalieHus aedanancon), b. M. KprokoBa (MHOrOMacco-
Bble BUOPOMAILIMHBI C KyCOUYHO-TMHEHHBIMH YIPYTUMH cBsi3siMu), E. A. JlorBUHEHKO
(acuMMeTpuuHas ynpyras CBs3b MOJIBHXHBIX Macc BHOpomamnH), M. B. XBunruu
(cybrapMonnueckre BHOPOMAIIMHBI C BJIEKTPOMArHUTHBIM NPHUBOAOM). 3aMeTHast
pOTb B M3YUYEHHH CIOXKHBIX, CyO- M CyNeprapMOHUYECKUX PE30HAHCOB B HEIMHEH-
HBIX CHCTEMax MPUHAIJICKUT YUeHbIM Puxckoit mkonsl Bubporexuuku (C. JI. LpI-
¢danckwii, B. 1. Bepecueuu, A. b. Okc, B. M. 3akpxesckuii, B. H. Benosonackwuii).

ABTOpBI CTaTbU IPOAOIIKAIOT ITH UCCIIEA0BAHNUS, B YaCTHOCTH, YCTAHOBJIEHA BO3-
MOXXHOCTh T€HEPHUPOBaHUS MOJUTAPMOHNYECKUX KoJeOaHUl B MHOTOMAacCOBBIX BH-
Opomammunax [4, 5]. OxHako BBISBICHBI U TPOOJIEMBI, CBSI3aHHBIE C (OPMUPOBAHUEM
HEJIMHEHHON XapaKTePUCTUKH YIIPYTOil CBSA3M MOABMIKHBIX MAacc BHOpPOMAaIIUHBI 3a-
JaHHOTO BHJa. bbul mpoBeneH aHanu3 HEIMHEWHBIX CBOMCTB yNPYTHX 3JIEMEHTOB,
BBHITMIOJIHEHHBIX Ha 0a3e MOCTOSHHBIX MAarHUTOB M NPU UCIOJNB30BaHWUU (PAaCOHHBIX
CTaJbHBIX NMpYyKUH. HecMOTpss Ha BO3MOXKHOCTh UX NMPUMEHEHUS B KOHCTPYKLHAX
BUOpOMAIINH, CIIOCOOHBIX Pean30BaTh CyO- U CyHeprapMOHHYECKUE PE3OHAHCHI,
aBTOPOB HE Y/IOBJIETBOPUIA CIOKHOCTh TEXHUUECKUX PEIICHUH, TPYTOEMKOCTh U3-
TOTOBJIEHUS U, COOTBETCTBEHHO, UX CTOUMOCTh. [103TOMY 1 B HacTod1ee BpeMs Ipo-
JOJDKAIOTCS TIOUCKU 00JIee MPOCTBIX KOHCTPYKTHUBHBIX BapuaHTOB. BHUMaHue aBTO-
POB TpHUBJIEKIAa OCOOCHHOCTh PabOTHl YHHUBEpcalbHOTO miapHupa [yka (puc. 1):
HECOOCHOE COEIMHEHNE BEJIOMOTO U BEAYIIEr0 BAJIOB YepPEe3 OJMH IIApHUD BHI3HIBAET
HEpaBHOMEpHBIE BpallleHUs BEOMOTO BaJjia Jake B TOM CiIyyae, KOrja BpalleHue Be-
JIYIIETO Bajia BIIOJHE paBHOMEPHO [6].

DTa 3aBUCHMOCTD OMMCHIBAETCS COOTHOMIEHUEM [7-9]

wcosf

(1) = 0 (1)

—sin’ Bcos*(wr)”

II€ ® U (§ — YIIOBBIE CKOPOCTU BEAYLIETO M BEJOMOIO BAJIOB COOTBETCTBEHHO,
B — yron pa3BopoTa BayioB; { — BpeMs.

B cBsi3u ¢ 3THM nponoikeHne paboT Mo U3y4eHHIO BO3MOXHOCTeH popmuposa-
HUS TOJIMTAPMOHUYECKUX KoJeOaHuil pabouero opraHa BHOpOMAaIMHbl IpU ITOMOLIH
MPOCTHIX TEXHUUYECKUX PELIECHUH ABIIAETCS aKTyaJlbHBIM. B ciayuae ycnexa oHH Mo-
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I'yT OBITH UCIOIB30BAHEI IIpH CO3JaHNU HOBBIX U MOACPHU3AIUU CeprIHO BBIITYCKa-
€MbIX BUOpPOMAIIIHH.

Heab padoThl — U3YIUTH XapakTep KojebaHuit pabodero opraHa OJHOMACCOBBIX
WHEPIIMOHHBIX BUOPOMAIIINH € MApHUPOM [ 'yKa B TpaHCMHUCCHU MTPUBOJIA ebamanc-
HOTO BUOPOBO30YINTENS TP HECOOCHOM COEAMHEHUH MPUBOJHOTO Bajia M Baja BU-
OpoBO30ynUTENS, a TaKXKe MOJTYYUTh MPEICTABICHHE O MOJUTAPMOHUYECKHX BO3-
MOXKHOCTAX TaKHUX MalllWH.

Metonnka ucciaenoBanmsi. VccinegoBanue NPOBOAUTCS MyTEM PacCMOTPEHUS
BUOPOMAIIIHH C OTHOHANPABIEHHBIMH KOJIEOaHUAMHU pabodero opraHa npu TPaanuIn-
OHHBIX TONYUICHUAX: YIIPYTHUEC CBA3H ABJISAIOTCIA IH/IHCf/iHBIMI/I, KOHC6_HIOHIH€C$I MacCcCHhI
a0COJIFOTHO TBEPIBIMHU (COCPEIOTOUCHHBIMH), a AICKTPOIBUTATENh IPUBOIA BHOPO-
BO30yIHTENS UMEET HEOTPAaHMUEHHYIO MOIIHOCTh (MACanbHBIN ABUTATENh). YncieH-
HOE MOJICIIMPOBAHHUE OCYIIECTBISIETCS B cpenme Matlab.

t

X

|
I
I
I
1
T
I
I
I
L8N

Puc. 1. Unepunonnas BuOpoManinHa ¢ KapIaHHBIM BaJloM
B TPAHCMHCCHU MPUBOJIA BPAIIICHNS BUOPOBO30YIUTEIIS:
1 — pabouwnii oprau; 2 — ynpyrue omnops! (moasecka); 3 — aeba-
JIaHC BUOPOBO30ynuTeNsi; 4 — Bas BUOpOBO3OyauTeNs; 5 — mpu-
BOIHOH BaN; 6 — yHHBepcalbHBIH mapHup (mwapHup [yka);
7 — 3NIEKTPOJBUIaTEIb
Fig. 1. Inertial vibrating machine with cardan shaft in the
drive transmission of a vibration exciter:

1 — working body; 2 - elastic supports (suspension);
3 —unbalance of the vibration exciter; 4 — exciter shaft; 5 — drive
shaft; 6 — universal joint (Hooke's joint); 7 — electric motor

OcHoBHoOe coaep:kanue. [Ipy ykasaHHBIX JOMYLIEHUAX TBUKEHHUE BHOpOMAIIH-
HBl ONHCHIBACTCS OAHMM JUHEHHBIM auddepeHnnaTbHbIM ypaBHEHHEM BTOPOTO
MOPSAKA:

P(t)=mi+bx+c.x, (2)

rne P(f) — Bo30yknarommas cuiia; m — Macca KoJIeOIIoNMXCsl YacTeil BUOPOMAIIIHHEL;
b, — xosdduuuent quccunauuu, b = pc,; ¢, — KO3POUIUEHT KECTKOCTH YIPYTUX
3JIEMEHTOB BOJb OCH X; L — KO3(Q(PHUIIMEHT CONPOTUBICHHUS.

OC0OCHHOCTBIO CHUCTEMBI SIBIISIETCS BO3JCHCTBHE HAa Hee BO30YKIAIOIICH CHUIIBI
EHTPOOSIKHOTO BHOPOBO3OYIUTEINS, KOTOPBIA MPUBOAUTCS BO BPAICHUE SJICKTPO-
JIBUTATENIEM TIPY MOMOIIY KapJaHHOTO BaJja.

Cornacho (1) aTa cuna

P(1)=S,(¢(¢)) sin(¢(1)1),

e S, — CTaTHYECKUH MOMEHT MacChl BO3OyauTENs,
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S, =m,r,

m,, ¥ —Macca ¥ SKCLIEHTPUCUTET HEYPAaBHOBEIICHHBIX YacTel JebanancHOro BUOpo-
BO30YIUTENSI COOTBETCTBEHHO.
Torma

2
cos . cos
Pt)=myr — b —@ | sin — b — ot
1—sin"fB-cos” ot 1—sin”B-cos” ot

C 1enpI0 CHUXKEHHUS YMCIIa ONPEEIIIONINX IapaMeTPOB IPUBEIEM ypaBHEHHE (2)

K O6e3pazmepHomy Buy. Paznenum o0e ero yactu Ha m 1 iepeiaeM K 6e3pasMepHOMY

BPEMEHH T = pf, T1€ p, — COOCTBEHHAs 4acToTa cucTeMsl. Ilocie sTOro, npuHsB
— — 103 2 =

x =A& (rne A= 10" m), pa3nenuB ypaBHeHUE Ha Ap* 1 0003HAYMB 1 = /P, oMy UM

muddepeHmanbHOe YpaBHEHNE IBIDKEHHS pabodero opraHa B 0e3pa3mepHoii hopme:

e dg
+V—=4E=0
S Hv-2HE=5(1), )
B Y i
cos . ncos 3 2
v =ppo; 8(1)=3 Sin + 80=10 ;
e upo; 8(t) =3, 1—sin®Bcos’ (1) 1—sin2[3cosz(nf)T ’ o

g = m /m — OTHOCUTENIbHAs MAaCCa HEYPABHOBEILEHHBIX YacTel BUOPOBO30OyAUTENS.
IIpu mpoBeaeHUM pacdyeToB 3HAYEHMs MapaMeTpoB NMpuMeM paBHBIMH v = 0,1;
8, = 54; m = 3 (manexko3ape30HAHCHBIN PEXUM PabOThI), YTO COOTBETCTBYET Peallb-
HBIM MapaMeTpaM BHOpPOMAIIMH TEXHOJIOTHYECKOTO Ha3HAUEHUs, a BETUYUHY pa3Bo-
poTa BajoB Oyaem cuuTarh paBHod = /4. [loBeneHue cucTeMbl pacCMOTPUM Ha
BpeMeHHOM npomexyTke T <[0,400] u npuMeM HyJIeBble HaYaJIbHBIE YCIOBUS, T. €.

£(0) = d‘i(o) =0. 4)

OTMeTuM, 4TO BEJIMYHMHA MPOMEXKYTKa MHTETPUPOBAHUSA COCTABISIET MPHUMEPHO
190 oGopoToB Baja ABUTATENS, a IPU MPUHITOM YPOBHE CONPOTHUBIIEHHUS B CUCTEME
C MEepUOIUYECKUM BO30yXIeHueM, T. €. npu B = 0, yCTaHOBJIEHHE CTAIlHOHAPHBIX
KoJjeOaHuil HacTymaeT NpakTuiIecku yxe npu T = 100.

IIpenBapurenbHOE YHCICHHOE penieHne 3aaaqu (3), (4), BRIMOTHEHHOE OJHOIIA-
TOBBIMU MeToaMu PyHre—KyTTBl 1 MHOTOIIATOBBEIM METOJIOM Ajamca ¢ I1aroM HH-
terpupoBaHus, paBHsIM 0,01, moka3ano Onu3Kkue pe3yabTaThl, IO3TOMY B KauyecCTBE
OCHOBHOTO METOJIa pacyeTa Jiajee IPHUHSAT IEePBhIi Kak 0osiee ObICTPOJICHCTBYFOIINH.

Ha puc. 2 npuBenens! pparmenTs! penienns. Ha nepsom u3 rpaduxos (puc. 2, a)
MIPEICTABIICH 3aKOH M3MEHECHHUSI BOSMYIIAIOIIEH CHITEL, T. €. PaBOM YacTh ypaBHEeHU (3),
Ha puC. 2, 6 — 3aKOH ABWXEHHs paboduero oprana. MIx BU3yanbHBII aHAIH3 AeT OC-
HOBaHUS MPEATOaraTh, YTo 3aKOHBI N3MEHEHHSI BO3MYIIIAIOIIEH CHIIBI M JBHKEHUS
pabodero opraHa UMEIOT MOJIUTAPMOHUYECKUN XapakTep ¢ UPPAIlMOHAIBHBIM COOT-
HOIIIEHWEM YacTOT, T. €. SBIIAIOTCS «IIOYTH MEPHOTNIECCKUMI.

B atom ciryuae anmpoxcumarms £(t) KoHedHbIM «psinoM Dypbey Bemsiaut Tak [10-12]:

N
0= 2 ¢ ¢ =e, )
n=—N

e KOS(I)(I)I/ILII/ICHTBI Pa3a0KCHUA €, ONIPCACIIAIOTC COOTHOICHUAMU
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. 1 t —ik,T
¢, =lim— I E(v)e M, (6)

a 3Ha4YeHus nokasareneid Oypwe A, yIOBIETBOPAIOT yCI0BUIO ¢, 7 0.
OpHAaKO YUCIIEHHOE ONPECIICHIE STUX MTOKAa3aTeNeH, UCXOI U3 COOTHOIIEHUs (6),
TpebyeT nepebopa BceX BOSMOKHBIX 3HaY€HUH A, OT Hyns 10 6eckoneunoctu. Takas

a
1)
100 g

80

60

40

20

—60

—-80

3705 3710 371,5 3720 3725 3730 3735 T
10

1,5
1,0 . 1

0,5

330 340 350 360 370 380 390 T

Puc. 2. ®parmentsl aHanu3a cuctemsl (3), (4) npu f = w/4:
a — 3aKOH U3MCHCHUSI BHENIHEH CHIIBI; O — 3aKOH JIBIDKCHHUS pabodero opraHa
BHOPOMAIIIHEI
Fig. 2. Some results of the analysis of system (3), (4) for § = n/4:
a — the law of external force change; 6 — vibrating machine working body
motion law

IPOLENYPa, 1aXKe BBINOIHAEMAs C HEKOTOPBIM LIAToM /1,, C OHOM CTOPOHBI, BECbMa 3a-
TPYIHUTENIbHA TEXHMYECKH, a C IPYToi — JAake MpU HeOOMbIINX OTIMYUAX OU4ePETHOTO
TEKYyIIEro 3Ha9€HHs A OT OJHOIO U3 A, TOT IIPEJIEN BCEIa OKa3bIBAETCS PAaBHBIM HYIIIO.
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C ydeToM CKa3aHHOTO, MPUOIMIKEHHBIN CHEKTPATbHBIA aHATU3 KOJICOaHMI BBI-
MOJIHUM CJICIYIOLIUM 00pa3oM.

1. Ha «cTanuonapHOM» BpEMEHHOM yYacTKe yCTaHABIMBAEM «ITOUYTH IIEPUO KO-
neGaHul MyTeM OIpeesICHUs MOMEHTA «3aMbIKaHus» (a30BOW TPACKTOPUH, TOUHEE
ee MPOeKIUU Ha IIockocTh (&, d&/dt), ¢ MocCaeayomuUM HaJ0KEHHUEM COCEIHHUX
Y4aCTKOB 3aKOHOB JIBM)KEHUS JIJISl X BU3yallbHOTO CPaBHEHUSI.

2. I[IpoBoaUM cIieKTpaJIbHBIN aHAIN3 BBICTICHHOTO Y4acTKa, OMpeaesieM aMILTU-
TyJbl FTAPMOHUYECKUX COCTABJISIIOIIMX U OCTABJISIEM T€ M3 HUX, aMILTUTYIbI KOTOPBIX
cocTaBisAl0T He MeHee 3 % HauOompmieil. [locne 3Toro ompenensieM W HadaJIbHBIE
(ha3pl 0TOOPAHHBIX TAPMOHHUK.

3. ®opMupyeM OMUCaHHE «BOCCTAHOBIEHHOTO» PEXHMa, CTPOMM €ro rpauk u
MyTEeM HAJOKEHHUSI OCYIIECTBIISIEM €r0 BU3yalbHBIH KOHTPOJb C TIOJIYYCHHBIM paHee
PE3yIBTATOM YUCIEHHOTO pacyera.

B pesynbrare BBHINOTHEHUS yKa3aHHBIX MEPOIIPHUATHI MOTYUYEHBI CIEAYIONINE pe-
3yJBTATHI.

1. «IToutu nepuoay KojaeOanuii okazasics pasueiM 7 = 17,81. Ha puc. 3, a npen-
CTaBJICHA TIPOEKIIUs (a30BOM TPACKTOPHUH CUCTEMBI Ha OoTpe3ke T €[354,47;372,28]
Ha MIOCKOCTh (&, d&/dt), «IIOTpEeNIHOCTh 3aMBIKAaHUS» B JJAHHOM CIIy4ae COCTaBHIIa
| &KOH - &Haq = O’ 2079

2. Ha yuactke 1 €[354,47;372,28] c marom At = 0,01 65110 BBITTOTHEHO (HOPMU-
poBaHME MaccuBa 3Ha4eHuH &, = £(T,), 0 KOTOPBIM NPOBEIECHO ONMpeaeneHue Koddhu-
LIMEHTOB MHOrouneHa (5) ¢ mnomompro mpouenypel ifft (rme A, = nmy;

N, =21/T =0,3528~+/2/4), peamusyrowmeii obparHoe mpeobpasosanne Dypbe,
OIIpeJIe/IEHbl AMILIUTY/Ibl TADMOHUYECKHUX COCTABISAIOMMX Am(n) =2 /CnCln , BBIIE-
JICHBI HaI/I60Hee CYHICCTBCHHBIC IO YKAa3aHHOMY KPUTCPHUIO U OIPCACICHbI UX Ha-
YHaJIbHBIC (1)3351 10 COOTHOILICHUAM

arccoszRe—(c’”), Im(c_,)>0;
Am(n)
¢, =
—arccosM , Im(c,)<0.
Am(n)

3. «BoccTaHOBIEHHBINY PEXUM B TPUTOHOMETPUUIECKON (OPME BBIINIAIUT TaK:

&(1) =0,0547cos(2m,T1—0,6185) +0,1456 cos(3n,T —0,8380) +
+0,0420co0s(4n,Tt—1,5136) +0,7637 cos(5n,T + 0,0909) + 0,234 1cos(6m,T + 0,3434) +
+0,0564 cos(11n,T—0,4238) +0,0891cos(12n,t + 3,0878).

Ero Bu3yanbpHBIN CpaBHUTENBHBINA aHAJIN3 C PE3YyJIbTaTOM UYHCIEHHOTO pacyeTa,
MOJYYEHHBIN MyTeM HalloKeHHs TrpadukoB (puc. 3, 6), MOKa3bIBaeT AOCTATOYHO
YIOBJIETBOPUTEIBHOE COBIAACHHUE.

N3noxxeHHble pe3yabTaThl, IO MHEHUIO aBTOPOB, OTPaXKaroT aJJleKBATHOCTH MOy~
YEHHOTO Pa3JIOKEHUS YNCIEHHOMY pacueTy M JEMOHCTPUPYIOT BBIPa)KEHHBIN MOJN-
rapMOHWYECKUH XapakTep 3akoHa ABxkeHHus. Hanbonee BeCOMBIMU B HEM SBISIOTCS
TPEThA, NATad U IIecTasi FTApMOHUUYECKUE COCTABIISIONINE, UMEIOIIHE 4acToThI 1,0584;
1,7640; 2,1168 npu yrinoBoi CKOpOCTH BpallleHUs Bajia ABUTaTens, paBHoi 3. Takum
0o0pa3oM, B JaHHOM Cllydae peanu3yloTcs, 0 CyIIEeCTBY, KoneOaHus ¢ cyOorapMoHu-
4eCKMMHM 4acToTaMH. BMecTe ¢ TeM clieyeT OTMETUTh U CHU)KEHNE HHTEHCUBHOCTH
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KoJicOaHW TNPU BBEICHUM pPa3BOpOTa BaJoOB. Tak, €ciM B JIMHEWHON cHUCTEeMe,
T. €. ipu B = 0, ammuTyza konebanuii pabodero oprana cocrasiser 8,/ (N, — 1) = 6,75 mm,
TO 1pH = /4 mostypa3max kKojiebaHuit HeMHOTHM OoJjiee 1 MM. XOTSI MOXKHO JIOOUTh-
Cs €€ YBCJIMYCHUA 3a CUCT HpI/I6J'II/DKCHI/IH K pC€30HaHCy, YMCHbIINB CKOPOCTH Bpalic-
HUA Bajia ABUTAaTCIIA.

Koneunas Touka

AR

-1.5 -1.0 05 0 0.5 1.0 E(1)

YncneHHEIiH BoccranoBneHHBIH

0 200 400 600 800 1000 1200 1400 1600 i

Puc. 3. K onpeneneHuio «ouTy nepuoiay KojaeOaHui:
a — (a3oBas Tpaekropusa s 7 €[354,47;372,28] ; 6 — pe3ynbraThl HaNIOXKe-
HHUS «BOCCTAHOBJICHHOI'0O» W YHCJICHHOTO 3aKOHOB IBHUXCHUSA
Fig. 3. On oscillations "almost-period" determination:
a — phase trajectory for r e[354,47;372,28] ; 6 — imposition results of
motion laws

B 3akmrodeHue oTMETHM, YTO BBUIY JJUHEHHOCTH ypaBHEHUS (2) €ro cTaiuo-
HapHOE pelIeHne MOTJI0 ObITh HAHJIEHO W aHAIMTHYECKH MOCIe MPeABAPUTEILHO-
TO pa3JIoXKEeHHUs MpaBoil yacTu ypaBHeHUd B psia Pypre. OgHAKO MpHU TaKOM MO~
X0Ze, K COXaJCHHUIO, HE BIOJIHE OUYEBUAHBI TPeOOBaHUS NPH BBHIOOpE «IIOYTH
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nepuona». [IoaToMy 3TOT BapuaHT pelieHUs 3a7adu TpeOyeT MOMOIHUTENbHOTO
000CHOBaHUS.

3akaouenue. [ToBOIS UTOT TPOBEACHHOMY HCCIICAOBAHUIO, CIIEAYET OTMETHUTH,
YTO XapakTep KojaebaHuit pabouero oprana mpu HECOOCHOM COCTUHEHHUH BEIYIIETO 1
BC€AOMOT'O BaJIOB B TPAHCMHUCCHUHU BI/I6paHI/IOHHBIX MallvuH C THCPIIUMOHHBIM BI/I6pOB03-
Oy)X/I€HHeM CTaHOBHUTCS HETAPMOHHYECKUM U HeTepuoandeckuM. s npubmamken-
HOTO CIIEKTPAILHOTO aHAJIN3a TaKMX KojebaHui B paboTe mpeaaokeHa u anpooupo-
BaHa METOAWKA, OCHOBAaHHAS Ha OIMpPEICIEHHH «IIOYTH MEpHOoaa» KoleOaHui Kak
MOMEHTa «3aMBIKaHUs» MPOCSKIUU (ha30BOH TPAaeKTOpHM Ha IIOCKOCTh (&, d&/dT).
BrimonHen ananu3 3akoHa niepeMenieHrs pabodero oprana BUOPOMAIIWHEI TS yTiia
pasBopoTa BaJIOB, PABHOTO 7/4, KOTOPHIN MOKa3ajl CYIIECTBEHHOE TMaJeHUE WHTEH-
CHUBHOCTH BHOpaIWii, BRIpa)KaeMO€ B CHIDKCHHMH IOJIypa3Maxa KoyieOaHwii ¢ OJHO-
BPEMCHHBIM MNOABJICHUCM MOJUTAaPMOHUYCCKUX COCTABJIAIOIINX, CY6FapMOHI/I‘-IeCKI/IX
OTHOCHTEIHHO CKOPOCTH BPAIlleHHs TIPUBOIHOTO Basia. B criekTpe mepeMerteHnii 1o-
MHUHUPYIOIIUMHU ABJIAIOTCA TaApMOHUYCCKUE COCTABIIAIOIINE C 6J]I/I3KI/IMI/I gacToramMu,
YTO MOXET OKa3aThCs JOCTOMHCTBOM B Ciiydae OJM3KOTO MO OJHOPOTHOCTH COCTaBa
oOpabarbiBaeMoO¥t cMecu. Takke K YUCIY MOJIOKUTEIBHBIX 0COOCHHOCTEH paccMo-
TPEHHOH CXEMBI MO)KHO OTHECTH U TIOOANbHYI0 YCTOWYHBOCTH (POPMHUPYEMBIX TIO-
JIMTaPMOHUYCCKUX PECIKUMOB NIBUKCHUSA, UTO O6YCJIOBJ'II/IBHCTCH JIMHEWHOCTBIO JUHa-
MHYECKOU CUCTEMBI.

WznoxenHas ”HPOpMAIUs MOXKET OBITh MOJIE3HOU MPH COBEPIICHCTBOBAHUH TEX-
HOJIOTHI 1 pa3paboTke BUOPAIIMOHHBIX MAIINH, a TAK)KE MPH IJIAHUPOBAHUHU U TIPO-
BCACHUH SKCIICPUMEHTOB.
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Polyharmonic opportunities of vibrating machines with cardan joint in inertial
drive transmission
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Abstract
Introduction. A number of studies have found that polyharmonic oscillations excited in the working
bodies of vibrating machines can significantly intensify various technological processes. It is revealed
that the more saturated the frequency spectrum of oscillations, the higher is the probability of occurrence
of resonant movements of particles of the medium being processed.
Research aim is to study the nature of oscillations of the working body of a single-mass vibrator with
Hooke's joint in the transmission of an unbalanced vibration exciter, as well as to get an idea of the
polyharmonic capabilities of such machines.
Methodology includes the representation of vibrating machine working body motion mathematical
model in the form the second order linear differential equation. A feature of the oscillating system is the
effect on it of the exciting force of the centrifugal vibration exciter, which is driven by an electric motor
through a cardan shaft. The solution of the problem was carried out by a numerical method with an
original determination of the "almost-period"” and the following frequency content of the oscillations of
the working body.
Results. The non-periodic nature of oscillations is revealed, the method of investigating their frequency
content based on the "almost-period" determination as the moment of phase trajectory "closure" is
proposed and tested. According to the results of the study, the oscillation features of the vibrating
machines with an inertial drive were revealed, their advantages and disadvantages were noted.
Conclusions. In the spectrum of the oscillation of the working body of the vibrating machine, harmonic
components with close frequencies are dominant. To the considered scheme positive features, the global
stability of the formed polyharmonic motion modes can be attributed.

Key words: vibrating machine; vibration exciter; Hooke's joint; frequency content; "almost periodic";
polyharmonic.
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XYPHAI MYBJIUKYET CTATbW B CNEAYIOLUX PA3ENAX:

I'eoTexHoaorus: nmoasemMHasi, OTKpbITasi, CTPOUTEC/IbHANA
I'eomexanunka. PazpynieHue ropHbIx nopoj

dusnyeckue 1 XMMU4YeCKHe MPOLECCHl TOPHOT0 MPOU3BOACTBA.
A3porazoauHamMHuKa

TI'opHonpombinieHHasi 1 HedTerazoBasi reoJiorus, reogpusnka
Mapkueiiaepckoe 1eJi0, reoae3us 1 KagacTp
I'eonndopmaruka

Oo0oraimenue mMoJie3HbIX HCKOIMAEMBIX

IKOHOMHKA U YiupaBJI€cHHE I'OPHBIM IMIPOU3BOACTBOM
I'eodkoJ10rMs, paluOHAJIbHOE IPUPOAONOIb30BAHNE

I'opnasi mexanuka. ['opHble MAIIMHBI M TPAHCHIOPT
DuleKTpU(PUKALINMS U ABTOMATH3ALUS TOPHBIX MPeANPUSITHI
Be3onacHocTh rOPHOr0 NPOU3BOACTBA

Breicuiee ropnoe oopasoBanue

HUcropusi. Unpopmanus. Penenzun

TpeOoBanuss Kk  odopmiileHMI0 CcTaTeid  pa3MelieHbl  Ha

opunuaTbHOM caiiTe ;kypHaJa: http:// www.mj.ursmu.ru
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