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HoBbi acnekT pa3BuTUA M NPUMEHEHMS B3PbIBHbIX PadoT
B COBPEMEHHBIX YCNOBUAX pa3paboTKu MeCTOPOXAEHWIA
None3HbIX UCKONaeMbIX

BukTopos C. 1.1, 3akanuHckui B. M.>*, lLiunosckui W. E.1, Munrazos P. 4.1
1 MHetuTyT npobnem KoMnnekcHoro 0cBoeHust Heap Poccuiickoi akaaemnm Hayk, 1. Mocksa, Poccust
*e-mail: vimzakal@mail.ru

Peghepam
Bgeoenue. Memoo ucnonvsoeanusi paxmopa KOpOMKO3AMeONIeHHO20 UHUWUUPOBAHUS NPU 63DbISHO
omboiike U e20 IPHeKmusHOCmb MOICHO O0XAPAKMEPU308amMb HANPABIEHUEM €20 MeXHUYEeCKUX
603MOJICHOCHIEl NPUMEHEHU OM MENCOYPAOHBIX 00 COBPEMEHHBIX BHYMPUCKBANCUHHBIX UHINEPBALOS
3ameonenuti. B mo epemsa xak cospemennslil ypogens paspabomxu mexHuKy u yCmpoucms 0Jisl 83PbleHbIX
pabom 0ocmue 603MONCHOCIMU PeAnUAYUY MEXHONO2UU UCHOTHEHUS HYMPUCKEANCUHHOZ0 3AME0TIeHUS,
uccneo0osane pasiuyHblX dACNeKnmos OAHHO20 Memoodd 6 HAMYPHLIX NPOU3EOOCHEEHHbIX YCIOGUAX
8eCcbMa AKMYAIbHO U NPeOCMasiaem Kpalte ClodCHYIO 3a0ay).
Memooonozua. B dannoii pabome nposooumcs awnaiu3 6apuarHmos 3pbleHOU OomOOUKU, A MAaKiCce
KOHCMPYKYUL CKBANCUHHBIX 3APA008 HA NpeoMem U3bICKAHUSA HO8bIX, boee I peKmugnvlx cnocobos ux
peanusayuu 6 cogpeMenHulx yca06usax. buin 6viopan 00un us uzeecmuuix cnocob608, XapaKmepusyouutics
00HOBPEMEHHbIM COYemanueM CoOCMBEHHO CamMo20 cnocoda 63puléHOl OMOOUKU U HempaoUyuoHHOU
KOHCMPYKYUY CK8aXsCunHo20 3apsaoa. Ha e2o npumepe paccmampusaemcsa 603MOICHOCHb pACUUDEHUS
NpaKmuueckoeo OUanas3oHd GblOPAHHBIX CXeM pasmeujerus 3apsoos. B oanmnoil pabome (énepswvie)
npedcmasienda 2unomesd, 3aKuOUAIOWAACA 8 B03MOICHOCHU OOCIUdICEHU 00UHAK08020 IPhexma
6 08YX pa3IUYHLIX KOHCMPYKYUAX CKGANCUHHLIX 3aPA008, HO «OelcmeyIouuxy 6 npakmuiecKku
00UHAKOBOM OUANA30HE UCNONb308AHU KOPOmMKo3amednenHoz2o unuyuuposanus (K3B). /leno ¢ mom,
YUmo  «BepMUKANbHBIEY — DACCMOAHUS  MeXHCOY — 6HYMPUCKBANCUHHBIMU — KOPOMKO3AMEOTIEeHHbIMU
demoHamopamu 8 0ObIYHOM CKE8ANCUHHOM 3apsioe (6 OAHHOM Cyuae OOUHAPHOM) U «2OPU3OHMATIbHbIE)
MedCcOy NapaniensHo CONUNCEHHLIMU CKBANCUHAMU NYYKA NPAKMUYECKU OOUHAKOB8bl. DMO No360isem
nepenecmu ucciedosanue mexanusma K3B 6 3apsaoax c eco «snympenne2oy» cooepoicanus Ha «BHeuHee»
u 0N NpoACHeHUs: 0coOeHHOCmel IMUX MexXaHu3mMO8 NpUsiedb B03MONCHOCHU KOMNbIOMEPHO20
mooenuposanusi. Taxoll nooxod, 66uUdy U36eCMHOU CHeYyuQuKku NPoeoeHUss U  CILONCHOCMU
IKCHEPUMEHMATIbHBIX UCCIe008AHUL B3DPbIEA 68 NPOUEOOCHEEHHBIX YCI08UAX, NpaKmuyecky Haubonee
ocywecmsum u eOUHCMEEHHO NPUEMIEM.
Pezynomameut. [Iposepky paziuunslx cnocobos 3puleanus (Oemonayuu) npeorazaemcs npogecmu Ha
OCHOBe peanusayuu udeu 3ameHvl (mMpancgopmayuu, nepeHoca) Oeucmeus 83pvléa OemoHaAmopos
(00HO20 UNU HECKONbKUX) 6 OOUHAPHOM CKBANCUHHOM 3apsade (VC106HO Oonbuio2o ouamempa) Ha
oemonayuio  (00H020 UAU  HECKONbKUX) PAOO8 NYUKA  CONUMNCEHHBIX — CKEANCUHHBIX — 3apA006
coomeemcmeyioujeo manoeo ouamempa. C  ygenuueHuem KOIUHECMBA PASIUYHBIX BAPUAHINOS
pasznoobpasuvix @Gopm KOHCMPYKYUll NYYKOBLIX 3APA006 CYWeCMBeHHO pACUUPSIemcs Ouanasom
8apUAHMOS UCCTIe008AHUT, KOMOPble MO2YH NPUGECMU K Pe3VIbmamam ¢ NOGLIUEHHbIM KA4eCmBoM.
Jna oocmuoicenus 2moi yenu npoedeno uccredosanue Oeucmeus pasiuyHulx KOoHQueypayuil
KOMROHOBKU 3aPS006 ¢ GHYMPUPAOHLIM KOPOMKO3AMEOTEHHbIM G3DPblAHUEM 6 NyUKe, UMO OONHCHO
BbIAGUMb PEKOMEHOAYUU NO YNPABIEHUIO 63DbIBOM.
Bu1600wt. Ilpeonazaemvie cxemvl 63pvleanus, ¢ 0OHOU CMOPOHbBI, XAPAKMEPUZVIOM MEXHON0SUYeCKULl
0mMX00 0m MpaoUYUOHHOU KPY2080U (POpMbl 83PbIGHOI BONHBL, C OPY2Oll — NO3BONAIOM UCNONL306AMNb
HatlOeHHbIl 8 NPoYecce YUCTEHHO20 IKChePUMEHMA dGeKkm O0nisl pas3uyHbIX yenel, 8 4aCmHOCmU, 04
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BIUAHUS (83AUMOOELICBUS) 63PbIGHBIX PAOOM HA KOHCMPYKMUBHBLE 0COOEHHOCMU PA3TUYHBIX CHOCOD08
U NPOU3BOOCMEEHHBIX —CUCEM pA3PAbOMKU  NONE3HbIX UCKONAEMbIX 8 YCIOBUAX — CLONCHOU
2eomexanuiecKkol 06CcmaHo8 .

Kniwowuesvie cnosa: 83PbIBUANMOE BEUJECNBO,; CKBAJNCUHHBIL 3aps0, Gopma 63PbleHOU GOHbL,
Kopomro3ameoneHHoe 83pblaHUe; MACCUB 20PHOU NOPOObL; MEMOO CAANCEHHBIX YACUY, HANPAICCHHO-
deghopmuposannoe cocmosnue (HC),; kongueypayus nyuxka cK8AHCUHHBIX 3APA008, 0emMOHAMOPbL.

Paboma evinonnena npu gunancoeoit noodeprcxke PODHU ¢ pamxax npoekma 18-05-00912.

Hean padorsl. CoBpeMEeHHBIE CIIOCOOBI pa3pabOTKU MECTOPOXKACHHH MOIE3HBIX
HCKOIAEMBIX XapaKTEPU3YIOTCS KaK HOBBIMU XO3SMCTBEHHO-3KOHOMHUYECKUMH YCIIO-
BUSIMH, TaK U OOCTOSTEIbCTBAMH HPUPOJHO-TEXHUUECKOTO XapaKTepa, CBA3aHHBIMU
C yBeJIMUEeHUEM TTyOUHBI pa3paboTKH, mpobiieMaMy o0ecriedeHrs COBpeMEHHBIM 000-
pyZlOBaHHEM W MaTepHallaMH, pa300IeHHOCTBI0 MECTOPOXKICHUI Ha OOJIBIINX TEPPH-
TOpHUSX U T. . B wacTHOCTH, Ha puUMepe TMPOOIEMBl HHUITUUPOBAHHUS CKBAXKHHHBIX
3aps/10B, HEMOCPEACTBEHHO CBI3aHHOM C TEXHHUECKUMH BO3MOKHOCTSIMH H CITOCO0a-
MU UX Pa3HOBPEMEHHOIO B3PbIBaHUS, MOXHO, KaK HAa HOBOM AacCIIEKTE, PACCMOTPETh
NEPCIEKTUBY Pa3BUTUS U MPUMEHEHUS! B3PBHIBHBIX pabOT B COBPEMEHHBIX YCIOBHUSX
Ppa3paboTKH MECTOPOXKACHUH MOJIE3HBIX HCKOMIAEMBIX.

Kaxxapiit nctoprueckuii mepros OblI 03HAMEHOBaH CBOMMH CPEICTBAMHU M TIpHUeMa-
MH, CyTb KOTOPBIX NPEJCTABIUIA OJHY U Ty K€ UJICH0: OPraHU30BaTh HEKOTOPYIO IO-
CJIEI0BATEIIbHOCTD B3PBIBAHUS 3aPSI0B PA3JIAYHOIO INPEAHAZHAYEHUS Ul PELICHUS
TOM WJIM NUHON UHXEHEPHO-TEXHUYECKOM 3a]1a4ll BOEHHOTO MJIU IPaXJaHCKOTO MpeIHa-
3HadeHus [1]. B Texunueckom miiane 0OHapy>KMBalach OJHA U Ta K€ TEHICHIUS: Bpe-
Ms YCJIOBHOTO 3aMEJICHUS] MEXAY IIOAPBIBAMU 3aps0B IIOCTEIIEHHO COKPALIaIOCh 110
Mepe pa3BUTHSI COOTBETCTBYIOIIUX TEXHHMUYECKHX CPEICTB M AOCTIDKeHUs d(PdekTHs-
HOCTH B3pBIBHBIX paboT. Takum 00pa3oM A€o IOLUIO J0 IIUPOKOTO MCIIOIb30BaAHUS
B TOPHBIX paboTax Tak Ha3bIBAEMOTO KOPOTKO3aMEAJICHHOTO B3PBIBAHUS, KOTOPOE TPaK-
TyeTCsl KaK B3PBIBAHME CEPUU 3apsAJI0B C UHTEPBAJIAMUA BO BPEMEHU, UCUUCIISAEMBIMU
TBICSIYHBIMU JOJSIMU CEKyHIbI (MIJUTUCEKYHIaMH). B3peiBaHne kaxmoro mnocruemyro-
LIETO 3apsifa MPOUCXOJUT B MOMEHT, KOIZla YaCTh TOPHOM MAacChl YK€ YaCTUYHO Hapy-
LI€Ha B3PBIBOM IIPEIBIAYLIETO 3apsiia, HO JEHCTBUE HANIPSDKEHUN B MacCUBE €IE TIPO-
nomkaercs. KopoTrkozamenieHHoOe B3pbIBaHHE CYIECTBEHHO BIIMSET Ha TPaHCOCTaB
TOPHOW MAacChl U CHMXKAET CEHCMHYECKOE JCHCTBUE B3PHIBOB, YTO MO CYTH SIBJIAETCS
€r0 OCHOBHBIMU OTPEICIISIONUMHI 0COOEHHOCTAMU [2].

MeTomos0rusi NpoBeIeHUs UCCJIeT0BaHUI. MeTon ncnonb3oBanus Gakropa Ko-
POTKO3aMeIIECHHOTO WHUIMUPOBAHUS TIPH B3PBIBHOW OTOOMKE U €ro 3QQEeKTUBHOCTh
MOYKHO OXapaKTepH30BaTh 00JACThIO peain3allii ero TEXHWYECKUX BO3MOMKHOCTEH
KaK JIJISl TPAIUIIMOHHBIX MEKTYPSTHBIX, TAK U TSI COBPEMEHHBIX BHYTPUCKBAKIHHBIX
MHTEpBAJIOB 3aMeayieHnii. HecMOTpsl Ha TO 4TO COBPEMEHHBIH YPOBEHb pa3paOOTKH
TEXHUKU U YCTPOMCTB I B3PBIBAHUS JOCTUT BO3MOXXHOCTH PEaIU3alliy TEXHOIOTUU
HCIIOJIHEHUS] BHYTPUCKBAKUHHOTO 3aMEJUICHMSI, UCCIEA0BAHUE PA3IMYHBIX aCIIEKTOB
JIAHHOTO METO/A B YCJIOBUSIX HaTyPHBIX IPOU3BOACTBEHHBIX HKCIEPHUMEHTOB BEChbMa
aKTyaJIbHO, HO OPraHU3aLUsl SKCIIEPUMEHTOB IIPEJCTABISAET KpaliHEe CIOXKHYIO 33/1a4y.
B cBs131 ¢ 3TUM IPOBOAUTCS aHAJIN3 HOBBIX CIIOCOOOB B3pBHIBHOM OTOOMKH M KOHCTPYK-
Ui CKBaXHMHHBIX 3aps/I0B Ha MpeAMET M3bIcKaHus Oonee 3pheKTHBHBIX KOHKPETHBIX
BO3MOYKHOCTEW U METO/IMK UX MCCIIEIOBAHUI B COBPEMEHHBIX YCIOBUAX. B pe3ynbrare
ObUT BBIOpaH OJMH W3 W3BECTHBIX CIOCO0OB, XapaKTEPHU3YIOIIUICS OJHOBPEMEHHBIM
COYETaHHEM IPEUMYILECTB COOCTBEHHO CaMOro TPaJUIMOHHOTO CIIOCo0a B3pPBIBHOM
OTOOMKH ¥ BOBMOKHOCTEH UCIIOB30BaHUS HETPAJUIIMOHHBIX KOMIIOHOBOK KOHCTPYK-
LUH CKBAXXMHHOIO 3apsja. IIpu 3TOM NmpocCiexuBaeTcs BO3MOXHOCTb PACIIUPEHUS
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JMaIa30Ha ero NpakTHYecKoro npuMeHeHus. [Iyuok cOMmKeHHbIX CKBa)KUHHBIX 3apsi-
JI0B, BBIOpaHHBIN IJIs LIeJel MCCIeqOBaHMs, OOBIYHO XapaKTEpPHU3yeTCsl OAHOBPEMEH-
HBIM B3pBIBaHMEM (ZI€TOHALMEH) BCEro KOMIUIEKTAa KOH(QHUIYypaluu ero CKBaKMHHBIX
3apsiioB. B3pbIBHAsE 3HEPrys 3TOr0 My4yKa 3apsI0B 3KBHBAJCHTHA 10 YHEPTUU ICH-
CTBHIO OJMHOYHOI'O CKB)KMHHOT'O 3apsiia COOTBETCTBYIOIIETO JUAMETPA, YTO YCIOBHO
MIO3BOJISIET €r0 Ha3BaTh, B HAILlEH MHTEPNpPETaLuH, OOIIUM TEPMUHOM «OIMHAPHBIN
3apsia. B manHOM citydae npeacTaBisieTcs BO3MOXKHOCTD ITOATBEPKACHUS THIIOTE3BI O
JOCTIDKEHUH OAMHAKOBOTO 3 (eKTa B ABYyX Pa3IUYHBIX KOHCTPYKLMSIX CKBAKUHHBIX
3apsiioB, HO «ICHCTBYIOIIMX» B IPAKTHYECKH OJMHAKOBOM AMAIAa30HE UCIIOIb30BAHUS
KOPOTKO3aMEIJICHHOTO HHUIMUPOBaHUA. CMBICT TAKOH CXEMBI B TOM, YTO «BEPTHKAJIb-
HBIE» PACCTOSIHUS MEKAY BHYTPUCKBRKUHHBIMHM KOPOTKO3aMEUIEHHBIMH JIETOHATOpA-
MH B OOBIYHOM CKB)XHHHOM 3apsijie (B JaHHOM CIy4ae OIMHAPHOM) H «TOPH30HTAJIb-
HBIE» MEXAy NapajIebHO COMIDKCHHBIMH CKBaXMHAMH IIy4Ka IPaKTHYECKH
OJIMHAKOBHI [3]. OTUM AOCTUTAETCS MEpEHOC uccaenoBanusa Mmexanusma K3B B 3apsiiax
C «BHYTPEHHETO)» COACPIKAaHHS Ha «BHEILIHEE), YTO IO3BOJISIET B KAYECTBE HHCTPYMEH-
Ta WCCIEeNOBaHMUs NPHUBJIEYL KOMIbIOTEpHOE MoaenupoBanue. CyTb MCCIEIOBaHUS —
B TIpoBepke 3PPEeKTUBHOCTH 3aMeHHI (TpaHChOopMaIiy, TiepeHoca) AeHCTBUS B3PhIBA

Ta6auna 1. Bei6opouHble JaHHbIe KOMIIBIOTEPHOI0 IKCIepUMeHTa. XapaKkTepHoe BpeMsl
u3Mepenns — 3,5 mc

Table 1. Selected data from the computer experiment. Characteristic time of measurement

is3.5ms
Ckopocts cMerenns V - 107, Ham::”e B JlaBnenue B nepudepuitHoi
Bspeis 3apsiios M/MC, B niepudepuiiHoil Touke [eHTpe Touke 3apsna, MIla

Ppa3IHIHO (hOPMBI 3apsina, MITa

Ne 2 Ne 5 Ne 3 Ne 4 Ne 1l Ne 2 Ne 5 Ne 3 Ne 4
JIuneinbIit n -86 | 13,6 | -12 | 10,6 1921,22 0 0,310 | 0,3 0,2
napaboTHUeCKHIH
pAanbl
B3pBIBAOTCS
OJTHOBPEMEHHO
OauHapHBIH -9 8 -7 8 3414,21 0,4 -0,36 | -0,2 | 05
SKBHUBaJICHTHBII
CKBOKUHHBIN
3apsi

JIETOHATOPOB (OMHOTO WM 0Oojee) KOPOTKO3aMENJICHHOTO NIEHCTBHUS B OJMHAPHOM
CKBR)XHHHOM 3apsJe YCIOBHO OOJBILIOrO AMAaMETpa Ha ACTOHALMIO OIHOIO WU He-
CKOJIBKHX PAJOB ITy4Ka CONM)KEHHBIX CKBAKMHHBIX 3apsII0OB COOTBETCTBYIOIIETO MAJIO-
ro quamerpa. OCyIIecTBUTh TaKylO IPOBEPKY, BBUAY U3BECTHOH crienudrky mposexe-
HUSI B3pPBIBHBIX SKCIEPUMEHTAIBHBIX HCCIEIOBaHUN B IPON3BOJCTBEHHBIX YCIIOBHSX,
NPAaKTHYECKH BO3MOXKHO TOJIBKO IIOCPEACTBOM KOMIBIOTEPHOTO MOJECINPOBAHUS.
Hcxonst n3 G0NBLIOr0 KOJMYECTBA COYETAHUM Pa3NuYHbIX (OPM KOHCTPYKLMHU ITy4KO-
BBIX 3apsII0B CYLIECTBEHHO PACLIMPSIETCS Uara30H BApHAHTOB MCCIEIOBAaHUSA C IOTY-
YeHHEM HOBBIX JaHHbBIX. Hampumep, npeacTaBiasieT HHTEPEC BOSMOXHOCTD YIPABIIATh
HalpaBJICHHBIM JICHCTBHEM B3phIBA IIyTeM 1oAodopa (3a1aHus) onpeaeaeHHON KOHpu-
TypaLuy Ipouecca BHyTPUPSAHOTO KOPOTKO3aMEUIEHHOTO B3PBIBAaHUS B IIyUKe 3apsi-
J0B. DTO, C OJHOI CTOPOHBI, XapaKTEPHU3yeT TEXHOIOTUIECKUH OTXO[ OT TPaJULIUOH-
HOW KpyTOBO# (OPMEI B3pBIBHOM BONHEL. C Ipyrol CTOPOHBI, TO3BOJIHT UCTIOIH30BATh
3TOT 3G GEKT A pa3iIu4HbIX LeJNed, B YaCTHOCTH, Ul BIMSHUS (B3aMMOICHCTBUS)
B3PBIBHBIX Pa0OT HA KOHCTPYKTHBHBIE 0COOCHHOCTH Pa3IMYHbIX CIIOCOOOB M CHCTEM
Pa3pabOTKH IOJIE3HBIX MCKOIAEMBIX B YCJIOBHSIX CIIOXKHOM reoMexaHH4eckon oOcra-
HOBKH. [IpM OoAMHAKOBOW 3HEPrOEMKOCTH OAMHAPHOTO 3apsiia U «BapUaHTa ITydKa
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JIEHCTBHE TTOCIEIHETO JODKHO MPUHIMITAAIBHO OTIHYATHCS XapaKTepHBIMHU, TIPUCY-
IIAMH TOJIKO €My JTOTIONHUTENFHBIMA (HOBBIMH) BO3MOKHOCTSIMH. J[J1s1 BBISIBIIEHUS
TaKUX OTIMYHNA B pPabOTE MCIIONB3yeTCs KOMITBIOTEPHOE MOJIETPOBAHHE.

B Hacrosiee Bpemst IMeeTcs LENbIi apceHaN CPEeCTB aBTOMAaTH3UPOBAHHOTO BOC-
MIPOU3BOJICTBA Pa3IMYHBIX WHTEPBAIOB BPEMEHH 3aMeiieHus. [IpakTudecku Bce Ha-
YYHO-TEXHUYECKHE 3aJjadyll TOPHOTO MPOU3BOCTBA CBOIATCS K JTOCTIKEHHIO MaKCH-
MaJbHOTO 3((eKTa OT ONTUMH3AINH TPIMEHEHHUS YKa3aHHBIX CPEICTB.

0

a

7))

NS4

N

=

A”
LY
=

=Y. -

N

N
RO
AN

i

Puc. 1. KoHdurypauus AByXpsIHOTO OAMHAPHOTO 3apsifa — d U XapaKTep MpOLecca ero B3pbIBa

(cBepXy psd JMHEWHBIX, CHU3Y psij mapadonnueckoil GopMbl COMKEHHBIX 3apsiioB Iyuka) IpH

UX OJHOBPEMEHHOM (B JIaHHOM Clly4ae) MHUIMHPOBAHUY; 6 — CPABHUTENBHBIN ONMHAPHBIHA 3apsi
9KBHBAJIICHTHOH SHEPI UM

Fig. 1. Configuration of a two-line single charge — a and the character of the blasting procedure

(a line of the linear ones on top and a line of parabolic converged charges in a beam at the bottom)

under their simultaneous (in this instance) initiation; 6 — reference single blast of equivalent power

B nanHOM HccnenoBaHWM pedb UIIET O 33jade JPYTroro CBOMCTBA, 2 UMEHHO: PacCMO-
TPETh pa3IMYHbIE BAPHAHTHI HCIOJIF30BaHNS KOPOTKO3aME/IJIEHHOTO B3PBIBAHUE C IIEIISIMIL:

— BBIIBUTH 00pa3oBaHKE U PACIpPOCTPAHEHHE B OMPECICHHBIX Mpe/eNax pa3ind-
HBIX HEKPYTOBBIX B CEUCHHUHU (HEIMIIMHAPUICCKUX) (DOPM B3PBIBHBIX BOIH, (POPMHUPY-
IOIUXCS OT B3pPhIBA OOBIYHBIX CKBRKMHHBIX 3apsI0OB KPYroBoil (KpyIyioi) B CEYeHUH
(hOpMBI I UMUTHPYIOLINX TAKHM 00Pa30M TEXHOJIOTHIO IMTOTyIEeHHUSI B MACCOBOM TIOPSIJI-
Ke YIJTMHEHHBIMH 3apsigamMu BB B3pBIBHBIX BONH MpaKTUUYECKH 000 hopMmer [4];

— OLIGHUTH KOPPEIIIUI0 MEXy HEPABHOMEPHOCTHIO HEKOTOPBHIX ()OPM B3PBIBHOU
BOJIHBI M HEPAaBHOMEPHOCTHIO HAMPABICHHOCTH €€ JHEpPruH (IepepacrpeselieHue),
HaIpUMED M0 MPHUHIIUITY KYMYJIATUBHOTO 3 QeKTa;

— BBIOpaTh HanboJIee ONTUMAITbHBIE KOHCTPYKTUBHBIE AIEMEHTBI CHCTEM Pa3paboTKu
¢ yaeToM 3(p(peKTUBHOTO MCTIONB30BaHMSI HAITPABICHHOTO B3PHIBAHHS B YCIOBUSAX TEKTO-
HUYECKUX HANPSHKCHUN U TUHAMHYECKUX SIBIICHUI B MACCUBAaX TOPHBIX MOPOL [5, 6].

Pe3yabrarel u obcy:xkaenne. [[i1s penieHns MOCTaBIEeHHBIX 33/1a4 U aHAIHM3a pe-
3yJIBTATOB, C OMHOUM CTOPOHBI, U3 BCETO Pa3HOOOPa3Hsi COBPEMEHHBIX MTPUEMOB U CITO-
co0O0B IPOU3BOJICTBA OBLI BEIOPaH HANOOIIEE MOAXOASAIINN U3BECTHBIN CITOCOO B3PHIB-
HBIX pa0OT, C IPYTOH — KCTIOIE30BAIACh METOIOJIOTHS KOMITBIOTEPHOTO MOJIEIIMPOBAHUS
YUCIIEHHOTO PEUICHHs YNPYTOIUIACTUYECKUX 3a]ad MEXaHWKH CIUIONIHOM Cpenbl Ha
ocHOBe MeTona critaxeHHbIX yactul] SPH (Smooth Particle Hydrodynamics) [7, 8].

Crioco0 B3pBIBHBIX PabOT MpEACTaBIeH KOHCTPYKIMEH My4yKa CONMKEHHBIX CKBa-
JKUHHBIX 3apsi/IOB, IKBUBAICHTHBIX M0 MacCe OMHAPHOMY CKBOKUHHOMY 3apsily, U4TO
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MIPHU B3pBIBE B 00OMX CIIydasx BOCIHPHHUMAETCs Kak B3pBIB ofgHOTO 3apsna [9, 10].
B manHOM 5KcTiepuMeHTe OB BEIOpaH ABYXPSIHBIA MyYOK HMapabonnyeckoi (popMel.
ITo MeTouKe TPON3BOIIITUCH TIOPSIHBIE U OMHOBPEMEHHEIE «B3PBIBBD ITyYKa B CPaBHE-
HUU C OMWHAPHBIM SKBUBAJICHTHBIM «CKBaKIHHBIM 3apsaoM». PesynsraTsl B Buae (hu-
3UYECKHUX BEINYHH (TIapaMeTPOB BOJIHBI HAMIPSHKEHHUS) — MACCOBOW CKOPOCTH U JIaBJIe-
HUS Ha (DPOHTE BOJHBI — (UKCHUPOBAINCH B UYETHIPEX MPOTHBOMOIMKHBIX TOYKAX
KOHTYpa «B3PBIBAHUS», YTO YaCTHYHO MIPENICTaBICHO B TadM. 1, Ha puc. 1 u puc. 2.

a o
B3psIB 3apsiaa MMHEIHOTO ¥ Mapaboibl B3psIB 3apsiaa MuHEIHOTO U apaboib
OJIHOBPEMEHHO (1aHHbIe B TOUKe No 5) OJIHOBPEMEHHO (IaHHbIE B TOuKe Ne 2)
0,016 0,001
0,014
0,012 0,001
g 0010 g -0,003
S 0,008 =
> 0,006 > 0,005
0,004 0.007
0,002 s
0 ' -0,009
4 0 1 2 3 4
t, mc t, Mc
6 . 2
B3pbIB 3apsiaa TuHEHHOTO M Hapaboibl OJMHOYHBII CKBAKUHHBII 3apsij]
OJIHOBPEMEHHO (IaHHbIE B Touke Ne 4) (nauHble B Touke No 4)
0,012
0,010
0,008
Q
=
S 0,006
=

0,004

0,002

0

t, mc t, mc

Puc. 2. I'padiik U3MEHEHHsI CKOPOCTH CMELICHUsI B Pa3IMYHBIX TOUKaX (&, 6, 6 — COOTBETCTBEHHO
BEPXHsASA, HAKHAA, OOKOBas TpaBas TOYKH, ¢ — CUMMETpHUYIHAA TOYKAa OJUHAPHOT'O 3ap${z[a) Cpeabl
BOKPYT MCCIIEyEMbIX KOHCTPYKIMH PA3JINYHbIX 3aps10B
Fig. 2. Graph of shift velocity behavior in different points (¢, 6, and & are the upper, middle, and
lower points correspondingly, 2 is a symmetrical point of a single charge) of the medium around
the structures of various charges under consideration

CornacHO METOAOJIOTHHM NPHMEHEHHs1 MeTofa criakeHHbIX dacTull SPH BrIOOp
TPpaHUYHBIX TOYEK MO CTOPOHAM JCHCTBHS B3pbIBa 00yCIAaBIMBACT XapaKTep €ro Jeii-
CTBHUsl, CBSI3AHHBIN C BBIXOJOM PACIPOCTPAHSIOLIEHCS 110 TBEPAOMY TEIy B3PBIBHOMI
BOJIHBI (BOJIHBI HATIPSDKEHHI) HA CBOOOIHYO ToBepxHOCTh [ 11, 12]. 3BecTHO, uTo npu
HePEeXO/ie Yepe3 B3PhIBHYIO YIapHYIO BOJIHY JOJKHBI BBIIOIHATHCS OOIIUE 3aKOHBI CO-
XPaHEHUs MacChl, IMITyIbCAa M SHEPTHH. 3aKOHBI COXPaHEHHS MAacChl U HMITyJIbCa CBSI-
3BIBAIOT MEXAY CO00il yeThipe mapaMeTpa (pOHTA B3PHIBHOM BOJHBL: CKOPOCTH pac-
MIPOCTPaHEHUS BOJIHBI [0 HEBO3MYILIEHHOMY BELECTBY [, CKaUOK MacCOBOM CKOPOCTH U,
paBHBI CKOPOCTH JBMKEHMs C)KAaTOrO BEIIECTBA OTHOCUTENIBHO HEBO3MYILEHHOTIO,
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JaBJeHHE p U yAenbHBIH 00beM V (mn miaoTHOCTh p = 1/V). Cxxaroe BemecTBo pac-
mupsieTcst (pa3rpyxaercs) IpaKTHYECKH J0 HYJIeBOro aaBieHus. [Ipu sTom BonHa pas-
Tpy3KH (pa3pexeHusi) pacpoCTpaHsIeTCs Ha3al 1Mo BEIIECTBY CO CKOPOCTHIO 3BYKa, CO-
OTBETCTBYIOLICH COCTOSHHIO 32 (PPOHTOM B3PHIBHOM BOJHBI, @ CAMO Pa3rpyKaromieecs
BEIIECTBO MPHUOOPETAET JOMOIHUTENBHYIO CKOPOCTh B HAIIPABICHUH MEPBOHAYATIHLHO-
TO JABWKEHMsI B3PBIBHOW BOJHBI. BemecTBo pasrpyaeTcst 10 CBOETO MUHUMAIBHOTO
naBneHus. 3 aHanusa npeacTaBlIeHHBIX TPaQHKOB U APYTHX MaTepHaioB UCCIIEI0Ba-
HUSl CJEeQyeT CyLIeCTBEHHas pa3sHHMLA M3MEPSEMBIX MapaMeTpoB (pOHTa B3PHIBHOM
BOJIHBI B IIPOTHBOIONOKHBIX TPAHUYHBIX TOUYKAX B CPABHUBAEMBIX MOJEIBHBIX 00pas3-
1ax KOHCTpyKuuii 3apsaoB [13, 14]. DTo cBUACTENBCTBYET O PEaIbHOM TEXHUUYECKOM
BO3MOXXHOCTH YIPaBJIEHMsI AEMCTBHEM B3pbIBa (HAIPABIEHHBIM €r0 JeHCTBUEM) METO-
JIOM MHULMAPOBAHUS PA3THYHBIX PAJOB COMMKEHHBIX CKBKUHHBIX 3apsiioB [15, 16].

Takum 00pa3oM, SKCIIEpUMEHTAIbHBIE JAaHHBIE, OTPAHUYCHHBIC PaAMKaMH CTaTbH,
NOATBEPAWIIN HAJIMUKe JOCTIKeHH 3¢ (hekTa HanpaBJIeHHOTO JICHCTBUS B3phIBa YIJIU-
HEHHBIM OIMHAPHBIM CKBa)XMHHBIM 3aps/10M, KOTOPBIN MOIy4eH HpU MOAEIHHOM HC-
CJIEJOBAaHUU U3 PEAJILHOTO AMAINla30Ha HHULUUPOBAHMSI CKBAXKUHHBIX 3apsa10B. OT mo-
JOOHBIX M3BECTHBIX MOIBITOK €r0 OTIINYAET 0e3yClIOBHAS TEXHOJIOTHYHOCTb, KOT/Ia €T0
«HCIOJHEHHE» MOIHOCTHI0 0a3upyeTcs Ha IPUMEHEHHH UMEIOIIEHCsI Ha TOPHOM TIpe[-
npusTHA OypOBOM TEXHUKH U MPAKTUKU OypOB3pBIBHBIX padoT [17, 18].

CrnencTBre MOMy4eHHOTo pesynbrata (3¢ ¢exra) MOKeT ObITh UCIIONB30BAHO MPH
NPOEKTHPOBAaHUHU TTaPaMETPOB CHCTEM U CIIOCOOOB pa3pabOTKM MECTOPOXKICHUH I10-
JIe3HBIX HCKOIIAEMBIX B CJIOXKHBIX YCIIOBHAX. [IpenBapuTenbHO JOIKHBI OBITH yCTAHOB-
JICHbI TTapaMeTPhl BIUSHUS (B3aMMOJCHCTBHSI) B3PBIBHBIX paOOT HAa KOHCTPYKTUBHBIE
0COOEHHOCTH Pa3IMYHBIX CIIOCOOOB U CUCTEM Pa3pabOTKH MOJIE3HBIX UCKOIAEMBIX JIISI
KOHKPETHBIX TOPHOTEXHUYECKUX YCIOBUH C Y4ETOM 0COOEHHOCTEW reoMeXaHHnYeCKOH
00CTaHOBKH.

BouiBoabl. Ha ocHOBaHWY yCTaHOBIIEHHS PU3MYECKOTO ACHEKTa M0 Pe3yIbTaraM Mo-
JEeNBHOTO MCCIIEAOBaHMsl HOBBIX OCOOCHHOCTEH MHUIMMPOBAHHS CKBAXHMHHBIX 3apsi-
JIOB ONpeeneHa KOHIENTyanbHasi BO3MOKHOCTh B3aWMOJACHCTBHS B3PBIBHBIX PadoT,
Croco00B U CHCTEM pa3padOTKH MOJIE3HBIX UCKOTIAEMBIX B YCIOBUSX CIOKHOU TeoMe-
XaHW4eCcKol 0O0CcTaHOBKU. B paMkax HOBOrO Hay4YHO-TEXHHYECKOTO HAIPaBICHHUS 3TO
MO3BOJIUT OBBICUTH 3PPEKTUBHOCTH KOMIUIEKCHOH pa3pabOTKH MECTOPOXKICHHI 1MO-
JIe3HBIX UCKOTIAEMBIX Uepe3 B3auMozieicTBre (YIpaBleHue, BIUSIHUE) MEXKIY Tpolec-
CaMH B3PBIBHBIX Pa0OT pa3iuuHOro Maciutaba v Ha3Ha4YeHUs W HalpshKeHHO-nedop-
MHUPOBaHHBIMHU COCTOSHUSIMH MAacCHBOB TOPHBIX MOPOI.
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Abstract

Introduction. The method of applying the factor of short period delay initiation in rock blasting and its
effectiveness can be substantiated by the technical possibility of applying it for both conventional inter-row
and current downhole delay intervals. The state of the art in blasting has made it possible to implement
the technology of a short period delay. So it is rather relevant and extremely difficult to study of the
technology s aspects in full-scale production conditions.

Methodology. This work analyzes the options for rock blasting and blasthole charges designs in order
to find out how to implement them in a new and more effective way in modern conditions. A well-known
method has been chosen, which combines the rock blasting method and the unconventional design of the
blasthole charge. It is used as an example to demonstrate the possibility of expanding the practical range
of the selected charge placement schemes. This work has been the first to introduce a hypothesis on the
possibility of achieving the same effect in two different designs of blasthole charges, but "acting" in almost
the same range of short period delay (SPD) use. The fact is that "vertical” distances between downhole
short-delay detonators in a conventional blasthole charge (in this case, a single charge) and "horizontal”
distances between parallel converged wells of a beam are almost the same. In this regard, it has become
possible to focus not on its "internal” content on the "external”" one and explain the features of these
mechanisms by means of computer simulation. Due to the apparent specific character of conducting a
blast in production conditions and intricate experimental observation, this approach is more realizable in
practice and the only possible one.
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Results. It is proposed to test various methods of blasting (detonation) based on the idea of replacing
(transforming, transferring) the explosion action of detonators (> 1) in a single well charge (conventionally
large diameter) with the detonation of ( > 1) lines of a beam of converged borehole charges of the
corresponding small diameter. As soon as the number of beam charge design options increases, the range
of research options that can lead to the results with improved quality expands significantly. To achieve this
goal, the action of various configurations of charges with in-line short period delay blasting in a beam was
studied. It should make it possible to come up to some recommendations for blast control.

Summary. On the one hand, the proposed blast patterns show the technological departure from the
traditional circular shape of the blast wave, on the other hand, they allow using the effect found in the
course of numerical experiment for various purposes, in particular, to ensure blasting effect on (interaction
with) design features of various mining methods and production systems in complex geomechanical
environment.

Key words: explosive; blasthole charge; blast wave shape; short period delay blasting; rock mass;
smoothed particle method, stress-strain state (SSS); configuration of blasthole charges beam; detonators.

Acknowledgements. The research has been financially supported by RFBR under project no. 18-05-00912.

REFERENCES

1. Trubetskoi K. N., Zakharov V. N., Viktorov S. D., Zharikov I. F., Zakalinskii V. M. Explosive
destruction of rocks during mining. Problemy nedropolzovaniia = The Problems of Subsoil Use. 2014;
3: 80-95. (In Russ.)

2. Baron L. 1., Dokuchaev M. M., Vasiliev G. A., Doronicheva L. A. Blasting operations in the mining
industry. Moscow: Gosud. nauch.-tekhn. izd-vo liter. po gorn. delu Publishing; 1960. (In Russ.)

3. Budko A. V. et al. Improvement of borehole drilling. Moscow: Nedra Publishing; 1981. (In Russ.)

4. Viktorov S. D. et al. Mechanics of movement and destruction of rocks. Moscow: RAS Publishing;
2019. (In Russ.)

5. Tolstik A. M. The methodical questing of employment of computer experiments in physical
education. Fizicheskoe obrazovanie v vuzakh = Physics in Higher Education. 2006; 12(2); 76-84.
(In Russ.)

6. Butyrin P. A. et al. Automation of physical research and experiment: computer measurements and
virtual devices based on LabVIEW 7. Moscow: DMK press Publishing; 2005. (In Russ.)

7. Glazova E. G., Kochetkov A. V., Turygina I. A. Numerical simulation of the spatial interaction of
a shock wave with a permeable barrier. Vestnik Nizhegorodskogo universiteta im. N. I. Lobachevskogo =
Vestnik of Lobachevsky University of Nizhni Novgorod. 2014; 1(1): 180-185. (In Russ.)

8. Shipovskii I. E. Simulation for fracture by smooth particle hydrodynamics code. Nauchnyi vestnik
NGU = Scientific Bulletin of National Mining University. 2015; 1 (145): 76-82. (In Russ.)

9. Eremenko A. A. Improving the technology of drilling and blasting operations on iron ore deposits
in Western Siberia. Novosibirsk: Nauka Publishing; 2013. (In Russ.)

10. Zharikov S., Kutuev V. About order of comprehensive solving the seismic and pre-splitting
issues for drill-and-blastin open-pits. In: Kocharyan G., Lyakhov A. (eds). Trigger Effects in Geosystems.
Springer Proceedings in Earth and Environmental Sciences. Springer, Cham, 2019, pp. 437—445.

11. Trofimov V. A., Malinnikova O. N., Wen-Jie Xu. Numerical approach to computer simulation of
landslide events. In: AIP Conference Proceedings. 2167, 020329 (2019); https://doi.org/10.1063/1.5132196.
Published Online: 19 November 2019. Proceedings of the International Conference on Advanced Materials
with Hierarchical Structure for New Technologies and Reliable Structures 2019. Conference date: 1-5
October 2019, Tomsk, Russia. P. 020329-1-020329-8.

12. Bai H. and Zhang Z. Test and application of the hole-bottom interval charging technology in
Myanmar Kyisintaung mine. Engineering Blasting. 2017; 23(5): 63—66.

13. Lin Z. and Zhang S. Study on the blasting effect of water cushion charge in openpit mine. Chinese
Journal of Mining Research and Development. 2017; 37(9): 40—43.

14. Liu C., Yang J. and Yu B. Rock-breaking mechanism and experimental analysis of confined
blasting of borehole surrounding rock. International Journal of Mining Science and Technology. 2017,
27(5): 795-801.

15. Xin-Jian Li, Jun Yang, Xiao Zheng. Numerical simulation of radial decoupling charge with Ansys-
Autodyn. In: Topics in Civil, Environmental & Building Engineering (TICEBE). 2017; 1(2): 78-81.

16. Woldemichael D. E., Abdul Rani A. M., Lemma T. A. and Altaf K. Numerical simulation of rock
cutting using 2D Autodyn. In: 37d International Conference of Mechanical Engineering Research (ICMER
2015). IOP Conf. Series: Materials Science and Engineering. 2015; 100: 012052.

17. Lavrentiev M. A. Cumulative charge and the principle of its operation. Uspekhi matematicheskikh
nauk = Russian Mathematical Surveys. 1957; 12 (4): 12—-16. (In Russ.)

18. Galchenko Iu. P. On the effect of cumulation in the destruction of rocks by deconcentrated charges.
Zapiski Gornogo instituta = Journal of Mining Institute. 2007; 171: 167-174. (In Russ.)

Received 25 June 2020



ISSN 0536-1028 «Hzeecmus gy306. Topuwiii sicyprany, Ne 6, 2020 13

Information about authors:

Sergei D. Viktorov — DSc (Engineering), Professor, Deputy Director for Science, N. V. Melnikov
Research Institute of Comprehensive Exploitation of Mineral Resources, Russian Academy of Sciences.
E-mail: victorov_s@mail.ru

Vladimir M. Zakalinskii — DSc (Engineering), leading researcher, N. V. Melnikov Research Institute
of Comprehensive Exploitation of Mineral Resources, Russian Academy of Sciences.
E-mail: vmzakal@mail.ru

Ivan E. Shipovskii — PhD (Engineering), senior researcher, N. V. Melnikov Research Institute
of Comprehensive Exploitation of Mineral Resources, Russian Academy of Sciences.
E-mail: shipovskiy i@jipkonran.ru

Rafael Ia. Mingazov — lead engineer, N. V. Melnikov Research Institute of Comprehensive Exploitation
of Mineral Resources, Russian Academy of Sciences. E-mail: mingazov_r@ipkonran.ru

s nurupoBanusi: Buktopos C. J., 3akamunckuit B. M., lllunosckuii Y. E., Munrazos P. 5. HoBsrit
ACTIEKT Pa3BUTHUS M IPUMEHEHHS B3PEIBHBIX PA0OT B COBPEMEHHBIX YCIOBHAX Pa3paOOTKH MECTOPOKACHHH
MOJIE3HBIX MCKOomaeMbIx // M3Bectust By30B. [opHbrii xkypHai 2020. Ne 6. C. 5-13. DOI: 10.21440/0536-
1028-2020-6-5-13

For citation: Viktorov S. D., Zakalinskii V. M., Shipovskii I. E., Mingazov R. Ia. New aspect of drilling
development and application in modern conditions of mineral deposits exploitation. [zvestiya vysshikh
uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2020; 6: 5-13
(In Russ.). DOI: 10.21440/0536-1028-2020-6-5-13



14 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 6. 2020 ISSN 0536-1028

VIK 622.271.32:553.87 DOI: 10.21440/0536-1028-2020-6-14-25

TexHonornyeckue 0CO6eHHOCTM OTKPLITOW pa3padoTKu
BbICOKOYUCTOrO KBapLa

Kantemupos B. 1.1, TutoB P. C.'*, AkoBnes A. M.%, Kosnosa M. B.!
L WHctutyT ropHoro gena YpO PAH, r. ExatepuH6ypr, Poccus

*e-mail: ukrigdl5@mail.ru

Peghepam
Beeoenue. B nacmosiuwee pemsi OCHOBHbIM Colpbem Oisi NOJLYHEHUsL NPO3PAYHO20 KEAPYEeBO20 CMeKd,
He3aMeHUM020 KOMNOHEHMAd 6 Npou3B00Cmee MOHOKDUCIALIUYECKO20 —KPEeMHUs,  S6ISAemcs
sbicokouUCmbll Kéapyesulil konyenmpam. Konyenmpam npedcmagisiem co6oil npooyKm usmenvyerus
NPUPOOHO20 «YUCMO20» K8APYA, NPOUeOule2o YUKl MexaHuieckol u 2ny0oKou XUmMuyeckol o4ucmKuy,
¢ pasmepom yacmuy 0, 1-0,3 mm u coeoxynnvim codeprcanuem npumeceii e 6onee 20—-30 ppm. Oonaxo
6 NPUPoOe MeCmopoNCOeHUsL HUCIO20 KEAPYA CMPeYaomes 00CMAmo4Ho peoKo, NOdIMOMY Kanicooe
U3 MaKux pazeeO0aHHuIX MeCHOPONHCOeHUll umeem o0coboe 3HaueHue U NOOAeHCUm ompabomre
€ MUHUMATbHBIMU NOMEPAMU K8APYEBO20 CHIPb.
Iens pabomer. Paspabomrka mexuuyeckux peuieHuil no ompabomie HebONbUUX JICUT 8bICOKOYUCTO20
2PAHYIUPOBAHHO20 KBAPYA.
Memooonozua. Bvinonnen ananu3 @QU3UKO-MEXAHUYECKUX CEOUCME U 2OPHOMEXHUYECKUX YCI06Ull
paszpabomku  omoenbHblx  Keapyegvix dicun  Keiuimwimckozo  mecmopodcoenus.  Paspa6omanot
mexHonocuyeckue peuleHuss no ompabomke Keapyegulx JiCUl OMKPbIMbIM CROCODOM, NO360NSIOUUE
CHU3UMb CIMeNneHb nepeusmenbienus Keapyd.
Pesynomamul. [ panynuposanusiti Kéapy 6ciedcmeue ceoeti CmMpyKmypvl obraoaem C80UCmeom
«1aBUHOOOPA3HO20Y pA3pYWleHUsl HA MeaKue 3epHda. Tem cambiM 3HAYUMENbHO CHUIICAEMCs 8bIX0O
xonouyuonnot @paxyuu —400...+20 mm, umo 8 yYcA08uUAX HeDOTLUWUX 3ANACO8 K8APYA 6 IICUNAX,
6 cpeonem 0,1-2 muvic. m, cmagum 60npoc o YenecooopasHocmu u dQpexmusHocmu ux paspabomxu.
st nogviuenst 8bIX00a KOHOUYUOHHBIX PPAKYULL KBAPYEBO2O CHIPbSI NPEON0JHCEHA De363PbIGHASL MEXHONOUA
OmOOLKU K8ApYAa ¢ UCNONb306AHUEM HABCUUBACMO20 HA UOPAGIUYECKUL IKCKABAMOP 2UOPOMOLOMA
6 couemanuu ¢ npeogapumenbHbIM OOHAJCEHUEeM KEAPYEeGOl JICUNbl Om  6Meuaruux nopoo
€ npUMeHeHUueM CReYUuarbHOl MEXHONO02UU 63PbI6AHUSL NOPOO 6 NPUKOHMAKMHOU 30He «K8apY—nopooay.
Boi6oowt. I[Ipeonodicennvie mexHuyeckue peuieHus No360Nsam 6061eub 6 pazpabomky Hebonbulue
Keapyegvle  JiCUNbL  SPAHYIUPOBAHHO2O — KEAPYA  6bICOKOU  YUCMOMblL, 0becneuam  GblCOKVIO
NPOU3800UMETLHOCHIb U IPPEeKMUSHOCMb 20PHBIX pabom 6e3 3HAUUMETbHbIX NOMeEPb OePUYUMHO20
ChIPbL.

Knroueswvte cnosa: zpanyruposannviii keapy, keapyesoe coipbe; KEApyeevle JHCUTbL; MEXHOA02UU
63pbIBaANUSA, OMOOUKA K8APYA 2UOPOMOLOMOM.

Cmamobsa noozomosénena no mamepuanam HHUP, evinonnaemoii no npozpamme OHU
2ocyoapcmeennvix axkaoemuii  Hayk. Tema 1. Memoovl yuema nepexooHvIX RpPOUeECcos
MEXHON02UYECKO20 pPA3GUMUA  HPU  O0CBOCHUU  2NYDOKO3ANEZAIOWUX  CIOHCHOCHMPYKMYPHBIX
Mecmopoxcoenuil none3nsvix uckonaemwix (Ne 0405-2019-0005).

BBenenne. BbICOKOUHCTBIA KBapleBbl KOHIEHTPAT SIBJSETCS CHIPbEM I pslia
BBICOKOTEXHOJIOTHUYHBIX OTpaciieil HHHOBAIIMOHHON KOHOMHKH. W3 Hero momrydaror
MPO3pavHOe KBapIEBOE CTEKJIO, KOTOPOE Ha CErofgHs SBISETCS Oe3anbTepHATHBHBIM
KOMITOHEHTOM IIpOIecca MPOU3BOICTBA MOHOKPHUCTAIUIMIECKOTO KPEMHHS — 0a30BOTO
MaTtepuaia JUisi MUKPO3JIEKTPOHHONM MHIYCTPUU U COJHEYHOM 3HEpreTHKU. BhICOKo-
YUCTHIE KBapIlieBble KOHIEHTPAThl — MPOAYKT HW3MENBUEHUS MPUPOTHOTO KBapIia,
OYMINEHHBI OT MHUHEPATbHBIX W XUMHUYECKHX TPUMECEi, C pa3MepoM YacTHI]
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100—300 MHUKpOH 1 COBOKYITHBIM COIEpKaHUEM MpUMecei (MaccoBast 1071s1) He Ooree
20-30 ppm (MI/KT).

AHaJau3 1 o0cyxknenne. MecTopokAeHNs YUCTOTO OT MpUMecel KBaplia BCTpeda-
IOTCSl B TIPUPOJZIE TOCTAaTOYHO PENKO, MOITOMY KaKJJ0€ U3 pa3BEaHHBIX MECTOPOXKIE-
HUH MMeeT 0co0oe 3HaueHHE W TMOMJIECKHUT OTPabOTKe ¢ MHHUMAIBHBIMH MOTEPSIMH
celppsi. B Poccun eqMHCTBEHHBIM NPEANPUSATHEM, KOTOPOE BBIMYCKAET KOHIIEHTPATHI,
ommskue Kk MexxayHapogHoMy cranaapty IOTA, seusercs AO «KsluTeIMCKuUil TOpHO-
o0oraTtuTenbHbI KOMOUHAT» KOTOpbIM mpou3BoauT copT SSQ-2-KC (ananor IOTA
CG, IOTA std). loObIua KBapLIEBOTO CBHIPbS B HACTOSIILEE BPEMsI BEAETCS [TOA3EMHBIM
croco0oM ¢ pa3padotkoii xuiel Ne 175. O6oraiieHue KBapLUEeBOTrO CHIPbs U peain3a-
LU0 MPOAYKIMHU ocymecTsisieT qouepuss pupma OO0 «Pycckuit kBapi». Keluteim-
CKO€ MECTOPOXJICHUE TPAHYIUPOBAHHOIO KBaplLa pacrojokeHo B KbIThIMCKOM ro-
poackoMm okpyre YensiOuHckoil obnmactu. I'panynupoBaHHbIM KBapl KbIThIMCKOro
MECTOPOXKIEHHs 00JaaeT He3HAUUTEIbHBIM KOJMYECTBOM T'a30BO-KUAKHX BKIIOUE-
Huil. Koadumuent ceeronpomnyckanus koneodnercs ot 79 mo 91 %, B cpeHem cocras-
155 84 %, 4TO SIBIISETCS CaMbIM BBICOKHM II0OKA3aTeNIEM CPEIN BCEX MECTOPOKACHUN
TrpaHyJIMpPOBAHHOIO KBapIa.

a

Pazpes sxmibl Ne 117 Pazpe3 sxuibt Ne 163 Pazpes sxuiibl Ne 258
472 472
358 358
468 468
364 364
464 464
360 360 4
460 460
o
Paspes xner Ne 139 Paszpes sxubt Ne 177
364
358 358 364
354 354 %0 360
350 350 356 356
346 346 %2 S
348 348

Puc. 1. XapakTepHbie Te0JOrHYSCKUE Pa3Pe3bl KU TPAHYIUPOBAHHOTO KBapiia KbIITBIMCKOTO PyTHOTO
0JIs1, 0TPa0aTHIBAEMBIX BBIPAOOTKAMU (TPAHILECSIMH):
a — po riryounst 10 M; 6 — no riryounst 30 M
Fig. 1. Typical geological profiles of granular quartz veins at Kyshtym deposit, mined by mine workings
(trenches)
a —down to the depth of 10 m; 6 — down to the depth of 30 m

[TomMumo ocHOBHOI pazpabarsiBaeMoit xkuitel Ne 175, copepskaiueit 88 % pasBenan-
HBIX M YTBEPKIICHHBIX 3al1aCOB IPaHyJIMPOBAHHOTO KBapIla, Ha TeppuTOprH KBIIIThIM-
CKOTO PYIHOTO TIOJIS IUIoaapio 44,6 kM2 pacronaraercs eie 46 ki, OoJblast 4acTh
KOTOPBIX MPHUTOAHA JJIsl OTKPBITO# pa3paboTku. KeapiieBble jKUIbl HMEIOT JTHH30BHI-
HYI0, BEPETEHOOOPa3HYIO U TUIMTO0Opa3HyIo (OpMBI HENMPAaBUIHLHONW KOH(UTYpAIHU.
[IpakTruecku Bce KHUITbI BBIXOIAT Ha OTKPBITYIO MOBEPXHOCTH (puc. 1). Pasmepsr ki
M3MEHSIOTCS B IIMPOKUX TpeJieNax: Mo mpoctupanuio — ot 12 go 380 M, mo najaeHuro —
ot 12 mo 60 M, momHOCTh — OT 0,5 10 7 M. [IpocTHpanue KBapIEBHIX KU B IIEJIOM
OTBEUaET O0IIEMY I0TO-BOCTOYHOMY ITPOCTUPAHUIO CTPYKTYPHI. [laieHre kw1 00bIaHO
BOCTOYHOE, YIIIBI TTajieHus n3MeHstorcs ot 20° mo 70°-80°. JKunpHble Tena 3ajeraioT
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COIVIACHO CO CJIAHIIEBATOCTHIO BMEIIAIOLIMX MOPOJ WK CEKYT €€ IO MaJCHUIO U Mpo-
CTHpaHUIO, a3UMyTaJIbHOE Hecomtacue gocturaer 10°-20°, yrmosoe 40°-50°. Ckione-
HUE >KUJT I0r0-BOCTOUHOE B MHTepBane 10°—40°. [1nomaas MECTOPOXKACHUS MMOKPHITA
PBIXJIBIMH YETBEPTHYHBIMH OTIOKEHHUSAMHU W MOPOAAMH KOPbI BhIBETpUBaHMA. Molu-
HoCTh KoneOnercss o 0 go 14 M, cocrasmss B cpeqHem 1,5-3,0 m. 3anacel kBapua
B JKMJIaX KOJIEOMIOTCS OT HECKOIBKHUX COTEH JI0 HECKOJIBKUX THICSY TOHH, XKHJIbl MOTYT
OBITH OTPa0OTaHBI HENTYOOKUMHU BBIpAaOOTKaMHu (TpaHIIesMU TIyOuHO 10 10 M wiu
KapbepaMu rryouHoi go 30—40 m) [1-11].

Taﬁmma 1. ®u3nKo-TeXHUYECKHE XAPAKTEPUCTUKHU MMOPOJX KbIITHIMCKOTO MECTOPOKIACHUA
Table 1. Physical and technical characteristics rock at the Kyshtym deposit

Kospuumen Kareropus Kosddpunuent OOBeMHBIH
HaumMeHnoBanue nopoist Kkperoct o M. M. KPEMoCTH MO 3
PBIXJICHUS BEC, T/M
IIpoToabsIKOHOBY EHB
CIo1s1HO-KBapIIEBbIE CIAHIIBI 7 10-14 1,3-1,5 2,0
AMPUOOTUTEH 9 11-15 1,6-1,7 2,7-3,0
KsapiieBbie sxuibt 10 14-17 1,5-1,7 2,5

Kommnnekc ropHbIX mopos, caararinmx MECTOPOXKIEHHS TPaHYIMPOBAaHHOTO KBap-
1a, MpeCTaBIsIeT COO0H Pa3sHOOOpa3HYIO CEPHIO TPYHTOB OT CYIJIMHKOB, IJIMH M IIPO-
JIYKTOB BBIBETPUBAHUS, CIAHIIEB O KPENKHUX CKAJIBHBIX MOPOJ OPJIOBUKCKOTO U MPO-
TEpO30MCKOTO BO3pacTa. 30Ha BHIBETPUBAHMS OOBIYHO MPOSBIEHA A0 [IyOUHBI 3—6 M
(penxo mo 15 M) u HaOMIOMASTCS YaIlle BCETO B CIIONTHO-KBAPIEBBIX chaHmax [1-11].

[Ipu BeIOOpE TEXHOMOTHIT pa3paboOTKH KBapla HEOOXOANMO YUUTHIBATH €T0 0COObIE
¢du3nKo-MexaHnyeckre cBoHCcTBa. OCOOEHHOCTBIO CTPYKTYPHOTO CTPOCHUSI TPaHyIH-
POBAaHHOTO KBapla SIBISIETCSI TO, YTO OH COCTOUT M3 3€peH (TpaHyl1) pasMepoM A0
1—2 MM, CKpeTUIEeHHBIX MEXIy COOO0M B pe3yibTare eCTECTBEHHBIX [€0JIOTHUECKUX MPO-
neccoB. B pesynprare cnaboil cmalHOCTH 3epeH OH MOABEPKEH «JIaBHHOOOPAa3HOMY»
pa3pylIEHUIO0 Ha OTJAEIBHOCTH OT CEHCMHUYECKOTO BO3JEMCTBUS B3PHIBHOW Harpys3ku
npu OypoB3pbeiBHBIX padorax (BBP) [12—15], uTo cmocoOcTByeT nmepen3MensuaeHHIo
KBapLEBOTO CHIPhS U 3HAYUTENFHOMY BBIXOAY HEKOHAWIMOHHBIX Qpaknuii. B cooTBeT-
cTBUM ¢ BHyTpeHHUM cranaapToM npeanpustua CTII KHU-01-08-09 koHAMIIHMOHHBIM
JUTs TIocTieytoield mepepaboTky siBasiercs kBapi ¢paxuun —400...+20 mm. [TosTomy
npu A00bYe HEOOXOANMO HCKIIOYHTH Ipou3BoacTBO bBP mo kBapiy u obecreunTs
CTPYKTYPHYIO COXPaHHOCTb KBAapIIEBOU >KHIIBI OT BO3ACUCTBHA JIe(hOPMAIIOHHBIX Ha-
TPY30K MPH MOATOTOBKE BCKPBIIIHBIX MTOPOJ] K BBIEMKE.

BmenaromuyMu nopopaMu JUIst XKW TpaHyJIupOBaHHOTO KBapia KelmreiMckoro Me-
CTOPOXKJIEHUS SBJSIOTCS MPEUMYIIECTBEHHO KPHCTAJUIMYECKUE CIAHIbI CIIOISHO-
KBapIIEBOTO W IPaHaT-CIIIOASHO-KBAapIIEBOTO COCTaBa, aM()UOOIUTHI, TPAaHUTOTHEHCHI 1
onotut-ampubdonoBbIie THelcH. Bee apyrue pa3HOBUAHOCTH (KBAPLMTHI, CEPIICHTHHU-
THI U JIp.) paclpoCTpaHEeHbl HE3HAYUTEIHHO, U TPaHyIMPOBAaHHBIN KBapIl B HUX HE Ha-
omonaercsa. B tabn. 1 npeacraBieHbl (PU3MKO-TEXHUYSCKUE XAPAKTESPUCTHUKHU MOPO]]
KBIITEIMCKOTO MECTOPOXKICHUS.

Pe3yabTarel. C y4eToM W3JI0KEHHOTO MpeJiaraeTcsl 0TpadaThiBaTh Kbl B OCHOB-
HOM HEITYOOKHMH KapbepaMH C YeTBIPEXMETPOBBIMHU YCTYIIAMH, BCKPBITHEM TpaHILIe-
SIMH BHEIITHETO 3aJI0KEHUS, C OTPAOOTKON YCTYNOB MPOJOIBHBIMU CKBO3HBIMH 3aXO0/I-
KaMH, IIMpUHA padoveil MIOMaAK! IPYU 3TOM HOPMHpPYeETCs B mpeenax 22 M (IuupruHa
TpaHcnopTHOH Oepmbl 8—12 Mm). Ha puc. 2 mpencrasieH miiaH TUIOBOTO Kapbepa AJs
O0TpabOTKHU KBapIICBOM Kbl ¢ DIyOUHOU 3anoxeHus 10 30 M, BCEro MOXKET OBITh OT-
paboraHo 12—18 xun ¢ o6mmMu 3amacamu A0 17 TeiC. T ¥ KOA(PPHUIUEHTOM BCKPHIILIN
14,9-31,9 M%7 (cpennmii mo 12 xwunam — 24,8 M3/1).
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Pa3paboTky OTKPBITBIM CIIOCOOOM OTAETHHBIX KU KBIIITEIMCKOTO MECTOPOXKIe-
HUS TPAHYJIMPOBAHHOTO KBapIla MPEeJIaraeTcs BECTH C UCIOIb30BAHUEM CIIETYIOIINX
TUIIOB TEXHOJIOTUYECKOTO TOPHOTO 000py/I0BaHuUs Ipou3BocTBa PD [16]:

— TYCEHHWYHOTrOo 3KcKaBatopa D0-5225 (oOpaTHas jomara, BMECTHUMOCThH KOBIIA
1,5 M3) (OAO «BDOKC», BopoHexCcKuii SKCKaBaTOPHBIN 3aBoj, I. BopoHex) s BbI-
€MKH U TIOTPY3KH B aBTOCAMOCBAIIBI TOPHOI MAacchl U3 3a00s1;

HpOeKL[I/Iﬂ TIOACYETHBIX 0JIOKOB Ha
TIJIOCKOCTH
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Puc. 2. [1nan u pa3pe3bl THIIOBOTO Kapbhepa Mo pa3paboTKe KBAPIIEBO HKUJIbI ¢ TITyOUHOM 3a7I0KCHUS
10 30 M
Fig. 2. Plan and sections of a typical open pit developing 30 m deep quartz vein

— (ponTankHOro KojecHoro norpysuuka I1K-46 (Bmectumocts koBmia 2,4 wmS)
(Yensounckuii Tpaktopubiii 3aBoa-YPAJITPAK, 1. UensOuHCK) 1) UCIOJIB30BaHUS
Ha BCIIOMOTaTEJbHBIX paboTax, OTrpy3KHu 13 320051, IPU COPTUPOBKE KBApIa, IOTPy3Ke
KBaplia B aBTOCaMOCBaJIbl;

— OypoBoro cranka bypan-2A (OOO «AMypckuii MeTanucty», . biarosemeHck),
¢ naeBmoyaapaukoM DHD 3,5 st Oypenust B3ppIBHBIX ckBakuH D = 90—120 mm, ana-
MeTp OypoBBIX KOpoHOK —120 MM (Mapka KQ 120-120) anst yuctoli Bekpsimy 1 90 MM
(mapka CIR90) asist BCKpBIIIY BOJIHM3H PYITHOTO TeJla B CKAILHBIX BCKPBILIHBIX OPOAX;

— aBrocamocBaiioB KAMA3-65115-48 (AS) rpy30n0a6eMHOCTRIO 15 T iis TpaHc-
IIOPTUPOBAHMS TOPHOI MACCHI;

— oynpaozepa UETPA T-20 (otBan SU, emkocts otBana 11,9 m3) (OO0 «HETPA»,
r. YeOokcapsl) Ui HMCIOJNB30BaHUS Ha BCIOMOIaTeNbHBIX pPabOTax B Kapbepax,
Ha OTBaJIaX M CKJIaaax.
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Puc. 3. KoHCTpyKIHs CKBaXXMHHBIX 3aps/I0B B 30HE KOHTAKTa KBapLIEBOH JKHIIBI C IIOPOIOH
Fig. 3. The structure of the downhole charges in the zone of quartz vein and rock contact
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Jns mpenoTrBpalieHus nepensMenpueHust kapua npu bBP npennaraercs cnenu-
aJbHAs TEXHOJIOTHSA, BKIIIOYAs CXeMY BeJISHHS B3PHIBHBIX paOOT B MPUKOHTAKTHON 30HE
BCKPBIIITHBIX TTOPOJ] C KBapIlleM, OCHOBaHHAs Ha MPUMEHEHHUH TIOCKOW CHCTEMBI pac-
CPENOTOYCHHBIX BEPTUKAIBHBIX CKBAXHHHBIX 3apsAI0B YMEHbIIEHHOTO Auamerpa [17]
u nepeMeHHON AnuHEI (puc. 3). Takum 06pa3oM, co3maeTcs SKpaHUPYIOMIHAN CIIOH T0-
POIBI, 3AIIUINAIONINN KBapLEBYIO KTy OT BO3ACHCTBHS OCHOBHBIX 3aps0B PBIXJICHHUS
yBenuueHHoro auamerpa (d, = 120 mm). OTOOMKa KBapLEBOTO ChIPbA BCKPLITOM MKHIIBI
OCYIIECTBIISIETCS] OE3B3PBIBHBIM CIIOCOOOM, C IIOMOIIHIO THAPOMOIIOTA, HABEITHBAEMO-
ro Ha ’KckaBatop D0-5225 (puc. 4).

20-5225
Il aBTOHOpOTH

L
;"

Onaciad
30Ha IS
moJiei

_—I
8
i X

\
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Puc. 4. TexHonorudeckas cxema 0€3B3DbIBHOM OTOOMKH KBAPIIEBOM JKHIIbI
Fig. 4. Flow sheet of quartz vein blastless breaking

CormacHo TpeOOBaHMIM K IKCIDTyaTalluy THIPOMOJIOTOB Ha 0a3e T'yCEeHUIHBIX IKC-
KaBaTOPOB, JIOITyCTHMAs Macca HaBEeIINBAEMOTO 000PYIOBaHUS HE JOJDKHA MTPEBHIIIATh
10 % macce axckaBaropa, uto g 30-5225 cocrasmser He 6omee 3810 k. B cootBet-
CTBUH C 3THM TPEeOOBaHNEM 10 OTPaHUICHHUIO IKCILTyaTaIlHOHHONW MacChl U HEOOXOIN-
MBIM TTapamMeTpaM padoThl THAPOCUCTEMBI IKCKaBaTopa JJIsl pa3pylIeHus] CKaJbHOTO
MaTepuaia OONBIION TBepHoCTH (KBapiia) HMpHHAT Tuapomonor Tuma Delta F-45S
¢ Maccoil nonHoro koMmiuiekra 3284 kr u sHeprueil ynapa 9,97 kJ{x.
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TexHONOrus BeIeHUS B3PhIBHBIX Pa0OT [0 BCKPHIIIHBIM ITOPOJaM B TPUKOHTAKTHON
30HE C JKWIJIOH KBapIia CleTyromast:

— OypeHue cKBaKuH npousBoauTcs goiotoM D = 90 mm (tuma CIR90);

— B 3aBUCUMOCTH OT HajeHust Kbl 20°—70° B 1-3-M KpaifHUX psAaax CKBaKUH Oy-
pATCS YKOPOUEHHBIE CKBaKMHBI C HETOOYpoM 110 Tena kbl B 20—40 cum (puc. 3);

— B KauecTBe BB miconp3yercs rpaMMmonuT 79/21, MHUIIMEPOBAHUE — TIPSIMOE C T10-
Moo JJ1 u aerorupyromero muypa JIIH-10 (AO «HM3 Hckpay») ¢ TOpsSaHbIM 3a-
MeIJICHHEM C UCIIOb30BaHueM mupoTexandeckux pene PI1-J1-80 ¢ 3amemnennem 80 mc.

PaccrosiHre MeX Ty CKBaXHHAMH, M, TIPH B3PBIBAHUY TIOPOJI B TPUKOHTAKTHOMN 30HE
C KBapIIeM SIBJISIETCSI OMHUM M3 OTPEAEIISIONINX CEHCMUYEeCKOe BO3/IEHCTBIE HA MACCHB
MapaMeTpoM, KOTOPBIA MOKHO BBIYHCIHTH C YIETOM (PU3UKO-MEXaHUIECKIUX CBOWCTB
mopox (Tab6i. 1) mo ciaemyronuM 3aBUCHMOCTM [ 18—22]:

1/z

x
2vP Qs
Q.

{o,(1-v)(1-0)}

a=k,d[1+2"]

2+ _2-v
1-v' 1-v'
10A
|3M = 0—95‘,

49

A9,

C - )
pC

rze k. — K03 (OULIUEHT, yIUTHIBAIOIMIA OPUEHTAINIO €CTECTBEHHOM TPEIMHOBATOCTH
B MacCHBE OTHOCUTEIBHO IIIOCKOCTU oKoHTypuBanus (0,95-1,2); d. — nuameTp cksa-
KUHBL, MM; v — Koo duument Ilyaccona; P, — netonaunonHoe nasienue B 3apsje BB,
ITa; Qg — 06BeM 3apsina BB B ckBakune, M%; Q, — 06beM ckBakuubl, M3 P — neTona-
IIMOHHOE JaBiieHue B 3apsne BB, [1a; y — nokazarens aguabare: (1,17-1,25); G, — npe-
Jiesl IPOYHOCTH Ha pacTsbkeHue, [la; ¢ — Ge3pasMepHbIi KOAQQHUILIMEHT; z — CTeNeHb
3aTyXaHHs yAapHOH BOJHBI B 30HE pa3pyLICHUs; 77 — CTENIeHb 3aTyXaHHs B 30He o0pa-
30BaHHSA TPENIMHBI; A — CPE/IHAA TIIOTHOCTH 3apsaa BB B ckBakune, kr/m3; 8, — cxo-
POCTH JICTOHAIINH, M/C; p — IUIOTHOCTH TOPHO# TOposl, Kr/M3; C, » — CKOPOCTB IPOJI0ITb-
HOM BOJIHBI B TIOPOJIE.

JlnvHa B3pBIBHBIX CKBaKMH B IIPUKOHTAKTHOM 30He, Te BenuunHa nepedypa | =0,
IpH M3BECTHON BEMYMHE IIPEOJOIEBAEMOrO CONPOTHBIEHUA W MOXeT OBITh ycTa-
HOBJIEHA U3 CJIEYIOIIETO BBIPAKEHUS, M:

W
ICK = I3.n + I3a = —“_1
T,

rae |, — jumMHa 3apsa Haj OJIONIBOM ycTyma, M; |, - — mmiHa 3a601KKM CKBaXKUHBI, M;
Wp — pacdeTHas BeJIMYMHA COMPOTUBIICHUS TI0 TIO/IOIIBE YCTYIIA, IPEoIoJieBaeMas Bep-
THUKaJhbHO OJMHOYHBIM CKBXHHHBIM 3apPSIOM, M.

PacyerHas Bemu4rHA CONMPOTHUBIICHHMS IO TIO/IONIBE YCTYIIA MOJKET OBITH YCTaHOBIIE-
Ha CIIEAYIOIeH 3aBHCUMOCTBIO, M:

320!



ISSN 0536-1028 «Hzeecmus gy306. Topuwiii sicyprany, Ne 6, 2020 21

W, =53k d, (1,6 — 0,5m),

rie k. — ko>(QQUIUEHT, y4YHTHIBAIOIIMH TpemuHOBaTOCTh MaccuBa (1,0-1,3);
kg — XK03()OHUMEHT, yYUTHIBAIOIIMH OTHOCHTENLHYIO paboTocnocodHocTs BB (mms
rpammonunTa 79/21 kyp = 1); m — xo3phUIEeHT COMMKEHUS 3apPAI0B CKBAKHH.

C y4yeToM TOro, 4yTO MOATrOTABIMBAEMbIH yYaCTOK B MPUKOHTAKTHON 30HE CIOKECH
OJHOPOJHBIMH 110 TPELIMHOBATOCTH M (PU3UKO-MEXaHMUECKUM CBOMCTBAM MOPOAAMH,
a pa3pyLIeHHe UX MPOUCXOIUT B PE3yNbTaTe BO3ACHCTBUS BOJIHBI HANPSHKEHUH, IS OT-
JeNbHOCTEeH, MPOHU3aHHBIX 3apsaoM BB, Ha koTopble Oka3bIBacT BO3AECHCTBHE KBa3U-
CTaTUYECKOE JIaBJICHUE B3PHIBHBIX ra30B U COyIapEeHHE KyCKOB, JUISI OCHOBHOM 4acTH
MaccuBa, pacyeT MapaMeTpoB B3PbIBAHUS Ha 3aJaHHYIO CTEIEHb IPOOJICHUS MOXKHO
ONPENCINUTD CACAYIOLIUMHU 3aBUCUMOCTIMH [ 18-22]:

— HeoOxoxumoe komvectBo BB Ha equnuily o0pema B30pBaHHOM TOpHOH Macchl
B TIpenesax 30HbI PETYIUPYyEeMOro IpoOieHus, B KOTOPOH pa3Mep KPYIHBIX KyCKOB
T0CJIE B3phIBA HE MPEBBICHT KOHAUIIMOHHOTO pa3mepa, Kr/m>:

B (1-vY El ?
q=0,9-10 (12V) 02107 Zene (Do)
EQ,d, | v 5Q,, \ a

Ie G, — IpeJiest NPOYHOCTH 00pasia ropHoii opozikl Ha pacTsikenue, Ila; & — Bemman-
Ha paCKpBITI/IH TPELINH B MaccuBe (ONpEeAEisieTCs] CPEeIHUM pa3MepOM OTAEIBHOCTU U
KaTeropyeil Mopox o TpemuHoBarocTH), M; E — monyns FOmra, Ila; Q,, — Temmora
B3pbIBa npuMensemoro BB, k/Dk/kr; d, — pasmep f10mycTUMOro (KOHIMIMOHHOIO) Ky-
CKa, M; [, — CPE/IHUI pasMep eCTECTBCHHOMN OT/ICIBHOCTH B MACCUBE, M; d, — THAMETP
CKBa)XUHBI, M;

— MHTEpPBAJ 3aMeJIeHus], oOecreynBaonni Ooee MOJHOE HCIOIb30BaHUE DHEP-
THH BOJIH HAaNpPsDKEHUS B PE3y/IbTaTe YMEHBIICHUS ITUPUHBI TPELIHH BOIM3H OCTETY-
IOLIEH TPYMIIBI 3apsIIOB, MC:

2 3/2

K"
=57,5 0 ,
dS |

cp.o

r1e k, — KOO PUIMEHT, yIUTBIBAIOIINI FCOMETPHYCCKOC PACKOKAICHHE SHEPIHH B3PBI-
BA; zum TIOCKHX 3apsfoB k= 1, s LWHITHH/IPHIECKHX 3aPSI/IOB k=29, — CKOpOCTh
MPOJOIBHON BOJIHBI B 06pa3ue TOpHOM nopozs, m/c; I — paCCTOHHI/Ie oT nepBOH rpy1m-
Bl 3apsIIOB 10 MaKCUMAJIbHO YAAJICHHOW IPaHHUIbI 30HBI pa3pylIeHHUs OT B3pbIBa I10-
clemyromen rpymnnsl 3apsaaos (I = 1,5a,; a; — paccTosHME MEXIy AByMs IPyIIIaMu
MOCTIEOBATEIBHO B3PhIBAEMBIX 3apsIIOB, M), M.

KauecTBO MOAroTOBKM B30PBAHHOW TOPHOM MAacChl ONPENENAETCs] BEIMYUHON rpa-
HYJIOMETPUYECKOTO COCTaBa, KOTOpas B OOIIEM ClIydae MOXKET OBITh MpeAcTaBiIeHa
¢byHKIMEH pacnpeneneHus pa3MepoB KYCKOB X:

P(X < x) = p,(1—exp(x/c,)) + p,(1 —exp(x*/253)),

Tac 6, , — HapaMeTpbl paCIpEeACICHUA, BCJIMINHA KOTOPBIX 3aBUCUT OT YACIBHOI'O pac-
Xoaa BB, P, — A0 B CMCCH MCIIKHX M KPYIIHBIX KYCKOB, NOJI. €1.
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[Tocite yOopku BCKPBIITHOHN MOPOIEI 9KcKaBaTopoM D0-5225 u oOHaXeHHUs KBapIie-
BOM JKHMIIBI Ha pabodeM TOPH30HTE MPOU3BOIUTCS €ro NepeodopyaoBaHNe C KOBIIA Ha
ruapomosior tuma Delta F-45S. OtOoiika BCKpBITOH («OOHa)XEHHOW») KBapIIeBOI
JKUIIBHOM MacChl MPOU3BOAMUTCS C MOMOINBIO THAPOMOIIOTA, HABEIINBAEMOTIO Ha JKC-
kaBaTop D0-5225 B KOMITIEKTAIlMH THAPOOOOPYIOBAHHS W TEPEXOAHBIX YCTPOHCTB
(KBHK-Karuiep, mepexoaHast TuTa) ¢ BO3MOKHOCTBIO OBICTPOTO TOAKIIIOYESHUS THAPO-
MoiioTta. Macca ruapomornora coctaiseT 0,1 Macchl 3kckaBaTopa.

I'opHO-TeOMETpHYECKNM aHAIM30M KBapIEBBIX KU YCTAHOBICHO, YTO TIPH pPealln-
3aIH MPEAIaraeMbIX TEXHHIECKUX PEIICHNH B TIpeiesiaX OMHOTO pabodero ropu30HTa
OTpabaTBIBAEMBIX KaphepOB MOXKET pacronararsest 10 200 T KkBapiieBoro ceipbst (80 M3).
W3 ompiTa paspylieHnsT KpemKhX TMOPOA THAPOMOJIOTOM C JHEPTHEH yaapa CBBIIIE
5 kJI>k U3BECTHO, YTO MPOU3BOAUTEIBHOCTh THIPOMOJIOTA C YCTAHOBKOM €ro Ha 3KC-
KaBaTope MOKeT npeBbimarh 20 M3/4, ¢ y4eToM ociabieHnsl KBapIeBOrO MacCHBa OT
CEeHCMHUYECKOTO BO3ICHCTBHS B3pPHIBA MPOU3BOANTEILHOCTE OTOOMKN MOXKET BO3PACTH
1o 30 m3/4. Bpems mepeoGopyIoBaHus SKCKaBaTopa M IOAKIFOYEHHS THAPOMOJIOTA
(m 0OparTHO) cocTaBisAeT B cpenHeM 20 MUH (B 3aBUCUMOCTH OT KBaJTU(hUKAITHH MaIITH-
Hucra). Takum 00pa3oM, IpU MPOM3BOAUTENLHOCTH ruapomosora 15-30 m3/4 u Bpe-
MeEHH, 3aTPaduBaeMoro Ha nepeoOopyIoBaHIe IKCKABATOPA KOBU—2UOPOMOTIOM—KOBUL
30—40 MuH/CM, OH CMOKET 32 O/THY 8-4aCOBYIO CMEHY 00eCTIeUHTh OTOOIKY BCKPBITOTO
KBapIia Ha pabodeM ropu3oHTe (yCTyIe) Kapbepa.

[Torpyska oTOMTO# KBapIeBOW Pyl B aBTOCAMOCBAIBI MTPOU3BOMUTCS (PPOHTAIB-
HBIM KOJIECHBIM TOTpy3unkoM ITK-46 ¢ koBioM BMecTuMOCTBIO 2,4 M2 (puc. 3). Ipu
HEOOXOAMMOCTH, JUII COOTBETCTBHSI BHyTpeHHeMy cTanaapty npeanpustas CTIT K-
01-08-09, MOXHO IPEeAYCMOTPETh BHYTPUKAPEPHYIO MPEABAPUTEIBHYIO COPTUPOBKY
KBapIia 1o KPyIMHOCTH KyCKa C BhIJeIeHneM ToBapHo# ¢pakunn —400...+20 MM ¢ mo-
MOIIBI0 HETIOJIBUKHOTO KOJIOCHUKOBOTO TPOXOTa WIIM TOyMOOHMIIFHON (C TU3EIHHBIM
MIPUBO/IOM) yCTaHOBKM TepBu4YHON coptupoBku Tuma KM Y3C-41T (OO0 «KAH-
MAI ACO», 1. Karam Yysarmickoit PecrryOmmkm).

BriBoabl. BocTpeboBaHHOE Ha pRIHKE BRICOKOKAUYECTBEHHOE KBAPIIEBOE CHIPhE C MU-
HUMaJIBHBIM CONIEPYKaHWEM BPEAHBIX MIPUMECEH TOCTaTOYHO PEKO BCTPEUAeTCs B MPH-
poze. 3HauUTEbHBII 00BEM KBapIIEBOTO CHIPhS COCPEIOTOUYECH B HEOOMBITNX KBAPIIEBHIX
unax ¢ 3armacamu ot 100 1o 2 Teic. T 1 iTyOMHO# 3amoxeHust 0—50 M OT TOBEPXHOCTH.
CoBepIIeHCTBOBAHNE TEXHOJOTUH pa3padOTKH HEOONBIINX KBapIEBHIX JKHII C MUHH-
MaJTbHBIMU TTOTEPSMH CHIPBS SBISIETCS AKTyaIbHOW HAyYHO-TEXHUIECKOHN 3a/1auei.

Pa3paboTka KBapIeBBIX KU OCIIOKHEHA TEM, YTO JKMIIBI PACIIONAraroTcs B JOCTa-
TOYHO MPOYHBIX BMEMIAIONINX MOPOIaX, KOTOPhIEe HEOOXOAMMO yOUpPaTh C TIOMOIIBIO
BBP. B 10 e Bpems celicMu4ecKoe BO3[eHCTBIE B3PHIBHBIX PA0OT MPUBOMANT K «JIaBH-
HOOOpa3HOMY» pa3pylIeHHIO KBaplla Ha HEKOHIUIIMOHHBIC (PaKIMH, HETPUTOIHBIE
JUTS TabHeH el nepepaboTku 1 000TalIeHusI.

J1a cokparieHns moTephb ChIpbs TpH A00BIYe Ha mpuMepe pa3padoTku KeImTeiM-
CKOTO MECTOPOXK/ICHHSI TPAHYIMPOBAHHOTO KBaplla MPEAIaratoTCs CIEeAYIONUe TEXHH-
YECKUE PeUICHHUS:

— pa3paboTKy BeCTH HEOOJBIINMHU Kapbepamu (TpaHIIesMu) rmyouHoi mo 30 M
C yCTyIIaMH BBICOTOM 710 4 M, PACIIOJIOKESHHBIMH 110 HATIPABJICHUIO POCTUPAHHUS JKUJIBI;

— B3pBIBHBIE PabOTHI 110 KBapIly HE MPOU3BOAMTD, & OTPAHUYUTH UX UCIIOJIH30BAHNE
MIPUKOHTAKTHOM 30HOM BCKPBIITHBIX ITOPOIT;

— CKBa)KMHBI B IPUKOHTAKTHOW 30HE BCKPBIIIHEIX Topox (1-3 psiga) OypsaTcst MUHU-
MaJIBHBIM JTuamMeTpoM (10 90 MM), YKOPOUEHHBIMH C YYETOM YIJIa TIaIeHUs] KBapIIeBOM
bl (20°-70°), e goxonaT no kBapua Ha 20—40 cM, 4TO MTO3BOJSET CO3/ATh MPE0-
XPaHUTENBHYIO TPOCIONKY IMOPOMbI, KOTOpas YaCTHYHO TaCHT CEHCMUYECKYIO dHEp-
THIO B3PBIBA, IPU 3TOM UCTIOIB3YETCS MOPSTHOE 3aMEIJICHUE;
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— 0T00iKy 00OHaKEHHOTO KBapIia MPOU3BOANUTH C TIOMOIIBIO THAPOMOIIOTA, HABETITH-
BAaE€MOTO Ha THIPABINYECKHI IKCKABATOp, MPHU MPOU3BOAMTEIHHOCTH CTaHAAPTHOTO
rugpomoiiota 15-30 M3/4 OH MOXKeET 3a 8-4acOBYIO CMEHY OOECIIEUUTh K OTTPY3Ke J10
200 T (80 M%) KBapIEBOrO CHIPBSI, YTO COOTBETCTBYET 00BEMY KBapIia, 3aJIEraromiero
B TIpenienax 4-MeTpoBoro pabouero ropu3oHTa NpH pa3padoTKe THITMIHON SKUJIBL.

[Ipemmaraempie TEXHUYECKHE PEIICHUS TTO3BOJIAT BOBJIEYL B pa3paboTKy HeOOIb-
€ KBapIeBble )XUJIbl TPaHyIMPOBAHHOTO KBApIla BRICOKOW YHUCTOTHI, 0OecIedaT BhI-
COKYIO TPOU3BOAUTEIHLHOCTE B 3((OEKTHBHOCTh TOPHBIX padoT 0e3 3HAYUTEIHHBIX
MOTEePh NEQUIIUTHOTO CHIPHSI.
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Production cycle characteristics of high-purity quartz opencasting

Valerii D. Kantemirov!, Roman S. Titov!, Andrei M. Iakovlevl, Maria V. Kozlova!
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. Currently, the main raw material for obtaining transparent quartz glass, an indispensable
component in the production of single-crystal silicon, is high-purity quartz concentrate. The concentrate
is a product of grinding natural “pure”” quartz, which has undergone a cycle of mechanical and deep
chemical refining, with a particle size of 0.1-0.3 mm and a total impurity content of no more than
20-30 ppm. However, in nature, deposits of pure quartz are quite rare, and it means that each explored site
is of particular importance and is to be developed with minimal losses of quartz raw materials.
Research aim is to develop technical solutions for processing small veins of high-purity granulated quartz.
Methodology. Physical and mechanical properties and mining conditions for the individual quartz veins
of the Kyshtym deposit are analyzed. Production cycle solutions for opencasting quartz veins have been
developed allowing to reduce the degree of quartz over-grinding.
Results. Granulated quartz, due to its structure, has the property of “avalanche” destruction into small
grains. This significantly reduces the yield of the conditioned fraction —400 +20 mm, and regarding
small reserves of quartz in veins, on average 0.1-2 thousand tons, it raises the question as to whether
the development is feasible and effective. To increase the yield of conditioned fractions of quartz raw
materials, a non-explosive technology of quartz breaking is proposed with a hydraulic hammer on a
hydraulic excavator in combination with quartz vein preliminary exposure from the host rocks using
a special technology for blasting rocks in the contact zone of “quartz-rock”.
Conclusions. The proposed technical solutions will allow to involve small quartz veins of high purity
granulated quartz into the development and provide high productivity and efficiency of mining operations
without significant losses of scarce raw materials.

Key words: granulated quartz; quartz raw material; quartz veins; blasting technologies, quartz breaking
with a hydraulic hammer.
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U3y4eHue CTPYKTYpbI PyAHOro NOMNS U CBOMCTB NOPOA,
MecTopoxaeHWUs [lenbKeH ¢ Lenbio 000CHOBaHMA ONTUMaNbHOM
KOHCTPYKLUMKU BOPTOB Kapbepa

Moranuyk M. U.2*, Paccka3oB W. 10.1, llomoB M. A.%, Pacckasos M. U.!
1 MHcTutyT ropHoro fena [1BO PAH, r. Xabaposck, Poccus
*e-mail: potapchuk-igd@mail.ru

Peghepam
Beeoenue. J{is onpedenenus 00HO20 U3 OCHOGHLIX NPOEKMHBIX NAPAMEMPOS, 000CHOGbHIBACMbIX
MEXHUKO-DKOHOMUYECKUMU U 2eOMEXAHUYECKUMU PACHemamu, npeoeibHo20 yeia OmKoca Hepaboyezo
bopma kapvepa Ha mecmopodicoeHuu JJenvKen, 3a8ucsiuezo0 om c8OUCMS U COCMOAHUSL 20PHLIX NOPOO,
crazaiowux 6opm u e20 KOHCMPYKYuu, a makdyice Qopmvl u S1eMEHMO8 3ale2aHusl NOLe3HO20
uckonaemozo,  6ulIU  GbINOIHEHbl  KOMMWIEKCHble — UCCLe008aHUsl, — GKIIoYaiowue  onpeoeienue
2€011020-CMPYKMYPHLIX  0COOEHHOCMEN  MeCmOPONCOCHUSl, GKIIOUAS. IHOOLEHHYIO U  IK302EHHYIO
MPewuHo8amocnms, a maKdice OemaibHoe U3yueHue GU3UKO-MexaHuyeckux coUCme nopoo u pyo.
Ienv pabomol. Hccnedosanus 2eono2o-cCmpyKmypHbLX 0COOeHHOCMEl MeCMOPONCOeHUs. 05l paciema u
000CHOBAHUSL ONMUMALLHOU U OE30NACHON KOHCMPYKYuu OOpmos Kapbepa npu OCE0eHUU PYOHbIX
3anacog Ha 3010MopPyOHOM MeCmopodcOenuu JlenbKer.
Memooonozua. Pabomei no onpedenenuio cmpykmypuvix ocobennocmetl yuacmrka Booopaszdenvhuiil
NPOBOOUNUCL NYyMeM CPAGHUMEIbHO20 AHANU3A 2e002UYECKUX pPA3Pe308 U Kapm, CMpPYKMYPHOU
OOKYMEHmMAayuu KepHa U COCMAGLEHUs. CXeMbl ONOKUPOGKU NOPOO NO CMEeneHu UX HApyuleHHOCMmuU
npu ompabomke Mmecmopoxtcoenusi Kapvepom. PU3UKO-MexaHuiecKue CeoUcmea 2opHbIX NOopoo
onpeoesucy 6 1a60pamopHelx yeaosusax. QucieHHvlil pacuem YCmouuueocmu 60pmos 6blNOAHSICS
€ NpUMEHEeHUEM COBPEMEHHBIX NPOSPAMMHBIX CPEOCME.
Pezynomameot. Boinonnennvle KOMNieKCHble UCCTE0068AHUS, BKAIOHAIOUUE AHATU3 2OPHO-2CON0SULECKUX
VCI08ULL paspabomKu, 8bIsAGIEHUE 2e01020-CMPYKMYPHBIX 0COOEHHOCMEN MeCIOPOACOEHUS, OeMAlbHOe
uzyueHue colcme 20pHLIX NOPOO, CLALAIOUUX OMKOCHl KAPbEPHOU 6bleMKU, NO360AUNU 000CHOBANMb
PAayuoHanbHY10 KOHCMPYKYU0 60pmMos Kapbepa npu 0C80eHUuU PYOHLIX 3aNaco8 MeCcmopOo’COeHUs.
Bb1600b1. Pe3ynomamol bINOIHEHHBIX HA MECMOPOAICOCHUU UCCLEeD0BAHUTL MO2YM OblMb UCNONb308AHbL
o obocnosanusi Haubonee 0Oe30NACHOU MEXHONO2UU  BCKPbIMUS U NOPSOKa  ompabomku
MeCmopOodHCOeHUs.

Knrouesvle cnosea: zopuvie nopoov;, mecmopodcdenue; cmpykmypuvie  0cobeHHOCIU;
HAapyWenHOCMb MACCU8A; U3UKO-MmexanuiecKkue ceoicmaa;, bopm u ycmynvl Kapvepd, yCmouvueocns.

Beenenue. DpQeKTUBHOE OCBOCHHE MECTOPOXKACHHUH MOJIE3HBIX HCKOIAEMBIX BO3-
MOXHO Ha OCHOBE JTOCTOBEPHOH MH(OpMaUry HE TOJBKO O 3amacax MHUHEPAJILHOIO
CBIpPbsl, HO ¥ O TOPHO-T€OJIOTMYECKUX M TOPHOTEXHHMUYECKUX YCIOBHUSX pa3pabOTKH.
O0ocHOBaHNE TEXHOJIOTMH BCKPHITUS U TIOPAIKa OTPaOOTKU MECTOPOXKICHUS, A TAKKE
oIpeesiCHUE apaMeTPOB CUCTEMBI Pa3pabOTKK BO3MOXKHO TOJIBKO MOCIIE IETAIBLHOTO
U3y4YEeHUS! CTPYKTYPHO-TEKTOHHYECKHX OCOOCHHOCTEH MECTOPOXKACHUS M CBOMCTB
TOPHBIX MOPOJI, ClIararomux Maccus [1].

OnHUM U3 OCHOBHBIX IIPOEKTHBIX NApaMETPOB, KOTOPBI 0OOCHOBBIBACTCS TEXHHU-
KO-3KOHOMUYECKHMHU U T€OMEXaHWYECKUMH pacueTaMH, SIBISICTCS Yroll OTKoca OopTa
Kapbepa, OT BEJIMYMHBI KOTOPOT'O 3aBUCUT O0BEM ITYCTHIX MOPOJ, BKIIOYAEMBIX B KOH-
TYp Kapbepa 1 pa3Mep OTBOJA MO BHEIIHUE OTBAJIbI, a TAKKe 0€30MacHOCTh OTPadoT-
ku [2—4]. IlpenenpHbIi yron oTkoca Hepabodero OopTa Kaphbepa Ha MECTOPOXKICHUU
3aBHCHUT OT CBOMCTB M COCTOSIHUS TOPHBIX ITOPOJ, CIAraroIux 00pT, €ro KOHCTPYKIIHY,
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00yCIIOBIICHHOM MapaMeTpaMy HepaboYHX yCTYOB, IIMPHHOM 1 YUCIIOM OepM paziiny-
HOTO Ha3HAa4YeHHA, a Takke (OPMOU M IIEMEHTaMH 3aJIeTaHHs MOJE3HOTO HCKOTIae-
Moro. st onpeniesieHnst 3Toro napaMmeTpa Ha MECTOPOXKIeHNH JlenbkeH ObLIN BHITIOTHE-
HBI KOMIUIEKCHBIE HMCCIIEOBAaHUS, BKIIOYAIOIINE ONPEIEIEHNE T€0JI0T0-CTPYKTYPHBIX
0COOEHHOCTE MECTOPOXKACHUS, BKIIOYAs SHIOTEHHYIO M HK30T€HHYIO TPEIINHOBA-
TOCTh, & TaKXKe JIeTANbHOE H3yueHHe (PU3NKO-MEXaHUYECKUX CBOMCTB MOPOA H PYI,
K YHCITY KOTOPBIX OTHOCATCS: TUNIOTHOCTH, IPOYHOCTHBIE U PSIJT IPYTHX XapaKTEPUCTHK.

I'eostoro-cTpyKTYpHBIEC 0CO0€HHOCTH MeCTOpOXKAeHH . [10 aqMUHNCTpaTHBHOMY
JIEJICHUIO TIIOMIAIh MECTOPOXKICHUS J{eThkeH OTHOCHUTCS K YIIBICKOMY palioHy Xaba-
POBCKOTO Kpasi, paAlfOHHBIM LIEHTPOM KOTOPOTO sBJIsieTcs ceno boropoxackoe. brmxaii-
M HACEJICHHBIN MyHKT, 1oc. Kucenerka, Haxonutcst B 40 KM K 10r0-BOCTOKY OT 00b-
eKTa, Ha JIeBoM Oepery p. AMyp (Katioanos B. A., Anotikun B. U., beromecmuosa T. /1.
Tocyoapcmeennas  eeonocuveckas xapma Poccuiickoi  @edepayuu  macwmaba
1:200 000. H3z0anue emopoe. Cepus Huxonaesckas. Jlucm M-54-1 (8 pyxonucu).
XTI, 2007.).

B cTpykTypHOM TUTaHE MecTopoxaeHue JlenbKeH HaXOMUTCs Ha COWICHEHUH JBYX
KPYITHBIX TEKTOHUYECKHX CTPYKTYp 30HBI ABnaHOupa-ConepyHCKOTO pasjoMma cyo-
MEpUJIMOHAJIBHOTO HallpaBieHUs] U J{eJbKEHCKON pPYIOHOCHOM CTPYKTYpBhI CEBEpO-
BOCTOYHOTO TpocTUpanus. PymoHocHas cTpykTypa [lenpKeHckas mpociekuBaeTcsl Ha
8 KM B CeBepO-BOCTOYHOM HarpaBlieHUH. B ee ceBepo-BOCTOYHOM 4acTH, B BEPXHEM
TEYEHUH OJHOMMEHHOTO PY4bsi, MPABOrO MPUTOKA p. JIMMypuaH, BBISBIEHBl Y4aCTKU
Byposoii u BonopasnensHsli, KOTOphIE COCTABISIIOT MECTOPOXKACHUE JlebKeH. Y4acTok
BonopaznenbHblil 3aHMMaET NPOCTPAHCTBO B CAMOM IIMPOKOM YaCTH CTPYKTYp coulie-
HEeHUs Ha Bojopasaeie pyubeB Jlewiii [lenbken n [enpken. Ha mpaBoGepexbe pydbs
JenbkeH HaxonuTcs yyacTok byposoii. [lluprHa 30HbI U3MEHEHHBIX NIOPOA, BAPbUPYET
B npeaenax 300-700 M, ¥ TUIIH Ha OTPE3Ke, BMEIIAOIIEM CEBEPHBIN OJIOK yJacTKa
Bonopasznensueiii, mupuna ee gocturaet 1400 m (puc. 1) (Kocmuna H. Y. u op. Om-
yem 0 pe3yIbmamax nOUCKo8uix pabom Ha pyonoe 3onomo. Ilouckogvie pabomul Ha
pyounoe 30nomo 8 npedenax Jlumypuanckoii nepcnekmugnol niowaou (/lenvkenckul
obvexm). Xabaposckuui kpati. XTOI'U. Xabapoeck, 2011.).

Ha ygactke BomopasnenpHOM mpefmnonaraeTcsi Hamnaue 0oree AByX JIECSITKOB TPO-
CTPAHCTBEHHO CONM)KEHHBIX MHHEPATU30BAHHBIX (PYAHBIX) 30H Pa3iUyHON TPOTIKEH-
HoctH (o1 200 mo 900 M) i MOIITHOCTH (OT MEPBBIX METPOB 10 70 M), M3yUCHHBIX C pa3-
HOM CTENEHbI0 JeTanbHOCTU. [IpocTHpanne pynHBIX TEN ceBEpO-BOCTOUHOE OT 17°-30°,
B ocHOBHOM 35°-50°, mo 60°—70°; magenue kpytoe 87°—90° no 70°—85° Ha ceBepo-3amay
1 IOTO-BOCTOK. MUHEpaN30BaHHBIE 30HBI U PYIHBIE TeJa BRIXOIAT Ha JHEBHYIO TIOBEPX-
HOCTb, HHOT/Ia UMEIOT CJIenoe 3ajeranye. Pasmax opyaeHeHus 1o NMaJIeHUIo PYIHBIX Tel
Ha yJactke BomopaznensHoM gocturaer 205-245 M 0T MOBEpXHOCTH.

[Inomanps MECTOPOXKACHHS CIOKEHa KPEMHHCTBIMU, KPEMHUCTO-IJTMHUCTBIMH TI0-
ponamu 6okropekoit (T,~J,bk) Tonum u nopogamu yns6unckoit (J,ul) n cumuHCKoM
(J;s]) cBUT, cMATBIMH B KPYThIE (B OCHOBHOM M30KJIHMHAJIBHBIE) CKJIAIKH U Pa30UTBIMU
MHOTOYHMCIICHHBIMU Pa3phIBHBIMU HAPYIICHUSMHU PAa3TUYHON OPUEHTHUPOBKH, TPOTS-
JKEHHOCTH W MOIIMHOCTH. KpeMHHCTBIE, KpEMHUCTO-TTIMHUCTHIE TIOPOABI OOKTOPCKON
tonumu (T,-J,bk) npocnexensl B BUi€ BBITAHYTBIX B CEBEPO-BOCTOYHOM HAPABIECHUN
nostoc mupuHO# ot 100—150 10 300—400 M B ipemenax ceBepo-3anaaHoi YacTH TUIO-
aau. DT TOPOABI OOHAXKAIOTCS B AApaX aHTHKIHMHAIBHBIX CKIaJ0K. MOIHOCTB TOJ-
1w 70 350 m.

B cocraBe ynp0MHCKO# CBUTHI TIpeoOIagaoT ajJeBpOIUTHI C TIPOCIOSMH MTeCYaHuU-
KOB, CIIararolliie IEHTPAIbHYIO YaCTh MECTOPOXKIEHHS. MOITHOCTh CBUTHI JOCTUTAET
750 m. CunmHCKas CBUTA, TIPEICTaBIICHHAS TTeCIaHNKaMHU HJIM TOPU30HTAMH TTepecia-
MBaHUs MIECYaHUKOB C aJICBPOJIUTAMH, IMEET OTPaHMUEHHOE Pa3BUTHE HA IOT0-BOCTOY-
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Puc. 1. l'eonornueckuit mian u pa3pe3 yaactka Bogopasnensusiii Mmectopoxaenus Jensker (Kocvuna H. 1. u

op. Omuem o pe3yrbmamax nouckoswix pabom na pyoroe 3onomo. Iouckosvle pabomel Ha pyoHoe 3010mo

6 npedenax Jlumypuanckoii nepcnekmugnoll niowjaou (envrkenckuii oovekm). Xabaposckuil kpail. XTOPI'H.
Xabapoeck, 2011.):

1: a— 30HBI IpoOIEHNSs, O — MaJIOMOIIHBIE 30HBI JPOONEHNS; 2 — 30HBI NHTEHCHUBHOW TPELIMHOBATOCTH; 3 — 30HBI MHTEH-
CHUBHO IIPOXKUIIKOBBIX U METACOMAaTUYICCKH OKBaplIOBaHHBIX, CyHL(i)I/II[I/I3Hp0BaHHLIX, 6peK’{I/Ip0BaHHLIX n [[pOGJ'IeHLIX
MIOPOJI C 30JI0THIM OpYyICHEHHEM (PYAHBIE 30HBI) — &, IPEANoaraMmble — 6; 4 — pyIHbIC Tea OKOHTYPEHHBIE — a, PE/-
nonaraeMsle — 0; 5 — KaHaBbI, UX HOMEPA; 6 — KOHTYPHI IPOSKTHPYEMOro Kapbepa; 7 — YIHOUHCKast CBUTA. AJIEBpPO-
JIUTBI, IIEPECIIaNBAHNE ANEBPOIUTOB ¥ IECYAHUKOB, IPOCIION H JIMH3bI KDEMHHCTBIX M KPEMHHUCTO-IIMHUCTBIX IIOPOL;
8 — bokropckast Tonmma. KpeMHUCTBIE, KpEMHUCTO-TIIMHUCTBIE TTOPOJIBL; 9 — aIFOBUANIBHBIE IECKHU, TAJICYHUKH, [JIMHBI;
10 — mo3nHEMeNoBOH HIKHeaMypcKHil komruieke. I'panognoput-nopdupsr; // — Cununckas csuTa. Ilecuanuky, anes-
POJHTBI, AYKH [IePeCanBaHus IECIAHUKOB U alICBPOIUTOB; 12 — muHusA GypoBOro mpouiisi, ero HoMep U a3suMyT
Fig. 1. Geological plan and section of Vodorazdelny ground at Delken deposit (Kosmina N. I. et al. Report
on the results of lode gold exploration: Lode gold exploration within Limurchansky prospect (Delken
project). Khabarovsk region. Khabarovsk Local Fund of Geological Information. Khabarovsk,; 2011):
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I: a — zones of fracture, 6 — thin zones of fracture; 2 — zones of intensive jointing; 3 — zones of intensive vein,
metasomathic, quartz bearing, sulphidized, brecciated and crushed rock with gold mineralization (ore zones) — a,
hypothetical — 6; 4 — delineated ore bodies — a, hypothetical — 6; 5 — trenches and their numbers; 6 — contours of the
designed open pit; 7 — Ulibinsky series. Aleurolite, interlayering of aleurolites and sandstones, interlayers and lenses
of silica and silica-clay rock; 8 — Boktorsky strata. Silica and silica-clay rock; 9 — alluvial sand, gravel and clay;
10 — Late Cretaceous Lower Amur complex. Granodiorite-porphyrite; // — Silinsky series. Sandstones, aleurolites,
and interbedded members of sandstone and aleurolites; /2 — the line of the drilling profile, its number and azimuth

HOM (pIIaHre MECTOPOXKICHUS, €€ MOITHOCTh nocTturaeT 600 M. B pe3ynbrare Meraco-
Maro3a 0CaI0YHBIE MIOPO/IbI IPEBPAIEHBI B KBAPII-CEPHIIUTOBBIE, CEPUITUT-KBAPIIEBHIC,
CEPHIIUT-KBAPI-a Ay POBbIE, KBapIIEBbIE TUAPOTSPMAITUTEHI.

[[upoko pa3BUTHl KpyTONMaJarollue JAaWKU CIECCAPTUTOB MPOTKEHHOCTHIO
ot 60—-100 m 1o 350 M, MmomHOCTEIO OT 0,5 10 8 M. OHU UMEIOT CEBEPO-BOCTOYHOE U
CcyOMepuIMOHAIBHOE IPOCTUPAHUE, PENKO CYOIIMPOTHOE U MUpoTHOE. [laliku, mpuypo-
YEHHBIE K MOIIHBIM MTPOTKEHHBIM HAPYIICHHUSIM, CYIIIECTBEHHO U3MEHEHBI — KapOoHa-
TU3UPOBaHBI, OKBAPIIOBAHBI, ATbOMTU3UPOBAHBI, PACCEUCHBI CYIb(UITHO-KBAPIIEBBIMH,
Cynb(pHUIHO-KBAPI-KAPOOHATHEIMH TPOXKWIKAMUA. B HUX HEpPENKO KOHIEHTPUPYIOTCS
HauboIee Oorarsie pyabl.

HHTeHCUBHO MpoOsBICHA HA IUIOLIAAM PYAONPOSBICHUS pa3pblBHAS TEKTOHHKA.
B nenTpanbHoit yactu yyactka Bogopa3aenbHOro nopoibl HHTEHCUBHO KaTakjia3upo-
BaHbI. HaOr0Mar0TCss MHOTOUMCIICHHBIE 30HBI IPOOIICHHSI CEBEPO-BOCTOYHOTO MMPOCTHU-
paHus, COBNAAAIONINE C T'€HEpalbHBIM HAIPaBICHUEM CKJIaauyaTbiX CTpyKTyp. Hapy-
IICHUS CEBEPO-BOCTOYHOTO W CYOMEpPUAMOHAILHOTO HANpPAaBICHHUN  SIBISIOTCS
PYAOBMELIAIOLIMMH U YAaCTO IPUYPOUECHBI K OCEBBIM YaCTSIM KPYTOMAJAIOLINX U30KIIU-
HAJBHBIX CKJIaJIOK. Pa3pbIBHBIC HapyIIeHNs CyOIIMPOTHOM U CEBEPO-3aI1aJHON OPUCH-
TUPOBKHU, OTPAHUYCHHBIC PA3JIOMaMU CEBEPO-BOCTOUHOTO HAIIPABICHHUS, TPEICTABIIS-
I0T c000l (parMeHTHl IIyrOBBIX pAa3]IOMOB, 3aJIOKCHHBIX TIpU (POPMHUPOBAHUHU
Jlumypuanckoro MaccuBa [5]. OHU IpencTaBICHB B OCHOBHOM 30HAMH MHTCHCUBHOM
TPEIIMHOBATOCTH MOpol. CTepKHEBbIE 30HBI METACOMATUTOB SIBIISIIOTCS MUHEPATU30-
BaHHBIMHU (PYIHBIMH) 30HAMH, BMEIIAIOIIMMHU 30JI0TOe opylAcHeHne. OHU 3ajeraroT
B BUJIC JITHCHHO BHITSHYTHIX B CEBEPO-BOCTOYHOM I CyOMEPHIMOHAIEHOM HaIlpaBJie-
HUU T€J MOIIHOCTHIO OT 3—5 10 70 M, IPOTSKEHHOCTBIO OT HECKOJIBKHUX JIECATKOB J10
COTEH METPOB. 30HBl UHTEHCHUBHOTO MPOXKUIKOBOTO OKBAPLEBAHUSI OTUECTINBO MPOSIB-
JISTFOTCS. B TECOXUMHYECKHUX M TeO(PU3UICSCKHX TOJISX, TPOCIICIKUBAIOTCS JISTIOBUABHBI-
MU CBaJIaMU U3MEHEHHBIX MOPOJ, COMMPOBOKAAIOTCS FTEOXUMHUECKUMHU OPEOTaMH 30J10-
Ta C MOBBILIEHHBIM coaepxanueM Mo, Cu, W u np.

ABTOpaMH BBITIOHEH aHAIM3 MaTepUaNoOB (DOTOMOKYMEHTAIIMM KEepHA CKBAXKHH,
pacnionoxxeHHbIX Ha poduisx 100, 101, 102, 104, 105, 105+60 u 107 (puc. 1), obmieit
NPOTSHKEHHOCTHIO 0K0JI0 4688 M. [0 3TOr0 Ha Mol pyIHOTO N0 OBLIH OTOOpaHEI
00pasibl U 33JJTOKyMEHTHPOBAH KEPH CKBAKHUHEI [ -4, OCMOTPEHBI H YaCTHYHO 3aJI0KY-
MEHTUPOBaHbI KaHABHI Ha yuacTke BopopasnensHoM B naTepBaie npoduieit 102—-107,
YTO ITOCITY>KUJIO OCHOBOM TpH JierudpupoBanu (POTOJOKYMEHTAIIMY KEPHA OTMEUYCH-
HBIX CKBaXXWH. B pe3ynbrare BbIJCIEHBI CISAYIONHEe MOP(HOIOTHIESCKIE U TeHETHYC-
CKH€ TUIIBI HAPYIICHU: 30HBI TPEIIMHOBATOCTH, 30HBI CMSTHS, 30HBI pa3BaIbIICBaHUS,
HapyUIECHUS C TEKTOHUYECKOM IITMHKOM, 30HbI KaTakjiasa.

B mMopdonoruueckunx tunax oTpa)xaercs MHTEHCHBHOCTh TEKTOHUYECKUX MPOIIEC-
COB: MAaKCHMYyM XapaKTepeH JUIs 30H KaTrakia3a U TeKTOHUYECKHUX IIMH, MUHUMYM —
JUISL 30H TEKTOHMYECKON TPEIIMHOBATOCTU. [TIMHBI MOTYEPKUBAIOT OYEHBH BBICOKYIO
CTETEHb ACCTPYKIIMH TOPOJ, UX TOJTHOE MUHEPAILHOE U CTPYKTYpHOE Ipeodpa3oBa-
HUE B MPOIEcce TEKTOHUYECKOTO BO3JEHCTBUA. B Kakoil-To Mepe uepThl IepPBUYHOTO
CTPOCHHUSI COXPAHSIIOTCS B 30HAX PAa3BaIbIEBAHUS, HO B PE3YyJIbTaTE MHOTOKPATHOTO U~
HAMHUYECKOTO BO3ICHCTBUS MOPOJbI HE TOJILKO JPOOATCS, HO U OKAaThIBalOTCA. boiee
COXPaHHBIMU M OTHOCUTEJIBHO OJTU3KHMU K MEPBUYHBIM TEKCTYPHO-CTPYKTYPHBIM 0CO-
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OCHHOCTSIM W MHHEPaJILHOMY COCTaBY BBIDVISIIAT HMCXOMHBIE OOpa3oBaHMs B 30HAX
cMmATHA. 1lepBUYHBIN MUHEPAIBHBIIA COCTaB U CTPYKTYpa IPAKTUYECKU COXPAHAIOTCS
B TTOPOJIaX U3 30H TEKTOHWYECKON TPEIIMHOBATOCTH.

IlepBble nBa THMa XapakTEepHBI AN BEPXHHMX TOPU3OHTOB MecTopoxaeHus. Ilpu
3TOM MM CBOMCTBEHHBI KaK KPyTO-, TaK | MoJioronaaaromue Gopmbel. OcTaibHBIE MOP-
¢onornyeckre TUIBI HAPYLICHUH MPOSBISIOTCS Ha Oojee TIyOOKHX TOPHU30HTaX Me-
CTOpOXJIeHUs. 30HBI pa3BaJIblIEBaHM, KaTakiia3a UMEIOT B OCHOBHOM KpPyTOIa/ato-
mwii  XxapakTep. HachlmeHHOCTh pPa3phIBHBIMH CTPYKTypaMH Ha Yy4YacTKe O4YeHb
BbICOKas. Bce moponbl xapakTepu3yroTcsl Hanps>KeHHO-aKTUBHBIM COCTOSIHHUEM, YTO
MIPOSIBIISIETCS B PAa3BUTHM CIIAHIEBATHIX TEKCTYpP, a TAKXKE 3aHO3UCTBIX W UTOIBIATHIX
CKOJIax MOPOJ, B LIEIOM — BBICOKOW XpYNKOCTH nopoA. OTHOIIEHNE CyMMHPOBAaHHBIX
JTUHEHHBIX MTapaMeTPOB (CTBOIOBOM MOIITHOCTH ) BCEX TUIIOB HAPYIIICHUH K OTIPEIeIICH-
HOMY WHTEpBaNY, 15 [|ebKeHCKOTO MECTOPOXKACHUS 3TOT HHTEPBAJ cocTaBiseT 30 M,
OTIpENIETSUIOCH aBTOPaMH KaK HapyIIEHHOCTh OPOJ.

Meromudecku pabOTHI MPOBOIMINCH B HECKOIBKO 3TaroB [6]. Ha mepBoM aTame Ha
OCHOBE CPaBHHUTEIBHOTO aHalIM3a T'€0JIOTHYECKUX pa3pe30B M KapT BBIACISINCH OC-
HOBHBIE THITHI HAPYIICHUH U yCTaHABINBAJIACh HHTEHCHBHOCTD MX MPOSIBICHUS 110 TIS-
THOAIUTBHON cucTeme: 1 — c1abo IposiBIEHHBIE MTPOLECCH (HAPYIIEHHOCTH 10 15 %),
2 — ymepeHHo npossieHHbIe npouecchl (1640 %), 3 — cpeaHelt MHTEHCUBHOCTH TPO-
neccel (41-60 %), 4 — naTercuBHbIe mponecchl (61-80 %), 5 — BRICOKOI WHTEHCHB-
HocTH nipouecchl (6osee 80 %). NHTEHCMBHOCTh TEKTOHUYECKHX MPOIECCOB HAXOMUT
OTpakeHHE B TAaKWX MPHU3HAKAX, KaK KOJMYECTBO TPEIIWH HA €IUHHITY UTMHBI KEpHA,
UX MOP(OIOTHIECKUX 0COOCHHOCTSIX, HATMYUH 3ePKall 1 0OPO3/ CKOJIBKEHUS, XapakK-
Tepe MUHEPATIBHBIX MMPE00pa30BaHU 1 MUHEPATHHOM HAITOJTHEHUH. JTO MIPOSBIAETCS
TakkKe B pa3Mepe CTOJIOMKOB KepHa, WX XPYIKOCTH, 3a0CTPEHHOCTH TOPIIEBBIX
yacte u 1p. Onpenessuinch 3TaIOHbI 30H TPEIIMHOBATOCTH, CMSTHSI, pa3BajIblIeBaHUA,
kataknaza. C dTaJloHAaMH TIEPUOAMYECKHA CPABHUBAIOTCS HApYIIEHWs, HE BCera
OTYETIINBO AMArHOCTHPYEMBIE N0 (OTOrpadusiM.

Bo BTOpOIi 3TaIT BXOMMIIA CTPYKTYpHAS TOKyMEHTAITHS KepHa (110 hoToMarepuaiam)
C 3alOJHEHUEM >KypHaJloB HAOMIONCHHBIMU NaHHBIMHU. B omucaHuu oTMevasicsi TUI
CTPYKTYpP, UX WHTCHCHBHOCTH, CTBOJIOBasl MOIHOCTb, MUHEpaJbHAsl BBIPAKEHHOCTb.
JoctaTo4uHo BbICOKast pOHOBAS TPEUIMHOBATOCTh HE YUUTHIBaNach. J{Js neneit onpee-
JIEHUs] YCTOWYMBOCTH MaccHBa FOPHBIX MOPOJ AOCTATOUHO HAJIKHBIM KPUTEPHUEM $SIB-
JISIETCSl CTBOJIOBAsI MOIITHOCTH Pa3phIBHBIX CTPYKTyp. OHa oTpakaeT HE TOIBKO ypo-
BeHb (paHT) MPOSBICHUS AW3BIOHKTHBA, HO U B 1I€JIOM HAapYLIEHHOCTH BCEro OloKa
TIOPOJ U Py, MMOCKOJIBKY TIPH YMEPEHHBIX yTiIaX HakjIoHa cKBaxuH (okoyo 600) Benu-
YUHA TOPU30HTAITBHOTO MPOJIOKEHUSI CKBAXKHHEI 3HAYUTEIhHA.

TpeTnii 3Tanm BKJIIOYANl COCTABICHHE CXEMBI OJIOKMPOBKM MOPOA MO CTEMEHU HX
YCTOHYHMBOCTH TIPY OTPaOOTKE MECTOPOXKIEHUS KaphepoM. [Ipu aToM Ha cxeme Tokasa-
HBI 3JIEMEHTHI HAPYILICHHOCTH TIOPOJI B IPUIIOBEPXHOCTHON YacTH (110 TryOuHBI 20 M).

B rpanumax kaprepa dyeTko 060co0mstoTes 1Ba O67J0Ka — 3amagHbelid 1 BoCTOYHBIM
(puc. 2). 3amaguplil 010K, OKOHTYPEHHBIN 1O AaHHBIM 10 CKBaXKHH, XapaKTepU3yeTCs
MaKCHUMaJIbHO BBICOKOH CTETEeHbI0 HApPYLIEHHOCTH TOPHBIX MOpoAd. Pazmepsl ero co-
ctaBiaroT 300 x 500 M. Biiok BHITSAHYT B CyOMEpHUANOHAIEHOM HAIIPAaBICHUH, YTO OT-
paskaeT B ompeesieHHON Mepe MPOSIBICHHOCTh HapyIeHH cyOMepHInOHANBHON OpH-
EHTHPOBKM (BO3MOXHO, CKpBITasg CHCT€Ma HapylIeHHH CyOMepHIuOHaIHHOTO
npoctupanus). [lone 1ocTaro4HO OAHOPOIHO, HECMOTPS Ha CYIIIECTBEHHOE THAPOTEP-
MaJIbHOE H3MEHEHNE UCXOIHBIX MIOPOJI, ¥ COBMANaeT ¢ HEOONBIINM XpeOToM cyOmepn-
JMOHAJILHOH OPHEHTHPOBKH. BeposTHO, 3TO OOBSCHSAETCS 3HAYMTEIHHBIM KOJIUYE-
CTBOM TEKTOHHYECKUX IIBOB M JIa€K B ITOW 4acTH OOBEKTa, YTO W MpEAOTpeeIisieT
YCTOHYHMBOCTH OOPTOB TUTAHUPYEMOTO Kapbepa.
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Bocrounslii 0ok, pazmMepom 400 x 800 M, OKOHTYPEH 10 JaHHBIM 17 CKBaYKUH U
B IIEJIOM MMEET CyOMEepHANOHAIBHYI0 OPHEHTHPOBKY, pacIoyiarasich Ha BOCTOYHOM
CKJIOHe oTMedeHHoro xpeodra. Ho, B ommnuue ot 3amaaHoro 65oka, oH pe3ko audde-
PEHLIMPOBAH 110 3HAYCHHUSM CTETIeHH HapyLIIeHHOCTH MopoA. Ero BHyTpeHHsIs CTPYKTY-
pa HeoHOpOoaHA. B ceBepHOI U I0’)KHOHN YacTsAX OTMeUaeTcss MaKcuMallbHast HapyIleH-
HOCTB TIOPO]I, 8 B IIEHTPAIBHOM YaCTH — UX OTHOCUTEIBFHO BBICOKAsl COXPAHHOCTb.

T 15000

el ﬁ i 67 8

50 a 50 100 150

N N ] [ s e )
Puc. 2. Cxema okanbHOro palOHMPOBAHUSI TOPHOTO MACCHBA MO YCTOWYMBOCTH MOPOJ K paspylie-
HHUIO B IPaHUIIAX MIAHUPYEMOTO Kapbepa. MectopoxaeHue JlenbkeH:

1—6 — 30HBI pa3IMYHOI CTENEHH HapyIIEHHOCTH 1opoa (B %): I — Gonee 90, 2 — 80-89, 3 — 70-79, 4 — 60—69,
5 —50-59, 6 — 40—49; 7 — MeCTOIOJI0KEHNE CKBaXKMH: HOMEP CKBAXXMHBI — KPACHBIN, CTENIEHb HAPYIIEHHOCTH B
% — cuHHil; § — MIaHUpyeMbIe KOHTYPHI Kapbepa
Fig. 2. The scheme of the rock mass local zoning according to rock stability against breaking within
the limits of the designed open pit. Delken deposit:

1-6 — zones with various degree of rock disturbance (%): / —more than 90, 2 — 80-89, 3 —70-79, 4 — 6069, 5 — 50-59,
6—40-49; 7 — wells location: well number — red, disturbance degree in % — blue; 8 — planned contours of the open pit

4000
14500

[Tpm 3TOM aHOMaNIHMM 3HAYCHHUI HAPYIIEHHOCTH OPOJ HMEIOT CyOIIMPOTHYIO, a Ha
OTZENBHBIX y4YacTKax — CEBEPO-BOCTOYHYIO OPHUEHTHPOBKY. YCTaHABIUBAETCS, IO
KpaiiHell Mepe, YeThIpe TAKUX aHOMAJIHMHU. 3aBHCUMOCTB OT penbeda He CTOIb YeTKas,
kak B 3amagHoMm Omoke. [l Omoka XapakTepHBI HapyIICHHS MEPHUAHOHAIBHOTO,
IIUPOTHOTO M CEBEPO-BOCTOYHOTO MIPOCTUPAHHUIA.
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YeToiunBOCTH MPOEKTHHIX 6OPTOB Kapbepa H 000CHOBaHUeE NMpeAeabHbIX 3HA-
YeHHUii yIJI0B 0TKOca. B xome ncciaenoBanuii B 1a0OpaTOPHBIX YCIOBUAX OBLIH OTIpe-
JIeJIeHbI (PU3UKO-MEXaHNIECKUE CBOIICTBAa BMEIIAIONINX TOPHBIX IIOPOJ M PYII, CIIararo-
X TpudopTOBOM MaccuB. beuto oroOpano 89 mpob (kepHOB) TOPHBIX MOPOA MPH
OypeHUH Te0JI0TOPa3BEIOYHBIX CKBAYKHH HA MECTOPOXKICHHUH, U3 HUX C MPIMEHEHUEM
KaMHepe3HOoH MammHbl Geocut TOATOTOBIEHBI 00Pa3IIbl 171l TPOBEACHUS UCITBITAHUI
OCHOBHBIX XapaKTEPUCTHK.

IIpogHoCTHBIE XapaKTEPUCTHKH (CIICTICHNE U YTOJI BHYTPEHHETO TPEHUS ), HE00X0-
JTUMBIE /ISl pacueTOB yCTOMYUBOCTH OOPTOB, OBLIH OMpEAETIeHBI B XO/I€ TIOCTPOCHHUS
Mmacropra MpoYHOCTH TopHBIX Mmopox cormacHo ['OCTy 21153.8-88. Pesymbrarhbl
OCHOBHBIX XapaKTePUCTHK TOPHBIX MOPOA, HEOOXOAMMBIX IS PacdeTOB, IPUBEICHBI
B TaOi. 1.

Ta6auna 1. ®U3nK0-MeXaHHYECKHE XaPAKTEPUCTUKH FOPHBIX MOPOJ MecTOpPO:KAeHus leibKeH
Table 1. Physical and mechanical characteristics of rock at Delken deposit

Homep u
HaumenoBauue oGosta- 3 Oy [ Gp, C, 0,
TOPOJIbI HCHHC Ha ¥, T/ MIla MIla rpaj
paspese MlIla MIla
(puc. 1)
TemHO-cepbie TOHKOCIIOU- 1 2,8 176,9 170,2 5,8 19,3 41
CThIE APTUILTHTHI yriepuIy- Ty—J,bk
pOBaHHBIE
ApPTUUTUTBL OT CBETIIO-CEPBIX 2 2,65 100,3 118,2 55 18,7 41
JI0 TEMHO-CEPBIX JaBJICHbIC
CaeTitsie OypoBaTO-cepbie 3 2,76 104,1 106,1 53 14 40
KBapI[-[I0JIEBOIIATOBBIE /10
KBapLEBBIX METACOMATHUTHI
0 YIIIUCTO-KPEMHHUCTBIM
CJIaHLaM
CaeTit0-cepbie ¢ OypoBaThIM 4 2,77 119,9 106,9 8,8 18,3 39
OTTEHKOM TOHKO-3EPHHUCTHIE Joul
MEeCYaHUKH

> . C . B
Y — YAETbHBIH BEC; G, — IPOYHOCTH HA OJHOOCHOE C)KaTHE CyXoro odpasua; ., — IPOYHOCTh HAa OJJHOOCHOE

CKaTHe BIAXKHOI0 00pasiia; 6, — IPOYHOCTH Ha OXHOOCHOE pacTskeHue; C — CUEIUICHHE; ( — YTOJl BHYTPEHHETO
TPEHHSL.

Pacder ycTOMUMBOCTH MPOEKTHPYEMBIX OOPTOB MPOBOAWIA B HECKOJIBKO JTAIlOB:
aHann3 (PU3NKO-MEXaHUYECKUX CBOMCTB TOPHBIX ITOPOl MECTOPOXKIEHHUS ¥ TOPHO-TE0-
JIOTHYECKOW nH(DOpMAIHH; BEIOOP MPOHIICH, OTpaKaronuX KOHCTPYKITHIO OOPTOB Ka-
pBepa; onpeneneHne HOPMaTUBHBIX TPOYHOCTHBIX XapaKTEPUCTHK MPHOOPTOBOTO Mac-
crBa; 00OCHOBaHWE BEIMYHMHBI KOd(PQHUITMEHTa 3amaca yCTOHYMBOCTH; pa3paboTKa
MOJeNIell M HENOCPENCTBEHHO YWCICHHBIM PacdeT C HCIOIb30BAHUEM IIPOTPAMMEL
GEOS5, npenna3zHadeHHON IS TPOSKTUPOBAHWS WM aHAIN3a yYCTOHYHMBOCTH OTKOCA
TpyHTOBOTO MaccuBa [7, §].

Jlns pacdyera yCTOMIHUBOCTH OOPTOB Kaphepa ObUIH BBHIOPAHBI 3 MONEPEUHBIX pa3-
pe3a o npoduabHEIM JHHESIM 104+60 1 106, Ha KOTOpHIE HaHEeCEHA TTOAPOOHAs T'eo-
JIOTHYeCcKas U TOPHOTEXHUYeCcKasi HH(popMarus.

B cootBercTBUmM ¢ Memoouueckumu yKasaHusmMu no onpedeneHuio y2io8 HaKioHa oop-
MO8, OMKOCO8 YCMYNO8 U OMBAN08, CHPOAWUXCSL U IKCNIyamupyemuvlx kapbepos BHUMIN
Y YYUTHIBASI CEHCMIYHOCTE paiioHa MecTopoxeHus u nanasie CHull 11-7-81%*, 6pina 000-
CHOBaHa HOpMaTWBHAs BeMIrHA Ko3(drITrenTa 3amaca 4yt 00pTOB KapbepoB, COCTABIIA-
rorrast 1,6, a 171 HepaboUuX YCTYTIOB, OPOPMISIEMBIX B CKATLHBIX TIopomax — 2, 1.
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W3BecTHO, YTO MPOYHOCTHBIC XaPAKTEPUCTHUKU TOPHBIX IMOPOJ B MAacCHBE U B 00-
pasue otnuuarotcs [9]. Mcnonb3ys popMyity JUisl ONpEIeICHUs CICTUICHUS B MACCHUBE
CKaJIbHBIX M HONyCKalbHbIX nIopox C, 1. 2.8 Memoouueckux ykaszanuii... ObLIO OIIpe-
JIeNICHO CIETJICHNE JJIs1 BCEX TUTIOB MOPOJ], ClIararoinx 60pTa IpoeKTUPYyEeMOro Kapbe-
pa (tabm. 2).

Ta6muua 2. @U3NKO-MeXaHHYECKHE XapaKTePUCTHKH FOPHBIX MOPOJ ISl pacyeTa
ycTOiYMBOCTH OOPTOB MecTOpO:kIeHus [enbKkeH
Table 2. Physical and mechanical characteristics of rock for pit walls stability analysis
at Delken deposit

C B 006- Pasmep

HaumenoBanue nopoist pasue, CTPYKTYpHO- o A l\fﬁa q)a; 7’ 3
MIla ro Oyioka, M pan M
TeMHO-cepble TOHKOCIIOUCTHIE
apTHLIATHI yriieQUIUPOBaHHbIE 19,3 0,6 7 (0,021 | 1,12 30 2,8
ApPTUIUTATHL OT CBETJIO-CEPHIX 0
TEMHO-CEPBIX JTaBJICHBIC 18,7 0,4 3 0,04 0,72 28 2,65

CaetJible OypoBaTo-cepbie KBapil-
TOJIEBOIIIIATOBBIE /IO KBAPLEBBIX
METaCOMATHTHI 110 YTIIUCTO-
KPEMHHUCTBIM CITaHIIaM 14 0,4 6 0,023 0,5 285 | 2,76

CaetJ10-cepble ¢ OypOBaThIM
OTTEHKOM TOHKO-3€pHHUCTbIE
MECYaHUKH 18,3 0,6 6 0,024 | 053 | 26,5 | 2,77

C - cuemienne; o — K0d(DGUIMEHT, 3aBUCAIMN OT CLEIUIeHHS B oOpasue; A — K03 HIUEHT CTPYKTYpHOrO
ocnabienus; Cy — CUCIUICHHE B MACCUBE; () — yroJl BHYTPEHHEr0 TPEHMUSI; Y — yACIbHbIN Bec.

Pacuer ycToitunBOoCTH GOPTOB C MCIOJIB30BAHNEM MOJTYYEHHBIX PACUCTHBIX (hrzu-
KO-MEXaHHYECKUX XapaKTEepUCTUK (CM. Tab. 2) 1 ObLI BHIIOIHEH Ha AByMEPHOM Mozie-
7 TPYHTOBOro MaccuBa. IIpu 3ToM MaccuB rpyHTa QGopmupyercs npoduiaeM cios.

Ta6auna 3. Pe3yabTaTel pacyeTa yCTOIYHBOCTH OTKOCOB 60PTOB
Table 3. The results of the pit walls stability analysis

Jtatr or- Cesepo-3ananuslit 60pT Sran otpa- IOro-BocTounsIi GOpT
Haunwmeno- 6 6
BaHHE paboTky, Vrom oTkoca Koaddunuent OTKH, BbI- VYron otko- | Koaddumuent
paspesa BbICOTA 3amaca ycroii- cora 6opra, ca Gopra, 3amaca ycroii-
Gopra, M Gopra, rpaz YHUBOCTH M rpan YHUBOCTH
Pazpes 1 oram, 28 1,90
106 314 m
2 srar, 29 1,61 1 oram, 47 1,70
516 m 180 m
Paspes 1 oram, 35 2,14
104+60 230 ™
2 oTar, 34 1,62 2 orar, 50 1,67
432 ™ 160 m
Paspes 1 sram, 29 3,33 1 sram, 41 3,04
101 166 m 140 m

Kaxnplii ycTyn ompenensercst ero reoMeTpueid M marepuaioMm. Marepuan ycTyna
MPEACTAaBIISETCS TPYHTOM C yCTAHOBJIECHHBIMH CBOCTBaMu. Mcnonbs3yemas nporpam-
ma GEOS5 mno3BonsieT cMonenupoBaTh KpyNIOUMINHAPHYECKYIO TOBEPXHOCTh CKOJIb-
JKEHUS 10 CJIEAYIOIUM MeTofaM pacueta: Demnennyca—llerepcona, bumona, Cren-
cepa, J>xan0Oy, Moprenmrepna—IIpaiica, [llaxynstama u ITF [10, 11].
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Pe3ynbraTsl pac4eToB YCTOHUMBOCTH Ha Pa3IHYHBIX 3Tamax OTPabOTKU MO Mepe
yoIyOIeHns TOPHBIX pa0oT MpeIcTaBiIeHkl B Tadm. 3 [12].

ITo pe3ynapraraM pacueTOB YCTAHOBJCHO, YTO YIOJ CEBEpO-3allafHOro OopTa Io
npo¢mtbHOl rHIK 106 11 obecredenns yCTOWIMBOCTH HE JOJDKEH MPEBBIIIATh Ha
KOHEYHOM KOHTYPE MPH JOCTHKEHUH BBICOTHI 516 M — 29°, KOro-BocTOUHBIN OOPT BbI-
cotoi 180 M cOXpaHHT CBOIO yCTOWYMBOCTPH MpH yrie otkoca 47°. st npoduiabHOi
nuauu 104460, Tie 60pT CIOKEeH MPEUMYIIECTBEHHO CBETIO-CEPBIMHU MEeCUaHNKaMU,
YCTOMYHMBEII YIOJI OTKOCAa Ha KOHEYHOM KOHTYpe COCTaBUT 34°, IIpHu 3TOM KO3 PUIIH-
€HT YCTOMYMBOCTH cOCTaBHT 1,62.

Jns npodunbHOl smanm 101, mpoxopsiiel yepe3 NEeHTPATbHYIO 4acTh Kapbepa,
rae nIyOuHa KapbepHOH BBIEMKH HEJIOCTATOYHO OOJblIasi, CeBEpO-3alaIHblii U I0ro-
BOCTOYHBIM OOpTa Kapbepa OyAyT COXpaHATh YCTOHUMBOCTH MPH yIiax oTKoca 29° u
41° cOOTBETCTBEHHO.
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Studying ore field structure and rock properties of the Delken deposit to
substantiate the optimal pit walls design

Marina I. Potapchuk?, Igor Iu. Rasskazov', Mikhail A. Lomov!, Maksim I. Rasskazov!
! Institute of Mining FEB RAS, Khabarovsk, Russia.

Abstract
Introduction. In order to determine a key design parameter substantiated by technical-economic and
geomechanical analyses, the critical angle of slope of the nonmining wall in Delken deposit pit which
depends on the properties and the state of rock building up the wall and its structures, and in order to
determine the forms and the elements of mineral occurrence, the authors carried out comprehensive research
consisting of the of deposit s geological and structural features determination, including endogeneous and
exogeneous jointing, and the detailed examination of physical and mechanical properties of rock and ore.
Research aim is to study geological-structural properties of the deposit in order to analyze and substantiate
the optimal and safe structure of pit walls when developing ore at the Delken gold deposit.
Methodology. The structural features of Vodorazdelny ground were determined by carrying out
the comparative analysis of geological sections and maps, structural description of core and building the
scheme of rock blocking according to the level of destruction during deposit opencast. Physical and
mechanical properties of rock were determined in laboratory conditions. Numerical analysis of wall
stability was fulfilled with modern software.
Results. The comprehensive research consisting of the analysis of mining and geological conditions of
development, deposit’s geological and structural features determination, detailed examination of the
properties of rock building up the slopes of the quarry have made it possible to substantiate the rational
design of pit walls when developing ore reserves of the deposit.
Summary. The results of the research carried out at the deposit may be applied when substantiating the
safest technology of uncovering the deposit and the safest mining sequence.

Key words: rock; deposit; structural features, rock mass disturbance; physical and mechanical properties;
pit wall and benches, stability.
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Kputepuit npouHocTH 6NoYHbIX cpea U 006paTHbIe reoMexaHuyeckue
pacyeTbl

Xabko A. B.1
1Ypanbckuid rocyAapCTBEHHbI TOPHBbI YHUBEPCUTET, I. EkaTepuHOypr, Poccus

e-mail: zhabkoav@mail.ru

Peghepam
Axmyanvhocms u npoéonemamura eonpoca. Mexanusm Oepopmuposanus u paspyuierHusi OL0YHOU
cpeobl U MPewUHO8amo20 20pHO20 MACCUBA 3AMEMHO OMAUYAENCS OM NPeOCMAasieHUll MeXaHuKky
CHAOWIHOU Cpedbl, 4MO COCMABNAeN OCHOSHYIO (PYHOAMEHMANbHYIO NpobieMy 2eoMexanuku u
KapOUHAIbHO OMmMauYaem ee Om OpyeUux MeXHUYECKUXx HayK, CEA3AHHbIX C MeXAHUKOU Mmeepoo2o
degpopmupyemozo mena. OOHAKO 6 CUTLY HEOOCAMOYHO20 NOHUMAHUS MEXAHUSMA PA3PYULeHUs OIOYHBIX
cpeo oyenka npoYHOCMHBIX CBOUCHE MACCUBOB OCYUECBIIAENC NPeUMyujecneeHHo Nocpeocmeom
IMAUPULECKUX 3A6UCUMOCIEN, NOTYUEHHBIX MOOETUPOBAHUEM 6 1aD0PamopHbIX ycaosusx. Pazymeemcs,
OaHHbIll NOOX00 He peulaem 21A6HOU (PYHOAMEHMATbHOU NpodaeMbl, A MOYHOCHb NPOSHOIUPOBAHUS
MEXAHU4ecKux Xapakxmepucmux mpewjuHo8amolxX 20PHLIX MACCUBOE MOJicem O00CMucams ComeH
npoyenmos.
Memooonozusa uccnedosanuii. Ha ocnoge panee 8binoIHEeHHbIX AGIMOPOM MeoPEemuiecKux uccie008aHull
Memooamu 8apUAYUOHHO20, UHMESPATLHO20 U OUP@epeHyuanbHoeo ucuucieHutl 060CHo8aH HOBbIl
MexXaHuzmM paspyuwienus O104H020 MACCUBA 8 MOUKe, NOOPA3YMeBAIOWULL MPAHCAAYUOHHO-DOMAYUOHHDIL
Xapaxmep nepemeujerus 610K08 Maccugd 6 npoyecce e20 0epoOpMuposanus, no380IUSUUL 000CHOBAMb
Kpumepuil paspyuileHus mpewjuHo8amulx 20pHulX MACCUBOE.
Pe3ynomamoul uccneoosanuii, ux aHAIU3 u peKomMeHOaAuuu K npumeneHuto. B pabome enepgvie
noayyen Kpumepuili npounocmu 610uHol cpeovi. Ilokazano, umo npounocmv 6104HO020 Maccuga
CKNIa0bIBAEMCs U3 NPOYHOCU NO Mpewjute 0OMOenbHOCIU U COnpomusienus epaujenuio énoxa. Kpowe
Mmo20, 8 HeKOMOpPOM OUANA30He HAZPY30K npedenl NPOYHOCHU ON0YHO20 MACCU8A NPONOPYUOHALEH
npedeny npouHoCmMu HA pacmsadicenue cmpykmypnozo 6noxa. Takxoice 6 pabome npeonracaemcs pso
AHATUMUYECKUX 3A6UCUMOCMEN, NOTYYEHHbIX HA OCHOGE MEXAHUKU CHIOWHOU CPeobl U NO360NAIOUUX
npousgecmu obpammblii paciem npoYHOCMHbIX CE0UCME MACCUBA HA OCHOBE KPUBU3HBI NOBEPXHOCMU
CO8U208020 paA3pYUieHUs, a MaKdce OYeHUMsb NOAHbIL MEeH30p MNIOCKO20 NONA HANPAICEHUL No
OpUEHMUPOBKeE 27IABHbIX OCell.

Knrouesvre cnoesa: Kpumepuii npoyHocmu,; 6104HAs cpeod; MpewuHo8amulii 20pHLIL MACCU8;
Koaghpuyuenm cmpykmyproz2o ocnabienus,; cyenierue; yeoi 6HympeHHe20 mpeHus; npeoen npoYHocmu
Ha pacmsadcenue; oOpamuvle 2eOMEXAHUYeCKue pacuemsvi; KOMNOHEHMbl MEH30pd HANPANCEHUIL;
KPUBU3HA NOBEPXHOCMU COBUL068020 PA3PYULEHUS, 0eBUATNOP HANPAICEHU.

BBenenue. BOHpOC MMPOYHOCTHU OJIOYHBIX Cpea nWir TpCUIMHOBATBIX TOPHBIX MaCCHU-
BOB SABJIACTCA, nomanyﬁ, OJHUM M3 CaAMBIX NPOTHUBOPCUUBBIX B I'COMCXAHUKE. HpO‘l-
HOCTb TPCUIMHOBATOI'O TOPHOTO MAaCCHUBA 3aBUCUT OT MHOXKXCCTBA (baKTOpOBZ 3JICMCHTOB
3aJICTaHrud CUCTCM TPCHIMHOBATOCTH, KOJINYCCTBA CUCTEM U OT UX OPUCHTHUPOBKHU IIO
OTHOLICHUIO K 3JIEMCHTAaM T'OpPHBIX pa3pa60TOK, HWHTCHCUBHOCTH TPCUIMHOBATOCTHU, BC-
JIMYUHBI PACKPBITUA U U3BUJIIMCTOCTU TPCLIUH, MPOUYHOCTU CTPYKTYPHBIX 3JICMCHTOB,
MaTepuraIa-3alloJIHUTCIIAL TPCUIUH, PAa3MCPOB PpPAaCCHUTBIBAEMOI'0 TOPHOIO MacCCHUBa
u T 1. HapaI[OKcaHLHOCTB AAaHHOI'O BOIIpOCa 3aKJIIOYacTCAd B TOM, 4YTO [AXKC CCIIN
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JIOCKOHAJIBHO M3YYHThH BCE TIEPEUHCIICHHbIE (PAKTOPHI, TO U B 3TOM CIIy4dae CIIPOTHO3H-
pOBaTh MPOYHOCTh MACCHBA WJIH TIpeeTbHbIE HAPSOHKEHHUS HE MPENCTABISIETCS BO3-
MOYKHBIM BCIIEICTBHE OTCYTCTBHS MPEACTABICHHUI O MEXaHU3ME Pa3pyIIeHUs OIOUHBIX
cpen. OQuH u TOT e TOPHBIN MacCHB MIPH pacueTe Pa3INdHbIX JIEMEHTOB, HAITPAMED
0opTa Kapbepa M MIAXTHOTO IENHKa, OyJleT 00NafaTh BeCbMa Pa3IMyHON pacyeTHON
npodHoCThiO. W melicTBuTenbHO, KOI(PPHUIMEHT CTPYKTYPHOTO  OCITAaOIIEHUS
(oTHOIIEHHNE CIBUTOBOW MPOYHOCTH MAacCHBa K MPOYHOCTH CTPYKTYpHOTO JJIEMEHTa
wm oOpasna) it 0opToB KapbepoB o0bryHO coctasisieT 0,01-0,06, a mpu pacdere
nemukoB — 0,1-0,5.

K coxanennro, Ha CETONHAIIHUNA JIeHh M3-32 OTCYTCTBHSA IMOHMUMAaHHWS MEXaHHU3Ma
paspylIeHus OJIOYHBIX CpeJl MPOYHOCTH TPEIIMHOBATOTO TOPHOTO MacCHBAa OIPE/IEIs-
€TCSl TIOCPEICTBOM IMITUPHUECKHUX 3aBUCUMOCTEH M 0OpaTHBIX T€OMEXaHUIECKUX pac-
4eToB. 3a pyOexoM Hambosee MOMyISIpHBl PEHTHHTOBBIE TTOIXOBI K OI[EHKE MPOYHO-
cti MaccuBa [1—4], 9To, B 00mmeM, He MeHSeT CyTH. Pa3HuIa BeTMYUH TIPOYHOCTH,
MONYYEHHBIX PA3IMIHBIMU METOIaMH, MOXKET JOCTUTaTh HECKOJIBKUX COTEH MPOIICH-
TOB. B OCHOBHOM M3-32 3TOTO pacdeT AJIEMEHTOB CHCTEM TOPHBIX pa3pabOoTOK HOCHT
OIICHOYHBIN U MPUOIIKEHHBIN XapaKTep.

MetopoJsiorust ucciaenoBanmii. Haunem ¢ A0CTaToOYHO MPOCTBIX PACCYXKACHHM.
B roprOomM MaccrBe uMeeTcsl psijl HECTUIONTHBIX TPEIINH, TPUIAIOIINX MACCHUBY CTPYK-
TYpYy «KUPIAYHON KIaIKm». B CHITy MpephIBUCTOCTH TPEIINH CIBUTOBOE pa3pyIleHHE
ONIOYHOTO MaccHBa IO HEKOTOPOH IUIOCKON MOBEPXHOCTH OyneT BO3MOXKHO TOJIBKO
C pa3pylIeHUEM CTPYKTYPHBIX 3JIEMEHTOB. B 3TOM citydae MpoYHOCTh TaKOTo OJI0YHOTO
MaccuBa OyIeT COM3MepHMa C MPOYHOCTHI0 CTPYKTYPHBIX 3JIEMEHTOB (00pa3IoB), u3
KOTOPBIX M COCTOMT JaHHBIN MaccuB. OHAKO B OOJBIIMHCTBE CIy4YaeB pa3pylIaroninue
HaNPSOHKCHUS B TOPHOM MaCCHBE 3HAYUTEIHHO MEHBIIIE POYHOCTH CTPYKTYPHBIX JJI€-
MEHTOB, T. €. a0COJIOTHO HETOHSATEH MEXaHW3M BIHSHUS TPEUINH OTIENFHOCTH Ha
MIPOYHOCTH BCETO MacCHBa, 2 TOUHEE MEXaHNU3M CHIDKEHHS €T0 IPOYHOCTH.

DKcTpanonvpys KOHIEIIUIO IIIACTHYECKOTO Te(hOpMUPOBAHUS U pa3pyIIeHUS TOP-
HBIX TTOPOJ TIpH 0OOBEMHOM HAIPSKEHHOM COCTOSTHUH, pa3BHBaeMyI0 aBTOpPOM [5], Ha
ONOYHBIN TOPHBIN MacCHB, CHOPMYIIMPYEM OCHOBHOH Te3uc. MTak, pazpyiienne 6104-
HOTO TOPHOTO MacCHBa MPOHUCXOIUT B BUE MOTEPH YCTOMYUBOCTH OTAEIHHBIMU 3J1€-
MEHTaMH BCJIEJCTBHE BpaIlleH!Us CTPYKTYPHBIX OJIOKOB WJIH UX pa3pyiieHus (He 00s13a-
TENhHO CIIBUTOBOTO) TIOJ JCWCTBAEM BO3HHKAIOIIETO B OKPECTHOCTH TPEAeThHO
HaNPSHKEHHON TPeIuHBl COOCTBEHHOTO MOMEHTA ATOM TPEIIWHBI K CMEXHBIX OJI0-
koB (criuH). Heo0XoauMo OTMETHTD, UTO pa3pyIIaroias poJib MOMEHTA CHIIBI COCTOUT
B pa3yNpOYHEHHUH WU Pa3yIDIOTHEHHH MAacCHBa, 4 HE B TPOBOPAUYNBAHUH KOHKPETHOTO
CTPYKTYPHOTO OJIOKa, ¥ JIUIIb ITOTOM MPOUCXOAMT OECIOpSAIOYHOE MepeMeleHe U
BpallleHUue CTPYKTYPHBIX JIEMEHTOB I WX OOJIOMKOB BIOJb IIOBEPXHOCTH CKOIbKE-
HUS (pa3pyIIeHus).

Pe3yabTarhl HcciIe10BaHUs, HX AHAJIN3 H PEKOMEHAANNU K npuMeHennio. Co-
TJIACHO HUCCIIEJIOBAHUSAM [5], B TOUKE, TII€ BHITIOMHACTCS YCIOBHE TIPEAETHHOTO, a B JaH-
HOM CIJIyYae CHeNHaIbHOTO MPENeThHOTO PABHOBECHS, BOSHUKAET aKTUBHBI MOMEHT
CUJIbL, PABHBIN:

M =(t—tge's, —C')lcose'rsin(8—¢’), (1)

rae » — paauyc (cpeaHuit momypasMep) Omoka; [ — MpoTsHKEHHOCTh (JJIMHA) TPEIIUHBI
OTIENBFHOCTH; & — yroj HaKJIOHA IUIOIIAJKHA K OCH, COBMAJAIOIIE C HampaBIeHUEM
JEeHCTBUST MUHUMAIIBHOTO TJIABHOTO HAIPsDKEHUS Ha MOMEHT Hadaja ITOIBIKKH IO
TPEUIMHE OTAENBHOCTH; T, G, — KACaTebHOE M HOPMAIBbHOE K TPEIIMHE HAIPKEHHS,
C', ¢' — cuemIeHue 1 yroja TPEeHus N0 TPELIUHE OTAEIBHOCTH.
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Bo3HUKHOBEHNE aKTUBHOI'O MOMEHTA CHJI CBSI3aHO C OTKJIOHEHHEM PaBHOIAEHCTBY-
IoLLEH peakuuu R 1 WIUTIOCTpUpyeTcs puc. 1.

[Ipu ynpyrom nedopMHpOBaHWM TEH30PHl HANPSKEHWH U JaedopMamnuii COOCHHI,
T. €. peakLus Ha ynpyroe ae(opMupoBaHre COBNAAAET C MUHUMAJIBHBIM IJIABHBIM Ha-
OpsDKeHUeM (monepevHoe paciupeHust). Ilpn BO3HMKHOBEHHMH IUIOIIAAOK CABHIa
(MuMKpocaBUra Ha npezesne yupyrocTH [5]) Wi npH BBIIOJIHEHUH yCIOBUS CIIELUalb-
HOT'O TIPENIEJIBHOTO PAaBHOBECHUS PaBHOAEHCTBYIOIIAs PEaKLHsi MEHSIET CBOE HalpasJie-
Hue (puc. 1). Kak 0110 A0Ka3aHO B paboTax aBTOpa MO CO3AAHUIO0 TEOPETHISCKHUX OC-
HOB pacueTa yCTOMYMBOCTH OTKOCOB T'OPHOTEXHHYECKHX COOPYKEHUU [6], UMEHHO
IpY TaKOM HAIPaBJICHUH PEakiysi MUHUMAaJbHA U COBEPIIACT MUHUMAIBHYIO PaOoTy.
MOXHO NPEAIOIIOKHUTE, YTO TAKUM 00pa3oM cucTeMa (TBEpAOe TeJI0) MUHUMHU3UPYET
HNOTEHLIUAIBHYIO SHEPTHUIO edopMaliy (BapHalMOHHBIN npuHLUN Jlarpamxka).

ITnomaaka
cABHTa

Puc. 1. Mozenb rutactuueckoro 1eopMupoBaHus oopasia
Fig. 1. Model of the pattern’s plastic deformation

TakuMm 00pa3oMm, KpUTEPHUEM MIPOYHOCTH (pa3pyLlIeHHs) TOPHOTO MAacCUBa B TOUYKE
SBJIIETCS YCIIOBUE MOMEHTOB:

M>M (2)

npen’

rac MHpCZl — MOMCHT COIIPOTUBJICHUA BPALLICHUIO OI10Ka.

I/ICHOHLSY}I HU3BCCTHBIC (bOpMyJ'H:I MCXaHUKH CILUIOIIHOM CpCabIl

O; —0Oq . .
r=%sm28; G, = 6,C08° 9+ G,8in° 9

u cootHomenus (1) u (2), onpeaenM KpUTEpU MPOYHOCTH OIOYHOTO MaccHBa:

cos'C’ , M pen
= tg9ctg (9 - — .
cos9sin(9—¢') +199c19(5-¢')os + 2r’sin® (98- ')

61

(3)

[lepBoe ciaraemoe B mpaBoii yacTu (opmyinsl (3) mpencrasiseT coboil mpenen
MMPOYHOCTU MACCHUBA, PACCCUYCHHOTO CILIOIIHOM TpeLlIPIHOﬁ, Ha OJHOOCHOC CiKaTue,
m _ Cos@'C’

“ cos9sin(9-¢')
MaJIbHOT'O TNIaBHOT'O HAIIPSAXKCHHUA B OGCCHe‘IeHHI/I IIPOYHOCTU MAaCCHBaA IIpU CABUTC I10
TpEIMHe OTACTLHOCTH. llepBhIe /Ba claraeMbIX ITOKa3bIBAIOT, YTO, IOKAa HE OymeT

T. €. O . BTOpO@ cJlara€Mo€ OTBE€YaCT 3a CTCNCHb Y4aCTUs MUHU-
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MPEOJIONICH TPeeNl IPOYHOCTH MO TPEUIMHE B 0OhEMHOM HAMPSHKEHHOM COCTOSIHUH,
Pa3yIUIOTHEHHsT MacCUBa MPOUCXOOUTh He OyneT. TpeThe ciaraeMoe OTBEYaeT 3a Co-
NPOTUBIICHUE BpAIICHUIO OJ0Ka MpPU pa3pylIeHHHd MaccuBa. Takum 00pa3oM, mpod-
HOCTh OJIOYHOTO MAacCHBa CKJIAJIBIBACTCS M3 MPOYHOCTH MO TPEUIMHE OTACITBHOCTH U
COIPOTHBJICHUS BPAICHHUIO OIIOKA.

[IpumedaTenpbHO, UTO €CTU B KpUTEpHH (3) OTOPOCUTH MOCIIEAHEE ClTaraeMoe B IIpa-
BOI 4acTH, OTBEYAIOIEE 32 CONPOTUBIICHNE BPAIIECHHIO, M MIPHHATE 3 =1/4+¢'/2,
MOJTYYUM M3BECTHBIA KpUTepHil mpouHocTH KylloHa B IIaBHBIX HAMPSHKCHUAX:

, l+sing’
G1 = Ok +———C 3
1-sing’

MoOMEHT COTTPOTHBIIEHHUS BPAIIEHUIO OJIOKa MOXKET O0YCIIaBIMBATHCS JHO0 Hamps-
JKEHHBIM COCTOSIHHEM, JIN0O MPOYHOCTHIO CTPYKTYPHOTO dieMeHTa. O4eBHIHO, Tep-
BEII BapraHT Hanboliee BeposATEH pH OOJBIIIOM OTHOIIIEHUH Pa3MepPOB TOPHOTEXHUYE-
CKOTO COOPYXKEHHS K pa3Mepy CTPYKTYPHBIX DIIEMEHTOB M HMX BBICOKOH NMPOYHOCTH
(Harmpumep, OOpTa KapbepoB), a BTOPOH — MPHU HEBO3MOXXHOCTH Pa3BOPOTA CTPYKTYP-
HBIX OJIOKOB BCIIEJCTBHE 32)KAaTOCTH, T. €. KOTJa pa3Mephl BHIPAOOTOK COM3MEPHMEBI
C pa3MepaMu CTPYKTYPHBIX OJIOKOB (HaIpuMep, MO3eMHbIE TOPHBIE BRIPAOOTKH).

PaccmoTpuM cuTyaruio, Korga CTPYKTYPHBIH OJOK TPOBEPHYTHCS HE MOXKET,
T. €. pa3pylIeHHe MacCHBa B TOYKE CBSI3aHO C pa3pyIICeHHEM CTPYKTYPHOTO OJIOKa.
B sTOM cnyyae akTUBHBI MOMEHT CO3/Ia€T B CTPYKTYPHOM OJIOKE M3THOAIOIINE yCH-
JUs1, KOTOPBIE, KaK U3BECTHO, IMPUBOJAT K CKUMAOIIAM U PACTATHBAIONINM HaIIpsIKe-
HusSM. TpHUBHANBHBIA BapHaHT pa3pylIeHUS CPE30M B JAHHOM CIydae HCKITIOYaeTCs.
Taxum 06pazoM, MOMEHT CONMPOTHUBIICHHS H3TUOAIOIIEMY Pa3pyIICHUIO IS CTPYKTYP-
HBIX OJIOKOB B BHJIE MPSIMOYTOBHBIX MapaJuIeIeUIIEIOB UMEET BUI:

M 22 &)

Te G, — IpeJies IPOYHOCTH CTPYKTYPHOTO OJ10Ka (TOPHOI MOPO/IBI) Ha PACTSIKCHHE.
TakuMm o6paszom, ¢ yuetoMm (3) u (4) KpUTEpHli MPOYHOCTH OIIOYHOTO MAacCHBA OyIeT
UMETH BH/L:

+1g9ctg(3-¢')o +L
g g (P 3 3Sin2(8—([),)' (5)

_ cose'C’
cosdsin(9—¢’)

61

Ecnu npusATE B BeIpaxeHuH (5) B nepBoM npudmmkennu C' = 0, To mpeaen npoy-
HOCTH OJIOYHOTO TOPHOTO MacCUBa Ha OXHOOCHOE CxKaTHe (0, = () onpenenuTcs 3aBu-
CUMOCTBIO:

M Sy

Ocx = m- (6)

BecbMa mapasiokcanbHO, 4TO Mpeie MPOYHOCTH Ha CKarhe OJOYHOrO MaccuBa
MPOTOPIUOHANICH BEJIMYMHE TPOYHOCTH Ha PACTSDKEHHE, OJJHAKO 3TO 00CTOSTEIHCTBO
U OOBSCHSET, MOYEeMy B OTHOIICHHH K OJIOYHOMY FOPHOMY MAacCHBY Ooliee IPHUMEHUM
TePMHUH «YCTOMUMBOCTEY». lIpoananmsupyeM Boipakenue (6). IIpemen mpodyHoCcTH Ha
pacTsbkeHHe JUTS TIOTYCKANIbHBIX M CKAJIbHBIX TOPHBIX MOPOJ M3MEHSETCS B Mpeenax
o, /(10-30) (o, — npenen NpoYHOCTH CTPYKTYPHBIX OJIOKOB MJIM 0Opa3sLoB Ha OIHO-
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ocHOe ckarme) [7] M UIS TPOCTOTHI PACCYXIECHUH MOXKET OBITh NMPHUHAT PaBHBIM
o, /15. Takum 06pa3om, ans pasHoctu yrmos 3 — ¢’ = 10°, 15°, 20°, 30°, 50° xoadpu-
LMEHT CTPYKTYPHOTO OCIa0ieHus A = oy, / o, =0,73;0,33;0,19; 0,09; 0,04 coorset-
CTBEHHO. J[aHHBIN pe3ynbTaT 10CTaTOYHO XOPOIIO COOTBETCTBYET OOIIMPHBIM 3KCIIe-
puMeHTansHBIM uccnenosanusaM . H. Kuma o usydenuto crpykTypHOro ocnabieHus
OmouHOrO0 Maccusa [8], TIe ¢ yBEeIWYEHHEM KOJIMYECTBA KOCOCEKYIINX TPEIINH B IIPH3-
Me KO3 QUIMEHT CTPYKTYpHOTO ocnabieHus miaHoMepHo cHuxaincs ot 0,5 mo 0,02,
C pa3HOH MHTEHCUBHOCTHIO B 3aBUCUMOCTH OT IPOYHOCTH CTPYKTYPHBIX 3JIEMEHTOB.

Heo0xonumo 0TMETUTBD, YTO €CIIM B MAaCCUBE UMEETCSI HECKOJIBKO CUCTEM TPELIMH,
PAacIlOOKEHHBIX B TOW € MJIOCKOCTH, YTO W CABHUIOBas (XaoTHYECKas TPELIMHOBA-
TOCTh MacCHBA), TO MpeJell IPOYHOCTH Ha pacTsHKeHUE OyIeT ONMpeAessThes MPOYHO-
CTBIO Ha Pa3pblB JAHHBIX TPELIMH G|, IMEIOLIUX, KaK MPABUIIO, JOCTATOYHO HEGOIb-
1Ioe 3HayeHue. B 3ToM ciydae Ans yclIoBUH Harpy>keHHs, OMU3KUX K OJHOOCHOMY
CKaTHIO, UCXOAS U3 3aBUCUMOCTH (5) CIEIJIeHne MaccuBa CleAyeT NPUHATH PaBHBIM
CLEIIEHUIO 1o Tpemuue oraenabHocth: C, = C', 9To TakxkKe ABIAETCA JOCTATOYHO pac-
NPOCTPaHEHHON PaKTHKOM.

PaccMmoTpuM Teneps cirydail, Korga MpoYyHOCTh CTPYKTYPHBIX 3JIEMEHTOB Ha pacTsi-
JKCHUE CJIUIIKOM OONblIast U CTPYKTYPHBIE 3JIEMEHTHI HE MOTYT OBITh pa3pyiieHsl. Tor-
Jla MOMEHT COIIPOTHBJICHHUS BPAIICHUIO OJIOKa ONpenessieTcs HalpsDKEHHBIM COCTOS-
HHEM B €r0 OKPECTHOCTH U B IIEPBOM NIPUOIMKEHUH MOXKET OBITh BBIPAXKEH CIICTYOIUM
obpazom:

2
aneu = §r263' (7)

Takum 06pa3zom, ¢ yuetom 3aBucumocteid (3) u (7) Kkpurepuid IPOYHOCTH OIOYHOTO

MaccuBa OyJeT UIMETh BHI:

. cosgC +1+(3/2)tggsin[2(9—cp')]
! cosdsin(9—¢’) 3sin2(8—<P')

G3. (8)

U3 ypasuenwii (5) u (8) oueBuaHO, uTo popmyrna (8) npuMeHUMA MTPU YCITOBUH
O3 < Op» (9)

B IIPOTUBHOM Clly4ae pa3pylieHHe OJ0YHOTO MacCHBa OyJeT MPOMCXOIUTh C Pa3phiB-
HBIM pa3pyIlIeHuEM CTPYKTYPHBIX OJIOKOB M B Ka4eCTBE KPUTEPUS MPOYHOCTH HYKHO
HCITOJIb30BaTh 3aBUCUMOCTH (5).

Heo0xoauMo OTMETHTh, YTO MpeajaracMbie KPUTEPHU MPOYHOCTHU SIBISIOTCS JIO-
KallbHBIMH, T. €. YCTaHABIMBAIOT YCIOBHS Pa3pyIIeHUs B KOHKPETHON TOUKE MacCHBa,
B CBSI3M C OTHM 00JIe€ TOYHO MX HY)KHO Ha3BaTh KPUTEPHUSIMHU TutacTuaHOCTH. C apyroit
CTOPOHBI, pa3pylIeHHE TPEIIMHOBATOTO TOPHOIO MacCHBa IPOTEKAeT COIVIACHO
«hdeKTY JOMHHOY, T. €. pa3pyLICHUE B OTHON TOYKE BBI30BET OcallieHHe B COCEIHEH
U T. I. T0JJOOHO POCTY TPEIIMHBI C KOHIIEHTPATOPOM HampsoKEeHUH Ha ee PpoHTe.

B cBsi3u ¢ 3TUM MOYKHO PEKOMEHIO0BATh CIEAYIONIYI0 METOIUKY pacdeTa Ipe/ieib-
HBIX 30H B OJIOYHOM TOPHOM MAaCCHBE:

1. [TocpemcTBOM MaTeMaTHIECKOTO MOICTUPOBAHUS (HAIpUMEp, YIPyTast MOJEIb)
PACCUHTHIBAIOTCS HAIPSDKCHUS Ha TPEIIMHAX OTIETHLHOCTH, a TAK)KE TVIABHBIC HAIps-
JKEHUS U X OPUEHTHPOBKA.

2. BBIABIISIOTCS TOYKH (TPEITUHBI) C 3aMpeaeIbHBIM HAMIPSKSHHBIM COCTOSTHUEM T10
HUM (BBITIOTHEHHUE KpuTepus KynoHa 1o TpemmuHe OTIeIFHOCTH).
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3. B 3aBHCHMOCTH OT TOTO, BBIIIONHSAETCS JIA ycioBue (9) B KaXI0H KOHKPETHOM
TOYKE WM HET, UCITONIB3YETCs THO0 KpuTepuid TpodHocTH (5), mubo kputepuii (8).

4. Ilo pe3ynbTaTaM BBITIOIHEHHBIX pACU€TOB TOYKH FTOPHOTO MaccuBa (001acTu) oT-
HOCSAT K MPeIeNIbHBIM HITH JONPEACTbHBIM.

OOpaTHBIMH T€OMEXaHUYECKUMHU pacyeTaMy Ha3bIBAIOTCS TaKHE pacdeTsl, MO pe-
3yIbTaTaM KOTOPBIX B CIIy4ae pa3pylIeHUs WIH H3MEPEHHOH JAedopMannuy HIEMEHTOB
CUCTEM Pa3padOTOK (OTKOCHI YCTYIOB M OTBAJIOB, OOpPTa KaphepoB, HENHUKH, KPaeBbIe
YacTH MacCHBa) MOSIBIISIETCS BO3MOYKHOCTD OIICHUTH IPOYHOCTHBIC HITH JiehopMaInoH-
HBIE XapaKTEPUCTHKHN MacCHBa, a TAK)Ke HArPYy3KH, BBI3BIBAIOIINE Pa3pYLICHUS WIIH Jie-
(dopManym yyactka TOpHOTO MacCUBa.

B paborax [5, 6, 9] Ha OCHOBE KOHTHHYAIBHBIX NMPEJCTABICHUH MOIyUYeH, IpoaHa-
JU3UPOBAH U IKCIIEPUMEHTAJIHHO MPOBEPEH aHAJUTHYECKUH KPUTEPHUil, OMpeersto-
W TIPEJIEIT YIIPYTOCTH | MIPEJIeN MPOYHOCTH TOPHBIX MOPO/], UMEIONINI B KOMIIOHEH-
Tax TIABHBIX HOPMaJIbHBIX HATPSDHKSHUN CIEIYIOIIUI BHI:

63=0,-2C (1 - tg(gclj(l + tg(pcl:< 63} (10)

7€ G, G, — IIaBHBIC HANpsuKeHHs; C — CLEIUICHUE; @ — yroj BHYTPEHHETO TPEHMS
(f= tgo — xoapdurent BHyTpeHHero Tpenus); 0 < k < 1 — mapameTp, yUUTHIBAIOIIHH
JUJIATaHCHIO TOPHBIX MOPOA U OMPEACISIIOIINM TP PAa3IMYHBIX YaCTHBIX 3HAYCHHAX
npeaes ynpyrocTu, MPOYHOCTH U (PYHKLHIO MIACTHYECKOTO MMOTEHIHANA.

Kpurepuit mnactuunoctu 1 npouHocty (10) MoxeT ObITh TakkKe INpPEenCTaBIIeH Cie-
IYFOIIUM 00pa3oM [5, 6]:

2(C+tgpo 0, -0
gy = 2CH000) L Am% ocrtges), )
01 ~03 2

IJe Y — Yroj HakjIOHa IUIOUIAJKU Cpe3a K MUHMMAJIbHOMY INIABHOMY HAIPSIKEHHUIO
(mepemeHHast BeJTMYMHA B 3aBUCHMOCTH OT HAIlPSDKEHHOTO COCTOSHUS, B OTIMYNE OT
CYILIECTBYIOIINX MPEACTaBICHNUN).

N3 xputepus (11) ciaexyert, 4To yroa HakJIOHa KPUTHYECKUX IUTOMIA0K C/IBUTA \y HA
npezese ynpyrocta 0obliie, 4eM Ha Ipejielie IPOYHOCTH U, KaK MPaBUiIo, 00a JaHHBIX
3HAYEeHHUS MPEBBIMAOT BeMUnuuHy /4 + ¢/2. Yron y = /4 + ¢/2 npu k = 1. PazHocTh
3HAUYEHHUH Y Ha Mpejielie YIPYTroCTH U Mpeesie IPOYHOCTH VISl TOPHBIX MOPOX C MOy~
JIeM ynpyrocTa (OTpeeNieH mpu oAH00CHOM ucnbitannu) E ~ 60 - 10° [Ta u Goinee, kak
MIPaBUJIO, HE TpeBbImaeT Ay = 1°, qocTuras npu 3TOM JUId MEHee JKeCTKUX MaTepHa-
JIOB, HAapuMep Ui LeMeHTa, BearnuuHbl Ay = 4° [5]. Takum oOpaszoM, Ha mpeferne
YOPYTOCTH U B Tpouecce AeGOpMalMOHHOTO YNPOYHEHHS 3apOXKAAIOTCSl TPEIUHBI
MHUKPOC/BUTOB IO HEKOTOPBIMH YIJIAMH K OCSIM IJIaBHBIX HAaNPSDKEHUH, T. €. Ha JaH-
HBIX IJIOIIAZKaX BBIIOJHSETCS! YCIOBHE NPENEIbHOI0 paBHOBecus. B Takom ciryuae
BO3HHKAIOT JIBA B3aUMHO JIOTIONHSONINX Botpoca [5]:

1. IToueMy mpu 1OCTaTOYHO OAHOPOIHOM HAIPSHKEHHOM COCTOSHUHM B 00pasie He
MPOHMCXOAMT IpOpacTaHre MUKPOCIBUTOB JI0 TIOJIHOTO cpe3a oOpasiia Npu yBeJIN4rBa-
IOLIEMCSI IEBUATOPE HANPsDKEHUH BO BPEMsI YIIPOUHEHMS?

2. Kak noBpexzaeHHasi cpefa MOXET ObITb IpOYHEe MEHeE MOBPEXAECHHOH NpH
MCEHBITUX HEYIPYTHX JAePopMaIusix?

OTBeTa Ha TaHHBIE BOIPOCH HA CETOIHSAIIHAN JeHbh HayKa He naeT. C apyro# cTo-
POHBI, OTBET Ha BOIPOC: KaK TPEIIMHA MUKPOCABHUTa MOXET OCTaBaTbCs B HAYAILHOM
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IpeAeIbHOM YPOBHE HAaNpsDKEHUH MPHU PAacTyILIeM AEBHATOPE INaBHBIX HAIPSDKEHUH
B CTaJUH YNPOYHEHMS, OUEBUICH — TOIBKO H3MEHSS CBOIO OPHEHTUPOBKY 110 OTHO-
IICHUIO K TJIABHBIM OCSM HanpsbkeHuid. Takum oOpa3oM, eciu B mpolecce HarpysKe-
HUS 0o0paslia OPHEHTHUPOBKA INABHBIX OCEH MPUKIAABIBAEMBIX HANPSIKCHUH HEH3-
MEHHa, a OHa HEM3MEHHA, TO OOBSICHUTH KUBYUYECTh 00pa3ia 1 Jaxke MOBBIILICHUE €TO
COMPOTHUBISIEMOCTH HAa CTaJUM YNPOYHEHUS MOXXKHO TOJBKO Pa3BOPOTOM IOJ Acii-
CTBHEM COOCTBEHHOTO MOMEHTA (CIIMHA) €T0 OTACNBHBIX 3JIEMEHTOB (3€peH B clydae
peanbHON Cpeabl, CIUIOIIHBIX 3JIEMEHTOB B Clydyae KOHTHHYAJIBHOTO MPEACTaBIIC-
HUs). To ecTh UMeeM MONHYI0 aHAJIOTHIO MEX/Y TUIaCTHYEeCKUM AeopMUupoBaHUEM
00pas31oB B CTauM YIIPOUHEHUS U pa3pylIcHHEM (pa3ynpoyHeHHeM) OJI0YHOTO rop-
HOTO MaccHBa.

JlanHO€ BO33peHHe Ha MEXaHW3M IIACTHYECKOro NeOpMHUPOBAHUS U pa3pyliie-
HUS TOPHBIX MTOPOJ MOATBEPIKAAECTCS UCCIEAOBAHUAMH B T€OTEKTOHHKE, CEHCMOI0-
run, reodusuke [10—14] u MHOTOE OOBACHSET, HapuMep (DpaKTaTBHBIN XapakTep
MOBEPXHOCTH TpewuH. Eciu moaxoauTs 9McTo ¢ KOHTUHYaJIbHOW MO3ULIUH, TO (pak-
TaJbHOCTh MOXHO OOBSICHUTH CIEAYIOLIMM 00pa3oM: 0Opa3oBaHHAs CABUIOBAs ILJI0-
IagKka Ha J00M HepapXHueCcKOM YPOBHE MO Mepe yIpPOYHEHHS pPa3BOpauyUBACTCH,
IIPU 3TOM MBI 3Ha€M, YTO HOBBIE IUIOLIAAKH HOSABIISIOTCS Ha MPOTSDKEHUH BCEl cTa-
JUM YIIPOYHEHUS BIUIOTH OO Mpejaeia MPOYHOCTH, CIMSHHE NAHHBIX ABYX TPEIIUH
U ympyras pasrpy3ka IOCiie OKOHYATEeJIBbHOTO cpe3a oOpas3la MpUBEAYT K HU3JIOMY
CIBUTOBOI MIOBEPXHOCTH.

OueBHieH Teeph U MEXaHU3M HAKOIUICHHS YHpPyrow sHepruu aedopmanuu Ha
CTaJNM YIPOYHEHHS — DHEPrUsl HAKAIUTUBACTCS B OTACIBHBIX M3rHMOAIOLIMXCS dJie-
MEHTaX CpeJbl B OKPECTHOCTH CIBUTOBBIX TUIOIIAAOK O] ACHCTBUEM COOCTBEHHOTO
MOMeHTa cuil. Takoe HOBOE MPEACTaBICHHE O MEXaHU3ME HAKOIIJICHUSI SHEPTUH MO-
JKET MHOTOE€ OOBSICHATH B TEOPHH M MPAKTHKE BOMPOCOB FOPHBIX YapOB, B YAaCTHO-
CTH PacKpbITh UX MEXaHHM3M W Mpupony. Hampumep, mouemy B 4pe3BBIYAlHO ILIa-
CTUYHBIX COJISHBIX MOpPOJAax, T. €. MOpPOJax C OYCHb MAaJCHBbKOH (ha30i ympyroro
neGopMUpPOBaHUSI, IIPOUCXOAAT HanboJIee CHIIbHBIC TOpHBIE yaapsl. C KIacCHIECKUX
NO3ULIMNA 00bsICHEHUS 3ToMY HeT. C MO3UIMH pa3BUBAEMON KOHIETIIIMY — MEXaHU3Ma
HAaKOIUICHHUS SHEPIUH Ha CTaJuH YIPOYHEHHUS — 3TO OOBACHAETCS OONBIINMU 3Haye-
HUSIMH YTJIOB Pa3BOpPOTa 3JIEMEHTOB, T. €. aKKyMyJsALHEH OOJbIIOr0 KOIWYEeCTBa
SHEPIHH NIPU YIPOUHEHUU.

OKCHepUMEeHTAIBHO MOATBEPKACHO [6, 9], uTo B mHTEpBan 3HaueHui 0 < k < 1 mo-
najaoT Bce 0e3 UCKIIIOUYEHHs TOpHBIE MOPOIBl M UCKYCCTBEHHBIE MaTepHalbl B Qase
IUTACTMYECKOTO YMPOYHEHHS — OT Mpefeiia YOPYrocTH JI0 Ipeieiia MPOYHOCTH.
Ipu k = 1 xpurepwmii (10) onuceiBaeT kpurepuii KyjaoHa B KOMIIOHEHTax IJIaBHBIX Ha-
NpPsOKCHUH, a yroj HaKJIOHA KPUTUYECKOW IUIOIAAKH K MHUHUMAIBLHOMY IJIaBHOMY
HANpPsDKEHUIO COCTABISIET /4 + (/2, 4TO MOTHOCTHIO COOTBETCTBYET MPECTABICHUSIM
MeTO/Ia MpeneabHOro HampshkeHHoro cocrosnus. Ilpu k& = 0 ypaBuenue (10) umeer
CIEAYIONIUI BUI:

c63=0,—-2C,[1 +tg((p:_cl =0, —2Ctgy. (12)

Kputepwuii (12) myia HEKOTOPBIX TOPHBIX MOPOA OMpENeseT Mpees yIpyrocTd U
JUTsL BceX 0e3 MCKITIOUSHHSI TOPHBIX MOPOJ M MaTepHAalIOB OMUCHIBAECT HUKHIOK TPaHb
Hayasa TUIACTHYECKUX JeQopMaliii U mpesel npodHocty [6, 9]. Bepxuss rpanp st
MIPEEeNIOB YIPYTOCTH U IPOYHOCTH onuckiBaeTcsa kputepuem (10) mpu k= 1.
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Ucnons3ys kpurepuit ynpyroct (12), a Takke H3BECTHBIE 3aBHCUMOCTH MEXaHUKHU
CILIOIITHOM CpeJibl

2

o, +G G, —GC

G1g=———2 1 || 22 +r)2(y;
: 2 2

21
tg20 = —2—,
Gy =0y

raco, Gy, ny — KOMITIOHCHTBI TCH30Pa INIOCKOT'O HAIPSIP)KCHUSA; O — YT'OJI MCIKY INIaBHbI-
MU IJIomagKaMu U OCbIO X, TIOJTYYUM CJICAYIOINUC YPABHCHUA!

‘rxy‘ =+Csin2atgy; (13)
Gy — Oy
. ==+C cos2atgy; (14)
€ (ighy-t) 2% 1 2t (19
tgo 2 Y 2

Takum o6pazom, ¢ yuetom (13)—(15) umeem cucteMy ypaBHEHHUIA:

‘Txy‘ = Csin2atgy,
% ==xCcos2atgy, (16)
oy +0y _c tg2y —1 gy |

2 9

B nmampHEHWmNX paccyXIeHHIX MOAYIbh U CMEHY 3HAKOB OIyCKaeM 0e3 JONOIHH-
TENBHBIX OTOBOPOK. Pemras cucremy (16) OTHOCHTENHHO KOMITOHEHT IIIOCKOTO ITOJIS
HANPSHKSHUHN, TIOTYIHM:

T,y = Csin2atgy,

tg2\|/—l
=C| =———(1—cos2a)tgy |, (17)
oy [ — (1-cos2a) g\yJ

2 —
c,=C [M—(l +cos2(1)tg\yj.
tge
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COOTBCTCTBGHHO TJIABHBIC Hal'IprKeHI/IH
2 (18)

Taxum obpazom, kak cienyet u3 (12) u (18):

G, — 04 :2C,/1+tg(g—cl =2Ctgy. (19)

VYpaBuenus (17) MoryT OBITH KpaiiHe MOJIE3HBI AJIS ONIPEeNICHUsT KOMIIOHEHT I1JI0-
CKOTO TIOJISI HANPsDKEHUH 1Mo (akTy pa3pylIeHUIl 3JIeMEHTOB TOPHBIX Pa3pabdoOTOK, Ha-
HpUMep HEeTHKOB. BepTukaiibHast COCTaBIAIONIAs HAPSDKEHUH, KaK PaBUIIo, OIpesie-
JISICTCsl BECOM CTON0A IOPOZ, T. €. G, = YH, yroi HaKIIOHa ILIOAJK] CABHIA | B ICPBOM
NPUOITHKCHUH MOYKHO TIPHHSATH PABHBIM 71/4 + (0/2, 1100 B HEKOTOPBIX CITydasix H3BECT-
HO HampapJIeHUE JCHCTBUS IIaBHBIX HANPSHKEHUH — YTodI o.

Ecim npubmimkeHHO npuHATE ¥ = /4 + ¢/2, To 13 Beipaxkenus (19) cnemyer cieny-
OIS 3aBUCHMOCTD:

01 =03 % Oy (20)

Hpyrum nHGOPMATHBHBIM ITOKA3aTeIeM JIJIsI 00paTHOTO pacueTa MOXKET BBICTYTIATh
(dbopMa TOBEPXHOCTH pa3pyiieHus. B pabdore [6] aHAIMTUYSCKU JTOKA3BIBACTCS, UTO
paauyc KpUBU3HBI IOBEPXHOCTH CIBUTOBOW JIE3UHTETPAL[MU IPOIIOPLIMOHAJIEH Pa3HO-
CTH TJIAaBHBIX HampspkeHWH (paanycy kpyra Mopa) u oOpaTHO MpONopIHOHATICH 00b-
eMHO¥ cuie Tosst (00bEMHOMY BECy ), KOTOpasi CO3aeT JaHHBIC MPEIeTbHBIC HATPSHKCHMUS:

3/2
1+ tg? _
tgotgy Y

Taxum 006pa3zoM, KpUBU3HA MOBEPXHOCTH AC3UHTETPALMH SBISACTCS MHANKATOPOM
BHJIa HATIPSHKEHHOTO COCTOSIHUS M €T0 U3MeHEeHH B Tene. M3 Beipaxenns (21) cnemyer,
YTO TIOCTOSIHHAS KPUBHU3HA (pajilyc) 03HAYaeT MOCTOSHHYIO Pa3HOCTh IJIaBHBIX HAIPA-
JKEHHH WM OHOOCHOE HAIPSDKEHHOE COCTOSTHUE B KXKIOH TOUKE, YTO TaKKe MPUOITH-
JKEHHO clienyeT u3 BeipakeHus (20). /g naeansHO CBA3HBIX TIOPOA M MaTEPUAJIOB TO-
BEPXHOCTBIO JIE3WHTETPAIH SBISAETCS IDIOCKOCTh. M3 3aBumcumocTt (21) Takke
CJIEIyeT, YTO YeM MPOYHee MaTepHall, TeM KPHUBU3HA TOBEPXHOCTH CIBUTOBOW JI€3WH-
TerpaIil MEeHBIIIE.

Ecmm B mepBoM npubmikennu B popmynie (21) mpuHATh ¥ = /4 + @/2, TO TOCTOSH-
CTBO pajiiyca KPUBHU3HBI MOBEPXHOCTH pa3pyIeHus OyleT 03Ha4arh MOCTOSHCTBO Je-
BHATOPA HANPSHKEHUH G, — G4 BIIOJIb IOBEPXHOCTH CKOJILKEHHUS UK pa3pynieHus. Kax
M3BECTHO, JOpPMa MOBEPXHOCTH CKOIBKEHHUS B OMHOPOAHBIX OTKOCAX, a TOYHEE €€ OT-
JIENbHBIE YaCTH TOCTATOYHO ONM3KY 1Mo (popMe K TyraM OKpYKHOCTeH [6], 9TO CBsI3aHO
C 9KOHOMHEW YHEPTUN CHCTEMOU U 00yCIIaBINBAETCS BAPHAIIMOHHBIM IPUHITUIIOM, TI0-
Jy4YEHHBIM B [6]. B CBSI3U C 3TUM MOKHO yTBEPKIATh, UTO NOBEPXHOCTb CKOJIbKECHUS
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WIH CABUTOBOTO Pa3pylICHUs BBIOMPAET TPACKTOPHIO U3 YCIOBHS CTallMOHAPHOCTH
JieBUaTOpa HaIPSKEHUHN.

C ucnonp3oBanueM (19) u (21) paguyc KpuBU3HBI TOBEPXHOCTH CABUTOBOTO pas-
PYIICHHUS MOYKHO BBIPA3UTh 3aBUCUMOCTHIO:

|:1+ tgz\V:IS/Z 2C
tge v

R|= (22)

®opmyna (22) MoKeT OBITH MOJIE3HA IS OIEHKH MEXaHHMYECKHX XapaKTePUCTHK
TIOPOJI, ¥ MIPEXKJIC BCETO BETUYMHBI CLICTUICHHUS, TI0 3HAYCHUIO KPUBU3HBI TOBEPXHOCTH
CKOJIBXKCHUSI.

BUBJIMOI PAOMYECKUIA CIIMCOK

1. Hoek E., Carter T. & Diederichs M. Quantification of the GSI chart // Geomechanics Symposium.
San Francisco, USA, 2013.

2. Guidelines for open pit slope design / Editors John Read, Peter Stacey. Balkema: CRC Press,
2009. 509 p.

3. Duncan C. Wyllie and Christopher W. Mah. Rock slope engineering: civil and mining. 2004. 431 p.

4. Deb D., Verma A. Fundamentals and applications of rock mechanics. 2016. 490 p.

5. XKabko A. B. KonTunyanbHass KOHIENIUS CIBUTOBOM NE3MHTErpalidl TBEpABIX Ten // M3Bectus
VITVY. 2019. Ne 3(55). C. 111-123.

6. XKabko A. B. MccnenoBanne 3aKOHOMEPHOCTEH Ipoliecca Ie3MHTErpayi TOPHBIX IOPOJ Ha OCHOBE
TEOPUH YCTOHYMBOCTH OTKOCOB TOPHOTEXHHYECKUX COOPYKEHHH: IUC. ... A-pa TeXH. HayK. ExarepunOypr,
2019.331 c.

7. IIpounocts U gedopmupyeMocts ropasix mopox / 0. M. Kapramos [u ap.]. M.: Henpa, 1979. 269 c.

8. Kum /1. H. UccnenoBanue CTPYKTYpHOTO OCHAOICHUS TPELIMHOBATHIX MOPOA MOJEIUPOBAHUEM
NPOYHOCTHBIX CBOMCTB B sabopartopHbix ycnoBusx // Tpymst MIJI. Bompocsl uccrnenoBaHus TOPHOTO
JaBICHUS U cABWKeHUs mopon. Ceepminoscek, 1963. C. 97-106.

9. XKabko A. B. Teopernueckne 1 SKCIIepUMEHTAIBHBIE aCIIEKThI IIIACTHYECKOTO 1e(OPMHUPOBAHHS U
paspyuienus ropusix mopox // M3sectus YITVY. 2018. Ne 1(49). C. 68-79.

10. Maxkapos I1. B. Camooprann3oBaHHast KpUTUIHOCTB e (hOPMALIOHHBIX IIPOIIECCOB M EPCIICKTUBEI
nporHo3sa paspymenus // Pusnueckas mezomexanuka. 2010. Ne 13(5). C. 97-112.

11. ITannu B. E., Eropymkun B. E. OcHOBEI ¢u3H4eckoil Me30MeXaHUKH IUIAaCTHIECKON edopmariim
U pa3pyIIeHUs] TBEPABIX Tl KaK HEJIMHEHHBIX MepapXUUECKH OPraHU30BaHHBIX cucteM // dusmueckas
Me3oMexanunka. 2015. Ne 18(5). C. 100-113.

12. Buxynun A. B., Maxmynos X. @., Usanuun A. I, I'epyc A. U., donras A. A. O BOITHOBBIX U
PEeHIHBIX CBOWCTBAX 3eMHOI1 Kopsl // ®usuka TBepaoro tena. 2016. T. 58. Bem. 3. C. 547-557.

13. T'aparam U. A. YenuHeHHbIE TEKTOHHYECKHE BOJHBI B BepxHell MaHTuH // TexToHOHM3HKA U
aKTyalbHbIe BOIPOCH Hayk o 3emiie: IV texronopusmyeckas kond. D3 PAH. 2016. C. 456—460.

14. brikoB B. I. HenuneiiHbIe BOMHBI U COMUTOHBI B MOAEISIX PA3IOMHO-OOKOBBIX I'€OJOTHYECCKUX
cpen // Teonorus u reopusuka. 2015. T. 56. Ne 5. C. 1008—-1024.

IMocrynuna B penakuuio 28 mast 2020 roga
Caeienns 00 aBTopax:
Kabko Amnpapeii BukTOpoBHY —  JIOKTOp TEXHUYECKUX HayK, JOLCHT, 3aBeIyIOIIUil
Kadenpoil MapKumiedaepckoro ena  YpalbCKOTO TOCYZApCTBEHHOTO TOPHOTO  YHHUBEPCHUTETA.
E-mail: zhabkoav@mail.ru
DOI: 10.21440/0536-1028-2020-6-37-47
The criterion of block media strength and geomechanical back-calculation

Andrei V. Zhabko!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Relevance and problematics. The mechanism of block medium and jointed rock mass deformation and
breaking differs notably from continuum mechanics ideas, making up the crucial fundamental problem
of geomechanics and distinguishing it from other engineering sciences connected with the mechanics
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of deformable solids. However, due to poor understanding of block media breaking mechanism, rock
masses strength is overwhelmingly estimated by means of empirical dependences obtained by simulation
in laboratory conditions. It is apparent that this approach does not solve the crucial fundamental problem
and the accuracy of predicting mechanical characteristics of jointed rock masses may reach 100%.
Research methodology. Based on the earlier theoretical research by the methods of variational, integral,
and differential calculus, a new mechanism of block mass breaking at a point was substantiated. It implies
translation and rotational character of blocks displacement in a rock mass in the process of its deformation
making it possible to substantiate the criterion of jointed rock masses breaking.

Research results, analysis and recommendations for use. The research was the first to obtain the block
medium strength criterion. It has been shown that block mass strength is made up of the strength along
the slip joint and block rotation resistance. Besides, within some range of loads, the ultimate strength of
the rock mass is proportional to the tensile strength of a structure block. The work also proposes a range
of analytical dependences obtained based on the solid mechanics making which make it possible to back
calculate the rock mass strength based on the curvature of the shear rupture surface and assess the full
tensor of the plain field of strain by the base axes orientation.

Key words: strength criterion, block medium, jointed rock mass; structural weakening ratio; cohesion;
angle of internal friction, tensile strength;, geomechanical back-calculation; strain tensor components;
curvature of the shear rupture surface; stress deviator.
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Peghepam
Bgedenue. B rkapcmosedeHuu paziuyarom 084 HANPAGIEHUS. CRENe0N02UHecKoe U UHICEHEPHO-
2eonozuueckoe. Ilocneonee 6 8010 0uepedb cOOEPHCUM 08a ACHEKMA: NOBEPXHOCHIHBIIL— CIMPOUMENbCINEO
HA3EMHBIX COOPYXHCEHULl HA KAPCMOONACHBIX MEePPUMOpUAX U NOO3EMHbI — npedynpexncoenue
B03HUKHOBEHUSL Kapcma U 60pbba ¢ HUM npu paspabomre MeCmopostCcOeHUuil NONE3HbIX UCKONAEMbIX.
Hecmomps na mo umo wiaxmuol Ha cONAMbIX MeCmopoxcoenusx pabomaiom co epemer CpedHesexkosvs,
CONAHOU KAPCM NO-NPEXHCHEMY ABNAEMCA NPUYUHOU 2UbeNU MHONCECTEA CONAHBIX WAXM.
Ienvio pabomul ssisemcs packpoimue Gu3UKO-XUMUYECKO20 MEXAHUSMA PA3BUNUSL CONAHO20 Kapcma u
NPUYUH A8APULL U 3AMONLEHUS CONIAHBIX UWLAXT.
Memooonozua. I[Iposoouncs ananuz pesyisapHblx MAPKUEUOepCKUx uamepenutl degopmayuti 3eMHOU
NOBEPXHOCMU, OOKYMEHMAYUs PACCONONPOABNIEHUN 8 2OPHLIX 6bIPABOMKAX, XUMUYECKUE AHATU3bL
pacconos, zudpomempuyeckue padbomvl HA NOBEPXHOCMHBIX B000MOKAX, HpAMble OnpedeneHus
aA2pecCUBHOCMU  pAcconos, 2eopusuyeckue UCCIe008aAHUs MeMOOOM eCMecmeeHH020 Noii U
BEPMUKANLHO20 3NEKMPULECKO20 30HOUPOBAHUS U M. 0. B nocnedHue 200vl 0151 KOHmMpons degpopmayuti
3eMHOU NOBEPXHOCU UCNONB306ANU OAHHbBIE KOCMUYECKOU PAOAPHOU CHEMKU.
Pezynomamut. Knouom K packpelmuio MexaHuzma consiHO20 Kapcma, A6iowe20cs npUUHoll agapuil,
cyorcum ocHosannoe A. M. O8UUHHUKOBbIM YUeHUe O SUOPOOUHAMUHECKUX CUCHEMAX, dNeMeHmamu
KOMOPbIX ABNAIOMCA 001ACMU NUMAHUA, MPAH3UMA U pazepy3ku. JJeudcenue pacconos npoucxooum 6
Haoconegom koanekmope. Tpaekmopusi OBUNCEHUS PACCON08 ONPedeNsiemcs penbeom CONAHO20
sepkana. Hanopuvlii nomok 3sanumaem npunoousmele yuacmxu penvepa. Obnacmu numanus
npuypouenvl K O0IUHAM 6000MOKO8, NPOPe3aAuUX C1aboNpoOHUYAEMyIo Moy, HOKPbIBAIOWYIO CONU.
B obnracmu mpanzuma pasauuaromcs 30Ha HANOPHO20 NOMOKA U GEPMUKANbHAS Welb, 8 KOMOpoll
pacconvl 08uxcymes 6 besHanopHom mypoyienmuom pescume. OOaAcmvlo pasepysKu CIyiHcam copHuie
sbipabomku. B nux noo oeticmeuem azpeccusHblX pacconos 00pa3yiomcs Huwy mpey2oibHol opmoi.
Toopesanue yerukos nPUsOOUM K Ux 0OPYUEHUIO U NPOBATAM 3EMHOU NOBEPXHOCIU.
Bu1600bl. Packpvimue Mexanusma paseumus COISIHO20 KAPCMA NO38OAULO NPEOTONCUMb MemOoObl
NPOSHO3UPOBAHUA €20 NOCIe0CIMBUIL U CROCODbL NPEOYNPeNCOeHUs. 3AMONIEHUS CONAHBIX WAXM.

Knroueewte cnosa: conanoii Kapcm, wiaxmol, Yeruku; agapui; Kenpok, paccoisl, 2u0poourHamuieckue
cucmemul.

Beenenue. [lox TepMrHOM «KapcT» MOHMMAIOT KaK MPOILIECCHI PACTBOPEHUS TOPHBIX
TIOPOJ, TaK U MOCIEICTBHS 3TUX ITPOIIECCOB — ITO/I3EMHBIE MENIEPhI, TPOBAJIBI M IIPOCEa-
HUSI 3eMHOI ToBepxHOCTH [1]. B mpupone pa3Butre kapcta KOHTPOIUPYETCS MEAJICHHBI-
MU TEKTOHUYECKHUMH TPOIIECCaMHU, KOTOPbIE HapyIIaloT paBHOBECHOE COCTOSHUE THIPO-
JUHAMHYECKHX CHUCTeM. B HHIycTpuanbHyl0 3py B 30HaxX TOpHOIOOBIBArOIIEH
JIESITETLHOCTH M TIOJJ3¢MHOTO CTPOHUTENILCTBA MIPOUCXOMIAT OBICTPhIC U MacIITaOHbIE U3-
MEHEHHS THPOTeOIOTHYECKUX YCIOBHH. TaM, Tie pacrpocTpaHeHbl PaCTBOPUMBIE IT0-
POIBI, pa3BUBAeTCs KapCT U COMYTCTRYIOIINE EMY I€OIMHAMUYECKHE SBICHHUS.
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KapcT, KoTopblii BO3HUK WJIM HHTCHCU(DHUIIMPOBAJICS B IPUPOIHO-TEXHUYESCKUX CH-
CcTeMax, Ha3bIBAIOT AHTPONIOTEHHBIM WJIN TEXHOTeHHBIM [2]. [lonme3Ho pa3nudars 3TH
JIBa TepMHUHA. AHTPOIOTEHHBIM TPEAJIaracTCsl Ha3bIBaTh KapCT B palloHaX JPEBHUX
PaccoIONPOMBICIIOB, TJie MPeodanaan pyyHor Tpya. TeXHOTSHHBINH KapcT OTIHYACTCS
KPYITHOMACIITA0OHBIM TEXHUUYCCKUM BO3ZICHCTBUEM Ha FEOJIOTMYCCKYIO CPEIy.

B xapcToBeaeHun paznuyaror ABa HalpaBiI€HUs: CIIEJIC0JIOTHYECKOE U MHKEHEPHO-
reonornyeckoe. IlocneaHee B CBOIO O4YEPE/lb CONEPXKUT JiBa acCIlEeKTa: MOBEPXHOCT-
HBIIl — CTPOUTENHCTBO HA3EMHBIX COOPYKEHHH Ha KapCTOOIMACHBIX TEPPUTOPUSIX H
MOJ3EMHBIN — NPEAYIPESKICHIE BO3HUKHOBEHHUS KapcTa U 00ph0a ¢ HUM MPH pa3pa-
00TKE MECTOPOXKIICHUH TOJIE3HBIX MCKOMaeMbIXx. HanOoMbITy0 OMacHOCTh MPEeCTaB-
JII€T TEXHOTEHHBIM CONSIHOM KapcT. HecMOTps Ha TO YTO 1IAXThl HAa COJISTHBIX MECTO-
poXaeHUsX paboraroT co BpeMeH CpeIHEBEKOBBS, COISIHOH KapcT MO-NPEKHEMY
SIBJISICTCS IPUUUHOM FMOETM MHOXKECTBA COJISTHBIX IIaXT.

Puc. 1. KoHTaKT coim ¢ KepoKoM (COoJIb MPOHU3aHa
MHOT'OYHUCIICHHBIMU BEPTUKAJIbHBIMU TpemI/IHaMI/I). CoJIOTBHHCKOE
MECTOPOXKACHUE
Fig. 1. Salt and cap rock contact (salt is permeated with numerous
vertical fissures). Solotvino deposit

0030p JuTeparypsbl. [IpobiemMaM TEXHOTEHHOTO COISTHOTO KapCTa MOCBSIIESHB MHO-
rourciieHHble myonukanuu. B 1931 1. Ha 6a3e Consnoii nadoparopuun AH CCCP 6but
coznaH Bcecoro3Hblii HHCTUTYT rallypriuu, 00€CTIeUMBIINHA YCTICITHOE Pa3BUTHE COIISTHOM
npombinierHocTd CCCP. OnHa U3 nepBhIxX pa0oT, MOCBSIIEHHBIX COMSTHOMY KapCTy — CTaThsl
A. 3. Xonpkosa [3], B KOTOPOI BIIEPBEIE YKa3aHO HA HAIMYIHME BOJOIIPOHUIIAEMBIX 30H Ha
KOHTAaKTE COJISTHBIX 3aJIeKel ¢ MOKphIBarommMHu mopoaamu. Ocoboe 3HaueHne UMeeT TI0-
CBSIIIICHHASI TEXHOTCHHOMY coJisTHOMY Kapety kHura I. B. Koporkesuya [1]. O630p aBa-
PUIHBIX CUTyaIHii Ha CONSHBIX IaxTax [epmanun qan B kaurax A. H. Aanpendesa [4]
u M. U. lllumana [5]. B aTux pabotax ocBelleHbI OOCTOSTENLCTBA, MPU KOTOPBIX 32
70-netHuU# nepro; ObLTa 3arorieHa 81 1raxra u3 odriero urcia 254.

B MOCJICAHUEC NCCATUIICTHA B UCCIICAOBAHUAX TCXHOICHHOI'O0 COJIAHOTO KapCTa Ha-
Orrofanach onpeieieHHas ay3a, CBsI3aHHasl ¢ U3MEHEHUSIME COIMaIbHO-DKOHOMHYE-
CKUX YCHOBI/Iﬁ. B stotr MEpUOA Ha HCKOTOPBIX IaxTax NPEKpaTUuIMCh HAYUYHBIC UCCIIC-
JIOBaHUs, 0cjiabesia TeXHOJOrn4ecKas TUCIMILIMHA [6].

DTO MOCITY>KUJIO OTHOM M3 IPUIHH HECKOIBKUX KPYITHBIX aBapuid. B Poccun mpomso-
nula cepusi NpoBajioB B bepe3Hukax, Ha YKpauHE 3aTOIUIeHbl KAJIUWHBIE PYIHUKH
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B Kasrymie u CreOHuke, a Takke JBe COJSIHBIC IIAaXThl B 3aKaprarke. ITo 00yCIOBHIIO BCIIECK
MyOMMKaNyii, MOCBAIIEHHBIX aHAJM3y TPUYUH MPOU30ILIEIIINX aBAPUI 1 CIIOCOOOB JINK-
BUJIAIIMW HETaTHBHBIX MocieAcTBHi [7—12]. B aTux paboTax BbICKa3aHBI ABE TUIIOTE3bI
0 MEXaHM3Me MPOBAJIOB. B 0HOW M3 HUX MPUYMHON MPOBAJIOB CUUTACTCS CYPQo3ust
Y KapcCT B Mpe/iesiaX MOKpbIBaroiei Tomm [11], B apyroii — 00BaJI LIEIUKOB IIaXThI [9].

B I'epmanuu uccrienoBaHUsSMHU COJITHOTO KapcTa M €ro MOCIeICTBUI 3aHMMaroTCs
corpyanuku uHctutyTa Kali Umwelttechnik GmbH. B paborax Hemenkux crenuna-
JMCTOB OOJNBIIOE BHUMAHHUE YIIENISETCS] COBPEMEHHBIM METOJIaM MOHUTOpPHWHTA (ceiic-
MHUYECKUM CTaHIMSAM, PaJapHOi KOCMHUYECKOW ChbeMKe M Ap.), 00ecleunBArOIIUM
KpaTKOBpeMeHHbIH TporHo3 nedopmanuii [13]. [TogoOHBIe HccienoBaHUS BEAYTCS
B [Tonbiie [14—16]. Cnenyer OTMETUTB, YTO B OOJIBIIIMHCTBE pa0OT /10 CUX MOP Mpeod-
JIa/laeT OMUcaTeIbHBIN XapakTep.

Kamepa

Puc. 2. O600meHHas cxema ruIpoIHaMUYeCKON CHCTEMBI TIPH 3aToILIeHHH pyaHHKa Ne 2 B CTeOHUKe:

1 — 30Ha nuTaHus; 2, 3 — 30HBI HAIIOPHOTO U OE3HATIOPHOTO TPAH3UTA; 4 — 30HA PA3TPy3KH; @ — YETBEPTUYHBIH

BOHOHOCHLIﬁ TOPU30HT; 6 — TJIMHUCTBIN BOAOYIIOpP; 6 — COJICHOCHBIEC IOPOABI;, 2 — HepacTBOpI/IMHﬁ 0CaaoK;
0 — IIpecHas BoJia U paccolt

Fig. 2. Generalized chart of the hydrodynamic system during Stebnik mine no. 2 flooding:
1 — accumulation area; 2, 3 — areas of pressure flow and gravity transit; 4 — discharge area; ¢ — quaternary
water-bearing strata; 6 — argillaceous confining bed; 6 — saliniferous rock; ¢ — insoluble sediment; 0 — fresh water
and brine

MeToauka uccjienoBaHuid. B TedeHne mocieqHuX JeCSITUIETHIH aBTOPOM pabOoTHI
MIPOBE/ICHBI UCCIIEOBAHUS COJITHOTO KapcTa B 30HAX JIEATENIbHOCTH KAaTMUHBIX Mpes-
npustuit [Ipenkapnares v cONAHbIX maxT B 3akapnarke. [IpoBoauiics anamus peryssp-
HBIX MapKIICHIEPCKUX U3MEpeHHH JedopMaluii MOBEpXHOCTH, JOKYMEHTAIUS pac-
COJIONIPOSIBJICHUIT B TOPHBIX BBIPA0OTKAX, XUMHUYECKHE aHAIM3Bl PAacCOJIOB,
THIIpOMETpHYEeCKie paboThl Ha MOBEPXHOCTHBIX BOJIOTOKAX, TMPSIMBIC OMpPEACICHUS
arpeccUBHOCTH PAcCOJIOB, IeopH3MUCCKUE HCCIETOBAaHHUS METOJOM ECTECTBEHHOTO
TMOJIS1 1 BEPTHKAJIBHOTO 3JIEKTPHUECKOTO 30HANPOBaHUS U T. 1. B mociennue roas! ams
KOHTpPOJIs AeopMaIiii 3eMHON MOBEPXHOCTH MCIIOJIb30BAIMCh JJaHHBIE KOCMUYECKON
palapHON ChEMKH.

HakomnneHHsIi MaTepHralt O3B0 IPEANPUHATH MOMBITKY YCTAHOBUTH HEKOTOPBIE
KOJIMYECTBEHHBIC 3aKOHOMEPHOCTH Pa3BUTHS TEXHOTEHHOTO KapcTa [17] i comyTCcTBY-
IOLIUX eMy Ae(popManuii 3eMHOU OBEPXHOCTH [12].

I'maporeoJsiornst MecTOpoOXKIEHUIA €OJIM. 3AEXKH COJIUM 00pa3yIOTCs B pe3yibTaTe
UCITApEHUs MOPCKOW BOJIBI B OTPE3aHHBIX OT OKeaHa OacceifHax. CHayala B 0CaJloK
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BBITAJIAFOT KAPOOHATHI, 32 HUMH — CYJIb(aT KIbIHS U XJIOPH] HATPUsL. 3aBEpIIaeTCs UK
BBINaJICHUEM KaJUIHBIX 1 MarHueBbix cotieit [ 18]. Ilpu pacconenun 6acceitHOB MOXKET
HaAOJIONIAThCsT OOPATHBIN MOPSIOK BBITIAJACHUS COJCci. B X0/1e reoiornyeckoil uiCTopuu
3aJIe)KU COJICH IOJIBEPraloTCsl Pa3MbIBY, CKIAJAKOOOPa30BaHUIO, JM3BIOHKTUBHBIM U
TUTMKATUBHBIM TEKTOHUYECKUM JaedopmMaiusam. BenencTBue miacTUYecKuX CBOWCTB
COJICH OHM MOTYT BBIJABJIMBAThCS U3 DIYOOKHX 3ajekel, MpophiBas 0ojiee MOJIOIbIC
MOKPBIBAIOIIKE MTOPOJIbI C 00Pa30BaHUEM COJISTHBIX KYIIOJIOB, HEPEIKO BBIXOJAIIMX HA
TIOBEPXHOCTb.

1 2 3

Puc. 3. 3ona nuranus B paspese:
1 — ammoBHANIbHBIC OTIOKEHHS; 2 — IIHHUCTBIH BOIOYIIOP;
3 — cosleHOCHAs mnopoaa
Fig. 3. Accumulation area in section:
1 — alluvial sediments; 2 — argillaceous confining bed;
3 — saliniferous rock

Te e muacTU4YeCKue CBOMCTBA OOYCIIOBIMBAIOT IUIOTHOE CIOXKEHHE coiiei [19].
Bo3znukaromnye B HUX MOJT BIUSHUEM CTPECCca TPEIIUHBI 3aKPhIBAIOTCS IO 1aBJICHUEM
Haseraromux nopos. [loaromy consHbie MacCHBBI HETIPOHUIIAEMBI U MOTYT COIEP)KaTh
TOJIBKO HE3HAYUTENbHOE KOJMYECTBO HACBHIIIEHHBIX PAccOJIOB B 3aMKHYTHIX THE3/aX.
OpHako 4acTo B re0JIOrMYECKOM MPOIIIJIOM COJTM BBIXOAWIIHM HA MOBEPXHOCTh, OABEP-
TaJluCh pa3MbIBY M pacTBOpeHHIo. [Ipu 3ToM Ha MOBEpXHOCTH 0O0pa30BBIBATIACH MPO-
HUIlaeMas 30Ha BBIIIETaYUBaHMs — KomsiekTop (puc. 1). Hax HUM HakammuBanucek He-
pacTBOpHUMBIE BKJIIOYEHHMSI (DIIOBHI), KOTOPbIe HA3bIBAIOT KEMpPOKOM. B manpHeiimem
3aJIe)XH COJIM TIOKPBIBAJIUCH TOMNIIEH BOIOYIOPHBIX TOPOJ, 3AIIUTUBIIHNX COJIb OT Jallb-
HEHIIero pacTBOPEHHS B TEUEHHE MIJIJIMOHOB JIET Jake B palioHaX C TYMUIHBIM
KITUMAaTOM.

Taxum 006pa3oM, OCHOBHBIM THIPOTE€OIOTUIECKUM IEMEHTOM B COJSIHBIX MECTO-
POXIICHUSIX SIBIIIETCS HAJICOJIEBOM KOJUIEKTOp. Paccos, Hachlalolmuid KOJUIEKOP,
B TIPUPOJHBIX YCIOBUSAX XapaKTEPU3yeTCs 3aCTOMHBIM pesknMoM. OTHAKO Ha MHOTHX
HEenTyOOKO 3aJIeTaloNINX yJacTKaxX MECTOPOKIEHUI 3aCTOMHBIN PEXUM HaJCOJIEBOTO
PaccoIbHOTO TOPU30HTA HAPYIIIEH aHTPOTIOT€HHBIM KapCTOM — PE3YNBTaTOM JIEATENb-
HOCTH [IPEBHHUX pPaccOIONpPOMEBICIOB. Ilog melcTBHEM OTKAa4KH pPaccoil MPHUXOAUT
B JIBKEHHE, U K Paccoj03a00pHBIM KOJIOAAM HOATATHBAIOTCS arpeCCHBHBIE BOJBI,
MIPOHUKAIOIINE Yepe3 cIabonpoHHUIIaeMble TTOKPHIBAIOIINE OTIOKEHUS B MECTaX C UX
MUHHMAJIbHOU ToNmuHON. Tak GopMupyeTcs ruIpoIuHaMruIecKas CHCTEMa C 04aroM
pasrpy3Ku — paccoIOMPOMBICIIOM — W 30HAMU TUTAHUA U TPAH3UTA.

[IpumepoM MOTYT CITy>KUTH paccosonpombicisl B CteOHuke. Yke B 1500-1770 rr.
3aech AeiicTBoBana «JlecHas maxrta» mIyOMHON 47 M C TOAOBOI HMPOM3BOTUTEIHHO-
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cteio 2300 M3 conu. B 1770 1. Berynuna ¢ aeiicteue «Jlopdiaxra» riyouHoi 46 M
¢ Tpou3BOAMTENLHOCTEIO 4700 M3/roz, a ¢ 1911 . MPOU3BOAUTENBLHOCTH BBHIPOCIA JI0
10 500 m3/ron. To 1932 . 6110 1006ITO Gostee 1 MitH M3 paccosia ¢ MUHEpaTU3aluen
nopsiaka 300 kr/m3, u3 vero cuemyer, 9to 00pa3zoBaniock 150 Thic. M3 KAPCTOBBIX ITy-
ctoT. B 1924 1. B nonuHe peuku oOpa3oBajcs NpoBajl U BOAA YA MO 3EMJTIO.

Puc. 4. Cxema 30HBI HamopHOil ¢Quibrpamun B yciaoBusx CreOHHIKOTO
MECTOPOXKICHUS:
1 — Kernpok; 2 —30Ha HEHACBILIIEHHOTO Paccosia; 3 —30Ha HAChIILIEHHOIO paccora; 4 — MPOLYKThI
00BaIMBaHKS ITOKPHIBAIONINX IOPOJ; 5 — KalauifHas pyaa; 6 — CONeHOCHas OpeKans
Fig. 4. Scheme of pressure filtration zone in the conditions of Stebnitsky deposit:
1 — cap rock; 2 — zone of nonsaturated brine; 3 — zone of saturated brine; 4 — top rock
cave-in products; 5 — potash ore; 6 — saliferous breccia

B Ilepmckoii rybepann mepBeie coneBapHH mosBuinch B 1430 roxy, a ¢ 1882 mo
1972 1. neficTBOBaN CcoJIeBapHBIi 3aBOj Ha Oepery p. Kamer [20].

Consinble maxrtbl. Camas JOpeBHss cossiHas maxra «Bemuwuka» B Ilombmie
umeetr 800-nmetHot0 uctopuro [16, 21]. BoNBIMIMHCTBO MAXT OBUIM IOCTPOCHBI
B XIX Beke. IlepBrie maxTel ObUIM HETITYOOKH, a pa3Mepbl MOAAEPKUBAIOIINX
MOKPBIBAIONIYIO TOJILY LETUKOB HEJOCTATOYHBI, YTO SBUJIOCH NPUYMHON OOpyIICHUH
KpOBJIH BBIPaOOTOK U 3aroruieHus. Tak, Hanpumep, Ha COJTOTBUHCKOM MECTOPOXK-
JeHUHW B 3akapnaTbe padoTanu ¥ ObUIM 3aTOIJICHBI cTapble maxTol «KyHurynmay,
«Huxonait», «Ansbepr», «Xpuctuna», «Mocud». MHOKECTBO MEIKHX COJISHBIX
maxt ObutH 3aroruieHsl B ['epmanuu [5]. B coBpeMeHHBIX 11axTax Hall BBIpaOOTKa-
MU OCTaBIIAIOT MOILIHBIN (mopsaka 50 M) BOZO3AIIUTHBIN IO CONMU M MpeaycMma-
TPUBAIOT TPEXKPaTHBIM 3amac HaJeKHOCTHU LEJHUKOB. Takke OCTaBIAIOT IENUKU
BOKPYT pa3BEIOYHBIX CKBa)KHH.

IIpu4uHbBI aBapuiil HA COIAHBIX MIaxTaX. M3 onucaHus aBapuil Ha COJISIHBIX IIaX-
Tax CIJIEAYyeT, YTO OCHOBHBIMH IPUYMHAMHU MPOPHIBOB BOJBI ABJISAIOTCS: 1) BCKpBITHE
BBIpa0OTKaMH HAJICOJIEBOTO KOJUIEKTOpa; 2) BCKPHITHUE BBHIPAOOTKAMH HEKaueCTBEHHO
3aTaMIIOHMPOBAHHBIX CKBAXHH; 3) pa3pyllIeHHe MEKXKaMEpHBIX LIEJIMKOB, PUBEALIEe
K HapyLIEHHUIO LIEJTOCTHOCTU BOAO3AIIUTHOM Tonu. [IpuBenemM npumepsl.

1) Bypenue pa3BeouHbIX CKBRKUH CO3Ja€T OMACHOCTH UX BCKPBITHUS IIPU IKCILTya-
Tauuu. [IpuxoauTcs oCTaBNIATh BOKPYT CKBaXXHMH LIENHUKH, YTO BEJET K IMOTEPSAM 3KC-
TUTyaTallMOHHBIX 3arnacoB. [103ToMy ceTh CKBaXKMH OU€Hb pa3pekeHa U He MO3BOJIIET
JeTaJbHO KapTHPOBaTh penbed COMSHOro 3epkana. Kak BEISICHUIOCH yKe TIPH TpOBe-
JICHUH TOPHBIX paboT B CTeOHMKE, B YKa3aHHOM pelibehe UMEIOTCs yriTyOJIeHus, J10-
cruratonie 50 M. Ha pynauke Ne 1 onHO U3 TakuX yriiyOJaeHHid ObLTO BCKPBITO Tiepe-
JIOBOM CKBa)XMHOW IIPHU IPOXOJAKE KBepuuiara. HecMoTps Ha psajx NPHUHSTBIX MeEp, B
2003 . mpuToK paccoia gocruran 280 M3/cyT U B TedeHue rojia Bo3poc 10 1400 m%/cyT.
ITputom B 900 M 0T MecTa MPOphIBa BOJBI Ha Oepery mpyaa MpOoU30IIeT TPOBaJ, Yepe3
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KOTOPBI BOZIa U3 BOJOEMa BBITEKINA B maxTy. [IpopbIB ObUT TUKBUIUPOBAH MyTEM 3a-
CBITIKM ITpOBaja U BO3BEICHNUS NEPEMBIUKY B KBEpILLIare.

2) J1ast npeaynpekaeHUs IPOPHIBOB BOABI Yepe3 CKBAXKHHBI NpaBUIIaMH Oe3omac-
HOCTH TIPETyCMOTPEHO OCTaBIEHHE BOKPYT HUX LENUKOB. OJTHAKO B CUITY Pa3iIMUYHBIX
MPUYUH JTOKYMEHTAIUs O JaBHUX pa3BElOYHBIX CKBaXMHax He coxpaHuiach. B Co-
JIOTBUHE BBIPAOOTKH mIaxThl No 9 mprOIM3UINCE K OHOM W3 TAKUX CKBaXKHH, YTO MPHU-
BEJIO K IIPOPBIBY BOJIBI, 00Pa30BaHUIO MTPOBAJIA M 3aTOIUICHUIO HIAXTHI.

Puc. 5. lllens raydunoit 400 M B consiX, IPOMBITAst
BojomanoM Hax maxToil Ne 8 B CostorBrHe
Fig. 5. 400 m deep fissure in salt washed by the waterfall
over mine no. 8 in Solotvino

3) B oxta6pe 2006 r. Ha pyanuke [lepBoro bepe3HWKOBCKOTO KalmWHHOTO pyHo-
yIpaBiIeHHs MTPOU30ILEN POPBIB BOJBI M HAYaJIOCh €T0 3aTOIUIeHne. B BepxHeil yactu
LEJMKOB IUPUHON 12 M ObUIM TIpOHeHBI BEIpab0TKK mupuHOoi 3 M. Takum obpaszom,
(akTHuecKas IUpPUHA LETUKOB cocTaBuia Bcero 4,5 M. Llenuku morepsui Hecyuryro
CHOCOOHOCTB, YTO MPHUBENIO K OOPYIICHUIO MEXKIYIUIACThS U BBILIETICKAIIUX TOPH30H-
TOB [9, 22, 23].

I'mppoannamuyeckue cucremMbl. KiltlouoM K pacKphITHIO MeXaHH3Ma 00pa30BaHUs
COJITHOTO  KapcTa, SBIAIOLIETOCS NPUYMHOM aBapuil, CIYXHUT OCHOBaHHOE
A. M. OBunHHUKOBBIM [20] y4eHHE O TMAPOAMHAMHYECKHX CHUCTEMAaX, SJIEMEHTaMHU
KOTOPBIX SBIISIOTCS 00JIACTH MUTaHUsI, TPAH3UTA U pa3rpy3ku (puc. 2).

Ob6nacmu numanus HaACOJIEBOTO PACCOIBHOTO TOPH30HTA OOBIYHO OOPa3yIOTCS
B JIOJINHAX PEK W Py4beB, [J€ MOIIHOCTH MOKPBHIBAIOLINX COJIb CJIA00 MPOHHUIAEMBIX
OTJIOKEHUI MUHUMAJbHA.



54 "lzvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2020 ISSN 0536-1028

31ech IPOUCXOANUT BEPTUKAIBHBIN MEPETOK MPECHOM BOABI U3 aJUTIOBHATBHBIX OT-
JIO’KEHUH B HaICOJIEBON KOJUIEKTOpP. B pe3ynbrare pacTBOpeHUs colel Ha UX KOHTAKTe
C TIOKPBIBAIOLIMMHU TOpoJaMu (OpPMHUpPYETCsl CyOTOpH30HTalbHasE MONIOCTh (puc. 3).
Ha nmxHell ee MOBEpXHOCTH HAKAIUIMBAIOTCS HEPACTBOPUMBIE OCTaTKU U MPOAYKTHI
00BaJIMBaHMS TOKPBIBAIOIIUX HOPOIA. DTH OTIOKEHHS MPEMSTCTBYIOT PAaCTBOPEHHIO
coJieif, M03TOMYy MOJIOCTh PACHPOCTPAHIETCS] MPEUMYIIECTBEHHO 0 TOPU30HTAIU.
Hap Heii ocenaroT BhllIeIexaIine OTIOKEHUS, 1 Ha 3eMHOI TOBEPXHOCTU 00pa3yoTCs
6montieoOpasHsie o3epa. IlomnomeHre NOBEPXHOCTHBIX BO MOXKET ObITh YCTAaHOBJIEHO
THIIPOMETPHYECKIMHU 3aMEPaMH.

e |

Puc. 6. [logpe3anne neIMKOB arpecCUBHBIM PaccoIOM (MOIEINb)
Fig. 6. Pillars undercut with aggressive brine (model)

Obnacmv mpan3uma TPOCTUPACTCST OT 30HBI MUTAHUS 10 MECTa MPUTOKA BOJBI
B IIaxTy. B HayanpHbII epro IBMKEHIE BOABI IPOUCXOAUT B HAIOPHOM PEXUME, T10-
TOK 3aHHMMAeT BCE CEYCHHE HaJICONEBOro Koyuiekropa. [lo Mepe mpoaBukeHUs Boja,
MOCTYMAIOIIAs U3 00IaCTH MUTAHKS, HACBIIIASTCS CONsIMU. HauBpiciiel KOHIeHTpaLu-
eil oTM4aeTcs HIKHSA YacThb MOTOKA, KOHTAKTHPYIOWIas ¢ coliblo. MeHee ToTHast
COJIeHasi BOJa BBITECHSETCS B TMOBBIIICHHBIE YYacTKH HAJACOJEBOTO KOJJIEKTOpa
(puc. 4). Kpome Toro, mojoriBa MOTOKa KOJIbMAaTUPyeTCsl HEPACTBOPHUMBIM OCaJIKOM.
W3-3a 3TOr0 00NMACTh TpaH3WUTa 3aHUMAET CaMyl0 HPUIOAHATYIO YacTh MOBEPXHOCTH
COJIIHOTO 3epKana. Tpaexmopus nomoxa modicem Oblms YCMaHo81eHa npocmo no Kap-
me uzoeunc noOOWEbl NOKPLI8aiowell monuy. ITa 3aKOHOMEPHOCTb MOATBEPKIAETCS
reodpusnueckuM mMetonoM EIT (ecTecTBEHHOTO mMOIs).

B MmecTe nputoka paccoia B maxTy odpasyercs Bogonal. [Ipu aTom paccon u3 Bep-
Xell ¥ HIDKHEH 4acTell HaIlopHOTo TOTOKa CMEIINBAETCs U PUOOpETaeT arpecCuBHbIE
cBoticTBa. [ToTok mpope3aeT B CONSAX Y3KYIO BEPTHKAIBHYIO LIEIb (pUC. 5) TITyOHHOM OT
COJISTHOTO 3€pKajia IO MeCTa [IaXTHOTO BOIOOTINBA. TeueHue npuodperaeT Oe3Harop-
HBII XapakTep W TypOYJICHTHBIN pekuM. BepTukanpHas mIeib pacTeT HaBcTpedy I0-
TOKy mof100HO oBpary. Korna ona nqocruraer obnactu nutanusi, 00pasyrorcst Oobliime
MpOBaJibl MOBepXHOCTU. Habmromanuck ciy4an, Korjga B MPOBaJIbl MOJHOCTHIO MOTIIO-
IIaJicsl CTOK Majbix pek. B pabote [17] npuBereHa METOAMKA TUAPOJUHAMUYCCKOTO
U THIPOXMMHUYECKOTO PACUYeTOB CKOPOCTH TPOABIKEHHUS BOAOMNAga M pPa3MepoB
KapCTOBOMW LIEJIH.

lupuHa mienan 3aBUCHT OT pacxofa NoToka. Ha moBepXHOCTH BIOJB MIETH OOBIYHO
NpocIieXnBaeTcs JokOnHa. Eciu mens gocTatouHo mMpokas, Haa Hell oOpa3yloTcs
MPOBAJIBI TTOKPHIBAIOIINX TTOPO/.
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3onoii pazepyszxku IOTOKA CITy>KaT TOPHBIE BeIpaboTKH. [1pu 3aToTuIeHNU BRIPabOTOK
arpeccUBHBIM PAaccoOM HX MOAOIIBA HE PACTBOPSETCS, TaK KAK B OCHOBAHUH TIOTOKA
HaKaIIMBAIOTCsI HEPACTBOPUMBIE OCaIKH. B cTeHKax BHIPaOOTOK U B OCHOBE LICJIHKOB
00pa3yroTcst HUIIHM TPEYTONbHON (OPMBI, YTIYOISIOIIUECS 110 MEepe MOAHATHS YPOBHS
pacconoB (puc. 6). Ilogpe3anrue OCHOBHI LIETUKOB MPOJOKACTCS O TEX IOp, MOKa
HENMKK HE YTPauyuBarOT HECYIIYI0 CIIOCOOHOCTh W HE NMPOUCXOAUT UX OOpYIICHHE.
B paGore [12] nmaeTcst MeToaMKa MpPOTHO3MPOBaHUS 0OpymieHHs. B cooTBeTCTBUU
¢ nporHo3oMm Ha CTEOHHIKOM pPYyIHUKE OOBAJIIUCH YETHIpE IEeNMKa U 00pa3oBajcCs
npoBall moBepxHoctu auamerpom 200 M 1 mryouHo# 40 M.

3akuouenne. PackppITre MexaHH3Ma Pa3BUTHS COISTHOTO KapcTa MO3BOJIMIIO TIpe-
JIO)KUTH METOBI IPOTHO3UPOBAHUS €T0 TIOCIEACTBUI 1 CIIOCOOBI TIPSy NIPEKACHUS 3a-
TOIUIEHUS COMSIHBIX mmaxT. OJHAKO MpeIOKEHHBIE MEephl HE OBUIM pealn30BaHbl 110
NPUYHMHE HEOCTAaTOYHOTO U HECBOEBPEMEHHOTO (PMHAHCHPOBAHMUSI, YTO SBHIIOCH TPH-
YUHOW yIajKa KalUuiHON U COJISTHOM NMPOMBINUIEHHOCTH YKPauHBL.
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Technogenic salt karst
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Abstract
Introduction. There are the speleological and engineering-geological areas in karst studies. Engineering-
geological area has two aspects, the surface aspect including the construction of surface buildings in the
areas with the karst hazard and the subsurface aspect of prevention and protection from karstification
when developing mineral deposits. Although shafts in salt mines has been working since the Middle Ages,
the salt karst is still the reason for the destruction of a lot of salt mines.
Research aim is to reveal the physical and chemical mechanism of salt karst development and the reasons
for accidents and flooding in salt mines.
Methodology included the analysis of regular survey measurements of surface deformation, recording of
brine manifestations in mine workings, chemical analyses in brines, hydraulic measurements at surface
watercourses, direct determinations of brine aggression, geophysical research by the natural field method,
vertical electrical sounding, etc. In recent years, in order to control surface deformation, the data from the
radar survey have been used.
Results. A clue to the mechanism of salt karst responsible for accidents is the theory of hydrodynamic
systems by A. M. Ovchinnikov, the elements of which are the areas of accumulation, transit, and discharge.
Brine motion is in the supra-salt reservoir. The trajectory of brine motion is determined by the relief of the
salt table. Pressure flow take up the elevated terrain. Accumulation areas are confined to stream corridors
permeating the low-permeability strata which covers the salt. The area of transit distinguishes between the
zone of the pressure flow and the vertical slot where the brines move in the gravity turbulent conditions.
Mine workings make up the discharge area. Within them under the action of aggressive brines triangular
niches develop. Pillars undercut results in their collapse and surface sink.
Summary. Salt karst development mechanism disclosure has made it possible to propose the methods for
predicting its effect and the ways of predicting flooding in salt mines.

Key words: salt karst; mines; pillars, accidents; cap rock; brines; hydrodynamic systems.
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Abstract
Introduction. Development of deep open pits requires reliable knowledge on conditions of rocks at
the hard rock mass to locate potentially hazardous sectors which have considerable impact on efficiency
and rationality of a deposit'’s development. Definition of disturbed zones at the open pit benches is an
actual scientific and practical task in terms of supporting stability and functionality of such facilities.
Research aim is to study geophysical signs of disturbance of hard rocks by data of nondestructive
ground-penetrating radar (GPR) observation of the surrounding rock mass at the working open pit
benches in order to estimate their geological structure and differentiate by disturbance degree.
Methodology. Nowadays, GPR data is overwhelmingly interpreted based on comprehensive analysis
of amplitude, frequency and phase characteristics of an electromagnetic signal and without an attribute
analysis of the wave field. When using the structural approach, based on the analysis of the dynamic and
kinematic characteristics of the wave field, to identify hard rock disturbance areas, it becomes possible
to significantly increase the accuracy of their determination and localization according to the
nondestructive subsurface GPR research.
Results. Based on GPR measurements, the author has studied geophysical signs of disturbed rock zones
identification at the open pit benches which consist in a quantitative estimation of change in reflection
response amplitude characteristic, permittivity of a section and Q factor attribute.
Conclusion. Using the established relationships with the proposed analysis of geophysical signs, the
GPR study data can contribute to the adoption of differentiated and providing greater stability
parameters of benches and mining operations.

Key words: open pit; bench; hard rock mass; ground-penetrating radar; radarogram; disturbance.

Introduction. Development of deep open pits requires reliable knowledge on
conditions of rocks at the hard rock mass to locate potentially hazardous sectors which
have considerable impact on efficiency and rationality of a deposit’s development.
Definition of disturbed zones at the open pit benches is an actual scientific and practical
task in terms of supporting stability and functionality of such facilities. Reliable data on
hard rock mass state may be obtained from exploratory boreholes, however, only point
data is obtained this way, and increased number of boreholes aimed at obtaining more
complete information results in high extraction costs. In this regard, nondestructive and
providing continuous (profile) picture of research methods are preferable
and economically more attractive.

Research aim is to study geophysical signs of disturbance of hard rocks by data of
nondestructive ground-penetrating radar observation of the surrounding rock mass
at the working open pit benches in order to estimate their geological structure and
differentiate by disturbance degree.

Methodology. Analysis of literature on hard rock disturbance estimation using
nondestructive geophysical methods written in the past decade has shown that there
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have been developed no fundamentally new technologies in these methods. At the same
time, successful application of the GPR method for these aims has been recorded
making it possible to get information efficiently in situ [1-6]. It should be noted that
there have been numerous improvements of the GPR method, particularly, improvement
of the obtained data depth and information value by means of reducing the frequency of
the emitted signal and increasing the transmitter’s power, which have significantly
enhanced the opportunity of obtaining field results. The number of innovations has grown
significantly in GPR data office study as well, firstly due to 3D systems realization. Much
attention has been given to the improvement of the information value and accuracy in
hard rock mass structure estimation based on data processing algorithms development
with the use of the methods of statistical analysis, signal decomposition procedures, and
various types of filtration. Meanwhile, the main drawback of GPR is the intricacy
of obtaining distributed velocity data. GPR data is overwhelmingly interpreted based on
comprehensive analysis of amplitude, frequency and phase characteristics of
an electromagnetic signal, and the comparison of the signal common mode axes inside
the highlighted sections and regions in the radarogram, which differ in the character of the
image, unconformity interface and reflectors intensity. However, an innovative technology
of automated analysis of the backscattered electromagnetic fields (BSEF) may be
distinguished among new GPR data processing technologies; itisrealizedin GEORADAR-
EXPER program which makes it possible to significantly improve the quantitative and
qualitative indicators of the resulting parameters by means of wave field attribute analysis.

The practice applying the wave field attribute analysis to solve some mining problems has
shown significant improvement in the quality of GPR data interpretation and may be an
effective means of timely detection of hazardous zones in pit benches [7, 8]. So, the
integrated analysis of wave field dynamic and kinematic characteristics is an important
tool dealing with such problems with the help of GPR.

Results. The research presented in this work were fulfilled at the producing sections
of Zhelezny open pit slopes of JSC Kovdorsky GOK mining enterprise in close
cooperation with the specialists of the enterprise with the use of GPR complex Ramac/
GPR X3M equipped with screened aerials. The obtained data were processed with
specialized RadExplorer and GEORADAR-EXPER programs, interpreted separately
and further on an integrated analysis was made of the obtained data in space-depth
relationship.

Many instrumental measurements over the years of benches study in this facility
revealed that within the zones of rock mass inhomogeneity (fault tectonics, areas of
increased jointing) the induced electromagnetic field distorts in the degree of difference
between the physical properties of rocks in the zone and main rock mass. It has been
stated that the intensity of wave field distortion is determined by the contrast (ratio)
of rock physical properties and the depth of the zone [1, 9, 10].

Fig. 1 represents an example of GPR data interpretation obtained by Ramac/GPR
X3M radar with 100 MHz antenna unit using standard processing, as a result,
the detailed analysis of frequency response of electromagnetic lines has made it possible
to expose structural inhomogeneity and localize the rest water level (RWL). Against
low-frequency noise caused by the presence of water in the rock mass (rest water level
of 10—12 m from the surface), the boundary of structural disturbance of rock 2 m thick
at the depth of 4-8 m is clear; it is presented in the form of an outburst of maximum
amplitudes of the GPR signal.

Fig. 1 presents the detected disturbed zone (zone of weakness) according to GPR
data which has been confirmed by the geological section according to the drilling data.

Standard GPR data processing includes the removal of the constant component
of a signal, i. e. the direct wave, amplitudes correction due to signal divergence and
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attenuation, and the use of specialized procedures of processing: deconvolution, the
Fourier transform and the Hilbert transform, which, in some instances, improve greatly
the accuracy of disturbed zones localization. Nevertheless, in a number of instances the
discovered structural inhomogeneities do not agree and even go against the geological
data. Data interpretation quality in this approach greatly depends on the interpreter’s
experience and skill.

Zone of
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300 Geological section 350
\ |
W_—-
Rl _7¥ —
/
C] / /

-30 +H

-20

20 —

7

Fig. 1. An example of the GPR data interpretation:
a — processed radarogram; b — interpreted radarogram; ¢ — geological section
Puc. 1. Ilpumep unTepnperanyy JaHHBIX T€0PaIUOIOKALMU:
a — obpaboranHas pagaporpamma; b — uaTepnpeTHpoBaHHas pagaporpaMma; C — reoJIOTHIECKHil paspes

In order to eliminate the given drawback, the author of the article carried out an
independent comprehensive research on the geological structure of a bench, i. e. the
GPR investigation of the bench surface by bore wells carrying out telemeasurement
and registration of visually detected fissures and zones of excessive fissuring [9].
The obtained GPR data were processed by means of electromagnetic backscattered
field automated analysis. As a result of BSEF automated analysis with the use of kinematic
and dynamic characteristics of the signals, the GPR data array was created with a set of
wave field attributes for further interpretation. As soon as the main parameter
characterizing the opportunity of applying GPR in various spheres is the permittivity
of rocks which influences electromagnetic waves propagation velocity [11, 12], it is
essential to calculate the parameter and determine its correlation with the parameters
of the medium (geological structure).

As a result of the obtained data comprehensive analysis and interpretation in the
space-depth coordination, the correlation between the indicators of jointing intensity
and rock permittivity has been revealed (fig. 2). It has been stated that rock jointing
growth results in the increased recorded values of their permittivity [9].

Having applied this approach to process the GPR data in fig. 1, the author obtained
the section in the values of the permittivity (fig. 3). Actually, it is a velocity section, as
soon as the permittivity is the main parameter determining the electromagnetic wave
propagation velocity in the geological medium [10].
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As it can be seen in fig. 3, in the subsurface zone up to 1.5-2 m deep the values of
the permittivity change within the range of 10.5 units (light blue palette). As a rule, this
zone was disturbed by the blast at the previous stage of working the benches contour.
At the depth of 2—4 m insignificant decrease in the permittivity is observed down to
9-9.5 units (yellow palette), rock here is less disturbed in accordance with earlier
revealed regularities [9]. At the depth of 4—8 m of the profile a zone of increased
permittivity values of 12 units is distinguished and in the profile interval of 0-15 and
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Fig. 2. Graph of behavior of the jointing intensity K; and the permittivity & in six
boreholes
Puc. 2. I'paduk n3MEeHEHUSI MHTEHCUBHOCTH TPEIMHOBATOCTH Ky 1
Z[I/IBJICKTpPI‘{CCKOﬁ MIPOHUIAEMOCTH € 110 HICCTH 6yp0BI;IM CKBaXUHaM

25-40 m it reaches maximum values of 12.5 units (dark blue palette); rock here is most
disturbed. The detected zone of disturbance, according to the data of hard rock mass
permittivity values analysis coincides with the detailed analysis of electromagnetic
lines frequency response (fig. 1). At the depth of 10-12 m, where according to the
geological section data the rest water level extends; the values of permittivity are also
high and make up 11.5-12 units. However, only subjectively or based on some
geological data it is possible to distinguish between water level and disturbed zone
level. Lower than 15 m (red palette) permittivity values decrease reaching 7.5—8 units,
which complies with undisturbed solid rock mass.

Permittivity increase is a sign of water saturation growth which results in electromagnetic
wave velocity decrease and research depth reduction. A number of empirical expressions
determining this connection is known today. For example, for sedimentary rock these
expressions determine the medium with a wide range of water content change from 3 to
45% and the medium with high humidity correspondingly [11, 12]:

€=3.03+93W _ +14W? —76.7W3 :

vol vol vol »

L __ 120
180-W’

where ¢ is the real part of integrated relative medium permittivity, W _, — volumetric

vol
water content, ¥ — water content.



62 "lzvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 6. 2020 ISSN 0536-1028

Thus, both the zone of structural disturbance and the water saturated area may correspond
to the increased values of permittivity in the section; that may again result in the ambiguous
interpretation of data, and that is what the interpretation complexity is associated with
together with the disturbed zone and rest water level boundary division in fig. 3.

Considering the opportunity of wave field attribute analysis, a section constructed
with the help of the quality factor of the backscattered fields can be distinguished
(fig. 4), so called Q factor which characterizes electromagnetic losses in the medium
and has correlational connection with strength [7].

GPR Profile: DAT_1344 Al (300-360)

Attribute: Real part of complex relative permittivity

= 8.87}

Depth, m ( €

Distance, m

Unit of measurement: Dimensionless quantity

Minimum value T2 Number of measuring points 5471
Maximum value 1225 Rverage distance, m 0.51
Rverage value 8.87 Density, points per sqm 3:81

GEORADAR-EXPERT 2.0 Licensee: TOM KHI, PAH

Fig. 3. Section constructed according to the permittivity values distribution data
Puc. 3. Pa3pe3, HOCTpOCHHI;If/'I 10 JaHHBIM pacpeACIICHUS 3HAYEHHI }_'[I/I3J'IeKTpPI‘IeCKOI71 NPOHUIIAEMOCTHU

O factor in this case is a correlation between the center frequency and the width of
the signal spectrum in the level of —3 dB:

O
A®'

Q
where o is the center frequency of the reflection response of a radar; Aw is the width of
the reflected signal spectrum at the level of —3 dB.

The spectrum is calculated for the neighborhood of the target reflection, the diffracted
one, for instance; and the higher the quality value, the sharper the peak of the center
frequency at the signal spectrum.

Based on the Q factor analysis of the initial radarogram the zone of higher values of
4.5 units contrasts (dark blue palette); it reflects the loss of rock mass continuity and
interpreted as 4—10 m deep disturbed zone. The value of Q factor in the remaining part
of the obtained section changes insignificantly and resides in the interval of 1.5 units.

Thus, judging from the experience of the research on hard rock disturbance
estimation through Q factor it can be stated that it serves as an indicator of hard rock
continuity and solidity; the lower its value, the more solid the medium, and vice versa.
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Structural approach together with the GPR data geophysical signs analysis to detect
hard rock disturbance makes it possible to greatly improve detection accuracy and
localization according to the data of the nondestructive subsurface GPR research.

The author of the article would like to mention that this area was not taken at random,
apart from a priori information in the form of the geological section to obtain the data,
the measurements had been carried out shortly before this area of the bench collapsed
along the detected weakness zone both according to the drilling data and the GPR data.
This research has made it possible to convince of the correctness of the proposed
approach which includes the analysis of the geophysical signs determining the zones of
disturbance in hard rock mass.

GFR Profile: DAT_1344_Al(300-360)

Artribure: g-factor
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Minimum value 1.47 Humber of measucing points BOEE
i m

Maximum value 4.58 Rverage di 0.56
Average value Z.49 Dengity, points c sqm 3.23
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GEORADRR-EXPERT 2.0 Licensee: PGM KHU PAH

Fig. 4. Section constructed according to Q factor distribution data
Puc. 4. Pa3pes, mocTpOCHHBIH 1O JaHHBIM pactpesencHus Q-hakTopa

Summary. Based on GPR measurements, the author has studied geophysical
principles of disturbed rock zones identification at the open pit benches which consist
in a quantitative estimation of change in reflection response amplitude characteristic,
permittivity of a section and Q factor attribute.

The correlation has been determined between the frequency response of the reflected/
distorted signal, the values of open cast permittivity, and the attribute of the Q factor
and the disturbance of the rock at the bench which makes it possible to quickly determine
and estimate the state of hard rock.

The state of the marginal rock mass of the sites of Zhelezny open pit of JSC
Kovdorsky GOK has been estimated with the proposed analysis of the geophysical
signs; it can contribute to the adoption of differentiated and providing greater stability
parameters of benches and mining operations.
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Feodm3nqec1me MNPU3HAKU HAPYHICHHOCTH CKAJIbHBIX MOPOJ

Ibsikos A. 10.1
! Topusrit uactutyr KHI[ PAH, Anatutsr Mypmanckoit o6i., Poccus.

Pecpepam
Begeoenue. Ilpu paspabomie 2opu3oumos 2nyooKux Kapbepog MecmopostcOeHUl NOLe3HbIX UCKONAEMbIX
HeoOX00uMbl  00CMOBEPHble 3HAHUSL O COCMOSAHUU NOPOO CKANHO20 MACCUBA OJi JIOKANUIAYUU
NOMEHYUANIbHO ONACHbIX YYACMKOS8, KOMOPble CYUECMBEHHO 6IUsiom Ha pgdexmusnocms  u
PAYUOHATLHOCHIb  OCBOCHUsL MeCmOpodicOenus. Bulsglenue HapyuleHHbIX 30H HA YCHynax Kapvepd
AGNAEMCSL AKMYAIbHOU  HAYYHO-NPAKMUYecKol 3adauell 8 uacmu obecneyenusi 6 nepeyio ouepedb
YCmouyugocmu u YyHKYUOHAIbHOCHU COOPYIHCEHULl MAKO20 MUNA.
Llens pabomui. Hccnedosanue 2eodusuieckux npusHaKos HaApyWeHHOCMU CKAAbHbIX ROPOO NO OAHHbIM
Hepaspyuaowezo 2eopaouoiokayuoHoeo 00C1e008anusi 3aKOHMYPHO2O MACCUBA NOPOO  YUACMKOS
pabouux ycmynog kapvepa OJisi OYeHKU UX 2e01020-CMPYKMYPHO20 CMpPoeHust u oughgepenyuposanus no
cmeneHu HapyuleHHOCMU.
Memooonozus. B nacmoswee epemsi 8 nooasusioweM OOIbWUHCMGE CIyuded UHMepnpemayus
2e0paoUONIOKAYUOHHBIX  OAHHBIX NPOU3EOOUNMCS. HA OCHO8E OeMAlbHO20 AHANU3A  AMIIUNYOHBLX,
YACMOMHBIX U PA30BLIX XAPAKMEPUCMUK INEKMPOMASHUMHO0 CUSHANA 6€3 UCNONb308AHUS AMPUOYMHO20
ananuza 6onHo8020 nossi. Ilpu ucnonssoeanuu cmpyKmypHo2o nooxooa Ha 0CHO8e aHanu3a OUHAMUYECKUX
U KUHEMAMUYECKUX XapaKmepucmuk 60JIH08020 NOJISL OJIsl BbIAGILEHUS 30H HAPYUWEHHOCIU CKATbHbIX NOPOO
NOSI6NIAEMCSi BO3MONCHOCHb CYUECIBEHHO NOBbICUMb MOYHOCMb UX ONpedeneHuss U JNOKATU3AYUU no
OAHHBIM HEPA3PYULAIOUe20 NOONOBEPXHOCIIHO20 2€0PAOUOIOKAYUOHHO20 UCCLEO08AHUSL.
Pezynomamut. Ha ocnoge 2eopaduoiokayuonbix onpedeienull ucciedo8anbl 2e0pu3uieckue npusHaKu
uoeHmugpuKayuu 30H HAPYWEHHOCMU  CKAIbHLIX NOPOO0  YCMYNO8 Kapbepd, 3aKIYAUUecs
8 KOIUYECMBEHHOU OYeHKe USMEHeHUs aMNAUMYOHOU XapaKmepucmuky OmpadiceHHo20 CUSHAIA,
OusLeKmpu1eckoll npoHuyaemocmu paspesa u ampubyma Q-gaxkmop.
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Bo16oowl. [Ipu ucnonv3osanuu yCmMaHOBGIEHHbIX 63AUMOCEA3El C NPEONONCEHHBIM NOOX000M aHAIU3A
2eousuiecKux NPusHAKo8 OamHvie 2e0paduoIOKAYUOHHO20 UCCIe008AHUL MO2YH CIAMb OCHOBOU OISl
npuHAMUs QU Peperyuposantvlx, obecneuusarowux 60IbULYI0 YCMOUYU8OCHb NAPAMEmpPO8 YCmynos u
6e0eHUs 20PHBIX PAOOM.

Kniouesvie cnoga: kapvep; ycnyn,; cKaibHblil Maccus; 2e0paouosiokayus; padapospamma,; HapyueHHoCmb.
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AkoHoMMYecKas 3h(PeKTUBHOCTL NpeBapUTENIbLHON KOHLEHTpaLuu
C UCNONb30BaHUEM PeHTreHo(NyopecLieHTHON cenapauum

UbinuH E. @.%, EdppemoBa T. A.2, OBunHHMKOBa T. 10.1*
1 Ypanbckuit rocyAapCTBEHHbIN FOPHBIA yHUBEPCUTET, I. EkatepuHbypr, Poccus
2 HayyHo-uccrieoBaTenbCkiid U NPOEKTHBIA MHCTUTYT «YpanmexaHoopy, r. Exkatepunbypr, Poccus
*e-mail: tatyana.ovchinnikova@m.ursmu.ru

Peghepam
Bgeoenue. Ilpocpeccusnvim —Hanpasienuem  COBEPUIEHCMBOBANUS — MEXHONLO2UL  nepepadomxu
MUHEPATbHO20 CLIPbA AGNACMCA COUEeMAHUE NPEOSaAPUMENbHOU KOHYEeHMPayuu u 21y60Kko2o 0602auyeHus.
s smoeo c gvicokoli aghgpexmusnocmuio ucnonvsyemcs penmeenogpnyopecyenmuasn cenapayus (POC).
OcobenHocmpl0 MexHON02UlU ABNAEMCS Haluuue onepayull OpoodieHus, spoXoueHus. UCXOOHOU 20PHO
MACChl HA MAWUHHbBIE U HECOPIMUPYEeMbLIL KIACChl, Cenapayuu 6 MawuHnbix Kraccax. Om rkavecmea
BLINONHEHUS. Onepayuil GopMUposanUs SpaAHyIOMEmPULECKO20 COCMABA 3A8UCUM IPHEKMUBHOCb
UCNONL306AHUS. KOMNIIEKCA NPed8aAPUMENbHO KOHYEHMPAYUU.
Memoouka. Oyenena peHmeeHopaduoMempuyeckas 0602amumocns nPo6 NOIUMEMALTULECKOl pyobl,
8bibpanvl cxemvl U 0bopyodosanue 0N NPeO8aApUMENbHOU KOHYEHMpayuu ¢ UCHONb308aHUEM
PeHmzeHoPIyOpecyeHmMHOU Cenapayuu 20pHOU MACChbl ¢ PATUYHBIM 2DAHYIOMEMPULECKUM COCHABOM,
BbINONIHEHbL MEXHUKO-IKOHOMUYECKUE PACUEmbl.
Pesynomamur.  Onpedenenvl dKOHOMUHeCKUe NOKA3amenu NPUMEHEHUs PeHmeeHOPIyopecyeHmHol
cenapayuu  Ond  NPeOBAPUMENbHOU  KOHYEeHmpayuu  NOTUMEMANIUYecKol — pyobl — pa3iuiHo2o
epanynomempuyecko2o cocmasd. I1okasanvl B03MONCHOCHIU SHAUUMETLHOZ0 NOBIUEHUS IKOHOMUYECKO20
apexma 3a cuem Gopmuposans paHyIOMempuUtecko2o cocmasa 0602awaemol 20pHoOl MAcchi.
Buieoowt. Ilpumenenue penmeenzognyopecyenmmnoii cenapayuu 0 nped8apumenbHoll KOHYyeHmpayuu
ROTUMEMANTUYECKOU PYObl ABNAEMCA 8bICOKOIPDekmueHvim. Onmumuzayus pamyioMempuyecko2o
cocmasa 630pPBAHHOU 20PHOU MACChL 34 CYem CHeyudanbHOU opeanusayuu Oypoe3pbleHbIX pabom u
no0bopa pexcumos Opoobrenus u epOXoUeHUs NPUBOOUM K NOGLIUEHUIO IKOHOMUYECK020 d¢hdexma om
npumenenuss POC ¢ 2,1-2,7 pasa.

Kniouesvie cnosa: npeosapumenvbHas KOHYEeHMpayusl, pPeHmeeHOpIyopecyeHmuas cenapayusi;
PYOOCOPMUPOBOUHDBILL  KOMIIEKC,  NOAUMEMALIUYECKdss pyod;,  ePaAHYIOMEempUYecKull  cocmae;
IKOHOMUYeCKUll P pexm.

BBenenune. OgHIM U3 MPOTPECCHUBHBIX IMYTEH COBEPIICHCTBOBAHUS TEXHOJOTHIN
nepepaboTKN pa3TNYHBIX BUIOB MUHEPAITHFHOTO CBHIPHS SBISIETCS MPUMEHEHUE Mpe-
BapUTEIIBHON KOHIICHTPAIUH B CTAAMIX pymnoronroToBku [1] kak B Poccnn [1, 2], Tak
1 3a pyoexxom [3—6].

Oco0oe MecTo cpear METOJOB, UCIOMB3yEeMBbIX IS MIPEeIBAPUTEIHHON KOHIIEHTpa-
WY, 3aHAIMaeT TPyTIa HHPOPMAITHOHHBIX MeTonoB. Cpenn HUX HauOoJbIIIee pacipo-
CTpaHEHHUE TMONyYWIH: PaTUOMETPHUECKUAN (aBTOPAINOMETPUYECKHIA) IS TIPEIBAPH-
TETBHOTO 00OTaIeHus YpaHOBBIX pyA [ 7]; onTtudeckue ((hOTOMETpHUIECKIE) B BHIUMON
1 HHQpaAKPaCHOH 00IaCTAX CIEKTpa ISl COPTUPOBKHU 30JI0TOCOAEp KauX pyx [8], He-
METAJTNIEeCKIX BUI0OB MUHEPAIBHOTO CHIPbsI, YISt [9], OKHCIeHHBIX MeaHBIX pya [10];
PEHTTCHOIOMUHECIIEHTHBIC MJIs1 oOorameHus ainMas3oB [1]; peHTreHoadcopOIMOHHbBIE
JUTSL TIPEIBAPUTEIHHOTO 00OTaIeH st Kelle3HbIX pya u yris [11, 12].
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[Hupokoe pacmpocTpaHeHre Omaromapsi YHUBEPCAIBHOCTH IONYYWIH PEHTTEHO-
¢myopecueHTHbIe (peHTTeHOpaarnoMeTpruieckue) MeTonsl [13]. OHU HAILIM MPOMBIII-
JICHHOE NPUMEHEHHE WJIN YCIIEIIHO MCIBITAHbI IPU IPEABAPUTEIILHOM O0OTaleHnu
ypanoBbIX [14, 15], 30motoconepkamux [16], CBUHIIOBO-ITMHKOBEIX [17], MEAHBIX U
MEIHO-UMHKOBBIX [1, 18] pyz, a Takke pya YepHBIX METAJUIOB U APYTUX BUIOB MUHE-
pasnbHOTO CHIpBS [1].

IIpenBapurenbHas KOHIEHTpaLMs OCYLIECTBIAETCS Ha PyAOCOPTUPOBOUYHBIX KOM-
miekcax (PCK), HConb3yIonux ITOMAMO ceTrapaliuy onepanun Apo0IeHIs U rpoxode-
Hus. Ha Texaonmoruueckyro s¢pdexruBHOCTh padoTsl PCK Brusier psin dakropos [19],
CpeAM KOTOPBIX OIHUM U3 BaXKHEHIIUX SIBIISIETCSA KA4€CTBO IIOATOTOBKH PYAbI K cenapa-
UM, KOTOPOE ompenensierca (opMrpoBaHUEM TPAHYIOMETPHUECKON XapaKTePUCTHKH
pyasl mocne npobienus [20], a Takke YUCIOM M TPaHULAMH KPYIMHOCTH MAalIHHHBIX
kiaccoB [21]. Hamo 3aMeTuTh, 4TO ClIeAyeT CTPEMHUTHCS K TPaHYJIOMETPHUIECKON Xa-
PaKTEepHUCTHKE APOOICHOM PyIbl C MAKCHMAIILHBIM Pa3MepoM KycKa, PaBHBIM JIOITYCTH-
MOMY MaKCHUMaJbHOMY pa3Mepy KyCKa AJIsl HCIIOIb30BaHUsl CeNapaTopoB, MUHUMAb-
HBIM BBIXOZIOM HecopTupyemoro kiacca (—30(—20)+0 mm) 1 npeoOnagaHueM KpYyITHBIX
knaccoB. dopMupoBaHHE TPaHYIOMETPHUUECKOM XapaKTEPUCTHKH OCYIIECTBIIAETCS
B JIB€ CTaJJU{ U JIOCTUTAETCsl COUETAHUEM JIOJDKHOM OpraHu3anuy OypoB3pbIBHBIX PadOT
(bBP), MUHMMM3a1MK BBIXO/Ia MEJIOUH, YTO BO3MOYKHO IIPH MCIIOJIb30BAHUH CIICIHAIb-
HBIX PEXXMMOB B3pbIBaHUA [22], 1 mom00pa sl KOHKPETHBIX YCIOBHI PEKUMOB JIPO-
onenus u rpoxouenus B PCK.

Ecnu texHonornueckas 3¢p¢GeKTHBHOCTD OT (HOPMHUPOBAHHS TPaHYIOMETPHUYECKOM
XapaKTEPUCTUKN YK€ OLIEHUBANACh B YIOMSHYTHIX paboTax, TO 3KOHOMHUYEcKas 3¢-
(EeKTUBHOCTB TpeOyeT OLICHKH.

Iesnio uccae10BaHMS SBISETCS OLIEHKA SKOHOMUUYECKOH 3((eKTUBHOCTU PHME-
HEHHSI PyTOCOPTUPOBOYHOIO KOMIUIEKCa Ha 0a3ze peHTreHOo(IyopecleHTHBIX cenapa-
TOPOB JAJIS TPEABAPUTEIBHON KOHICHTPALUH MOIUMETAIUTMYECKUX PYI.

Metonuka. VccnenoBanusi BHITIOTHEHBI HA OCHOBE HCITONB30BAHHS PE3YNIHTATOB
W3y4YeHUs! PEHTTEHOPAAMOMETPUYECKOW 00OraTUMOCTH MPOO MOJMMETAIITHYECKOH
PYIbl, OTIIMYAIOIINXCS TPaHyIOMETPUUECKUMH XapaKTEPUCTUKAMH, BKIIFOYAt0T BEIOOP
cxeMmbl 1 obopynoBanud 1 PCK, a Takxke TEXHHKO-9KOHOMUYECKHE PACUEThI.

Iosyuennsie pe3yibrarbl. [IpenBapuTtensHas KOHIEHTpALUs NpU MepepadoTKe
MUHEPAJIHHOTO CHIPBS MO3BOJISIET CHU3UTH 3aTparhl Ha oOoramieHre B renoM. Crenn-
¢uueckue ycjaoBUS, CXEMbI, PeKHUMBI JOOBIYM M HEpepabOTKH Pa3IMYHOIO CHIPbS
OIIPENENSAIOT YPOBEHD U XapaKTep CHUKECHUS 3aTpar.

ComnocTapnsisi BApUaHThI TEXHOJIOTUH 00OTalIeHUs IO TPAJULMOHHON CXeMe Tmepe-
paboTKH U cxeMe C IpeiBapuTeNbHON KOHIeHTpauuei (puc. 1), mpeanonaras, 4To (s
MIPOCTOTHI) YUUTHIBAETCS CHIDKEHHUE 3aTpar Ha epepadotky B 1enom (PCK u oboraru-
TesbHas pabpuka) U TpeOyIOTCS JOTIOTHUTENbHBIC KA TAIbHBIC BIOKEHHS TS CO3/1a-
HUS PYZIOCOPTUPOBOYHOIO KOMILJIEKCA, MOKHO OLIEHUTh 3KOHOMUYECKYI0 3(dexTus-
HOCTh OT U3MEHEHUSI TEXHOJIOTHH.

AHayn3 BBINIOJHEH Ha IpUMepe MepepadoTKH MOIMMETaAIIIMYECKON pyabl B 00beMe
1500 ThIC. T/TOI MPH YCIIOBUH, YTO PYJAHUK U PACIIOIATAIOIIMICS B HEIIOCPEICTBCHHON
omms3octu ot Hero PCK ynanens! ot oboratutensHol Gadpuku Ha 70 KM.

Jlns onpeneneHuss SKOHOMUIECKOTO ¢ (deKTa BHEAPEHUS B CXeMy 00O0TaIeHUS T10-
JUMETAJUTMYECKON pyabl peHTreHopaauomeTpudeckoi cenapauuu (PPC) npoussenex
OPHEHTUPOBOUHBIN pacyeT KalUTaJIbHbBIX U 3KCIUTyaTallMOHHBIX 3aTPaT, BHIIIOTHEHHBIH
JUTSL TPEX MPOO MOTUMETATYECKOH PyAbI C UCXOIHBIMU (peaIbHBIMU) TPAHYJIIOMETPHU-
YEeCKMMU XapaKTepucTUKamu (Tali. 1) Mo TeXHOJIOrHYEeCKUM MOKa3aTessiM, IpeACTaB-
JICHHBIM B Ta0I. 2.

PaccmoTpensl nmoTeHIManbHbIe TeXHOJI0rnYeckue nokasarenu padborsl PCK, momy-
YeHHbIE M0 Pe3yJIbTaTaM dKCIEPUMEHTAIBHOTO MUCCIIECAOBAaHUS PEHTTEHOPAIUOMETPH-
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4ecKoil 000raTUMOCTH OTOOPaHHBIX Ha MPENNPUSTHH TPEX MPOO PyAbl, OTIHYAIOLIIX-
csi Zpyr OT Apyra COAEpKaHHUEM LEHHBIX KOMIIOHEHTOB M T'PAaHYIOMETPUYECKUMU
xapakrepucTiukamu (Tabdm. 1, 2). Kpome Toro, npu TEXHUKO-3KOHOMUYECKHX pacyeTax

Tab6auua 1. I'panyioMeTpuyecKue XapakTepUCTUKH MPOO MOJIMMETANINYECKOH Pyabl
Table 1. Granulometric characteristics of polymetallic ore samples

Brixon, %
Knace kpynHocTy, IIp¥ THTIOBOIi
MM mpoba Ne 1 npoba Ne 2 npoba Ne 3 TPaHyIOMETPHUYECKO
XapaKTePUCTHKE
+120 8,55 511 4,57 44,00
-120+60 15,00 22,14 17,01 32,00
-60+30 28,19 18,88 16,68 12,00
-30+0 48,26 53,87 61,74 12,00
Hcxoonas npoba: 100 100 100 100

(Tabm. 3, 4) B cpaBHEHHE BKITIOUCHBI THIIOTETHICCKUE BAPHAHTEI PYIIbI C aHAIOTHIHBIMHU
mpobam Ne 1, 2, 3 mapameTpaMu B TIPEATIONIOKEHIH, YTO B KAKIOM CITydae TPaHyIoMeT-
pUYecKas XapaKTepUCTHKA MOIaBaeMOW Ha Cerapaluio Pyibl COOTBETCTBYET THUIIOBOM
IrPaHyJIOMETPUYCCKON XapaKTePUCTUKE TMPU APOOJICHUH PYIbl CPEIHEH KpEernocTd

Tadauuna 2. Pe3yJbTaThl peHTT€HOPAHOMETPUYECKON cenapauuu Tpex npood
MOJUMETAJINYECKOH Py/IbI

Table 2. Results of X-ray radiometric separation of three samples of polymetallic ore

Breixon, % Maccosas gois, % Ussaeuenue, %
IMpomykr K K
IIUTAHUIO I/ICXOHHOI‘/II MeIb CBHHEL IMTUHK MEIb CBHUHEI IMTUHK
PPC pyzae
Ipoba Ne 1
Kommerntpar PPC | 77,73 4022 | 038 | 249 | 7,94 | 4852 | 61,82 | 5459
Xgocrsi PPC 22,27 1152 | 00474 | 0,049 | 0,475 | 171 | 035 | 0,94
Hecopripyenit - 48,26 033 | 127 | 539 | 49,77 | 37,83 | 4447
Hmozo: 100,00 | 100,00 | 032 162 | 585 | 100,00 | 100,00 | 100,00
IIpoba Ne 2
Kownmenrpar PPC 61,31 28,28 0,623 2,654 8,43 45,18 65,27 57,31
Xgoctsr PPC 38,69 17,85 | 0051 | 0034 | 023 | 233 | 053 | 0,99
Kij,fé’cpmpyeM"‘ﬁ - 53,87 038 | 073 | 322 | 5249 | 3420 | 41,70
Hmozo: 100,00 | 100,00 | 0,39 1,15 | 416 | 100,00 | 100,00 | 100,00
Ilpoba Ne 3
Kommentpar PPC | 49,42 18,91 1,00 143 | 865 | 3637 | 5302 | 5564
XBoctsi PPC 50,58 1935 | 0083 | 0,026 | 0231 | 308 | 098 | 1,52
Hecoprpyemsri - 61,74 051 | 038 | 2,04 | 6055 | 46,00 | 42,84
Hmozo: 100,00 | 10000 | 052 | 051 | 294 | 100,00 | 100,00 | 100,00

(4TO COOTBETCTBYET (PU3UKO-MEXaHHUECKUM CBOMCTBAM pyibl pod Ne 1, 2, 3) B mieko-
BOIi IpOOHIIKE C MAaKCUMaJIBHBIM pa3MepoM Kycka B pobneHoi pyae 300 mm (tabdm. 1).

[lo manabIM Tabm. 1, B pa3saMyHBIX COMOCTABISEMbIX BapUaHTaxX rpaHyIOMeTpUYe-
CKMX XapaKTEePUCTHK PYIbl BBIXOA COPTUpYyeMoro kiacca (+30 MM) MeHsieTcs B Ipere-
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nax ot 38,26 o 88,00 %. KauecTBo mpoayKTOB peHTTeHO(IYyOPECIEHTHOH cenapaunu
(P®C) n morepu OCHOBHBIX IIeHHBIX KOMIIOHEHTOB ¢ XxBocTtamu PCK Bcex Tpex mpob
pasTHJaroTCs HE3HAYUTEIBHO (Ta0. 2).

Jliisl OLIeHKH BIMSIHUS TPaHYJIOMETPUYECKOIO COCTaBa Ha SKOHOMHUYECKUH 3¢ddexT
BBITIOTHEHBI PAcYeTHI 110 TaHHBIM Ta0I1. 2 — BEIXOJ]aM XBOCTOB OTHOCHUTENBHO MMATAHUS
PPC, HO nmist TpaHyIOMETPHUYECKOTO COCTaBa, MOJYyYEHHOTO 110 THIIOBOW TpaHyJIOMe-
TPUUECKOM XapaKTePUCTHKE, YTO COOTBETCTBYET TUIIOBOMY I'PaHyJIOMETPHUECKOMY CO-
CTaBy FOPHOI Macchl IOCJIE IEPBOW CTa UK APOOICHHS.

Tabauna 3. Bei6op u onpeaejieHHe CTOMMOCTH OCHOBHOIO 000pYy/A0BaHus LISl Pa3JIMYHbIX
BAPUAHTOB I'PAHY/JIOMETPHYECKHX XaPAKTEPUCTHK

Table 3. Selection and evaluation of the main equipment for different variants of granulometric
characteristics

KomnaecTBo, mT. Lena ex. OO01was cToMMOCTb, MIIH p.

Haumenopanue . o 6 o obopy- . . 5 o

G mpoba | mpoba | npoba . ,| mpoda npoba npoba N

oPopyOBAIHA Nel | Ne2 | Ne3 |TPOM H;iiﬂgfl Ne 1 Ne 2 Ne3 [ THROM
Cenapatop CP® 17 13 13 18 15,50 | 263,50 | 201,50 | 201,50 | 279,00
[Ipouee ocHOBHOE 12 12 12 12 - 35,01 | 3501 | 3501 | 35,01
obopynoBanue (rpo-
xot 'UT-43, xoH-
Belepbl, MUTATENb
MJIACTUHYATBIH )
AcnupanuoHHo- - - - - 3,15 3,15 3,15 3,15 3,15
BEHTHISIIINOHHOE
o0opynoBaHue
Hmozo ocnosnoe 29 25 25 30 - 301,66 | 239,66 | 239,66 | 317,16
obopyoosanue

OxoHoMHuYecKas 3(pPEeKTUBHOCTH OLIEHEHA MCXOAS U3 OXKHIAeMOTO CHIDKCHHMS 3a-
TpaT Ha TPAHCIIOPTUPOBKY PYAbl M CHIDKEHHMS 3aTpaT Ha nepepaboTKy pysl Ha obora-
TUTENbHOH (abprke Onaromaps YMEHbIICHUIO 00beMa repepadarbiBaeMon Py/Ibl, BbI-
3BaHHOMY yZJaJE€HHEM OTBAJbHBIX KycKoBbIX XxBocToB B PCK. Ilo manubIM ¢abpuku,
cebecTouMOCTh TITyOOKOro 00oTalIeHUsI OJHOM TOHHBI PY/bl, CBSI3aHHAS C 3aTpaTaMu
Ha YHEPTOEMKHE TIPOIECCHI APOOICHUS, U3MEIBUCHUS, 000TallleHNs, 00e3BOKIBAHUS,
a TaK)Ke Ha peareHThl U Marepuaibl, cocTaBisieT 1222.5 p.

OsxniaeMble KanuTallbHbIE 3aTPaThl OLCHEHBl HA OCHOBAHWH BHIOPAHHOTO OCHOB-
HOTO 00opymoBaHus (Tabdi. 3).

3arpaTbl Ha CTPOMTEIBHO-MOHTAKHBIE U MPOEKTHO-U3BICKATENbCKHUE PabOTHI, He-
NPEBHCHHBIC PACXO/IbI, 3aTPaThl HA TEKYIIHH pacxol 1 00CIy>KUBAHUE B3SITHI B IIPO-
LEHTHOM COOTHOLICHUU OT CTOMMOCTH OCHOBHOI'O OOOpYIOBaHMs. YUTEHBI TaKkKe
aMOPTHU3ALMOHHbIE PACXOABI, 3aTPaThl HA 3JIEKTPOIHEPTUIO, HA OXpaHy Tpyaa, paccuu-
TaH roJI0BOH (OHT 3apa0OTHOM TIAThl COTPYIHUKOB PY0COPTHPOBOYHOTO KOMILIEKCA.

[anee npencrasieHsl JaHHBIE [0 PacdeTy SKOHOMHYECKOTo 3¢ QeKTa oT mpuMeHe-
Hust PPC myist mpoOb1 Ne 1 monuMeTaminaeckoi pysl ¢ HCXOIHOM (peaibHOM ) TpaHyJio-
METPHUYECKON XapaKTepUCTHKOH. B pacuerax mpuHATO, 4TO rof0BOil QoHA pabodero
Bpemenu — 6600 4 ipu go6sr4e 1500 000 1/rox (BMT) u 1440 000 1/ron (CMT), BeIxox
COpPTUpPYEMBIX KiaccoB KpymHocTH — 51,74 %. Ilpu 3TOM BBIXOJ XBOCTOB Ce€Hapanyu
PCK otHOCHTENpHO MCXOmHON pynsl coctaBmsier 11,52 %, urto mo BMT cocrasnsier
172 800 1/rox u ucnonk3yeTcs Aajnee NPy pacyeTe CHIKEHHS 3aTpaT Ha IIePeBO3KY PYIHOH
Macchl Ha oborarutenbHyo (hadpuky, a no CMT — 165 888 1/roj, 4To najnee Ucrob3yercst
TIPU pacyeTe CHIKECHUS 00beMa pyIIbl, TiepepadaThiBacMOi Ha 000TaTUTEIBHON habpHKe.

CHIKeHue 3aTpar Ha IepeBO3KY PyAHOM Macchl Ha pacctogHue 70 KM 3a CUeT BBbI-
nenenus KyckoBbelx xBoctoB B PCK mpu nene 210 p./t cocraBut 36,29 muH p./rox,
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a CHIKeHHe o0beMa rnepepadaTbiBaeMol pyAHOM Macchl Ha 00oraTUTEIbHOU (hadbpuke
0 TOH e MpUYKHE MPH 3aTparax Ha nepepaboTky 1222,5 p./T mpUBEAET K CHUKEHHIO
3aTpar Ha nepepaboTKy Ha oborarurenbHol (hadpuke Ha 202,8 muH p./roa. [Ipu sTom
CyMMapHO€ CHWKeHHe 3aTpar coctaBut 239,09 MiH p./rox.

Ilpu ycnoBuH, YTO HOMOIHHUTENbHBIE CyMMapHbIE KalHUTaJbHbIC 3aTparhbl NPH
ucnonszoBanun PCK  Ha ocHOBHOE 00OpyIOBaHHME, CTpPOUTENHHO-MOHTAXHbIE
paboThl, MPOEKTHO-U3BICKATENbCKUE PabOThl, HEMPEIBUACHHBIC PACXOIbl COCTABAT
597,30 MuIH p., a JAONOJNHUTEIbHbIE IKCIUTyaTallMOHHBIE PACXO/bl C Y4ETOM 3aTpar Ha
oIUIaTy Tpy/a ¢ OTYHCICHUSIMH, aMOPTH3aIHOHHBIX PACXO/0B, 3aTpaT Ha 00CITY)KHBaHUE
U TEKYLIUH PEMOHT, IEKTPO3IHEPTHI0, OXPaHy TPyZa U BbIBO3 KYCKOBBIX XBOCTOB Cella-
parum B otBai (12 p./tT) cocrapar 136,22 MitH p./Tox, TOMOBOH SKOHOMHYECKUH 3P heKT
ot npumeneHust POC 1yt npenBapuTeIbHON KOHIEHTPALMH PYABI IPH 000TaIleHUH T10-
JMMETAJTMYECKON PyIbl, aHATOTHYHOH pyae nmpoOsr Ne 1, pasen 102,87 mutH p.

Ta6mmuna 4. CpaBHeHHe OCHOBHBIX NMOKa3aTeJei
Table 4. Comparison of key indicators

Ipoba Ne 1 IIpo6a Ne 2 ITpoba Ne 3

Moxasaters Urx TIrX Urx TIrX Urx TrX
BrIxo MalIMHHEIX KIACCOB
KkpynHocTH, % 51,74 88,00 46,13 88,00 38,26 88,00
Bbixon xBOCTOB cenapauuu
OTHOCHTEIIFHO MAITUHHEIX KJIAcCOB, % 22,27 38,69 50,58
Bbixon XxBOCTOB cenapauuu
OTHOCHUTENIBHO UCXOIHOHU pyabl, % 11,52 19,60 17,85 34,05 19,35 4451
OxunaeMoe CHIKEHUE 3aTpaT, MIIH P. 239,09 406,78 | 370,46 | 706,68 | 401,59 | 923,76
Kanuranbuble 3aTpaTsbl, MJIH p. 597,30 627,99 | 474,54 | 627,99 | 474,54 | 627,99
OO0111e 3KCIUTyaTalOHHbIE 3aTPaThl,
MJIH P. 136,22 | 143,66 | 114,15 | 146,26 | 114,42 | 148,15

DOxonoMuueckuii apdexT Ha
MIPOU3BOJUTENBHOCTH yuacTka PPC
1500 TeIC. T/TOMA, MJIH . 102,87 | 263,12 | 256,31 | 560,42 | 287,17 | 775,61

CebecTonMocCTh nepepaboTKH
UCXOJHOH MOJIMMETaIINYECKON Py IbI
B PCK B xonmuectse 1500 ThIC. T B rOX
B IIepecyeTe Ha OJHY TOHHY, P. 90,81 95,78 76,10 | 97,51 76,28 | 98,76

CebecTonMocTsh nepepaboTKH Ha OAHY
TOHHY 00OTaIlIeHHOTO IPOIYKTa B
PCK, p. 102,63 | 119,12 | 92,64 | 147,85 | 9458 | 177,99

ITo anasoruu paccuuTaHbl OCHOBHBIE ITOKA3aTeNN JIs1 ABYX APYTHX MPOO, KaK IS
UCXOIHBIX I'PaHyJOMETPHUECKUX XapAKTEPUCTHK, TaK U AJIS1 TUIOBBIX (IIPHU YCIOBUH
nepepaboTKu PyIbl, aHAIOTUYHOH 10 cocTaBy mpodam Ne 1, 2, 3).

B Tabn. 4 npeacraBiieHb! OCHOBHBIE SKOHOMHUYECKHUE MTOKa3areny npuMeHenus: PPC
Tpex Mpo0 MOTMMETAIUTHYECKON PY/IBL, paccuuTanHble o uexonabiM (UI'X) u TumoBoit
(TTX) rpanynOMeTpUYECKUM XapaKTEPUCTUKAM.

Amnaan3 pe3yabTaroB. Ce0ecTONMOCTh MepepadoTKH OJHON TOHHBI HCXOJHOM TO-
JTMMETAJIIMYECKON PyIbl IPU PEHTTCHOPAANMOMETPUIECKON cenapanyuy COCTaBUT MIpHU-
MepHO 76-99 p./T.

[Tpu sToM sxoHOMHYEcKuH 3 ekt ot BHenpenus PPC pynsl ¢ peanbHBIM rpaHyIio-
METPUYECKUM cocTaBoM cocTaBUT 103—288 miH p./rog B 3aBHCHMOCTH OT COCTaBa
PYZIBL, YTO MIUTIOCTPUPYETCS] pACCUUTAHHBIMU HOKA3aTEISIMU TSl U3yUSHHBIX IPO0.

YBenuueHne BhIX0[a MAIIMHHBIX (COPTHPYEMBIX) KJ1accoB 10 88 % B MpeArnonoxe-
HHUHM, YTO TPaHyJIOMETpHUYECKas XapaKTepHCTHUKa APOOICHOM Pyl COBIALAET C THIIO-
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BOW TPaHyJIOMETPHUYECKON XapaKTepHCTHUKOM pOOJIEHON pyIbl CpeAHed KpemocTH
B ILIEKOBOH IpOOMIIKE, TO3BOMIAET IIPH MPOUYHX PABHBIX YCIOBUSAX YBEIUYUTH SKOHOMH-
yeckuid 3dpdexr B 2,1-2,7 paza.

BoiBoabl. TakuM 00pa3oM, MpUMEHEHHE MpPeABAPUTENILHON KOHLECHTPALUHN C HC-
MOJIB30BaHUEM PEHTTEHO(ITYOPECIIEHTHON cemapaluuy Al 00OTraleHus] MoIuMeTa-
JMYECKON pyaAbl ABISETCS YIKOHOMUYECKH ONpaBAaHHBIM. ONTUMH3ALMS I'paHyJIOMe-
TPHUUECKOIO COCTaBa B30PBAHHOW TOPHOHM Macchl M JOJKHOM OpPraHM3aLUU CXEMBI U
PEXUMOB MOATOTOBKHU PY/BI K MOCIEAYIOIIEH cenapalnn MpuBeaeT K 3HAYUTEIbHOMY
MOBBIICHHUIO YKOHOMHYECKOTro 3ddekra oT mpumenenus: PPC.
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Economic efficiency of preconcentration with X-ray fluorescence separation
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Abstract
Introduction. A promising direction in mineral processing development is the combination of
preconcentration and deep processing. For that purpose, X-ray fluorescence separation (XFS) is highly
effectively used. A feature of the technology is the availability of the procedures of crushing and screening
of the initial rock into machine and unsortable classes, and separation in machine classes. The efficiency
of preconcentration complex depends on the quality of granulometric composition forming procedures.
Methodology. X-ray radiometric washability of polymetallic ore samples has been assessed, schemes and
equipment for preconcentration with the use of X-ray fluorescence separation of the rock mass with various
granulometric composition have been selected, and technical and economic assessment has been made.
Results. Economic indicators of X-ray fluorescence separation application for preconccentration have
been determined for polymetallic ore of various granulometric composition. The possibilities for significant
improvement of the economic effect by means of forming the granulometric composition of the processed
rock mass have been revealed.
Summary. X-ray fluorescence separation in polymetallic ore preconcentration is highly effective.
Optimization of blasted rock mass granulometric composition by means of specific organization of drilling
and blasting operations and selecting specific modes of crushing and screening results in the growth of the
economic effect from XFS by 2.1-2.7 times.

Key words: preconcentration; X-ray fluorescence separation; ore sorting equipment; polymetallic ore;
granulometric composition; economic effect.
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9KOHOMWKA U YNPABJIIEHWE TOPHBLIM MPOU3BOACTBOM
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anaBneHMe JKOJIOTMYHOCTbLHO npe,qnpuﬂmﬁ MUHepanbHO-CbipbeBOro
KOMMnJiekca npu peanusaumm KoHuenuuu LI,VIpKy.HﬂpHOVI JKOHOMUKU

Mouanosa J1. A.1*, CokonoBa O. I
1 Ypanbckuit rocyapCTBEHHbIN TOPHBIA yHUBEPCUTET, I. EkatepuHbypr, Poccus
*e-mail: lyudmila.mochalova@m.ursmu.ru

Peghepam
Begeoenue. [Ipeonpusamus MunepanbHO-CbipbeB020 KOMNIEKCA USPAlOm 3HAYUMENbHYIO PONb 8 IKOHOMUKE
Poccuu, pazsumue u boeamemeo KOMopoti 3a8UcCim om 06beMo8 U pa3sHO00PA3UsL NOIE3HBIX UCKONAEMbIX
6 Hedpax. Bumecme ¢ mem OesimensHOCHb NPEONPUAMUL MUHEPATIbHO-CbIPbEBO20 KOMNIEKCA OKA3bl8aem
Cyujecmeennoe He2amugHoe GIUAHUE HA OKDYICAIOWYI0 cpedy, 3ampacusds éce ee neMenmol. mo
npuBoOUmM K He0OX0OUMOCU YNPAGIeHUs IKOLOSUUHOCHIbIO OAHHBIX NPEONPUAMULL.
Lleny pabomuvr 3axaiouaemcs 6 UYUEHUU YNPAGIEHYECKUX MEXHONO2UM, KOMmopvle MO2ym
CHOCOOCMBO6AMb OP2AHUZAYUYU 3AMKHYMBIX NPOU3E0OCEEHHBIX YUKTI08 HA NPEONDUAMUAX MUHEPANbHO-
CHIPLEBO2O KOMNILEKCA U PEAIbHOMY NOBIUEHUIO UX IKOTOSUYHOCHU 8 YCAOBUAX Peanu3ayul KOHYenyuu
YUPKYAAPHOU IKOHOMUKU.
Memoouka nposedenus ucciedoganui. Vcciedosanus npogoosames nymem u3yyeHus, KpUmuyeckou
OYEHKU U CUCTNEMAMU3AYUY MEXHON02UL OP2AHUZAYUU U YRPAGTLEHUS 3AMKHYMBIMU NPOU3B00CHEEHHBIMU
YUKIIAMU HA NPEONPUAIMUAX MUHEPATbHO-CbIPbEBO20 KOMNIIEKCA.
Pezynomamut uccnedoganuii. B xauecmee 00bexmos npoBoOUMbIX UCCAEO08AHUI BLICHIYRUNU MAKUE
YRpasienyecKue mexHonocuu, KaxK. YupKyiapHvle GusHec-mooenu, npeoiodxcennvie 6 omueme DPonoa
Onnen MakApmyp; cxemvi-uepapxuu ynpasienus, Omxo0amu ¢ pasiudHblM COCMA6oM dlemenmos R;
Jl02UCMUYecKue npuemsl YRpagieHus omxo0amu KaK CReyu@uuecKumu MamepuaibHbiMu ROMOKAMU.
Hannvle mexnonocuu 6noiHe coenacyiomes opye ¢ OpyeoM U npu COBMeCHmHOM NPUMEHEHUU MO2ym
CnOCOOCMB06AMb NOBLIUEHUIO UHOEKCA PA3GUIMUA YUPKYIAPHOU IKOHOMUKU 6 YCIOGUAX NPeOnpUusmui
MUHEPATbHO-CIPbEBO2O KOMNIEKCA.
Bu1600. Cocnacosannoe pazgumue ynpasieH4eckux mexHoao2uti cnocobcmeyem peanusayuil KoHyenyuu
YUPKYIAPHOU DIKOHOMUKYU HA NPEONPUAMUAX MUHEPATLHO-CLIPbEBO2O KOMNILEKCA, 4 MAKHCE UX OBUIHCEHUIO
K 9KON02UHECKU YCMOUIUBOMY PA3BUMUIO U 00ECNEeYeHUI0 KOHKYPEHMOCNOCOOHOCIU.

Knroueevte cnoea: yupxynapnas sxonomuxa; samxnymoie npoussoocmsennbie Yuxivl, YupKYIApHbLe
busHec-mo0enu; cxemMa-uepapxus ynpasieHus Omxo0amu; IKONPOMbIULIEHHbII cCUMOUO3, NpeOnpusmus
MUHEPATLHO-CHIPLEBO2O KOMNIEKCA.

Hccneoosanue evinonneno npu punancosoit noooepiicke Poccuiickozo ghonoa gpynoamenmanvnovix
uccneoosanuii 6 pamkax nayunozo npoekma Ne 20-010-00305A.

Beenenue. [Ipennpusatis MUHEPaTbHO-CHIPHEBOTO KOMIUIEKCA UTPAIOT 3HAYUTEh-
HYIO POJIb B 9KOHOMHKE Poccuu, pa3BuTHe U 60rarcTBO KOTOPOU 3aBUCIT OT 00EMOB U
pa3Hoo0pa3us MOJIe3HBIX UCKOIIAeMBIX B HeApaX. [I[pou3BOACTBO B METAJLTYyPruu, XH-
MHUYECKOM CHUHTE3C, TCIIOOHCPTECTUKE, MAIIMHOCTPOCHUHU, CTPOUTECIILCTBE U APYIUX
chepax PKOHOMHUKH OCHOBAHO Ha HMCIIOJb30BAaHMM MHHEPAJILHOTO ChIphsi. BMmecte
C TEM JIOCATCIBbHOCTDH HpeIalI/IHTI/Iﬁ MUHEPAJIbHO-CBIPEEBOI'O KOMILJICKCA OKa3bIBACT
CYLIECTBEHHOE HETaTHBHOE BIIMSHUE Ha OKPYKAIOUIYIO Cpedy, 3aTparuBas Bce ee
aneMeHTHl [1].
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C OCJIBIO CO6J'IIO)_I€HI/I$I Oamanca MCKAY S9KOHOMUYCCKHUMHU, COLITUATIBHBIMU U 3KOJIO-
THYCCKHMMHM aCIICKTaMHU OCATCIBHOCTHU Hpe,Z[HpI/ISITI/Iﬁ MHHCPAJIIBHO-CBIPHEBOI'O KOM-
IJICKCA BaXXHO CO6J'IIO,I[CHI/IC HUMU NPUHIUIIOB KOHLCIIIHUH 3KOJOTUICCKHU YCTOﬁQHBOFO
pa3BuTUs, TpaHC(l)OpMHpOBaBH.ICI\/'IC}I B MOCJICAHCC BpEMSA B KOHIICIIIHU: «3CIICHOI»
9KOHOMHUKH, HAUTYyHYHIUX JOCTYIIHBIX TCXHOJIOTUH | LalKynﬂpHOfI O9KOHOMMKH

(Tabm. 1) [2-6].

Taﬁmlua 1. Konuenuuu B3aumMoaeicTBUsI Oﬁl.l.[eCTBa, 3KOHOMUKH U NPpUPOAbI
Table 1. The ideas of interaction between society, economy and nature

HasBanue Bpems 1 MecTo (IOKyMEHT) IpeCTaBIeHUs X
ApPaKTEPUCTUKA KOHIECIIINN
KOHIIEIIIUH KOHIIEIIIUHT
Konuenmus JHoxian «Hamre obmee Oyaymiee», B cooTBeTcTBUM ¢ KOHLIETIIUEH: pOCT
9KOJIOTMYECKU | MOATOTOBICHHBIN MexayHapo HOH SKOHOMUKU JIOJDKEH BIUCHIBATHCS B
YCTOHYMBOTO KOMHCCHEN IO OKpY:Karollei cpese u MpeeNbl SKOJIOTMUECKUX BO3MOKHOCTEHN
pasBuTHA pazsuruo (MKOCP) nox IIJIAHETBI; y TEKYILLEro IMOKOIECHUs
MIpe/ICeaTeNbCTBOM IPEMbEP- JIOJDKHA OBITH OTBETCTBEHHOCTH NEpes
munucTpa Hopsernu I'. X. Bpyaariann | OyayniuMu HOKOJIEHUSMH; HEOOXOMMO
B 1987 r. obecrieunBaTh pa3BUTHE, KOTOPOE MOXKET
HOAJEPKUBATHCS] HEOIPEAETICHHO JONTO
Konuenmus Jupextua EBponeiickoro Cosera Konmenius 060CHOBBIBaET
HAWITY4IINX «O KOMIUIEKCHOM KOHTpOJIE U 1e7IeCO00Pa3HOCTh BHEIPEHUS
JOCTYITHBIX TIPEIOTBPAICHUN 3aTrPA3HEHUS, TEXHOJIOTHi, KOTOPbIE XapaKTePU3YIOTCS
TEXHOJIOTHI BhIeAmas B 1996 r. OJIHOBPEMEHHO MX YKOJIOTUYHOCTHIO,
JEMOHCTPUPYEMOi oKa3aTesIMu
BO3/ICHCTBUS Ha OKPYKAIOIIYIO Cpeny, U
9KOHOMHYECKOH 3 EeKTUBHOCTHIO,
omnpeJesieMoil peBbIlIeHUEM
MOTy4aeMbIX SKOHOMHYECKHUX BBITOM HAT
3aTpaTaMy 10 BHEAPEHUIO U
9KCILIyaTallul TEXHOJIOTUI
Konuenmus Hoxnan «HaBctpeuy «3eiaeHoi» Konnenuust opueHTupyer Ha
«3EIICHOM» SKOHOMUKE: IIyTh K YCTOHUUBOMY (hopMupoBaHUE «3eIEeHOID YIKOHOMHKH,
SKOHOMUKHU Pa3BUTHIO ¥ HCKOPEHEHHIO OETHOCTHY, | KOTOpas MOBBIIAET OJIAroCOCTOSHUE
MOJIrOTOBJICHHBIH B paMKax JroJielt M 00ecrieunBaeT COIHaNbHyI0
[porpammer OOH mo okpy>karomeit CIPaBEIJIUBOCTD, U TIPH 3TOM
cpene (FOHEII) B 2011 . CYLIECTBEHHO CHUXKAET PUCKHU TS
OKpY>Karoliel cpenbl U ee 00eJHEHHE.
«3eneHas» YKOHOMUKA JIOJDKHA 3aMEHUTh
«KOPHYHEBYIO» 3KOHOMHKY, KOTOpast
XapaKTepHu3yeTcsl BBICOKOM
3aBHCHMOCTBIO OT SHEPTHH,
M3BJIEKAaEeMOI U3 UCKONIAeMOTr0 TOILINBA,
HCTOIIEHHEM PECYpPCOB U COLUANBHOM
MapruHaau3anuei
Konuenmus Jloknam o MUKINYeCKO 3KOHOMUKE, Konnenuus HanpasieHa Ha epexoJ1 oT
LUPKYJISPHON | BBINYIIEHHBIH MUpPOBBIM JIMHEWHOM SKOHOMUKH, OCHOBHOM
9KOHOMUKU SKOHOMHYECKHM (popymom, Dormom MIPUHIIAIT KOTOPOH H3BATh—

Ellen MacArthur u Begymeit
MEXyHApOIHOM KOHCAJITUHTOBOM
kommanuneir McKinsey&Company B
2014 r.

Hoxinan ponna Ellen MacArthur
«HaBcTpeuy NUKINUECKON SKOHOMUKE.
OxoHOMHYECKOE 000CHOBAHHE IS
On3Heca B IEJSIX YCKOPEHHOTO
Tepexosia K yCTOHYMBOMY Pa3BUTHION,
HOAroTOBJIEeHHBIH B 2015 1.

MIPOM3BECTU—BBIOPOCUTH» K
IUKIIMIECKOH SKOHOMHKE,
obecrieunBaromeil 3aMKHYTHIH,
6€30TXOIHBIH IINKIT
BOCIIPOU3BOZCTBEHHOTO TIpoIiecca

pr,Z[HO peanmyeMoﬁ B YCJIOBUAX MUHECPAIIBbHO-CBIPBCBOI'O KOMIIJICKCA, CBA3AHHOT'O
C O6p330BaHI/IeM OOJIBIIOr0 KOJIHYECTBA OTXOOOB, ABJIACTCA KOHICTIINUA I.IPIpKy.]'IHpHOfI
9KOHOMHUKH, KOTOPAsA OPHUCHTUPOBAHA HAa OPraHU3alHI0 3aMKHYTBIX MPOHU3BOACTBCH-
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HBIX IUKJI0B. OTHAKO UMEHHO €€ pa3BUTHE, Oa3upyroleecs Ha CHCTEMHOM H IPOLIecc-
HOM TIOJXOAaX M CONPOBOXKAAEMOE HCIIOIb30BAHUEM CIICLHATIBHBIX YIPABICHYECKUX
TEXHOJIOTUH, MOXKET CLIOCOOCTBOBATH PEabHOMY MOBBIIEHHIO SKOJIOTHYHOCTH ChIPbe-
BBIX MPEINPHUATHH.

Hean pa0doThl 3aKI04aeTCs B U3YUCHUH YIPABICHUECKUX TEXHOJIOTUH, KOTOPbIE
MOTYT CHOCOOCTBOBaTh OpraHM3alldM 3aMKHYTBHIX IPOM3BOICTBEHHBIX IHKIJIOB Ha
NPEATIPUATUIX MUHEPAILHO-CHIPHEBOI0 KOMILIEKCA M PEAJIbHOMY MOBBIIEHHIO X KO-
JIOTHYHOCTH B YCJIOBHUSX pealn3alii KOHUETUN IUPKYIIPHONH 3KOHOMUKH.

MeToauka npoBeaeHusi ucciaegoBanmii. VccnenoBanusi mpoBoAsTCS MyTeM U3Y-
YeHUSI, KPUTHUECKOM OLICHKH M CUCTEMAaTH3aLuH TEXHOJIOTHIA OpraHN3allly U yIIpaBlie-
HUSI 3aMKHYTHIMU TPOW3BOJACTBEHHBIMH IHUKJIAMH Ha TMPEANPHUATHAX MHUHEPaIbHO-
CBIPHEBOTO KOMILJIEKCA.

Pe3ynbTarhl uccienoBannii. B kauecTBe 0OBEKTOB NMPOBOAUMBIX HCCIEIOBAHUM
BBICTYITMJIM TaKUe YIpPaBIeHYEeCKHE TEXHOIOTHUH, KaK: UPKYIApHbIE OU3HEC-MOENH,
CXEMBI-UePapXUH YIPaBICHUS OTXOAAaMH, a TaKXKe JIOTHCTUYECKUE MPUEMBI yIpaBiie-
HUSI OTXOJaMH.

HupkynsipHble OM3HEC-MOAEIH, IPEIIOKECHHBIE B OTUETE [ 7], IpeACTaBIsSIOT OO0
CIIeAYIOIINE METOIBI BEJCHUSI OM3HECA, HCIONb3yeMbIe Kak MO OTAEIbHOCTH, TaK U B
koMOuHanuu: circular suppliers (kpyroBble HEMOYKH TOOABICHHON CTOMMOCTH, WU
UPKYISPHBIE TMOCTAaBKH); Tresources recovery (BOCCTaHOBJICHHE pecypcoB); product
life extension (yBenu4eHue >KU3HEHHOTO LUKJa npoaykTa); sharing platforms (oOmen
¥ COBMECTHOE HCII0Ib30BaHKe); product as a service (MPOAYKT Kak yclyra).

CrnenyeT OTMETUTb, YTO B YCIOBHUSX MPEANPHATHI MHHEPaIbHO-CHIPHEBOTO KOM-
TUIEKCa MHOTHE U3 MEPEYHCICHHBIX HUPKYIAPHBIX OU3HEC-MOJeNeil MPUMEHUMBI J0-
BOJILHO OrpaHHYeHHO. Tak, OusHnec-mooens, ceA3aHHAsL ¢ KPY20BbLIMU YenoyKamu 00-
basnennol cmoumocmu, OAXOOUT TOJIBKO B CIydae HMCIOJIb30BAaHHUS MaTepHalloB M
SHEPIUH, MOTYYCHHBIX U3 BO30OHOBIISIEMBIX U HEUCUEPIIAEMBIX PECypCOB. busnec-mo-
0enb «ysenuyenue JCUSHeHHO20 YuKia npooykmay He TpUMEeHUMa B cdepe IT00brIu
MOJIE3HBIX MCKOMAeMbIX, 00eCIeUnBaIONIeH MOTy4YeHHEe HE TOTOBOTO MPOAYKTa, a MU-
HEPAIBHOTO CHIPhS, OAJICKAIETO AajbHEHIeH epepaboTke. busuec-mooenu «obmen
U COBMECTHOE UCNONb308AHUE» U «NPOOYKM KAK YCy2ay PeaIu3yloTcs MPH COBMECT-
HOH pa3paboTKe MECTOPOXKACHUH MOJIE3HBIX NCKOMIAEMBIX, a TaKKe OOMEHe MM apeH-
Je CIeIUaTU3UPOBAHHOTO 000PYIOBaHHS, HEOOXOOAUMOTO Ha ONpENeNeHHBIX JTarmax
JOOBIYHBIX, 000TaTUTENBHBIX U TEOIOTOPa3BEIOYHBIX pa0oT. YunThIBas OOJBIIYIO OT-
XOJIHOCTh HEJIPOIIOJIb30BaHMsI, HAanOoJIee MPUEMIIEMOM JUIsl TPEANPUATUI TaHHOH cde-
PHI SBIISIETCS LIMPKYIsipHast OM3HEC-MOETh «BOCCTAHOBIICHHE PECYpPCOBY, OApa3yMe-
BalOIas yTHIM3AIUIO OTX0A0B [8].

B cootBerctBru ¢ PenepanbHbiM 3akoHOM «O0 0TX0Aax MPOU3BOACTBA M MOTpE-
onenus» ot 24.06.1998 1. No 89 0cHOBHBIMHU CTIOCOOaMHU YTHIIM3AIMK OTXOAOB BBICTY-
MAIOT: PELHUKIUHT (IOBTOPHOE HCIIOIH30BAaHME OTXOAOB MO MPSIMOMY HA3HAYCHUIO),
perenepanus (Bo3BpaT OTXOAOB B IPOU3BOICTBEHHBIN LUKII MOCIIE COOTBETCTBYIOIICH
MOATOTOBKM) U peKymnepanus (U3BIeUeHIE MOJIe3HBIX KOMIIOHEHTOB JJIsl UX TOBTOPHO-
ro npuMeHeHus). JJaHHble crocoObl COIIACYIOTCS C MOMYYHBILIEH HIMPOKYIO M3BECT-
HOCTh KOHIICMIIMEH pa3yMHOr0 MPOM3BOACTBA U MOTpedneHus 3R, neMoHCcTpupyemoit
C TIOMOIIBIO CXEMBI-HEePapXUH METO/IOB YIpaBieHus otxoxamu: Reduce (cokparienue
00beMOB 00pa3zoBaHMs OTXOIOB), Reuse (IOBTOPHOE HCIOJIb30BAHUE OTXONOB) U
Recycle (ucmonb30BaHNe OTXOIOB B KAY€CTBE BTOPUYHOTO ChIphs) [9]. Peannsyemas Ha
npeanpusaTuu koHuenuus 3R co BpeMeHeM MOXeT CMEHHUThCS KoHuenuuei 6R ¢ mo-
MOJTHUTENBHBIME DJIEMEHTaMH R, yUWTHIBAIOIIUMH BCE CTAaJUM XU3HEHHOTO IIHKIIA
nponykuuu: Recover (Boccranomienue), Redesign (mepemnpoekTupoBaHue) H
Remanufacture (pemanydakrypunr) [10, 11]. YnpasieHue oTxXomaMu, CBS3aHHBIMU
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C pecypcaMu Hezip (BCKPBIIIHBIMHU M BMEUIAIONIMMY TIOPOJJaMH, XBOCTAMH U IIJIAMaMH
o0oratuTenbHbIX (adpUK U METAUTYPrHYeCKUX 3aBOJOB), OTpaHHMYUBAETCS MATHIO R.
Otxonpl, 0OpasyeMble B pe3yibTare UCTIONb30BaHUs APYTHX PECYPCOB, MaTEPUAIIOB U
SHEPIuu, MOTYT 3PPEKTUBHO YIPABIATHCS ¢ MPUMEHEHHEM BceX IecTH R, BKiouas
Remanufacture (pemanyhaktypusr).

B 0co0bIx ciyuasx, HanmpuMep B paMKax BepTHKaJIbHO-WHTETPUPOBAHHOW (TOpHO-
METaJUTyprUiIecKoi) KOMIIaHWH, OCYIECTBISIONICH HE TOIBKO JOOBIYY MONE3HBIX HC-
KOTaeMBbIX, HO ¥ METaJUTyPrHYecKoe MPOU3BOJACTBO, a TAK)KE B paMKaxX KOHITIOMepara,
PpeaIM3YIONIETO CTPATEruio HECBSI3aHHOW AUBepcH(UKAINK, MpeAroararomeil Beae-
HHUE HeNMpOo(MUIBHOM 17151 TOPHOH chepbl IKOHOMUUECKON AEATENLHOCTH, IPEAIIPUATHE
MHUHEPaJIbHO-CHIPHEBOT0 KOMILJIEKCAa MOYKET Pa3BUTh CXEMY-HEPAPXHIO YIPABICHUS OT-
xofnamHu Ha 6a3ze 9R myTem moOaBieHus ciocoO0OB OpraHU3alMyd YMHOTO HOTPEOICHUS:
Refurbish (BoccraHoBneHue W OOHOBJIEHME CTapoOro, HO MCIPABHOTO MPOAYKTa),
Repurpose (mepenpoduimpoBanue, UCIOIB30BaHUE BBILLIE/IIECIO U3 CTPOS MPOAYKTa U
€ro 4yacTeil B HOBOM MPOAYKTE C APYTMM HazHayeHueM), Repair (peMoHT 1 00ciyKuBa-
HHUE HEHCIPABHOIO MPOIYKTa JJIsl UCIIOIB30BaHUS [0 OPUTHHAILHOMY HAa3HAYCHUIO),
Rethink (moBbIIIeHHE MHTEHCUBHOCTH MCIIOJIb30BaHUS npoaykra) [11].

[To MHeHHuI0 aBTOpPOB, Oonee YPPEKTUBHOMY BHEAPEHHIO U PA3BUTHIO LIUPKYISP-
HBIX OM3HEC-MOJIENel U CXeM-HepapXuil yIpaBJIeHHs OTXOAaMHU Ha MPEINPUITHIX MU-
HEPaIbHO-CHIPHEBOTO KOMIUIEKCA MOXKET CINOCOOCTBOBATh NMPUMEHEHHE JIOTHCTHYE-
CKMX TPHEMOB YIPAaBICHUS OCOOBIMH MaTepUalbHBIMH MOTOKAMH: OTXOZaMH H
BTOpPUYHBIMU pecypcamu [12, 13]. B3auMocCBsA3b HUPKYISIPHBIX OM3HEC-MOJICIIEH, CXe-
MBI-M€pPapXuu yIpaBieHHs OTXoxaMH Ha 0aze xoHuenuu 9R (CkoppeKTHpOBaHHOM
JUTSL YCIIOBUH CBIPHEBBIX MPEINPUSATHI) U JIOTUCTUYECKHUX IPHEMOB YIIPABIEHUS OTXO-
JlaMU TIPENICTaBICHa B Ta0. 2.

B cdepe ynpasinenus orxonamu MaTtepralibHbIE TIOTOKH MOTYT OBITh BHYTPEHHHMHU
U SIBIISITBCS YACTBIO 3aMKHYTBIX MTPOM3BOACTBEHHBIX LIUKJIOB, OpPraHU3yeMbIX Ha Oa3e
NPEATIPUATHUSA-HEAPOIIONB30BaTeNs, a TAK)Ke BHEIIHHUMHU, (OPMUPYEMBIMH B paMKax
JKOIMPOMBIIIUICHHBIX cUMOMO030B (ecoindustrial symbiosis) [16], koTopble moMuMo 0a-
30BOTO TPEANPUATHI-HEIPOTIONB30BATEINsl BKIIOYAIOT OPTaHU3alWH, OCYIIECTBISIO-
mye notpebiieHre 1 nepepadboTKy OTXO0B, a TAKKE PEMOHT, 00CTy)KUBaHHE 1 apeH/Ly
MaIiH 1 000pyaoBaHus. Bo3MOKHBIE yUaCTHUKH TAKOTO SKOTPOMBIIIJICHHOTO CUMOU-
03a MPEJICTaBJICHbI B Ta0. 3.

PaccmotpenHble yIpaBieHUeCKAe TEXHOIOTHH, CBS3aHHBIC C OpraHU3alieil 3aMKHY-
TBIX MPOW3BOJCTBEHHBIX IIUKJIOB, BIIOJHE COMIACYIOTCS APYT C APYTOM H MO3TOMY MOTYT
COBMECTHO MPUMEHSATHCS B YCIOBUSIX MPEINPUATHI MUHEPATLHO-CHIPHEBOTO KOMITICKCA.

Pe3ynbTaTHBHOCTh WCIONB30BAHUS JITAHHBIX TEXHOJOTHU JOJDKHA TPOSBIISTHCS
B MOBBILICHUH SKOJIOTHYHOCTH NPEINPHATHN U BBIPAXKaThCS B YBENUYECHHU JOJH OTXO-
JIOB, TIOBEPTHYTHIX YIPABICHUIO C MPUMEHEHUEM Pa3JInYHBIX METONOB, M (PUKCHPO-
Bathcs, o muHeHnio H. B. IlaxomoBoii, K. K. Puxtepa, M. A. BeTpoBoii, B uHaeKce
Pa3BUTHS LIUPKYJIAPHOW 3KOHOMMKHM JUIsl IPENNPHUATHNR M OTpacieidl NPOMBINUICH-
Hoctu [17, 18]. C menpio BO3MOXKHOCTH y4yeTa BCEX 3JIEMEHTOB CXEMBI-UEpapXUU
yIpaBlieHUS OTXOAMH, KOTOPBIE MOTYT IPUMEHSTHCS B YCIOBUSX MPEANPHUSITHH MUHE-
PaJIbHO-CBHIPEEBOTO KOMILIEKCA, aBTOPaMH CTaTbU MpeliaraeTcsi MOIupUIUpOBaHHASL
dbopmya pacuera JaHHOTO TIOKA3aTEIsL:

CE - Ry + Ryip +... + Ryji,
W H

rac Rl T 00BeEM OTXOA0B, MOABCPIrHYTHIX YIIPABJICHUIO C UCTIOJIb30BAHUCM YUUTHI-
BACMBIX JJIEMCHTOB CXCEMBbBI-UCPAPXUHN YIPABJICHUA OTXOAaMHU (TOHH nJiIn JOCH. C,Z[.);
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i, , _,—BECOBbIE KOO()PUIMEHTH IPUMEHIEMBIX SIEMEHTOB CXEMBI-UEPAPXUHU YIIPAB-
JieHust oTX0naMu (Tab. 4); W — o0muii 00beM 0TXO0H0B (TOHH WJIH JICH. €]1.); 1 — KOJIH-
YECTBO MPUMEHSIEMBIX IEMECHTOB CXEMbI-UEPAPXUU YIIPABICHUS OTXOIaMHU.

Tabéanua 4. BecoBble K03 GHUuHEeHTH NPHMEHSIEMbIX 3JIEMEHTOB CXeMbI-HepapXUH yIpaBJie-
HUS 0TX0AaMM

Table 4. Weighting coefficients of the applied elements in the waste management scheme-

hierarchy
DnemMeHT CHmxeHue o0be-
DKOHOMUS TIpH- .
CXEMBI- MOB 3arpsI3HCHHUSI Ipupocrt yru- Becogoii
POIHOrO pecypca
HepapxXuu (NpHpOTHAIX (o Hanbonee JIM3UPYEMBIX HUroro Koa(_quunem‘
YIIpaBIICHUSI pHp o Ba)XHBIM Belle- 0TX0J0B, % (in2,...n)
pecypcos), % o
OTXO0JIaMH ctBaMm), %
DnemeHT Ry o C, Cs 2Chn _ Z C,
i =
" S
DieMeHT R2 Gl G2 G3 ZGm . z Gm
i, ==—
© Sum
Dnement R, Ky K, Ks 2K _ Z K,
i =
" Smax
MakcumansHoe CyMMapHOe 3HaYeHHe Smax = (X Cmi YGmi +.v; YKim)

BecoBble koo(pQUUMEHTDI i , , ONPEIEIAIOTCA HCXOIS U3 CTEIICHH IIPHOPHUTET-
HOCTH TOTO WJIM WHOTO BJIEMEHTAa CXEMbI-UEPAPXUH YIPABICHUS OTXOAAMHU C TOUYKH
3peHHs IPUPOAHOPECYPCHOTO, IKOJIOTHUECKOTO U 3KOHOMHUECKOTO acTIEKTOB, KOTOPHIE
MOXKHO YYUTHIBaTh KaK B HATYpaJbHOM BHIPRKCHHU B BHJI€ 9KOHOMUU MPHUPOAHBIX pe-
CYPCOB (MaTepHajoB, SHEPIHH), CHW)KEHHsI 00BbEMOB 3arpsi3HeHus (1o Hanbolee Bax-
HBIM BEILIECTBaM), IPUPOCTa YTUIN3UPYEMBIX OTXOAOB (Tabi. 4), Tak U CTOUMOCTHOM
BBIPOKEHHUHU TIyTEM OIPEICNIeHNUsI CTOMMOCTH COKOHOMJICHHBIX IPHPOAHBIX PECYPCOB
(MaTepuanoB, SHEPTUH), BEIMYUHBI CHIPKEHHS IUIATEKeH 3a HEraTHBHOE BO3JEHCTBUE
Ha OKPY’KaIOMIYIO Cpely, a TAKKE PEHTA0ETbHOCTH YTHIIM3AalUU OTXOA0B (YHCTHIE J0-
XOJIbl/CyMMa 3aTpar).

BoiBoa. CoBMecTHOE U COIIaCOBAaHHOE Pa3BUTHE LHUPKYISPHBIX OM3HEC-MOAENIEH,
CXeM-HMepapXxuil ynpaBiIeHHsI OTXOAAMH, a TaKKe JOTMCTUYECKUX NMPHEMOB yIpaBiie-
HUSI IMU CITIOCOOCTBYET peai3aluy KOHLENINU LUPKYISIPHOH SKOHOMHKH Ha Tpe.-
NPUATHIX MUHEPAIbHO-CHIPHEBOTO KOMIUIEKCA, & TAKXKE X JBMKEHHUIO K JKOJIOTHYE-
CKHM YCTOMYMBOMY Pa3BUTHIO U 00ECTIEUEHHIO KOHKYPEHTOCTIOCOOHOCTH.
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Environmental management of mineral resource complex enterprises
in the implementation of the circular economy concept
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Abstract
Introduction. Enterprises of the mineral resource complex play a significant role in the economy of
our country, the development and wealth of which depend on the volume and variety of minerals in
the subsurface. At the same time, the activities of enterprises of the mineral resource complex have a
significant negative impact on the environment, affecting all its elements. This leads to the need to manage
the environmental performance of these enterprises.
The aim of this work is to study management technologies that can contribute to closed production cycles
creation at enterprises of the mineral complex and real improvement of their environmental performance
in terms of implementing the concept of circular economy.
The methodology of the research includes the study, critical evaluation and systematization of technologies
for closed production cycles organization and management at enterprises of the mineral resource complex.
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Research results. The objects of research are such management technologies as: circular business models
proposed in the report of the Ellen MacArthur Foundation, schemes-hierarchies of waste management
with a different composition of R elements, and logistics techniques for managing waste as specific
material flows. These technologies are quite consistent with each other and, when applied together, can
help to increase the circular economy development index in the conditions of mineral resource complex
enterprises.

Conclusion. The coordinated development of management technologies contributes to the implementation
of a circular economy concept at the enterprises of the mineral resource complex, as well as their movement
towards environmentally sustainable development and ensuring competitiveness.

Key words: circular economy, closed production cycles; circular business models; scheme-hierarchy of
waste management; eco-industrial symbiosis; enterprises of the mineral resource complex.
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Peghepam
Beeoenue. [lpuxazom Munnpupoovr Poccuu om 18.04.2018 ymeepowcoen nepeuenv 06vekmos,
OKA3bIBAIOWUX HE2AMUBHOE 6030€liCmaUe HA OKPYjIcalowyio cpedy, omuocauuxcs k I kamezopuu,
KOMmopbie O0NHCHbL NONYHUUMb KOMNAEKCHOoe Koaozuueckoe paspeuwenue (KOP) é nepuoo c 1 ausaps
2019 200a no 31 oexabps 2022 200a exntouumenvro. C 01.01.2019 2. no 01.01.2025 2. KOP 0donicHul
ogpopmums obvekmul I kamezopuu, 00bEKMbl, OKA3bIEAIOWUE 3HAUUMETLHOE He2AMUBHOE 6030elicmaue
Ha oxpyscarowyio cpedy (HBOC), ne exnouennvle 6 sviuenpugedennviii Ilepeuens, umo onpeodensiem
HE0OX00UMOCb 8bIAGIEHUS 0COOEHHOCMEU NOO20MOBKY 0DO0CHO8bI8aAOUel OOKYMEHMAayuu Ois e20
noiyuenus. B cmamve paccmampueaiomcesi akmyaibHble 60RPOCHI, BO3HUKAIOWUE 6 npoyecce
nooeomogxu 3aaeku na eévioayy KOP. Komnnexcnoe skonocuueckoe paspeuienue npedcmasisiem cooou
OOKYMeHm, pas3pabamvléaiowuiicss 6 OMHOWEHUU Npeonpusmull, 6 pezyivmame OesmelbHOCmU
KOMOPbIX MOJICEm NHOCMPAOams IKOL0UYECKAsi 0OCMAHOBKA 6 pe2uoHe.
Ienv pabomwl. Ha ocnosanuu 6ulNOIHEHHBIX UCCIE008AHUL 6 Npoyecce NOO2OMOBKU 3Aai6KU OIS
NONYUEHUs. KOMNIEKCHO20 IKONO2UYECKO20 pPA3PeuleHuss GbislGUNb HIOAHCLL U  O0COOEHHOCMU  ee
ogopmnenus. Ilpoananuzuposames HOPMAMUBHO-NPABOBYIO 0a3y, PeIAMEHMUPYIOWYIo ACNeKmbl
Nn0020MOBKU OOKYMEHMAYUY C Yelblo NOLYYEHUS. NOTONCUMENbHBIX CO2NACOBAHUL HAO30PHBIX OP2AHOE.
Memoouxa. Paccmompen aneopumm 3anOiHeHUs. 3A56KU HA 8bLOAYY KOMNIEKCHO20 IKOLOSUYECKO2O0
paspeulenus, Gulsi6leHbl 60NPOCHL U O0COOEHHOCMU NOO20MOBKU 000CHOBLIEAIOW el OOKYMeHmMAayuu
€ Yenvio NOAYHUeHUs NOLONCUMENbHBIX CO2NACO8AHUL HAO30PHBIX OP2AHO8.
Pesynomamut u 6v1600bl. B cmamve paccmompenvl 80npocul, HAubOIee 4acmo 603HUKAIOWUE Npu
noozomogke 0b6ocHO8bIBaAIOWEl  OOKYMeHmayuu OJii NOAYHYEeHUs. KOMIIEKCHO20 JKOI0SUYECKO20
paspewenus. [Ipoanaruzuposansl ocobennocmu 3anonnenus 3aaexu na noryuenue KOP. Yemanoeneno,
YUMo Ha ce200HAUHUT OeHb HOPMAMUBHO-NPABOBAsl 6A3A 6 0OLACMU Pedalu3ayuU NPOYeccd NOLYHeHus.
KOP umeem 3nauumensroe KOIU4eCmeo HeCMbIKOBOK, KPOME MO20, NPU HATUYUL C8EOCHULL O HAULYYUUX
00CHYNHBIX MEXHON02UAX NpU 000bIUe pYO NOO3ZEMHBIM CHOCOOOM MEXHONOSUYeCKUe HOPMAMUBbL no
8bIOpOCAM 302PAZHAIOWUX Gewecms omcymemeyiom. [Jannas ungopmayus makdice Omcymcmeyem
6 npuxaze Munnpupoowr Poccuu om 02.04.2019 Ne 206 u unvix HOpmMamueHvlx OOKyMeHmMax.

Knioueevie cnosa: rounnexcrnoe sxonozuueckoe paspewienue; 3aeps3HAwWuUe eeujecmea;
Haunywuiue 00CMynHble MexXHOA02UlU, 8b1OPOCDHL; COPOCHL.

Cmamovsa nodzomoenena 6 pamkax 2pauma POOU Ne 20-45-660014 «Hccnedosanue
3AKOHOMEPHOCMEN MUZPAUUU U HAKORJCHUS MANCEIbIX MEMAII08 6 NPUPOOHBIX CUCHIEMAX,
UCHBIMBIEAIOWUX TIOKATIbHYI0 MEXHO2EHHYI0 HAZPY3KYy NPEORPUAMUIL 20PHO-MEMaIypuiecKozo
KOMRJIeKca ¢ Yenvlo pa3padomku IhheKmugHbix Memo0o8 ux IK0102u4ecKoil peaduiumayuuy.

Beenenune. Pazpurre npOMBIIIIIEHHOCTH, KaK NPaBUIIO, XapaKTEpU3yeTcs JocTa-
TOYHO HETATUBHBIM BIMSHUEM Ha OKPY)KAIOLIYIO CPEAY, HO 4acTO BHEAPSEMBIE IPHU-
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POAOOXpaHHBIE MEPONIPHUATHS HE JAIOT OKUAAEMOTO pEe3ysbTara, MO3TOMY BCE OOJb-
miee  3HaYCHUWE MPHOOPETAalOT  BOMPOCHI  COBEPIICHCTBOBAHMS  MEXaHHU3MOB
MIPOrHO3UPOBAHUS U NPEAYNPEKACHNS HEraTUBHBIX MOCIEICTBUN MPON3BOJICTBEHHOM
nestensHocTH [1-6].

C 1 suBaps 2020 r. neiictByeT HOBas peakuus ctate 31.1 @3 «O6 oxpane okpy-
JKaloIIen cpenbl», B KOTOPOM TpakTyeTcs MOpsAJOK MPEACTaBICHHsS 3aiBKU HA BbIIAYY
KOMIIJIEKCHOTO dKostoruueckoro paspeuienus (KOP), ee cornacoBanusi, paccMOTpeHHs
u Beltaun KOP. Ota HopMma nefictByer ¢ ssHBapst 2019 rozpa, u nosBuiach oHa ¢ LIEIbi0
COBEpIIIEHCTBOBAHUSA 3KOJIOTHYECKOTO 3aKOHOJATENbCTBA U JOCTHKEHMS LIEJIEBBIX MO-
Kazatenell QenepanpbHOro npoekra «BHeapeHHEe HAWIYYIIMX AOCTYHHBIX TEXHOJO-
ruii». Hawnydmias gocTynHasi TEXHOJIOTHS, coracHO dDeaepalbHOMY 3aKOHY OT
21.07.2014 Ne 219-®3 — TexHOIOTHs MPOU3BOACTBA MPOAYKLNH (TOBAPOB), BHITIOIHE-
HUsI pa0oT, OKa3aHHs yCIyT, onpeaensieMas HA OCHOBE COBPEMEHHBIX TOCTHKEHHUH Ha-
YKU ¥ TEXHUKH U UX HAWTy4lIero COYeTaHus.

KoHuenmus Hamiy4dmmx JOCTYIHBIX TEXHOJIIOTUN — 3TO MHCTPYMEHT, OCHOBaHHBIH
Ha (DaKTHUECKMX AaHHBIX U MO3UIUAX MHOTHX 3aWHTEPECOBAHHBIX CTOPOH, KOTOPBIH
MOAJICP)KUBACT YCTAHOBJICHUE IOPUAMYECKH O0s3aTETbHBIX MNpENeNbHBIX 3HAYCHUH
SMHCCHI B SKOJIOTHUECKUX Pa3pEIICHHUX C HebIo 3Q()EeKTHBHOTO MPEAOTBpAILCHHS U
KOHTPOJIsI BEIOPOCOB 3arpsA3HSIONIMX BEIIECTB B arMoc(epy, UX COPOCOB B BOJHBIC
00BEKTHI U MOCTYTICHUS B MOUBY [7].

B crpanax EC m1aBHBIM 3aKOHOJATENBHBIM JJOKYMEHTOM B O0JIACTH OXpaHbI OKPY-
JKaloIe cpenbl MOCPEACTBOM MPUMEHEHHMS HAWIy4IIMX JOCTYMHBIX TEXHOJOTHH
(HAT) sensercs mupektusa 2010/75/EC, cornacno xotopoir «HAT — 310 Hambomnee
3¢ eKTUBHBIC HOBEHIINE pa3pabOTKU AJIsl Pa3IMYHBIX BHIOB IESATEIBHOCTH, POLIEC-
COB ¥ c1i0c0o00B (D)YHKIIMOHHUPOBAHUS, KOTOPbIE CBHAETEIBCTBYIOT O MPAKTHUECKOH Iie-
J1eco00pa3HOCTH HCIIONBb30BaHNsI KOHKPETHBIX TEXHOJIOTHI B KauecTBe 0a3bl AJIs ycTa-
HOBJICHUS pa3pellieHNi Ha SMUCCHUHU 3arpsA3HAIONIMX BEIIECTB B OKPYXKAIOIIYIO Cpeay
(OC) ¢ uenpio MpenoTBpAIICHUS 3arPsI3HEHNUS, WIH, KOT/la MPeJoTBPAIICHUE TPaKTHU-
YeCKH HEBO3MOXHO, MuHHME3aIuio smuccuii B OC B 1ieiom». B Hell ke mpencrapie-
Hbl U Kputepun onpeaenenus HAT [8-10].

KOP mnpencrasnger coboil JOKyMeHT, pa3pabaThIBalOLINiicCS B OTHOIIEHUH IpeJ-
npuaTuil | kareropum omacHOCTH, B pe3yibTaTe AEATEIbHOCTH KOTOPBIX MOXKET IO-
CTpajiaTh KOJOTHYecKas 00OCTaHOBKA B pErHoHE, O(OPMIISIOIINICS B COOTBETCTBUH
¢ nocranoBieHueMm [IpaBurensctBa PO ot 13.02.2019 Ne 143 «O mopsiake BbIAaYH
KOMIUICKCHBIX JKOJIOTHYECKHX pa3pelleHud, HX NepeoopMIIeHHs, IepecMoTpa,
BHECEHUS B HUX U3MEHEHUH, a TAK)KE OT3bIBAY.

Brinaercs KOP Pocnipuponsan3opom, B HETO BKIIIOYAIOTCS TPEOOBAHUS 110 OXpaHe
OKPYIKaIOIIEH Ccpelibl, KacatolIUecss KOHKPETHOTO CyObEeKTa XO3HCTBCHHOMN JesATeNb-
HoctH [11].

Ananu3s u oocyxnenue. [[pumenenue quddepeHIUpOBaHHBIX MEP FOCYIapCTBEH-
HOTO PEeryJupOBaHMs K 00ObEKTaM, OKa3bIBAIOIM HETaTUBHOE BO3JEHCTBHE HA OKPY-
JKAFOIIYIO Cpely, KOPEHHBIM 00pa3oM M3MEHWIIO MIPOIlecC HOPMUPOBaHUsI HETaTUBHOTO
BO3/ICHCTBUA. PaHee XO3AUCTBYIOIIMI CYOBEKT, MPU OCYIIECTBICHUU ACATEIBHOCTH
KOTOpOTO OBUIM 00pa3oBaHbl MCTOYHUKH BBIOPOCOB 3arps3HSIONIMX BEHIECTB H/HIIH
cOpOCOB 3arpsI3HSIONIMX BEIIECTB, OTXOBI TPOU3BOACTBA U MOTPeOIIeH s, 00513aH ObLT
MONYYUTh Ui KaKJI0TO M3 BHJIOB HEraTUBHOTO BO3JEHCTBUS OTIAENBHBIA JTOKYMEHT
(pa3peuieHne Ha BLIOPOC BPEIHBIX (3arps3HSIONINX ) BELIECTB B aTMOC(EPHBII BO3IYX,
paspelieHue Ha cOpocC 3arpsA3HSIONINX BEIECTB B BOJHBIE OOBEKTHI, @ TAK)KE JOKYMEHT
00 yTBep»IEHNH HOPMATHBOB 00Pa30BaHMUS OTXOMOB M JIUMHUTOB HA X Pa3MeIIeHHE).
[Mpuvem mpornenypa HOPMHUPOBAHUS COMPOBOXKIATACH (PMHAHCOBBIMU U BPEMEHHBIMH
U3/IeP’KKaMHU, TaK KaK COrTacoBaHUE pa3padOTaHHBIX JOKYMEHTOB OCYIIECTBISUIOCH HE
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TOJIBKO B Yripasnenunn DenepaiabHO CiryKObI 10 HaI30py B cepe MpUpOIOnoIb30Ba-
HUS WM MUHUCTEpPCTBE MPUPOIHBIX PECYPCOB (B 3aBUCHMOCTH OT MPUHAATIEKHOCTH),
HO 1 B PocrnoTpebHaa3ope, a eciiu Jeno Kacajaoch YCTaHOBICHHS HOPMAaTHUBOB JIOILY-
CTHMBIX COpPOCOB, TO COIVIACOBaHUE NMPOXOAMIIO TakXke B opraHax PocpbiOonoBcTBa,
VYnpasneHun BogHBIX pecypcoB, Pocruapomere. [Ipu sToM nanHas npoueaypa Oblia
€/IMHa He3aBUCHMO OT TOT'0, CYIIIECTBEHHOE JI OKa3bIBAETCS BO3JEHCTBHE HA OKPYKalO-
HIyto cpefy Ju00 He3HaYUTENbHOE, KPYIHBIA 3TO TOPHO-000TaTHTEILHBIA KOMOMHAT
WM MEKapHS.

HduddepeHmpoBanHbIi MOIXO0A MO3BOIMI OONETYUTh, & B HEKOTOPBIX CIIydasX U
UCKJIIOUUTH TIOJTHOCTBIO MIPOLENYPY MOIYUYEHHUS pa3pelieHnid U yCTaHOBIIEHUS! HOpMa-
TUBOB U TUMHTOB JJis1 00bekToB [[-IV kareropum.

Hns o0bexToB | KaTeropuu paHee MoiydaeMble TOKYMEHTHI (pa3pelieHue Ha BbI-
OpOCHI 3arps3HSIONIMX BEHIECTB, pa3pelieHNe Ha cOPOCHI 3arps3HSIONIMX BEIIECTB U
JUMUTHl HA Pa3MellleHre OTXOI0B) OObEAMHEHBI €NUHBIM JOKYMEHTOM — KOMILJIEKC-
HBIM DKOJIOTHUECKUM paspenieHneM. O0bekThl 1 kaTeropuu Taxke NpH KeTaHUH MO-
TYT MOJY4YUTh KOMIUIEKCHOE 3KOJIOTUYECKOE pa3pellieHle, HO IpU HAJUYUU YCTaHOB-
JIEHHBIX OTPACIJIeBbIX TEXHOJIOTHUECKUX ITOKa3aTene.

Hecmotps Ha 1O yTo ¢ 01.01.2019 1. mony4yeHHe KOMIJIEKCHOTO AKOJIOTUYECKOTO
paspelieHust CTajJo BO3MOKHBIM B YaCTH 3aKOHOAATEIbHOM 0a3bl, caM mpolecc U Ho-
HUMaHME alropuTMa JAEHCTBUI B JaHHOM HaIpaBiICHHH BEChbMa 3aTPyIHUTEIbHBI.
ViKke Ha MpeABapUTEIHLHOM 3Tarle Mo MOATOTOBKE 3asBKH Ha nonydeHue KOP Bo3HukaeT
MHOTO BOIIPOCOB, @& CHTYAIMsl OCJIOXHSACTCS MOJHBIM OTCYTCTBHEM HH(OPMAIUU H
METOANYECKHUX Pa3bICHEHUMU.

N3HavanbHO TipU MOATOTOBKE 3asBKM Ha monydeHne KOP HeoOxomumo ompene-
JIUTHCS C OTPACIIEBBIM CIIPAaBOYHMKOM HAWTYULINX TOCTYIHBIX TEXHOJIOTHI, B KOTOPOM
orpesiesieHbl KpUTepUH JOCTHKEHUS LIeIel OXpaHbl OKPY’Karolel cpeibl IPH YCIOBUU
HaJIMYUS] TEXHUYECKON BO3MOXXHOCTH NMPUMEHEHUS TEXHOJIOTHU. A JTaHHBIN CIIpaBOd-
HUK JI0JKEH OBITh HE TOJIBKO pa3paboTaH U ONyOIMKOBaH, HO M YTBEPXKIEH, KaK TOMK-
HBI OBITh YTBEPKAeHBI U TexHonorndeckue nokasarenu HAT. CnpaBounuxu HAT omy-
OnmukoBaHbl Ha oduuuanbHOM calite Poccrangapra ®denepalbHOrO areHTCTBA IO
TEXHUYECKOMY PETYIHPOBAHUIO U METPOJIOTHH.

HNHopMaIIMOHHO-TEXHOIOTUIECKHI CITPABOYHHK MO HAWTYUIINM JTOCTYITHBIM TeX-
HOJIOTHSIM TIPEACTABISIET COOOH mNepeueHb (PaKTUYECKHX JaHHBIX, OIMHMCHIBAIOIINX
TEXHOJIOTUYECKHUE MTPOLIECCHI MMPOM3BOJICTBA oTpaciu. [Ipy 3TOM yuuThIBaeTCS COBpEMEH-
HOE TIOJIOKEHHE, 000PY/IOBaHNE M TEXHOJIOTHH, MTO3BOJISIIONINE OCYIIECTBISTh paOOTHI
C HAaMMEHBIINM BIUSHUEM Ha OKPYXKAIOIIYIO CPEedy.

B kagecTBe OCHOBOIONIATAIONIETO JIJIS1 TOOBIYN M 00OTAIICHUS PY/I IBETHBIX METa-
JIOB pa3pa0oTaH chpaBouHUK «J[oOblua W oOoraiieHHe pyd LBETHBIX METAJUIOB
HUTC 23-2017», TexHOIOTHYECKHE MMOKA3aTeN HAWIYUIINX JOCTYIHBIX TEXHOJIOTHI
yTBepxaeHbI mpukazoM Munnpupoas! Poccun ot 02.04.2019 Ne 206, a camu TeXHOIO-
THU JI0CTaTOYHO MIMPOKO MPUMEHUMEBI U anpoOupoBaHsl [12].

Kpome Toro, cipaBOYHUK CONEPKHT Psia 00s3aTENbHBIX TPUIOKEHHUN, B YaCTHOCTH
o0nacTe MPUMEHEHUs, IepPeYeHb MapKEPHBIX BEUIECTB U TEXHOJOTHYECKHX MOKa3aTe-
nel, nepedens HJIT, koTopble BKIIIOYEHBI B CIIPABOYHHUK, a TAKXKE I10KA3ATEIU DHEPTO-
s dexruBHOCTH. OHAKO CYNIECTBYIOT HEKOTOPBIE PA3HOUTEHHSI MEXKIy CIPaBOYHU-
koM HJIT «/loObraa u oboramenue pya nBeTHbIX MeTaiuioB UTC 23-2017» u mpukazom
Munnpupoast Poccun ot 02.04.2019 Ne 206 npu comocTaBieHUH YCIOBUNA UHTEPIIPE-
TallUH TaHHBIX 110 TEXHOJIOTUYECKUM TTOKa3aTENIAM.

B «IIpunoxenun b» crnpaBounnka «/{oObua u oboraiieHue pya IBETHBIX MeTall-
soB UTC 23-2017» TeXHOJIOTHYECKUE TOKA3aTeNIN JJIs Mpollecca OTPabOTKH MECTO-
POXKIEHUN OTKPBITHIM CIIOCOOOM YCTAQHOBJIEHBI MO B3BELIEHHBIM BEIIECTBAM CO CHOC-
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kol «IIpuMeHeHHne 3HaueHHs OCYLIECTBISIETCSI Ha TpaHULE CaHUTapHO-3aILUTHOMN
30HBD», ofHaKo B pukase Ne 206 Munnpupoast Poccun ot 02.04.2019 yTBepkaeHsI T€
e TIOKa3aTeln, HO 0e3 COOTBETCTBYIOIIEH CHOCKH. B cBOI0 ouepens, mpu pacyere Tex-
HOJIOTHYECKHX ITOKa3aTesieil clieyeT pyKoBOJCTBOBAThCS MPUKA30M U MPHUMEHSTh CO-
OTBETCTBYIOIIEE 3HAYCHHE, HO YK€ JJIsl OPraHU30BAHHBIX MCTOYHHUKOB BBEIOPOCOB 3a-
TPA3HSIOIINX BEIECTB.

B gacTtu cOpoCcoB 3arpsi3HAIOIUX BELIECTB B BOIHBIE 00bEKTHI cripaBouHrkoM HJ[T
YCTaHOBJIEHBI TEXHOJOTHYECKHE MOKA3aTeIH MO B3BEIIEHHBIM BEILECTBAM, IIPHUKa30M
Ne 206 TexHOTOTHUECKHE TTOKA3aTENN YCTAHOBIIEHBI TaKXKe JUIs KaAMMsI, MEJTH, CBUHIIA,
KeJe3a, HUKells, IUHKa, MapraHia, Cyab(aroB, allOMHHUSL.

Crnemyet TakKe OTMETHTH, YTO CITPaBOYHUK «J{00bI4a 1 o0orameHne pya IBETHBIX
metamoB UTC 23-2017» comepkuT CBEACHUS B YaCTH HAWITYYIITUX TOCTYITHBIX TEXHO-
JIOTH{ IPH JOOBIYE Py HOA3EMHBIM CIIOCOO0M, OHAKO TEXHOJIIOTHUECKNE HOPMATHBBI
MO BBIOpOCaM 3arps3HAIONIMX BELIECTB YCTAHOBIICHBI TOJNBKO JUISL OTKPBITBIX PadoT.
Hannas wHOpManusi Takke OTCYTCTByeT B mpukaze MuHnpupoasl Poccum ot
02.04.2019 Ne 206 u UHBIX HOPMATUBHBIX TOKYMEHTAaX.

OOparuM BHUMaHME HE TOJIKO Ha YCTaHOBJIEHHbBIE TEXHOJOIMUYECKHUE ITOKa3aTely,
HO U Ha TOKa3aTely 3HEProdQpeKTuBHOCTH.

B «IIpunoxennn I» cipaBounnka «ZloOsrya 1 o0oramieHue pys IBETHBIX METAIOB
UTC 23-2017» comepkarcsi CBeJCHHUS IO PaCXOAy NIEKTPO3HEPTHH (OTHOLICHHUE MPH-
BeZIcHO B KBT - u/T pynbl). Ha cerogHsmHui 1eHb 3TH JaHHbIC HOCSIT CIIPABOYHBIN Xa-
pakTep, Tak Kak IMOKa He YTBEP>KIACHBI COOTBETCTBYIOIIUMH MPUKA3aMH, OTHAKO HH-
(dhopManys Mo pacxomy dIEKTPOIHEPTHH BKIIIOUASTCS B IyHKT 1.4. pa3aena 1 3asaBKu Ha
nonyuenue KOP.

JeiicTBylomiee 3aKOHOAATEILCTBO HE CONEPKUT HOPMATHBHBIX aKTOB, 00S3bIBaIO-
IIMX MPUPOAOIOIL30BaTENEl B Clyyae MPEBBIIICHUS YCTAHOBJIEHHBIX IOKa3aTenei
9Hepro3(h(HEeKTUBHOCTH COTTIACOBBIBATh U PEATM30BBIBATH MPOTPAMMBI MEPOTIPUSITUI
10 CHWKCHUIO 3HEProNOoTPeOIeHuUs], OMHAKO, YUUTHIBAsl KyPC, BRIOPAHHBIH [IPaBUTENb-
CTBOM B JaHHOM HAaIlpaBJICHHUHU, TAKHE HOPMATHBHBIE aKThI BECbMA 0KUAAEMBI.

IToMUMO yCTaHOBJIEHHUS! TEXHOJIOTMYECKUX TOKa3aTelel Takxke HeoOXxonuma pas-
paboTka MpOrpaMMBbl MOBBILIEHHS KOJIOTHYECKOH 3(P()EKTHBHOCTH B Cilydae HEBO3-
MOXKHOCTH COOJIOICHUSI TEXHOJOTHYECKUX HOPMATHBOB, HOPMATHUBOB JIOIYCTUMBIX
BBIOpPOCOB, cOpocoB BeriecTB | u Il kiacca omacHOCTH 1O MOKA3aTeIsAM HAMITYUIINX
JOCTYIHBIX TEXHOJOTHH, XOTSI HIMEHHO 3TH JAHHBIE SIBJSIFOTCSI OCHOBOMONATaIOIIMMHU
i oueHku HeoOxopumoctu BHenpenust HJAT u BeineneHuss HEOOXOMUMBIX MaTepu-
aNbHBIX 3aTpar B CBSI3M C 3TUM mepexomoM. IIporpamMma moKHBI OBITH MPHIIOKEHA
K 3asIBKe, HO MPOLIEAypa COTTIaCOBAaHUS MPOTPAMMBI ITOKA HE COBCEM SCHA.

[anee B nporecce moAroToBKY MarepuanoB 1 3asBku KOP akryanusupyercs panee
pa3paboTaHHas MPHUPOJOOXPAHHAS MPOEKTHAS TOKYMEHTAIHs, KadeCTBEHHO-KOINYe-
CTBEHHBIE I10KA3aTENIN HICTOUHUKOB BO3IECHCTBHUSA Ha OKPYKAIOIIYIO CPELLY.

3aKITIOUUTEIBHBIM )K€ 3TaroM siBisieTcs opopMIICHHE 3as1BKH, popMa KOTOPOH yT-
BepkJeHa nmpuka3oM Munnpupoas! Poccun ot 11.10.2018 Ne 510. OgHo¥t U3 0CHOB-
HBIX 3a/1a4 [P MOATOTOBKE MaTe€pHajIoB SBJSETCS pacdeT TEXHOJIOTHUECKUX HOPMaTH-
BOB BBIOPOCOB, PE3YyNIbTaThl KOTOPOTO JOJKHBI OBITH TPEACTABICHBI B pazzene 2.

IIpu 3amomHEHNH NaHHOTO pa3feNla YYUTBIBAKOTCS TEXHOJIOTMYECKHE IOKa3aTeNn
H/T, ycTaHOBIEHHBIE COOTBETCTBYIOIUM MPHUKA30M, TAK)KE OCYIIECTBIIAETCS pacdeT
TEXHOJIOTHYECKUX HOPMAaTUBOB BEIOPOCOB (T/TOM) 11 CTALIMOHAPHBIX UCTOYHUKOB BBI-
OpocoB. B cimyuae, ecnu TexHonmornueckue nokaszarenn HAT He ycTaHOBIIEHBI, Kak,
HanpuMep, JJs BUIA JCSITEINbHOCTH 000blua U 0bocaujeHue pyod YEemHvlx Memaiios
NOO3eMHbIM CNOCOOOM, B COOTBETCTBYIOIINX rpadax yKaszpiBaeTcsa HHPOpPMaLusi 00 oT-
CYTCTBUH yCTAHOBIIEHHBIX TEXHOJIOTHYECKUX ITOKa3aTesieil Ha MOMEHT ITO/Iau 3aIBKU
Ha noyuenne KOP.
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B cityuae xe, eciiu B cOCTaB BEIOPOCOB BXOZST 3arpsI3HSIOIINE BELIECTBA, 110 KOTO-
PBIM yCTaHOBJIEHBI TexHoJorndeckue nokasarenu HAT, nomyctuM, B cocTaB oTXoxs-
MIMX T'a30B (OpraHU30BaHHBII NCTOYHHK) 00OTaTUTENbHON (PaOpUKU P OCYILECTBIIE-
HUH IPOOJIEHUs BXOAUT NbLIb Heopranuueckas 70-20 % SiO,, 1o KoTopoMy yCTaHOBIIEH
nokazarenb H/T, To 1aHHBII HCTOYHHK BKITIOYaeTCsl B TaOIHIly. BBIOpOCH OT BCioMo-
raTeJIbHBIX IIPOLECCOB, TAKUX KaK PaboTa KOTEJIbHON, B JAaHHOM Pa3Jesie He yUUThIBa-
I0TCsI, TaK KaK HE COJIepKaT YKa3aHHOTO BEILECTBA.

OpHako eciii Ipu pacuere BHIOPOCOB C YYETOM COCTaBa PyAbl, COIIACHO pacropsi-
sxkenuro [IpaBurenberBa PO ot 08.07.2015 Ne 1316-p «O0 yTBepKIeHUH TIEPEUHS 3a-
TPSA3HSIOMIMX BEIECTB, B OTHOIIEHUH KOTOPBIX MPUMEHSIIOTCS. MEPHI TOCYIapCTBEHHO-
TO PETYIMPOBaHUS B 001aCTH OXPaHbI OKPYKAIOIIEH CPEIbD», pacyeT OyeT Ipou3BeIeH
10 KOMIIOHEHTaM KaJIMHUH, MeJlb, JKeJle30, IUHK, NbIJIb HEOPIraHUIECKasi C COICPKAHU-
eM kpeMHus 10 20 %, a TeXHOIOTMYECKUH IOKa3aTenb ISl Mpolecca oOorameHus
pYZBl YCTAaHOBJIEH MO BemiecTBY «lIbulb HEOpraHudeckas ¢ COAEpKAHWEM KPEMHUS
20—70 %y, naHHBIN pacyeT YCTaHOBJICHHBIM TPEOOBAHUSIM COOTBETCTBOBAThH HE OYJICT.

TakuM 00pa3oM, rmepe]] HaualoM BBIITOJTHEHUS] pacCueTOB BEIOPOCOB 3arps3HSIONINX
BEIECTB OT MCTOYHMKOB, AJISI KOTOPBIX yCTAHOBJIEHB!I TEXHOJOIMUECKUE [10KA3ATENH,
CJIEAYET YETKO OIPEAEIUTh KOMIIOHEHTHBIA COCTaB 3arps3HSOLINX BELECTB.

Bomnpoc onpeneneHus: TEXHOIOTHUECKUX ITOKa3aTene i mporecca 00orameHus
pyasl Oosiee yperyaupoBaH, HesKelu AJ1s mpoliecca ee 1oO0syn. B yacTHOCTH, MpHKa-
3oM Munnpupozst Poccun ot 02.04.2019 Ne 206 yTBep:kJieH TEXHOIOTMYECKUN MOKa-
3aTelsb JJIS CTallMOHAPHBIX MCTOYHUKOB BBHIOPOCOB 3arpsA3HSIONINX BEIIECTB IO B3BE-
IIEHHBIM BeriecTBaM co 3HadenueM n < 0,5 mr/m®. C yd4eToM TEXHOJIOTHYECKHX
MPOIIECCOB, MPOXOASIINX MPH OTPAOOTKE TOPHBIX BHIPAOOTOK OTKPBITHIM CITOCOOOM,
COIIPOBOXKJAIOIMXCSI 3HAYUTEIBHBIM BBIACIICHUEM IIBUTH (3TO B3pBIBHBIE pabOTHL, IpoO-
OJneHue, TPAaHCIIOPTUPOBAHKE, IIBUIEHUE OTKPBITHIX CKJIaJ0B M OTBAJIOB), IOCTHKECHHUE
TaKMX TOKa3aTesnel Ha UICTOYHUKaX He MpeAcTaBiseTcs BO3MOKHBIM. K npumepy, npu
pacyere BHIOPOCOB 3arps3HSIONIMX BEIIECTB OT COpachIBAIOLIETO KOPOOa IEKOBOM
npobwikun CMJI npou3BoauTenbHOCTEIO0 160 T/4 MONy4eHo, YTO KOHIICHTPAIUS BbI-
OpocoB Ha BBIXOE cocTaBiseT 29 mr/m3. JIaHHBIN pacyeT MPOBEICH C YIETOM 000py-
nmoBaHUs ucTouHnka — ycranoBkor tuna [{UKJIOH c a¢ddexruBHOCTRIO OYNCTKH HE
MmeHee 70 %. B ciydae npeBblllieHNs yCTaHOBIEHHBIX Nokazareneid HJT npeanpusatue
JOJDKHO pa3paboTaTh M COTNIacoBaTh MPOTPaMMy MOBBIMICHHUS KOJIOTHYECKOH 3 dek-
TUBHOCTH, B KOTOPOH JTOJKHBI OBITh YKa3aHbI KOHKPETHBIC MEPONPUSTHS U CPOKH HX
BBITIOTHEHUS, TTO3BOJISIONINE CHU3UTH BEIOPOCH! 10 YPOBHEW YCTAHOBJICHHBIX HOpMa-
TUBOB, YTO ITO3BOJIUT IPEAIPUATHIM, HE OTBEYAIOLIMM TPEOOBAaHMSIM HAMIYUIIUX JO-
CTYHHBIX TEXHOJOTUH, MOAEPHU3UPOBATh O0OPYIOBAaHME M JOCTHYb HEOOXOAMMBIX
TpeboBaHMii. PaccmarpuBas TEXHOIOTHYECKHUH NpoLiece IpoOIeHus U BCe BO3MOKHBIE
BapUaHThl MOACPHU3ALNHE 000PYIOBaHHS, cIeyeT NOHUMATh, YTO AJsl JAHHOTO IMpPO-
1[ecca Ha CETOHALIHMN IeHb TOCTHKEHHE YCTAaHOBJIEHHBIX TIOKa3aTeneld HEBO3ZMOXKHO.

B «IIpunoxennn b» cnpaBounmka UTC 23-2017 TexXHOIOTHYECKHA HOPMATUB
636euleHHble 6euyecmea yKa3aH cO CHOCKOHM «3aMepbl OCYLIECTBIISIIOTCS Ha TPaHuUIle
C33», 4T0 BHOJIHE JIOTUYHO, YYUTHIBAs CIICM(UKY MPOU3BOJACTBA U €€ 0COOCHHOCTH.
Benp ocnoBHo# Brinag (10 95 % oT Bceil Macchl BHIOPOCOB 3arps3HSIOIINX BELIECTB)
BHOCSAT HEOPTaHM30BaHHBIC HICTOYHUKU BEIOPOCOB, MHCTPYMEHTAJIBHEBIE 3aMephI Ha KO-
TOPBIX TMPOU3BOJUTH HEBO3MOXHO. ETMHCTBEHHBIM BO3MOXKHBIM MEPOIPHUITHEM, Ha-
IPaBJIEHHBIM Ha COKPALICHUE BHIOPOCOB 3arps3HSIOIIMX BEIIECTB, SBISIETCS METOX
TUIpoOoOeCTbIMBaHuUS. B cB3M ¢ 9TUM aOCOIIOTHO OUEBUIHBIM PELICHUEM Ui Beae-
HUSI TOPHBIX Pa0OoT SIBJISIETCS] YCTaHOBJICHUE TeXHOIOTH4Yeckux mokaszareneit HAT mo
B3BEILICHHBIM BEIIECTBaM UMEHHO HA IPAaHUIIE CAaHUTAPHO-3aIUTHON 30HBI.

Bo3HuKar0T BOIIPOCHI ¥ IO 3aII0JHEHUIO Pa3/ielia, COASPKAILEro pacyeT TEXHOIOTH-
yecKux HOpMaTtuBoB cOpocos. IIpukazom Ne 206 ot 02.04.2019 ycraHOBIEHBI TEXHO-
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JIOTUYECKHE TIOKa3aTeN! 3arPSA3HAIONINX BEIIECTB B COPOCaxX B BOAHBIE OOBEKTHI, COOT-
BercTBytontre H/IT mis mpon3BOACTBEHHBIX POIIECCOB Pa3pabOTKH MECTOPOKICHUH
mo 10 mokazarensiM. 3Ha4eHUs TIOKa3aTeNnel, yCTaHOBJICHHBIX TI0 COpocaM 3arps3HsIio-
[IMX BEIIECTB, B 3HAUYNTENHLHON CTENEHN OTIMYAIOTCS OT 3HAUEHWH, YCTaHOBIEHHBIX
npuka3zom MuHcenbxo3a Poccun ot 13.12.2016 Ne 552. Tak, Hanmpumep, 3HaUCHHUE TeX-
HOJIOTHYECKOTO0 HOPMaTHBA TI0 TTOKA3aTelto Cylb(ar-aHHOHa JAODKHO OBITh MEHBIIE
i pasao 1300 mr/ame, a mpukasom Ne 552 or 13.12.2016 ycTaHOBIIEHO 3HAYEHHUE
100 mr/am3, 10 MeaM TEXHOJIOTMYECKHHA HOPMATHB yCTAHABIMBAETCA MEHBIINM HITH
paBubM 0,3 mr/am3, B mpukase Ne 552 — 0,001 mr/am3.

OpHako ¢ y9eToM TOTO, YTO IPOIECC COTIACOBAHHS HOPMATHUBOB JOIMYCTUMBIX
cbpocos ¢ opranamu PocriorpebHan3opa, bacceitnoBoro Bogaoro ynpasnenus (bBY),
I'mppomernienTpa 1 PocpriO010BCTBa HE OTMEHEH, TIOKA3aTeNH JOKHBI COOTBETCTBO-
BaTh CAHUTAPHO-3ITUAEMHUOIIOTHIECKUM H UHBIM TPEOOBAHHUAM, YCTaHOBIEHHBIM 3aKO-
HonatenbcTBoM P®. Ho, kak mpaBuiio, mpouecc OYUCTKU C MOMOILBIO HMEKOIIUXCS
HAWIYYIINX JOCTYITHBIX TEXHOJIOTUH HE TO3BOJISIET OYHUCTHTH CTOK JO TOKa3aTesei,
YCTaHOBJICHHBIX NpuKa3oM Ne 552.

BeiBoasl. B nenom nonydernne KOP, oObeauHMBIIETO B cebe MOMyUYeHHE Cpaszy
TpeX paspemieHui, CTPYKTYpUPYET alrOPUTM JEUCTBUH MPUPOJOOXPAHHOHN CITYKOBI
MPEINPUATHI W TIO3BOJHUT W30€KaTh Pa3HOYTEHWH IO MPOEKTaM, pa3paboTaHHBIM
B Pa3HBIN MEPHOJ BPEMEHH, OTHAKO Ha CETOMHAIIHUI IeHh HOPMAaTHBHO-TIPaBOBast 0a3a
B 00IIacTH peanm3anuu nporecca nonydeHns KOP nmeeT 3HaunTenbHOE KOTUYECTBO
HECTBHIKOBOK. Perienre JaHHOTO BOMpoca TakXKe yCyTryomseTcst KpaliHe Mayioi nHpop-
MHUPOBAaHHOCTHIO, OTCYTCTBHEM MEXaHU3MOB PeajH3alliy MPUHSITHIX 3aKOHOB U aJIMH-
HUCTPATHBHOTO periiaMeHTa UCTIOHEHUsT PocmpupoaHa 30poM rocynapcTBeHHOM yc-
nyru mo Bbimade KOP, a Taxke anropuTMOB W Pa3biACHEHUH Kak MO BOMIPOCY
oopMIIEHHUS caMO 3asIBKU Ha TOIYYeHHE KOMIUIEKCHOTO SKOJOTHIECKOTO pa3perle-
HUS, TaK ¥ 10 TIPOIECCY TOTYICHHUS COTIIACOBAaHUM U MTPOXOXKACHHUS IKCIIEPTU3 B HaCTH
pasziena BEIOpOCOB 1 cOpocoB B PocrioTpeOHam30pe 1 MHBIX COTNIACYIONIUX OpraHax.
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Abstract
Introduction. Order of the Ministry of Natural Resources of Russia dated April 18, 2018 no. 154 approved
a list of facilities that have a negative impact on the environment, belonging to category I, which must
receive an integrated environmental permit within the period from 01 January 2019 to 31 December
2022 inclusive. During the period of 01 January 2019 to 01 January 2025 IEP must draw up the objects
of the NIE (negative impact on the environment) category I that are not included in the above List, which
determines the need to identify the features of the supporting documents preparation in order to receive it.
Integrated environmental permit is a document being developed in relation to enterprises, the activities of
which may affect the environmental situation in the region, enterprises of the 1st hazard category.
Research aim. Based on the studies performed in the process of preparing the application for an integrated
environmental permit (IEP), the research aims to identify the nuances and features of its design and
analyze the regulatory framework governing aspects of documents preparation in order to obtain positive
approvals from supervisory authorities
Methodology. An algorithm for filling out an application for issuing an integrated environmental permit is
considered, issues and features of the supporting documents preparation to obtain positive approvals from
regulatory authorities are identified.
Results. The article discusses the issues that most often arise when preparing supporting documents for an
integrated environmental permit. The features of filling out an application for obtaining IEP are analyzed.
It has been established that today the regulatory and legal framework in the field of implementing the
process of obtaining IEP has a significant number of inconsistencies. Besides, in case there is information
about the best available technologies for underground ore mining, there are no technological standards
for pollutant emissions. This information is also missing in the order of the Ministry of Natural Resources
of Russia dated 02.04.2019 no. 206 and other regulatory documents.

Key words: integrated environmental permit; pollutants; best available technologies; discharges.
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Abstract
Introduction. The wide spread of plate heat exchangers in various fields of technology is due to
the simplicity of their design and a variety of layout schemes. An area where their use is very promising
is heat recovery. The effect of an air heat exchanger-recuperator consists in heating the incoming flow
with the heat of the outgoing flow and is expressed in drastically reduced power consumption, which
would otherwise be spent on heating.
Research methodology. The object of research is a recuperator designed to heat the air entering the
production room in winter. Resistance to air flow is a significant disadvantage of the plate heat exchange.
The aerodynamic resistance reduces the flow rate, therefore, leads to a decrease in the flow rate of air
passing through the recuperator, so the required flow rate is ensured by special fan installations.
The task of designing a recuperator is to minimize the size of the flow part and prevent excessive load on the
fan unit. Calculation with the use of the recuperatorTs mathematical model is applied in the research.
Results. In the course of the research, a mathematical model of the recuperator has been developed,
which includes a condition for limiting the pressure loss by an acceptable value. Ratios have been
obtained for determining the optimal duct width between the plates, plates height, length and number.
Conclusion. A simplified mathematical model has been proposed to estimate the dimensions of the flow
part. The reliability of the simplified model has been confirmed by numerical calculation.

Key words: plate heat exchanger; recuperator; aerodynamic drag; ventilation; flow; flow part; duct.

Introduction. Heat exchangers of various types including the plate ones are widely
applied in technical equipment in order to ensure the temperature specifications for
equipment operation and comfortable working conditions for the staff [1-4]. Plate
heat exchanger’s operation is based on the transfer of heat energy from one fluid (heat
carrier) to another through the separating wall, i. e. plate. The scheme of the cocurrent
heat exchanger is shown at fig. 1.

The body / contains the heat-transmitting plates 2 which make up a line of ducts.
Along the duct 6, wide travels the heat carrier (denoted by red arrows at the duct’s
inlet), while along the duct 6, wide travels the heated (cold) medium (denoted by blue
arrows at the duct’s inlet). The ducts with the heat carrier and cold medium alternate.
Media travel round the ducts is accompanied by heat transfer from the heat carrier to
the cold medium through the separating plate. The heat carrier gets cooler (denoted by
blue arrows at the duct’s outlet), while the cold flow gets heated (denoted by red arrows
at the duct’s outlet).

Plate heat exchangers are widely used both in engineering and private life due to
their simple design. Heat recuperation is an area where their application seems
promising enough [5-8]. The effect of an air heat exchanger-recuperator consists in
heating the incoming flow with the heat of the outgoing flow and is expressed
in drastically reduced power consumption, which would otherwise be spent on heating.
The recuperator is studied later in the research which is aimed at heating the incoming
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air in winter period when its low temperature may cause equipment overcooling and
break comfortable working conditions.

Along with advantages such as the mentioned simplicity of the design and the
possibility of implementing various structural solutions (cocurrent, countercurrent and
crossflow schemes), the plate recuperator also has a significant drawback, which is its
resistance to flow of medium inside the ducts. Aerodynamic resistance reduces the flow
velocity, resulting in the reduced consumption of air passing through the recuperator.
So the required flow rate is ensured by special fan installations. Industrial recuperators
are aimed at rather high flow rates. For instance, air recuperators for workshops are
designed for the flow rate of 10-100 m?%s. In order to operate, such a device requires
a large cross-section or/and a large number of ducts as well as relatively high differential
pressure, therefore, high fan power consumption. That is why the designer often has to
solve the problem of optimization and compromise, i. e. deliberately set too high
capacity and size of the ventilation installation in return of the recuperator size
minimization.

Fig. 1. The scheme of the concurrent heat exchanger
Puc. 1. CxeMa Im1acTHHYATOTO MPsAMOTOYHOI'O TEIIO00OMEHHUKA

Research methodology. Research aim is to obtain the ratios to determine the
optimal width of the duct between the plates o, height /4 and length | of a plate.
The following are the criteria of optimality:

— small size of the recuperator;

— maximum acceptable size of ducts’ aerodynamic resistance.

The occupied volume, as a product of the overall dimensions of the recuperator’s
active part, is considered to be the indicator of the small size. The sizes of the ducts are
calculated by the admissibility limit of the aerodynamic resistance:

Ap, =[Ap]; 1)
Ap, =[Ap],

where Ap,, Ap_is the depression of the ducts with heated and cold flows correspondingly;
[Ap] the maximum admissible depression.
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Recuperator’s mathematical model is constructed taking into account that the area
of the heat transferring surface F' has been obtained earlier with the help of the
assumptions of thermodynamics and thermal engineering [9, 10].

Research results. By the dimensions of the plates and the distances between them,
both the dimensions and the aerodynamic resistance of the recuperator are determined.
Thus, these parameters are interconnected.

Let us consider the typical instance, where the mass flow rates the incoming and the
outgoing flows are equal.

The equality of the mass flow rates is realized:

QuiPnt = QuiPers (2

where Q,, and p,, are the volumetric rate and the density of the heat carrier at the inlet
of the recuperator; Q_, and p_, are the volumetric rate and the density of the cold flow
at the inlet of the recuperator.

Aerodynamic analysis is complicated by the fact that flow parameters change as
soon as they pass through the ducts. The temperature of the heat carrier gets lower and
its density grows. Consequently, the volumetric rate and velocity decrease.
The temperature of the cold flow, on the contrary, gets higher being accompanied by
the increase in the volumetric rate and velocity. However, taking into account the
approximate character usual to aerodynamic analysis, it is reasonable to come to mean
values of the parameters.

Then, air pressure drop at its passing through the ducts (without local resistances)
will be expressed as follows [11, 12]:

|
Ap, =4y, q.
' 3)

where A, and A are the coefficients of aerodynamic (linear) resistance of ducts for
heated and cold flows correspondingly; p, and p,_ are the mean densities of heated and
cold air correspondingly; v, and v, are the mean velocities of heated and cold flows
correspondingly; d, and d are the typical sizes (hydraulic diameter) of ducts for heated
and cold flows correspondingly.

In case when 6,(3,) << A, the hydraulic diameters are d, = 26,; d. = 29,.

Considering that the flow of one direction travels along a half of the total number of
ducts z, and applying ratios

QuiPry = Qupy = Qcpe;

v, = 2Qn
z8,h 4)
Vv, = 2Q, ,
z8;h
we get:
V. = 2Q.py

c

p.z3h ®)
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Flow velocity in the duct of an industrial recuperator, as a rule, is not less than
10 m/s. Estimated calculations have shown that the most probable is the pre-quadratic
flow regime where coefficients A, and A, (expressions (3)) are to be calculated by the
Altshuler formula [13, 14]:

+ —£
Re, d,

68 A )"
hy=0,11) =>4 2e |

68 A )Z
xhzo,n[ j ;

(6)

e

c c

where Re, and Re, are the Reynolds numbers characterizing the flow inside the ducts
with heated and cold flows; A, is the equivalent roughness of plates surface.

The Reynolds numbers for the heat carrier and the cold flow averaged in temperature
ranges are

Re, = Vudy ;

o @)
Rec — Vcdc ,

1V)

where v, and v, are the mean coefficients of kinematic viscosity of the flows in the
corresponding temperature intervals.

Despite the apparent difference between Re, and Re,_ as far as the size is concerned,
the value of A, is little different from A, then A, = A .

For an extreme case of Ap, = Ap_ = [Ap] expressions (3) with the account of
expression (5) are transformed into the following:

(Y oy (e
gen(G) A ] e ®

Equation (8) informs of the ducts’ width

making it possible to estimate whether it is significant to construct the ducts of different
width to reduce the size B of the recuperator.

Rough estimates by the probable values of mean density in temperature ranges of
flows show that the difference of the ducts’ width does not exceed 0.056,. In small-size
industrial recuperators the width of the duct has the period of 10 mm, so the construction
of ducts with such a difference is not only irrational, but often just technologically
impossible. So, it is possible to accept 6, = 8. = 8, which allows calculating by a duct,
for instance by the heat carrier. Total area of plates must be equal to F, so

F =(z-Dhl. (10)
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Equations (1)—(10) represent a full mathematical model of an optimal recuperator.
After reduction it is reduced to the system of equations (10):

1o(Q)
Ay e ph[Zhj [Ap],

(z-Dhl = F.

(10)

System (10) contains five unknown quantities: 3, 4, I, z, A, so basically, it can be
solved only after the well-grounded substantiation of three independent parameters
[15]. However, in this case the solution is going to be labor-intensive, particularly due
to the unknown quantities in A, coefficient. For rough estimation it is reasonable to use
a feature of the coefficient A, which is poor dependence of its value on the variation of
Re, and d, in formula (6). As applied to wide ranges of velocity and temperature, the
sufficient reliability of calculation will be ensured if A, = 0.035.

Let us illustrate the procedure of rough estimation by an example. Industrial
recuperator with consumption Q, = 100 m%/s is designed to heat the air coming into the
workshop in winter period by the heat of the outgoing flow. As a result
of the thermodynamic calculation the value of F = 3800 m? has been obtained.
Mean density of the outgoing air is p, = 1.23 kg/m?® for the average temperature
of 14 °C. Ventilation system is designed for the admissible pressure difference in the
flow part of the recuperator [Ap] = 300 Pa. Let us find the size of the flow part.

The accepted parameters: A, = 0.035; 8 =0.016 m; 2= 2.5 m.

In order to simplify, it is considered that (z — 1) = z. Then it follows from the first

equation of the system that
2
oh [Ap]

__F
“(z-Dh’

and from the second equation

(12)

The substitution of numerical values into formulae (11), (12) makes it possible to
obtain z =440 and | = 3.5 m. So, the dimensions of the recuperator’s flow part (without
plates’ width) are | x B x 7 =3.5 x 7.0 x 2.5 m, and its volume is V= 61.25 m3.

Results analysis. Average velocity of the heat carrier in the ducts calculated by the
corresponding formula (4), v, = 11.4 m/s. The Reynolds number (formula (7)) for
the obtained value of velocity and the accepted width of the duct is Re, = 24 300, the
coefficient of the aerodynamic resistance of a duct (formula (6)) A, = 0.031, duct’s
resistance (formula (3)) Ap = 271 Pa < [Ap] = 300 Pa, the error conditioned by the
assumptions made up minus 9.7 % from [Ap], which is quite satisfactory for aerodynamic
calculations.

Conclusion. The mathematical model of the plate recuperator based on the condition
of limiting the aerodynamic resistance by the admissible value, makes it possible to
minimize the dimensions and volume of the recuperator’s active part. A simplified
mathematical model has been proposed, the reliability of which has been confirmed by
numerical calculation.
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Pacuer onTMMAaJbHBIX pa3dMepoB IJIACTUHYATOTI0 peKyneparopa
NMPOMBIIIJIEHHOT0 HA3HAYCHU A

Tayrep B. M.}, Muuun U. B.., Anac B. E.!
1 Vpanbckuii rocyapcTBeHHBIN TOpHBINA yHUBEpCHTET, EkarepunOypr, Poccust.

Pecpepam

Beeoenue. [llupokoe pacnpocmpanerue NIACMUHYAMBIX MENIO0OMEHHUKOS 8 DA3IUYHbIX 001ACMAX
MEXHUKU OOBACHAEMCS NPOCMOMOU UX KOHCIMPYKYUY U PAZHO0Opasuem KOMROHOB0UHbIX cxeM. OOna u3
obnacmeil, 6 KOMOPOU UX UCNONb308AHUE NPEOCMAGIAEMCS 6eCbMA NEPCHEKMUGHbIM, — PeKYnepayus
menaa. Dghgpexm 8030ywHO20 MENLO0OMEHHUKA-PEKYNEPAMOPA COCMOUM 8 Hazpege 6X005uje20 NOmoKa
MeniomM UCX00AUe20 NOMOKA U 8bIPANHCACHIC 8 PE3KOM CHUMCEHUU PAcxo0a dNeKmpodHep2uul, Komopas
6 NPOMUBHOM CIyHae 3ampaiueandcs Ovl Ha Hazpes.

Memoouka nposedenus uccnedosanusn. OObeKMOM UCCLEO06AHUS  ABNAEMCA  PEKYRepamop,
npeoHasHaueHnbvlll 018 HaA2pea 8030YXd, 8X00AU €20 8 NPOU3B00CBEHHOe NOMewjeHUe, 8 3UMHULL Nepuoo.
Cywecmeennblii HeOOCMAmMoK NAACMUHYAMO20 PEKYnepamopa COCMoum 6 COnpoOmueneHuw meveHuo
6030yXd. ASPOOUHAMUYECKOE CONPOMUBILEHIE CHUICAEM CKOPOCHb NOMOKA, C1e008AMENbHO, NPUBOOUM K
VMEHbUEHUIO pacXo0d NpPOXooAue2o uepe3 peKynepamop 6030yxd, NOdMOMYy HOMPeOHblll pacxoo
obecneyugaemcs — CHeYUAnbHbIMU — BEHMUTAMOPHLIMU — YCIMAHOSKAMY. — 3adauell  NPOeKMUposanus
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peKynepamopa  6nAemcs  MUHUMU3AYUSL  PA3MEPO8  NPOMOYHOU  4acmu ¢  NpedomepaujeHuem
CBEPXHOPMAMUGHOU HAZPY3KU HA SEHMUNSIMOPHYIO YCMAHOBKY. B uccredosanuu npumenenvt pacuemol
€ UCNONB308AHUEM MAMEMAMULECKOL MOOeIU PeKynepamopa.

Pesynomamut  uccnedosanus. B xode uccnedosanus cocmasniena  MameMamuyeckas —Mooeilb
PpeKynepamopa, 6KI0Yawas 6 cebs Yeiosue 02paHuteHust NOmepu 0aeieHust O0NYCKAeMOl 8eUYUHOIL.
Tonyuenvi coomuowienus 0Jis OnpeoeeHusi ONMUMALbHbIX WUPUHbL KAHALA MedCOY NAACMUHAMU, 8bICONTbL
U OUHBL NAACMUHbL, A MAKIICE YUCTA NAACMUH.

Bu1600. [Ipeonodicena ynpowennas mamemamuieckdas MoOelb, HO3GONAIOWAS OYeHUMb 2abapumol
npomoynou yacmu. JJocmoseprocns ynpoweHHO MO0l ROOMEEPHCOCHA YUCTIOBLLM PACUENIOM.

Knrwouesvle cnosa: nnacmunuamoiii mei’lJl006M€HHuK,' pexKynepamop, a3p00uHaMull€CKO€ conpomueierue,
BEeHMUIAYUS, NOMOK, NPOMOYHAA 4acmb, KAHA.
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ObocHoBaHue CpOKa Cﬂy)K6bI BEHTUNATOPOB rMaBHOIO NpoBeTPMUBaHUA
B YCIIOBUAX nepemeHHoﬁ Harpy3ku

KonaueB B. ®.
L Ypanbckuit rocyAapCTBEHHbIN FOPHBbIRA yHUBEpCUTET, 1. EkatepuHBypr, Poccus
e-mail: ul331@yandex.ru

Pegpepam
Lens pabomut. Hccneoogarue 0CHOGHBIX 3AKOHOMEPHOCHEU U3MEHEHUS (PYHKYUOHAbHO20 COCMOSIHUSL
BEHMUNAMOPOS 2IABHO20 NPOBECMPUBAHUS, 6XO0SUWUX 8 COCMIAB 2IABHBIX BEHMUTAMOPHBIX YCIMAHOBOK,
6 3A6UCUMOCIU O MEXHONO2UYECKUX YCI08ULl IKCHIyamayuu. Ycmanosienue HOpMamueHo20 cpoKa
CAYUCObl  BEHMUNAMOPOE 2NAGHO20 NPOGEMPUBAHUSL C YYEmMOM OUp@epenyuposannozo anaiu3a
paspywaiowux — Gakmopos, KOHCMPYKMUBHBbIX —0CODeHHOCHel, UHMEHCUBHOCMU U  PedCUMO8
IKCNIyAmayuy 6eHMUISINOPHLIX KOMNILEKCOB.
Memoouka nposedenusn ucciedosanuii. Ha ocnosanuu ananuza cmpykmypbl 21a8HbiX eHMUISIMOPHBIX
YCMAHOBOK U Ouppepenyuposanno2o yuema MeXHONOSUYECKUX QAKmopos, GIUAIOWUX —HA
Gynkyuonanvylo  dpexmusHocms  GeHMUIAMOPOS  2LABHO20  NPOGEMPUBAHUSL,  NPEONLOJCEHA
Mamemamuieckas MoOeib ONpedeieHuss HOPMAMUSHO20 U OCIAMOYHO20 Pecypcd pabombl GeHMUNAMOPA
211A8H020 NPOGEMPUBAHLUSL C YHEMOM NePeMEeHHOU HA2PY3KU.
Pezynomamut u ux ananu3s. B pesynomame ucciedosanus 6030eticmsus 0eCmpykmugHvlx (paKmopos Ha
OCHOBHbIE (DYHKYUOHANbHBIE Y3Tbl GEHMUNAMOPA 2AA6HO20 NPOBEMPUBAHUS NPEOTIONCEHO YPABHEHUe,
yuumeieaouee Qusuueckue COUCMEA Mamepuald, U3 KOMOPO20 U320MOGLEHbl  ILEeMEeHMbl
BEHMUNIAMOPA U YUCLEHHOE GIUSIHUE GHEUHUX QUIUYECKUX (DAKMOPO8 HA IKCNIYAMAYUIO MAULUHBL.
Pesynomamer uccreoosanus nokazel8aiom, umo pecypc GeHMUNSAMOPOS 2AAGHO2O NPOBEMPUBAHUSL
cnedyem onpedensims UCX00s U3 001208e4UHOCIU pABOMbl KPYNHO20 V3I1d MAWUHbL — KOPEHHO20 8dild,
€ yuemom pexcuma pabomol MawuHbl.
Buvieoovt u oobnacme npumenenus pezynromamos. Cxemuvle peuilenus KOMNAEKCO8 UIAXMHBIX
BEHMUISIMOPHBIX YCMAHOBOK NPEOONPEOesion CPOK CLYHCObI BEHMUTIMOPOE 2NAGHO20 NPOSEMPUBAHUSL,
KOMOpbL  00NdICEH  YCMAHAGIUBAMbCS  HA  CMAduu  pabouezo  NPOeKmMuposanus ¢  Y4emom
ougpepenyuposantoco aHAIU3A  PAPYUWAOWUX  DPAKMOPO8, KOHCMPYKMUBGHBIX 0COOeHHOCmell,
UHMEHCUBHOCTIU U PEJCUMO8 IKCIILYAMAYUY 8eHMUIAMOPHbIX Komniekcos. [Ipednacaemas memoouxa
pacuema OCmamo4Ho20 pecypcda 6eHMUISMOPOS 2IAGHO20 NPOGEMPUBAHUL HAXOOUM NpUMEHeHUue 6
9KCHepmMHbIX Opeanuzayusx u Memoouueckux YKA3aHUusix nO ONPeOeieHUl0 OCMAmoYH020 pecypcad
WAXMHBIX 8EHMUISINOPOG 21ABHO20 NPOGEMPUBAHUS, PAOOMAIOWUX C NPEGLIULEHUEM HOPMAMUBHO2O
cpoxa skcnayamayuu. Taxoce yKkazamnas memoouxa modcem Oblmb UCNONb30BAHA NPOEKMHbIMU
op2anuzayusmMu 05 OnpedeneHUst NPOEKMHbIX CPOKOS CLYACObL COOPYICACMBIX 2NAGHBIX BEHMUIIMOPHBIX
YCMaHoBoK.

Kntoueevle cnosa: senmunamop; 2nasnas éenmunsimopuas ycmano6Kka; OCMAMOYHbIL Pecype;
pacuem HAOEICHOCMU, BEHMUNAMOD 21ABHO20 NPOGEMPUBAHUS, MAMEMAMU4ecKoe MoOeluposanue;
CXeMbl GEHMUNAMOPOE; IKCHAYAMAYUSL 6EHMULAMOPOS.

Hens pabGoThl. BeHTUNATOpHAas yCTaHOBKA SABISAETCS KIIOYEBBIM 3JIEMEHTOM
B CJIOXKHOH MHOTOCBSI3HOW CHCTEME BCEro KOMIUIEKCa TOPHOTO NPEATIPUSTHS, OT KOTO-
pOro 3aBUCHUT O€30MacHOCTh BEACHUS TOPHBIX paboT. Peanm3zanus 3¢ dekTuBHOM ¢ TOU-
KM 3pCHHUA 663OHaCHOCTI/I OKCILTyaTallud KOMIUICKCOB TJIaBHBIX BEHTUJIATOPHBIX YCTa-
HoBok (I'BY) He MoxkeT OBITh OCYIIECTBICHA 03 KOMIUICKCA MCCIICIOBAHMIA,
HaNpapJIeHHBIX Ha MPOTHO3 TEXHHMYECKOTO COCTOSHHS O0OPYHOBaHUS U 000CHOBaHHUS
(haKTHYECKOTO OCTATOYHOTO PECypca W HOPMATHBHBIX CPOKOB CITY>KOBI BEHTUJIATOPOB
rnaBHoro nposetrpuBanus (BI'TI) [1, 2].
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B crnoxuBIeiics npakTHKe TPOEKTUPOBaHUs U 3KcIuTyaTanuu [’ BY Bonpocam 060-
CHOBaHMA U 0OecreyeHns1 HOpMaTUBHBIX CPOKOB ci1yx0b1 BI'II He ynensercs qomxHo-
TO BHUMAaHUS, YTO HEPENIKO SABISIETCA IPUIMHOM MPEKIEBPEMEHHOTO BBIXOA BEHTHIIA-
TopoB M3 crpos. HopmaruBHble cpoku cinyxObl maxTHeIX BITI He yumThIBaroT
(axTHYEeCKHE yCIOBUS MX 3KCIUTyaTallly, aMIUIUTYLy H3MEHEHHUS Harpy30K U MX IHK-
JIMYHOCTB, @ TAKXKE COCTOSHUE BCTIOMOTATEIbHBIX Y3JI0B U arperatoB. TakuM o0pa3om,
BBIXOAMT, YTO TEXHUYECKHUM BOIIPOC IKCILUTyaTAIUH MAIIUHBI PEIIAETCS TUPEKTUBHBIM
MetoaoM [3].

CoBpeMEeHHOE COCTOSIHUE Pa3BUTHS HAYKH M TEXHUKU OOYCIABIMBAET CO3AaHUE
IrddepeHIUPOBaHHOTO MOAX0/1A K OLEHKe cpoka ciryk0sl BI'Tl, yunTtriBatoriero MHO-
roo0pasue yciloBHH 3KCIUTyaTalldd U 0COOEHHOCTH KOHCTpYKUMH. Takol momxox oT-
pakaeT OOIIYyI0 TEHJCHLMIO COBPEMEHHOTO TEXHUUECKOTO 00CITyKUBaHUs TOPHBIX Ma-
IIMH ¥ KOMIUIEKCOB IO MX COCTOSIHUIO, KOTZJa HapaOoTKa WM KaJeHIOapHBIH CPOK
CIIy>KObI He SIBJISIOTCS] OCHOBOIIOJIATa0IUM KPUTEPUEM, IIOCPEACTBOM KOTOPOT'O paHee
OLIGHMBAJIOCh TEXHUYECKOE COCTOSTHIE OOBEKTA U €r0 OCTaTOUHBIN pecypc paboTsI [4].

B nacrosmee BpeMs oneHka octarouHoro pecypca BI'TI npoBogurcs no pesynsra-
TaM JIe(eKTOCKOIIMU UX OCHOBHBIX y3JIOB, BU3yaIbHOTO U HHCTPYMEHTAJILHOTO 00cIe-
JOBaHMS M HA OCHOBAaHMHU JAHHBIX O CPOKE HKCIUIyaTalllH U PeKUMax padoThl yCTaHOB-
kd. s JOCTOBEpHOM OLEHKM OCTaTOYHOTO pecypca HEOOXOOMMO YYHUTHIBATH
JUHAMHUYECKHE CBOMCTBA M XapaKTEPHCTHUKH JIEMEHTOB BEHTHJIATOpA, KOTOPBIE BO3-
HUKAIOT B IIPOLECCE IKCIUTYyaTallH, IPUYEM 3a BECH IIEPUOJ €r0 3KcITyaTanuu. I1o3-
TOMY NIEPBOOYEPEAHOE 3HAUCHUE B HACTOALIEE BPEMS TOJIKHBI ITOTyUYUTh JOCTOBEPHBIE
METOIBl pacueTa oOImeil pakTuieckoil U ocTaTouHoW mpurogHoctH (pecypca) BITTI,
KOTOpbIE TOJDKHBI 0a3MpoBaThes Ha (PAKTHUECKUX MapaMeTpax WHTEHCHUBHOCTH JKC-
TUTyaTalliy yCTAaHOBKU C 0053aTebHBIM YYE€TOM YPOBHEH arpecCUBHOTO BO3IACHCTBUS
BHEILIHEH CpeAbl U APYTUX BpeaHbIX (akTopos [2, 4, 5].

MeTtonuka npoBenenus ucciaenopanmii. [losepxnoctasle komruiekcsl I'BY sBis-
FOTCSI CIIOKHBIMHU CUCTEMAMHU. DJIEMEHTHI TOBEPXHOCTHOTO KomIuiekca [ BY HaxonsaTcs
B TIOCTOSIHHOM B3aMMOJEHCTBHHM APYT C IPYIOM U C BHEIIHEH Cpeloil: KOpEHHOM Baj
B3aMMOJICHCTBYET ¢ pabouuM KoJiecoM, pabouee KOJeCcO B3aUMOJICHCTBYET C BO3MYIII-
HBIM ITOTOKOM, BO3AYIIHBIHM TOTOK BO3ICHCTBYET HA HANPaBIIAIONIUH alapar, U T. 1.

B npouecce skcrutyaranun I'BY npoucxoaut yxyameHre HX TEXHUKO-3KOHOMHYE-
CKHUX ITOKa3aTeseil moa Bo3AeCTBUEM BHYTPEHHUX U BHEIIHUX AECTAOMIM3HPYIOIINX
¢axropos [6].

K BHyTpeHHHM AecTadMIM3UPYIOMUM (QaKkTopaM, MIPUCYIIUM CaMUM OOBEKTaM Io-
BEPXHOCTHBIX KOMILIEKCOB I BY, oTHOCAT:

— u3HOC 00OpYIOBaHUS M CTapeHHE MaTrepHuaja OCHOBHBIX Y3JIOB, NPUBOASALINE
K CHIDKCHHIO IPOU3BOIUTENEHOCTH U HAJIS)KHOCTH, YBETMUCHUIO IOTPEOICHNUS BJIEKTPO-
SHEPTUH U 3aTpar Ha MOoAJepKaHUe y3I0B 000pyI0BaHUS B TPeOyeMOil KOHAULINHY;

— IJJAaHOBOE Pa3BUTHE (HPOHTA TOPHBIX PadOT U CBA3aHHOE C HUM yBEIHMUCHHE TPO-
W3BOJIUTENIBHOCTH U AABICHUS BEHTUIIATOPA.

K BHemHuM aectabunusupyrommM (akropaM, KOTOpble OOYyCIOBIEHBI Cpelaoi
¢dyuxuuonuposanus I'BY, otHocsT:

— YBEJIMUEHUE arpeCCUBHOCTH BHEUIHEN CpEbI;

— U3MEHEHHUE TEXHOJIOTHUECKUX TpeOOBaHUH U yCIOBUI BEHTUIIALMY PyAHUKA, CBSI-
3aHHOE C MOJEpHM3alMel MPEANpPUATHS U COOTBETCTBYIOLIUM OTKJIOHEHHMEM OT pac-
4eTHBIX 3HaYeHuH pyHnkuuonuposanus BI'TI kxak mo asponnHaMu4ecKuM mapaMeTpam,
TaK 1 110 CXEMHOMY PEIIEHUI0 TIOBEPXHOCTHOTO KoMiiekca ['BY.

OcHOBHOH 0a30BOH CTPYKTYPHOM €AMHUIIEH BEHTUJIATOPA IIaBHOTO NPOBETPHBA-
HUS SIBISIETCA KOPEHHOM BaJl, M €ro paspyllleHHE O3Ha4yaeT 3aMeHy BCel MallluHBI,
T. €. [I0 CYTH JIeJIa COCTOSHUE BaJla OIpeeNsieT TEXHUUYECKUM pecypc BEHTHWIIATOPA.
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Ha ompenenenHoii ctaanu ASHCTBHUS HUKIMYECKUX HATPY30K, KOTOPHIM MTOJBEPra-
IOTCSI BaJIbl BEHTWIATOPOB, B MECTAX Bajia, A€ LMKINICCKHE HANPSDKEHHUS JOCTUTAIOT
OosbIIMX 3HA4YeHUH (TanTenu, Hagpe3bl, YYaCcTKH IIEPOXOBATOCTH, MECTa CTPYKTYp-
HBIX 1e()EKTOB METaJIa U T. I1.), MOTYT BO3HHUKATh M MPOTPECCUBHO Pa3BUBATHCS Tpe-
IIMHBI YCTAJIOCTH, KOTOPBIE MOCTENEHHO NPHUBOAAT K YCTAJIOCTHOMY Pa3pyILECHHIO
Bana [7, 8].

CrnenyeTr OTMETHTB, YTO B HACTOSIIEE BPEMS B TEXHUYECKOU JIUTEpaType HET PeKo-
MEHJIAIMHA ¥ METOOMK pacuera IeTajiell MalliH Ha JOJITOBEYHOCTb, YUMTHIBAIOIINX
MpOIIeCChl KOPPO3UH OBEPXHOCTHBIX €i10eB MeTauia. Ho Tak Kak mpouecchsl Koppo3uu
MPOTEKAIOT BO BPEMEHH, TAKHE METOIUKU MOTYT ObITh pa3zpabotansl. K unciy BHem-
HHUX (DaKTOPOB, TaKke BIMSIOLIMX Ha ycJoBus skciuryarauuu 1'BY, cnenyer otHectn:
CpeAHUH ypOBEHb U aMIUIUTYAy U3MEHEHUS TEMIIEPaTyphbl ¥ aTMOC(EepHOro AaBiIeHus,
BII&YKHOCTb BO3JlyXa U CPEAHEE KOJIMUYECTBO aTMOC(HEPHBIX OCAIKOB, 8 TAK)KE CKOPOCTD
U HampasjeHue BeTpa. ECTecTBEHHO, YTO BO3ACHUCTBHE KIMMAaTHYECKUX (PAKTOPOB H
XUMHAYECKOW arpecCUBHOCTH BEHTWISLMOHHBIX MOTOKOB Ha PabOTOCHOCOOHOCTH
Y JIOJTOBEYHOCTh MAIlMH HOCHT KOMIUIEKCHBIA XapakKTep M AajJeKO HE BCErAa MOXKET
OBITH OnpezesieHo B siBHOU (hopme. [103TOMY 1151 OLIEHKH CTENICHU BIMSHUS yKa3aHHBIX
¢baxropoB Ha goiroBedyHocTh | BY B mepBoM mpHONMKEHHH IJIOZOTBOPHBIM MOKET
0Ka3aThCsl TAKXKE M UX Pa3aelIbHOE PACCMOTPEHHE.

Pe3ynbTaThl M MX aHAAM3. MeTOOMKa ONpeeNeHus] OCTaTOYHOTO pecypca BEHTH-
JSITOpa TVIABHOTO NMPOBETPUBAHMS ONMKCHIBACTCA TEXHOJIOTHYEeCKHM rpadom (puc. 1).
Jecrabunmsupytomme daxropsl (JID) Bo3neiicTByroT Ha ocHOBHBIE dneMeHTh BI'TI —
xopenHoit Ban (KB), pabouee xoneco (PK), perynupyromme snements (PO) u 1. 1.
Omnpenenenue ocrarouHoro pecypca BITI mpennoxeHo mpou3BoguTh 1O (HaKTOpy
yCTaJ0CTHON NPOYHOCTH OCHOBHBIX HEPEMOHTOIPUTOAHBIX y3JI0B BEHTUIATOPOB — KO-
peHHBIX BaoB. [Ipu 3TOM OCTaTOUHBIN pecypc BEHTHIIATOPA O (PaKTopy yCTaaoCTHON
NPOYHOCTH PACCYUTHIBACTCS UCXOAS M3 (PaKTUUECKUX IMKIOB HArPYXEHUs Bajia BEH-
TWJIATOPA B IPOTHO3UPYEMOM MEPUOJIE C YIETOM BCEX JeCTa0MIN3UPYIOUINX (HaKTOPOB
[9, 10], (Memoouueckue yxkazanus no onpedenenuo OCIMamouHo20 pecypca GeHmuis-
MOPOB 2NABHO20 NPOGEMPUBANUS, PAOOMAIOWUX C NPeGbIIUEHUEM HOPMATHUBHO20 CPO-
ka sxcnayamayuu / C. A. Tumyxun, B. @. Konaues u op. // Coenacosano c ynpasnenuem
20CY0apCmEeHH020 20PHO20 U Memaniypeudeckoeo naosopa P®. Mockea, nucvmo
Ne 13-07/2047 om 16.08.07. 2009. 25 c.).

PacueT TeopeTHuEeCcKOro A0MyCTUMOTO Yncia HUKI0B Harpyxenus N Bama BI'TI no
paspyLIeHUs IPOU3BOAMUTCS C YUETOM CIIEIYIOINX (DAKTOPOB: ONpeaeICHHS BETMUUHbBI
KPUTHYECKOH JaCTOTEI BPAIICHHS O, , Balla Pa3sHBIMH METOaMH (©, colspz) — ¢ mocie-
IOYIOLIMM CPaBHEHHEM M aHAJIN30M IOJIYUYCHHBIX PE3y/IbTaToB; 3HAYEHUH apaMeTpoB
BUOpanny, MOIyYSHHBIX 3a MOCIeTHHE 2—3 3KCIEPTHBIX 00CIICI0BAHNUS TIaBHOW BEH-
TWISATOPHOH yCTAaHOBKU; XUMHUYECKOI U PU3MUECKOH arpeCcCHBHOCTH MUCXOASIINX BEH-
TWISLIMOHHBIX MOTOKOB K ; KO>()(pHUIIMEHTa aCHMMETPUYHOCTH HATPy304HOTO LHUKJIA
K, Ha OCHOBE yuyeTa CyMMAapHbIX ONOPHBIX PEAKIUH OTIENBHO OT BPAUIAOIIMXCS U
HEBPAILAIOIINXCS HArPy30K, TMHAMUYECKOT0 KO3 GHUINEHTa, YUUTHIBAIOLIETO YBEIH-
YeHue Mporuoda Baa npy NpuOIMKEeHNH K Pe30HAHCHOM 4acToTe, HapsDKEHHS B omac-
HBIX CEYEHHSX OT BPAIUAIOLIMXCS U HEBPAIIAIOMIMXCS HATPY30K Ojay M Opiy» CHEKTPA
HaNpPsKEHUH HArpy304HOTO LMKIA; Kod(duuuenTa HaaexHoCTH K, (akTHuecKkoro
BpemenH padotsl BI'TI 1o skcriepTHOro 06¢enoBanus 7y, T0MyCTHMOTO YHCIIa IIUKIOB
Basia J10 paspywenns N | 1 I0myCcTUMOro 0CcTaTto4Horo yucia uukinos N ; koaddu-
IIMCHTA PEe3CPBUPOBAHMNS BEHTUISTOPHBIX arperato K.

W3noxeHHbI B METOANYECKUX YKa3aHUSIX MOAXOJ MPEAIoyiaraeT HarpysKy aie-
MEHTOB BEHTHJISITOpA HEM3MEHHOM 3a BCe BpeMsl €ro 3kciuryarauuu (Memoouueckue
VKA3aHUsL MO ONpeoesieHuio OCMAamouHo20 pecypca GeHMUNAMOpos 21a6HO20 Npo-
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BEMPUBAHUSL, PAOOMAIOWUX C NPEBLIULEHUCM HOPMAMUBHO20 CPOKA IKChayamayuu /
C. A. Tumyxun, B. @. Konaues u op. // Coenacosamno ¢ ynpasietuem 20cy0apCcmeenHozo
20pHo20 U Memannypeuieckozo Haosopa P®D. Mockea, nucvmo Ne 13-07/2047 om
16.08.07. 2009. 25 c.). OnHako Ha IPAKTHKE B CBSI3U C HEOOXOOUMOCTBIO PErynupoBa-
Hus 'BY B Teuenue cMeHsl, cyTok u roza [11, 12] narpyska Ha sanements! BI'TI, B Tom
YHCIIe U Ha €r0 KOPEHHOM BaJl, HOCUT IIepeMeHHbIN Xapakrep. Ha puc. 2 nokaszan npu-
BE/ICHHBII OJIOK Harpy>KeHusi KOpeHHOro Baya BeHTHIsTOpa BL/I-47 «CeBep», ycra-
HOBJICHHOTO Ha CEBEPHOM BEHTWJIALMOHHOM CTBoje ImaxTel «KenbuHCKas»
OAO «CYBP», cooTBeTCTBYIOIINI IpaguKy CyTOUHOTO PErYIUPOBAHUS BEHTUWIATOPA
IO [T0J]aY€ U CTaTHYECKOMY JaBJICHUIO.

Puc. 1. Cxema onpereneHus OCTaTOYHOTo cpoka ciryk0s1 BI'TI
Fig. 1. Scheme of main fan residual life determination

Ha ocHoBe Takux rpadukoB MOKeT OBITH OMpPEIENIeH XapaKTep MepEMEHHOTO Ha-
Tpy’KEHHS SJIEMEHTOB BEHTHJIATOPA KaK B YACTH BEJMYWH HAIPSDKEHUH, TaK U MPOIOI-
KUTETHFHOCTH MX BO3IEHCTBUS. Bece 3TO JOIKHO OMMHAKOBO OTHOCHTHCS KaK K TIEPHO-
Iy, TIpeIIeCTBYIOIIEMY POTHO3Y, TaK U K CaMOMYy MPOTHO3HOMY Teproay. CoracHO
[7], mpemmoskeHHBIN MOAXO MpeAmoaraet, 4To oooi anement BI'TI nomken Beiep-
KaTh: TPU HANPSHKEHUM G, | — 9aCTh oOmmx mukios »; = N,;/ZN, nmpu Hanpskenun
C,.x» — 9aCTh 00mmx 1mukioB I, = N,/ZN, niu B o0mem Buze: NpU HANPSKEHAU
O, axi — 3ACTH 00IMX 1KKIOB I, = N, /ZN.

JlaHHOE perieHne mpenmoaraeT MpeIBapuTeIbHOE ONpeesieHre Yrcia JOMyCTH-
MBIX JI0 paspyIueHust UMKIOoB N, | . IPH HANPSKEHHUSAX G, ., 9TO MOXKET OBITH peajn3o-
BaHO TIOCPENCTBOM MeTOMUKN (Memoouueckue ykazanus no onpeodeieHuio ocmamou-
HO20  pecypca — BeHMUIAMOPOS  2IA6HO20  NPOBEMPUBAHUA,  pabOMAOWUX
¢ npesviueruem Hopmamusrozo cpoxa sxcnayamayuu / C. A. Tumyxun, B. @. Konaues
u op. // Cozanacosano ¢ ynpagienuem 20cy0apcmeeHH020 20PHO20 U MEMALTYPSUYECKO-
20 nHaozopa P®. Mockea, nucomo Ne 13-07/2047 om 16.08.07. 2009. 25 c.). llposens
COOTBETCTBYIOIINE IIPEOOpPa30OBaHMsI, IMOIYINM 3aBHCHMOCTH OOIIETo IOITyCTHMOTO
gucia pabounx mMukioB aneMenta BI'TI, koTopoe oH B COCTOSHUM BEIIEPXKATh 10 pas3-
PYIICHHS B yCIOBHSIX TIEPEMEHHON HATPY3KH:

max2

n r -1
Noon =| 23— | )

i=1 """ nomi

rac Naoni — AOIMYCTUMOC paCuUC€THOC YMCJIO INUKIOB MO YCJIOBUIO PA3PYLICHUA IJIA i-r0
nepuoaa HarpyK€Hus,; n — 4ucCJjIio IICPpUuoa0B HArpyKCHH.
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3unauenne N . OmpesenseTcss Ha OCHOBE KPUBOH yCTanoCTu U (haKTHYECKOrO Ha-
TPY>XCHHA 3JICMCHTA C YUCTOM IMOCTOSIHHOI'O 3HAYCHU HAI'PY3KU B IIEPUOAC:

i -1
N,omi =10M K7,

ori

TAC m; — II0KA3aTCJib CTCIICHHU, HAXOAUTCS U3 BBIPAXKCHUA:

-1

mi =14 - 7K11i0 Kchl) 5

max i (

IJIE G, ; — MAKCHMAJIbHOE PACTATHBAIONIEE HAIIPS)KCHUE HArPy309HOIO LMKIIA, YUUThI-
BAIOILEE M3rHOAKOIINE U KaCaTENIbHbIC HATPY)KEHHUS; G | — IIPEIE] BEIHOCIMBOCTH Mare-
puana snementa BI'TL.

o, MIla
120
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Puc. 2. [lpuBeneHHbIil 670K HATPYKEHUS Bajla, COOTBETCTBYIOLIHI
CYTOYHOMY rpaduKy I101auu BO3yXa
Fig. 2. Reduced block of shaft load corresponding to the 24-hour
time schedule of air delivery

BbiBoasbl 1 00;1acTh MpUMeHeHH pe3yasTaToB. Dopmyina (1) mo3BomnseT omnpene-
JUTH O0Iee YMCIIO0 [UKIIOB, KOTOPOE MOXET BhIAEpKaTh sneMeHT BI'TI, B Tom uncie u
IVIaBHBIH BaJI BEHTUJIATOPA MIPU €T0 IIEPEeMEHHON Harpys3Ke.

MogenupoBaHue Harpy3049HOro nukia Ha npumepe ['BY ¢ Bertunstopom BLIJ(-47
«CeBep», perynupyeMoro 4acToTOM BpalleHusl npuBozaa Ha nryouny 0,5, cormacHo
rpa¢uKy, IpUBEJICHHOMY Ha PHC. 2, IOKA3aJ10, YTO C YYETOM IEPEeMEHHOT0 Xapakrepa
Harpy>KeHHsl JI0IyCKaeMOe YUCIIO LKKIOB [0 paspyuienus ero Bama N = 3,59 - 10°
(aro cootBercTByeT 15,94 et HenpepriBHOM paboThl BeHTHIsATOPA). [IpH padoTe sTOrO
K€ BEHTHJISITOpa 0€3 peryJaupoBaHUs C IOCTOSIHHOW HAarpy3kod Ha MakCHMalbHON
CKOPOCTH BpAallleHHs Baja YHUCIO JAOMYCKaeMbIX LHUKIOB 10 €ro pa3pyLIeHHs
N, = 3,08 - 10° (uto cootBercTBYeT 11,96 J1eT HempephIBHOH PabOTHI BEHTHIATOPA).

TakuMm 00pa3oM, CXeMHBIE PELICHHUS] KOMIUICKCOB IIAXTHBIX BEHTHJIATOPHBIX ycCTa-
HOBOK MpeNonpeneisiioT cpok ciayx0b1 BI'TI, KoTophlii HOMKEH yCTaHaBIMBAThCs Ha
cTanuu pabodyero NpOEeKTUPOBaHUS C yueToM A epeHIIMPOBAaHHOTO aHAIN3A Pa3py-
MIaloIMx (GakTopoB, KOHCTPYKTHUBHBIX OCOOCHHOCTEH, MHTEHCHBHOCTH U PEXHMOB
9KCILTyaTalli BEHTWJIATOPHBIX KOMIUIEKCOB. METOONOTusl OmNpenesieHust oO0IIero
¢axrryeckoro u ocrarogyHoro pecypca BI'TI nomkHa ObITE OCHOBaHaA Ha pacueTe ycTa-
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JIOCTHOM MPOYHOCTH OCHOBHBIX Y3JI0B TNIABHOM BEHTHJIATOPHON YCTaHOBKH, UTO UMEET
JOCTAaTOYHOE TEOpEeTHYecKoe 00OCHOBAaHME M SKCIEPHUMEHTAIBHOE MONTBEPIKICHHUE.
Brinonnenne nogoOHBIX PacueToB B paMKaX KOMHUCCHOHHBIX U KCIIEPTHBIX 00cieno-
BaHuil ['BY, BBISBISIONIMX UX OCTaTOYHBIN pecypc, OyIeT crnocoOCTBOBATh CTpEMIIe-
HUIO TOPHOPYIHBIX NPEANIPUATHH 00ecieunBaTh Ooliee pauruoHaNbHY0 HAarpy3ky ['BY
C LIEJIBI0 YBEJIIMYEHHSI pecypca BEHTUIISATOpA IIaBHOTO IpoBeTpuBaHus. llpennoxen-
HBIA METOJl MOXKET OBITh peajl30BaH B KAY€CTBE JOMOIHUTEIHHBIX MAaT€PHAIOB K MTPH-
MEHSEMBIM B HACTOSILEE BpeMs METOIMKAM IIPU OLEHKE OCTaro4Horo pecypca BI'TI
NPU UX SKCIEPTHOM 0OCIICIOBaHUH.
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Rationale for main fans service life in the conditions of changing load

Valerii F. Kopachev!
1Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research aim is to study basic regularities in functional condition change of main fans included in the
configuration of main mine ventilation installations depending on the technological service conditions.
The research also aims to determine the standard service life of main fans with the account of the differential
analysis of the destructive factors, structural features, intensity and modes of operation of ventilation
plants.
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Research methodology. Based on the analysis of main fan installations structure and differential analysis of
technological factors affecting the functional efficiency of main fans, a mathematical model has been proposed
which determines the standard and residual life of the main fan with the account of the changing load.

Results and analysis. As a result of studying the impact of destructive factors on the main functional parts
of the main fan, an equation has been proposed, which takes into account the physical properties of the
material the fan elements are made of together with the quantitative effect of the external physical factors
on the machine s operation. Research results show that the resource of the main fans should be determined
based on the useful life of the machine s major component, i.e. mainshaft, with the account of the machine's
operation mode.

Conclusions and scope of results. Circuit designs of mine ventilation plants predetermine the main fans
service life. The service life should be established at the stage of the detail design with the account of
the differential analysis of the destructive factors, structural features, intensity and operation modes of
ventilation plants. The proposed methodology for main mine fans residual life determination is applied
in expert organizations and Guidances on the determination of residual life of main mine fans which
operate under the excess of the standard service life. The methodology may also be applied by project
organizations to determine the design service life for the constructed main ventilation installations.

Key words: fan; main ventilation installation; residual life; reliability analysis; main fan;, mathematical
simulation; fan layout diagrams, fans operation.
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Abstract
Introduction. It is possible to improve productivity, effectiveness, and cost-efficiency of coal extraction
due to the efficient use of physical resources, technical upgrade of mechanized longwall equipment, and
introduction of advanced technologies and control methods. The existing method of shearer electric
motor drive automation based on the automated load controller of Uran type has a significant drawback
of low speed. In case the actuator (A) meets solid rock and the shearer s (S) speed is not changed, it may
result in heavy shock loads on A and its transmission, therefore, increased wear of the cutter or machine’s
breakage, leading to production loss due to the reduced speed of travel along the face. The foregoing
demands higher standards of the load controller’s speed, making the task of improving the control
system'’s development a relevant scientific task.
Research aim is to synthesize the neural tuner for the coefficients of the proportional-integral controller
(PI controller) in the control system of a shearer with increased speed as compared to the existing
standard controllers. The research also aims to estimate its efficiency by the method of mathematical
simulation.
Methodology. Mathematical model has been developed which has made it possible to compare the
performance of standard controllers with an adaptive PI controller. The structure and parameters of the
neural network underlying the controller have been substantiated. The proposed controller was
compared to the standard PI controller and to the MPC controller (microprocessor-based speed
controller) by the method of simulation experiment.
Research results. The adaptive PI controller has been synthesized based on the neural network which
allows changing the coefficients of the PI controller as soon as coal strength changes.
Summary. The simulation experiment has shown that the PI controller with the neural network tuner for
its coefficients in the control system will make it possible to increase the load controller’s speed by 1.5
to 3 times on average as compared to the classical controller. Therefore, it is going to be possible to
avoid critical overload and breakage of mechanical parts in the shearer’s transmission in case of the
sudden contact of its actuator with solid inclusion.

Key words: shearer; PI controller; MPC controller; coal strength; modelling; neural network; speed.

Introduction. It is possible to improve productivity, effectiveness, and cost-
efficiency of coal extraction due to the efficient use of physical resources, technical
upgrade of mechanized longwall equipment, and introduction of advanced technologies
and control methods.

Fig. 1 represents the block diagram of the shearer’s (S) automated control [1].
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The cutting drive includes a uncontrolled asynchronous electric motor M1 which
rotates the actuator (A) equipped with cutters through the reducer. The feeding unit is
the frequency-controlled asynchronous electric drive which consists in a frequency
changer (FC) which feeds asynchronous motors (M2 and M3) activating propulsion
devices D1 and D2 and the chainless feeder (CF). In order to provide full load of the
cutting electric motor in the shearer’s electric drive (ED) control system, the load
controller (LC) is used. It is aimed at maintaining the cutting electric motor M1 nominal
power by changing the shearer’s travel speed along the face V,. Cutting electric motors
load is determined by the thickness of the chip cut by the screws and broken coal
strength which changes in a rather wide range.

In the diagram in fig. 1 to the input of the LC from the comparison element,
a mismatch signal e is supplied, equal to the difference between the reference cutting
current i, and its actual value i .

Power grid
660/1140V
50 Hz J.

?

e

Fig. 1. Block diagram of the shearer’s automated control
Puc. 1. CtpykTypHas cxema aBToMatHueckoro ynpasieHus OK

The existing method of shearer electric motor drive automation based on the
automated load controller of Uran type [2] has a significant drawback of low speed.
System’s speed in this case is determined by the time of transition. It is a well-known
fact that shearer drive load depends on the coal strength, solid inclusions, cutters
blunting, etc. If the actuator (A) meets solid rock and the shearer’s (S) feed speed is not
changed, it may result in heavy shock loads on A and its transmission, therefore, causing
increased wear of the cutter or machine’s breakage, leading to production loss due to
the reduced speed of travel along the face [3].

The foregoing demands higher standards of the speed of the load controller. So the
task of developing an adaptive load controller of the shearer’s electric drive ensuring
maximum speed of the control system is a relevant scientific task.

Analysis of literature on the subject. Scientific publications of native and foreign
scientists are dedicated to problems in the field of shearer’s operation modes automation.
Work [4] described the study of the shearer with the remote feed system based on the
slip coupling; research [5] investigated into the problems of dynamics and optimization
of carrying system parameters of the shearers under random load; [6, 7] made an
attempt of predicting the load acting on the drive of the cutter-loader. Works [8, 9]
engineered the devices for coal shearers automated control. Works [10, 11] were
dedicated to the problem of controlling complex technical objects by building their
mathematical models which further determined the algorithm of control. [12] resulted
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in the suggestion to use smart controllers in the shearer’s control system based on fuzzy
logic and neural networks (NN). [13] made some attempts in realizing the control by
smart controllers with fuzzy logic, while [14] tried to do it with standard neural
controller Matlab. However, all works considered the shearer in a simplified way, by
one or several dynamical elements the coefficients of which were constant. In reality, it
is a complex object with a large number of nonlinearities.

Research aim is to synthesize the neural tuner, which will solve the problem of the
input data generalization and provide the optimal, earlier obtained by the expert,
coefficients of the PI controller in the conditions of changing controlled object
parameters in order to ensure the required quality of transition.

Subject matter. Control systems with classical PI controllers. The majority of
industrial controllers apply the PI algorithm. They are so popular due to simple design,
ease of use, clear functioning, ability to solve the majority of practical tasks, and low
cost [15].

Table 1. Parameters of PI controller coefficients at various values
of coal resistance to cutting
Ta6auna 1. Tapamerpsl kod3gpunnentos IIA-peryasaropa npu
Pa3/INYHBIX 3HAYECHUAX COINPOTUBJIAAEMOCTH YIJISl PE3aHUI0

Coal resistance to Proportional Integral coefficient K
cutting, N/mm coefficient Kp
150-300 0.45 3.8
300-350 0.36 3.2
350-400 0.32 2.8
400-450 0.3 2.6
450-500 0.28 2.4
500-550 0.25 2.2
550-600 0.23 2.0
600-650 0.22 1.8
650-700 0.21 1.7
700-750 0.2 1.6
750-800 0.19 1.45
800-850 0.185 14
850-900 0.175 1.35
900-950 0.172 1.32
950-1000 0.169 1.26

PI controller uses current and past data on the error of control to manage the system
with a feedback; proportional coefficient is responsible for the current information;
integral coefficient answers for past information storage and further accounting [16].
PI controller continuously computes error e(f), which represents the difference of the
signal (setpoint) r(f) and the measured output of the system y(¢), and forms the control
action u(f) for the system based on the proportional P and integral I items e(r).
Mathematically it is written as follows:

u(t) = Kepe(t) + K, j e(t)dr, (1)

where K, and K, are proportional and integral coefficients.
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For variations in coal resistance to cutting with the help of the Ziegler—Nichols
method, the PI controller was tuned by the criterion of transition minimum time. The
results are presented in table 1.

The analysis of the table showed that the PI controller allowable for a particular
mode is unfitted for the other mode. PI controller’s coefficients therefore should possess
parameters which drift over time, and due to that once tuned PI controller won’t be able
to reach the aim of control in the process of the controlled object (CO) operation. As a
result, constant tuning of PI controller’s coefficients is required [17].

Besides, the majority of real controlled objects have nonlinear characteristics which
change in the process of operation, while they are overwhelmingly controlled by linear
PI controllers. The coefficients of such controllers are often selected especially for the
particular state of the object. However, in case the object transfers into other states (for
instance, change in coal strength or shearer’s actuator contact with solid inclusion)
these values of the coefficients no longer make for obtaining the required quality of
transitions. The foregoing results in the reduced quality of control [18], speed reduction
and increased dynamic load in transmission.

Model predictive control (MPC). This method consists in searching for an optimal
control in the bounded interval.

The main aim the model predictive control may be pictured as follows: there is
control input of the object u(f) and the output controlled variable y(f), and r(¢) is the
desired amount (dependence) of the controlled variable change.

The gist of the method is to find some sequence of the controlled variable values
u(?), which will make it possible to ensure the best trajectory for the controlled variable
y(¢). Estimated control actions sequence length u(z) is a fixed quantity called the control
horizon. The desired sequence of control action values is found as a result of a particular
optimization problem.

The following objective functional is used for optimization [19]. The functional
contains the quadrature misalignment between the predicted output variable of the
controlled object y(¢) and the desired trajectory r(¢). When selecting optimal values of
the controlled variable u(f) the controller aims at minimizing the functional which is
presented by the expression

k+he k+hu

J =X Ir() - y()F +Z [u() —u(k)T’,

i=k

where k =1, 2, ..., o0; he is the number of steps in the prediction of the controlled
variable y(#) behavior (prediction horizon); /u is the length of control action future
values sequence u(f) (control horizon).

After the computed optimal control action u(t) is fed to the controlled object, at the
next step the whole procedure is repeated again with the account of new information
received.

Adaptive controller based on the neural network. Artificial neural networks
(ANN) can be used in various configurations in control. It is connected with the fact
that NN possess nonlinear properties and the ability to learn which gives adaptive
properties to neural control systems.

Adaptive two-level circuits are of a great interest [20] with a base PI controller at the
lower level and a tuner which coordinates the operation of the base controller
at the upper level.

A block diagram of such control is shown in fig. 2.
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Let us transform the continuous PI controller described by equation (1) into

a discrete form by substituting an integration operator for a finite sum [18]. Then

(k) = Kee() + K, Ye),

where £ is a time step (simulation step), e(k) is a control error in discrete time, u(k) is

a control signal in discrete time.

Neural network [«

Kp K|

Y Y

r(t) u(t)

Pl controller
e(t)

\

Plant

y(t)

Fig. 2. Block scheme of the adaptive tuner for P1 controller’s coefficients based on

NN

Puc. 2. CrpykTypHas cxeMa alaliTHBHOrO HacTpouka kodpdurpentos [11-

perynstopa Ha 6aze HC

Then control signal correction (change) is

Au(k)=K,[e(k)—e(k -1)]+ K e(k).

At the same time Au(k) = u(k) —u(k —1). Then

u(k) —u(k —1) = K,[e(k) — e(k — )]+ K, e(k),

and

u(k) =K (e(k)—e(k—1))+ Ke(k)+u(k —1).

)

In other words, PI controller, according to (2), has to actually have some information
on mismatch in real time, mismatch at the moment a step back, and on the control
signal a step back. Consequently, NN under consideration must have 3 inlets and
2 outlets (fig. 3). Inlets are selected working conditions of the system; coefficients K,

and K, of the PI controller are the outlets.

The neurons number of the NN shown in fig. 3 equals correspondingly to: j — for an

input layer, i — for an inner layer and | — for an output layer.
Inner layer neurons behavior is described by the following equations [20]:

i
0 = f, (neti(z)); net? = > w20,
1

Similarly, for the neurons of the output layer we obtain
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|
O = f,(net®), 1=1,2,  net® = Y w0®,
1

where O, O; and O, are the output values of the input, buried and output layers
correspondingly; w, — connection strength between the i-element of the buried layer
and l-element of the output layer; w;,;— connection strength between the j-element of the
input layer and the i-element of the buried layer; net,, net, — weighted sum of buried and
output layers correspondingly; f; and f are the activation function of the
buried and output layers correspondingly.
For the buried layer, let us accept the sigmoid activation function
@y__ 1
f (net;”’) .

—neti
e

, and for the output layer — linear function f (net] ) = net,.

Error

Fig. 3. The structure of the neural network applied
to tune the PI controller’s coefficients
Puc. 3. CtpykTypa HelipoHHOII ceTH,
MPUMEHAEMOH I HACTPOHKH K03 (HUITEHTOB
[MU-perynsaropa

Neural network was trained with the help of Levenberg—Marquardt algorithm [21].
NN was trained with the help of this method to obtain the minimization of the objective
function E which is generally a mean-square error calculated in the output layer of the
network as a half of the sum of differences of desired and actual outputs of output layer
elements squared:

EW) =22 [6, ()T = [, - y, I - min

where e(w) is a function of NN error across the training set, d, — the desired output of
the i-element of the output layer; y, — the actual output of the i-element of the output
layer, and M is the number of the inlets.

This method of training was implemented in Matlab software according to
the recommendations of work [22]. For the designed network the number of neurons of the
buried layer is accepted as equal to 20.

Mathematical model of the shearer as a control object and its full description are
presented in [11, 12].

In the course of NN training, material resistance to cutting was simulated by Random
Sourcer block which generated evenly distributed random numbers within the range of
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250 to 1000 N/mm with an interval of 2 s. Additionally a program has been implemented
which compares strength values and proportional and integral coefficients of the PI controller
obtained earlier for each discrete strength value. Intermediate coefficients of the
controller were calculated by spline interpolation implemented in Matlab Function block.

In order to test the comparative analysis of three options of controllers in the
shearer’s control system, i.e. the PI controller with constant coefficients, the MPC
controller and the PI controller with the neural tuner for its coefficients, a simulation
model has been worked out implemented in Simulink and represented in fig. 4.

/\/_l_'
i

Function Fitting Neural
Network 1 layer

AL 5

Reference p ul y1
' . 1e5
Object 1

ul 1]

Object

MPC nv u W

ref

Obiject 2

Fig. 4. Simulation model of CS comparison
Puc. 4. ImutannoHHast MOJIeNIb CPABHEHUS CUCTEM YIIPABICHUS

Fig. 5 presents simulation results. It can be seen from graphs b and ¢ of fig. 5 that as
soon as coal strength changes within 150-450 N/mm, the speed of a typical PI controller
has made up 0.97 s with load on and 1.4 s with load-off; as soon as coal strength
changes within 400—800 N/mm, the speed of a typical PI controller has made up 0.66 s
with load on and 1.25 s with load-off.

MPC controller as compared to typical PI controller does not significantly affect the
time of transition, but increases the variability of feed rate in transient modes.
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As soon as coal strength changes within 150—450 N/mm, the speed of the PI
controller with the neural tuner made up 0.37 s with load-on and load-off; as soon as
coal strength changes within 400—800 N/mm, the speed made up 0.43 s with load-on
and load-off.

0 sl. 1‘0 1|5 0 2‘5 E
Cutting AM stator current (NN) (Ip), A
-------- Cutting AM stator current (P1) (Ip), A
Cutting AM stator current (MPC) (Ip), A

o 5 10 15 20 25 a0

Feed rate (NN) (Vf), m/min
-------- Feed rate (PI) (V§), m/min
Feed rate (MPC) (Vf), m/min

0. — I — e — S -
0 5 10 15 20 25 30

Fig. 5. The results of comparing the classical PI controller and the controller with the neural tuner
of its coefficients:
a — material resistance to cutting (A), N/mm; b — cutting AM stator current (Ip), A; ¢ — feed rate Vf, m/min;
d — proportional coefficient K,; e — integral coefficient K,
Puc. 5. Pesynbrarsl cpaBHeHuUs! paboThl Kinaccuyeckoro I1M-perysstopa u perynaropa ¢ HeHpoceTeBbIM
HACTPOUIIUKOM €ro K03 HUIHECHTOB:
a — COMpOTHUBIAEMOCTh MaTepuana pesanmio (A), H/mm; b — tok cratopa A/l pesanus (Ip), A; ¢ — ckopocTs nofauu V,,
M/MuH; d — IPONopUHOHANbHbIH Ko duiuent K,; e — uarerpaipublii kodsdpdunuent K,

It can be seen from graphs d and e of fig. 5 that the coefficients of the PI controller
which provide the required quality of transition change significantly depending on load
variation (coal strength). It is also apparent that their behavior is significantly nonlinear,
and it justifies the use of NN to tune the coefficients of PI controller under variable
parameters of the control system.

So, the application of the PI controller with the neural tuner will make it possible to
significantly improve the speed of the load controller by 1.5 to 3 times on average, thus
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ensuring the reduction of dynamic load in the shearer’s transmission when working at
solid inclusions and during possible arrest of an actuator, increase in the time of the
cutting electromotor nominal operation mode and so improve the shearer’s reliability
and capacity.

Summary. Within the framework of this research it has been proposed to apply the
PI controller the coefficients of which will adapt to the outer conditions of the shearer’s
operation under sudden load change (coal strength) in order to improve the speed of the
control system. Correct operation of the synthesized controller was checked with
the help of computer simulation.

The quality of transition under the operation of three controllers has been compared:
classical PI controller with constant coefficients, MPC controller, and adaptive PI
controller with neural tuner of its coefficients.

PI controller with neural tuner has shown the best result which will make it possible
to improve the speed of the load controller by 1.5 to 3 times on average as compared to
the classical controller, and consequently, eliminate critical overloads and possible
breakage of mechanical parts in the shearer’s transmission in case of its actuator’s
sudden contact with a solid inclusion.

The proposed approach may be used when solving other practical tasks as well,
where the controlled object is nonlinear and the control algorithm has to adapt to
changing state of the object. The obtained results are meant to be further used to improve
shearer’s control system.
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Ounenka ObICTPOAEHCTBHS CHCTEMbl ABTOMATHYECKOT0 PeryJIHpPOBAHHS HATPY3KH
3J1eKTPONPHBOJA OYMCTHOIO KOMOaiiHa

Ilnpexep /1. M., Badokuu I'. .2, Kosiecnukos E. B.5, 3esienkos A. B.!

! Tymbckuil TOCYyIapCTBEHHBIN yHIBEpCHTET, Tyina, Poccust.

2 HanroHaIbHBIH HCCIIEN0BATENBCKUI TEXHONOTHIECKUH yHIBEpcHTET « MU CuCx», Mocksa, Poccus.
3 HoBOMOCKOBCKHH (uinal (MHCTUTYT) POCCHITCKOTO XUMHKO-TEXHOIIOTHIECKOTO YHHBEPCUTETA,
HosomockoBck, Poccus.

Pegpepam
Beeoenue. Dgpexmusnoe ucnonvb3osanue MamepualbHblX pecypcos, MeXHU4ecKkoe NepesoopyiiceHue
OUYUCTHBIX MEXAHUSUPOBAHHBIX KOMNIEKCO8, BHEOpEeHUe NPOSPECCUBHBIX MEXHONo2U U Cnocobos
YRPpasneHus 0aiom 603MONUCHOCHIb NOGLICUMb NPOU3E00UMENbHOCTb, IPPEKMUBHOCMb U IKOHOMUYHOCHIL
sviemku  yena. Cywecmeyrowuil Ccnoco6 asmomamusayui 1eKmponpusood 2opHbIX KOMOAUHOS,
OCHOBAHMYIL HA ASMOMAMUYECKOM De2YIAmope HAZpy3Ku muna «Ypawmy obraoaem cyujecmeeHHbM
HeOOCMAmMKOM, 3aKIIOYAIOWUMCA 6 HUSKOM Obicmpodeticmeuu. B ciyuae, eciu ucnonnumensmuiii opean
(UO) scmpemum meepoyro nopody u cKopocms nooayu ouucmuozo komoaina (OK) ne 6yoem bvicmpo
UBMEHEHA, dMO MOodcem npugecmu K Oonvuum yoapuuim Hazpyskam na HO u e2o mpaucmuccuro.
Kax cnedcmesue, nogwliuenHblil USHOC pedicyujeco UHCMpPYMeHma unu NOIOMKA KOMOAiHa, a 3Hauum, nomeps
00064 30 CYem YMEHbUEHUA CKOPOCMU nepemelyeHus 6001b TunHuu 3a004. Hsnosxcennoe npedvasniem
noevluennble mpedosanus K Ovicmpolelicmeuro pezyismopa  Haepysku. Iloomomy noeviuerue
apexmusnocmu paspabomku e2o cucmemsl YnpasieHus AIAEMCs AKMyaIbHOU HAYYHOU 3a0adeli.
Henv pabomei. Cunmes Helipocemesozo  KOppekmopa — KOIQ@uyuenmos nponopyuoHaIbHO-
unmezpanvrozo pezynamopa (IIH-pezynamopa) 6 cucmeme ynpasnenus OK, obraoaroujezo nogvliueHHbiM
bvicmpoOelicmeueM NO CPABHEHUIO C CYWECMBYIOWUMU MUNOGLIMU DEVIAMOPAMY, U OYeHKA e20
appexmusnocmu MemoooM MamemMamuiecko20 MoOeIUpoBaAHUs.
Memooonozus. Paspabomana umumayuonHas mamemamuyeckas MoOelb, NO360NAI0WAS CPAGHUMb
pesyavmanivi pabomul MUNo8siX pe2yiamopos u adanmuenozo IIH-pezynamopa, 0bocHosana cmpykmypa
U napamempbl HelPOHHOU cemu, KOMOPAs NexHCUm 6 OCHOge makozo pezynamopa. IIposedeno cpasnenue
MemoOOM MOOENbHO20 IKCNEPUMEHIA NPeONOHCEHHO20 pecyiamopa ¢ munogeim ITH-pesynamopom u
MPC-pezynsamopom (MUKpORpoyeccopHulii pe2yismop CKopoCcmu,).
Pesynemamur. Cunmesuposan adanmusuviii [IH-pecynamop, 6 ocHose KOMOpO2O Nexcum HeupOHHAs
cemb, NO360aAOWAA UIMEHAMb Kodpduyuenmbl [IH-pecynamopa npu uzmeneHuy maxkozo napamempa,
KaK Kpenocmo yeis.
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Bu1600owvt. Mooenvhutii sxcnepumenm noxasan, umo [IH-pezynsmop ¢ Hetipocemesblm noOCMpoUuuKom e2o
Kod(hpuyuenmos 6 cucmeme ynpagieHust NO3G0IUM NOGbICUMb ObICMPOOeicmEUe pe2yisimopa Ha2Py3KU 6
cpeonemom 1,5 00 3 paz no cpagreruro ¢ Kiaccudeckum pe2yisimopom, d 3Ha4um, u30exncamv Kpumuyeckux
nepezpy30K u 603MOICHOU NOLOMKU Mexanuyeckux yacmeu ¢ mpancmuccuu OK npu enezannoii gcmpeue
e2o0 MO ¢ meepovim 6KatOUeHUEM.

Knwuegvie cnoea: ouucmnou xombdbain; IIH-pecynamop; MPC-pezynamop, «kpenocmv yeus;
MoOenuposanue; HelpOHHAsL Cemb, bblcmpooeticmaue.
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100 net Ypanbckoi BbiCLUEA MapKLLEWAePCKON LwKone

lopaees B. A.
MoveTHbIN uneH Coto3a Mapkweiiaepo Poccun n MexayHapoaHoro o6LiecTea no MapKLeigepckomy
aeny (ISM)

Peghepam

B cmamve Odaemcs ucmopuueckas cnpaeka o CO30aHUU U PA3BUMUU YPANbCKOU MAPKUeNoepcKoll
WKOIbl — Kagheopvl mapkuietioepckozo dena Ypanvcko2o 20Cy0apCmeeHH020 20pHO20 YHUeepcumema —
sa 100 nem cywecmeosanus. OcHosamenem U NepeviM  3A6e0yIOWUM  Kapeopoi  Obin
II. K. Cobonesckuii. Cpeou evinyckuuxog kagheopvt — /I. H. Oznobnun, I U. Bunecos, I1. A. Pwioicos,
A. A. Heowun, I1. I1. Bacman, I JI. Qucenxo, U. M. [lemyxoe u mHocue opyeue usgecmuuvle yueHvle u
npouszeoocmeennurku. Kagheopa sensemcs 6a3z0601u no noocomogke mapxuieioepoé Ha Ypane
u 6 3anaomnou Cubupu.

Knioueevle cnosa:  Vpanwckuii  zocyoapcmeenmuiii - 2opmbli  yHueepcumem;  kagedpa
MapKruetioepckozo 0end; no020mo6Ka UHNCEHEPOG-MapKeioepos.

B xonne 1919 r. Ypanbckuii TOpHBIA HHCTUTYT Hadal (GOPMUPOBATH HOBBIH MPO-
(eccopcko-TpenoaaBarenbekuii coctan. 16 ceHTa0pst 1920 1. mpodeccopom acTpoHO-
MHUHM M MapKIIEHIEepCKOro UCKYCCTBA T€0JI0rOpa3BeIouHOro (GaxyiasreTa u30upaercs
Ietp Koncrantunosud Cobosnerckuii. C 3TOr0 AHS U BEAET OTCUET BpeMeHU Kadeapa
Mapkueiaepckoro gena YITVY.

B nepsrie e roas! pabotsl B uHCcTUTYTE I1. K. CoboOMneBckuii opraHu3yeT ropHo-
TeOMETPUIECKYI0, KapTOrpaQuuecKylo ¥ acCTPOHOMHYECKYIO J1a0OpaTopuH, a TaKKe
naboparopuro MarautoMetrpun (1924) u npyrue nabopaTopuu NpUKIaTHON reodusu-
KA. J{71s CTYACHTOB-TOPHSIKOB (MapKIIeHIepCcKoii CIIeMaIbHOCTH TOT/[a ellie He ObLIO0)
OH YHTAeT KypChl: cepruieckasi TPUTOHOMETPHsI, TEOPUS OIUOOK, MapKIIeHaepcKoe
UCKYCCTBO U Teo(pr3niyecKre MEeTO/IbI pa3Beiok. YToObl 00eceunuTh YUeOHbIH Mpolece
METOIUYECKOM TUTEPaTypoii, IepepadaTbiBaeT M U3IACT Ha CTEKIIOrpade JISKIMOHHbIE
KypCBl, YUTaBIIHECS UM B TOMCKOM TEXHOJIOTHYECKOM WHCTUTYTE.

Hapsiny ¢ yueOHo# padoToii u o0ycTpoiicteom kadeapsl I1. K. CoboneBckuii op-
TraHW30BaJl POBE/ICHUE TOPHO-TEOMETPUIECKUX U TeoPHu3ndecKnx padoT I rop-
HEIX npeanpusatuid Ypana. B 1921 1. oH co3maeT nepByro Ha Ypaiie ciayx0y BpeMeHH,
KoTOpas Oecriepe0oitHO cHaOKaeT crpaBKaMH HAaceJIeHUE M opraHu3anuu. B 1923—
1924 rr. mox pyxoBomctBoM II. K. CoGoneBckoro mpoBeaeHa IepBasi TOTOBOpHAs
pabora «CocTaBieHue TIJIACTOBOM KapThl ETOPHIMHCKOTO KaMEHHOYTOJIHHOTO
MECTOPOXKICHUS.

Jnis BBHIMONHEHUsT pa0doOT IMUPOKO TpHBieKanuch cryneHTsl: JI. H. Omio0mnuw,
I. 1. Bunecos, I1I. A. Peokos, I1. A. Koponskos, A. A. FOupKoB, A. A. UromuH, oHA
BO3MIIABIISUIM MHOTOYKCIICHHBIE TOPHO-TEOMETPHUYECKHE W Teo(hU3nIecKue 3KCIeu-
nuu Ha ypanbckue mectopoxnenus (Kacmm, Commkamck, AmamaeBck, HeBbsHCK,
Wenens, borocnosek, I'ymbeiika, bakan u mp.).

Ha 6a3e paboT ropHo-TeoMeTpuyueckor U reodusndeckoit madopatopmii B 1928 1.
ObUI co3man Hay4yHo-nccnenoBaTenbCKiii HHCTUTYT Te0(pU3NIECKIX METOJIOB pa3Be/l-
KW M TOPHOI T€OMETPUH, OPTaHU3aTOPOM M HAyYHBIM PYKOBOAUTENIEM KOTOPOTO CTal
I1. K. Cobonesckuii. Ha 0a3e reopusnyeckux gadopatopuii kadeapbl MapKIieHep-
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CKOT'0 UCKyccTBa Obl1a co3nana kadenpa reopusuxu, u I[1. K. CoboneBckuii 1o cBoero
otbe3nia B MockBy B 1933 1. ObLI €€ 3aBeyONuUM (110 COBMECTHTEIBCTRY ).

YuuThIBas OCTPYIO HEXBaTKy KBaJH(PUIMPOBAHHBIX MapKIIEHIEPCKUX KaJIpoB,
I1. K. CoboneBckuii opranuzyet B 1925 . Kypchl IO MOATOTOBKE OTBETCTBEHHBIX MapK-
HIEHepOB U UX NMOMOINHHUKOB. Hapsiny ¢ IMOArOTOBKOM CIIELMAIMCTOB OH YCHJIEHHO
paboTaeTt HajJ MponaraH ol HayYHbIX 3HAHUH B ITMPOKUX KPYTax TPYASLIUXCS, YATAET
MOMYJSPHBIE JIEKIUH 110 ACTPOHOMHUH, TOPHOMY €Ty Ha MPOMBIIUICHHBIX MPeIIpHsi-
Tusix CBEpAJIOBCKA U Ha IIAaXTax Ypaja, MpernojaeT B BOCKPECHOM paboiueM YHHBEPCHU-
TeTe, aKTUBHO paboTaeT B YpalbCKOM OOIIECTBE JIOOUTENEH eCTeCTBO3HAHUSI.

[Mo unummaruse I1. K. Cobonerckoro B 1925 r. mpoBomsatcs | O0mecudbupckuit
Che3/1 PaOOTHUKOB 10 MapKIIehiepckoMy Jeny B Tomcke 1 Mapkiiedaepckuil ches
Ypainbckoii obnactu u bamkupckoit Pecniyonuku B CeepagioBcke, a B 1930 1. — 3-s pac-
mupeHHast ceccus [Ipesnamyma nocrosHHOM Mapkienaepckoit komuccuu npu HTC
KaMEHHOYTOJIBHOI M TOPHOPYAHO! MPOMBINUIEHHOCTH B CBEpAIOBCKE.

B ampene 1928 r. pynHUYHOE OTJCNIEHHE TOPHOTrO (haKylIbTeTa OKOHYMIIA CPaszy
28 yenoBek, ofuH u3 HUX — JImutpuiit Hukonaesny OrmoOnuH — OBUT OCTaBJICH MJIaJI-
[IMM aCCUCTEHTOM M0 Kaeape MapKIIeHIepCKoro HCKyCcCTBa U (PU3UIECKUX METONIOB
M3bICKaHMH (TakuM TorAa ObUTO Ha3BaHUe Kadeapsl). C HEro BeAeTCsl OTCUET BBITYCK-
HHUKOB Kaenphl.

3aMeTuM, 4TO ypajbCKUil By3 CTal TPEThUM By3oM Poccum, B KOTOpOM COCTOSJICS
BBIITycK MapkiieiaepoB. [lepeeiM Obi1 ToMckwmii TexHOTOrHYeCKH HHCTHTYT (1911),
3areM JleHuHTrpaackuit ropHbIil HHCTUTYT (1926).

B nayane 1930-x 1. rar kadenpsr cymiectseHHo nononuuics. C 1 centsiops 1930 1.
HITaTHBIM MTpodeccopoM Kadeapbl MapKIIeHIepCKOro NCKYCCTBA CTAHOBHUTCS TIPUTIIA-
meHHbI 13 CHOMPCKOTO TEXHOJIOTUYECKOT0 MHCTUTYTA NOIeHT Branumup dnopua-
HoBHY TypunHckuii. OH 4uTaeT Kypchl MapKIIEHAepPCKOro Jiena, HadepTaTeabHOM reo-
METPHUH, MapKIICHJEPCKOTO YEepUeHHs, TEOPHH OIMMOOK M Croco0a HAaUMEHBIINX
KBaJIpaTOB.

B a0 Bpemst — ¢ mast 1928 1. o oktsa6pb 1931 1. — JI. H. Omio6nun paboraeT accu-
CTCHTOM (PYKOBOIUT MPAKTHUSCKUMH 3aHITHUSMH MO0 MapKIIEHIEPCKOMY HCKYCCTBY),
a ¢ okrsaopsa 1931 r. mo sHBaph 1934 . — UCTIONHSIOMMM OOSI3aHHOCTH JOICHTA.
Ilo oxonyanun mHCTHTYTa OocTatorcs 1. M. Bunecos, A. A. Urommn, I1. A. Prixos.
B konne 1933 1. I1. K. CoGoneBckuii nepeBoautcss B MOCKBY ISl OpraHU3aIMU IPEIo-
JlaBaHWS MapKIIEHIePCKUX TUCIUITIMH B MOCKOBCKOM IeojIoropa3Bei0dHOM MHCTHUTYTE,
a BIocsieAcTBUM — B MockoBckoM ropHoM uHCTUTYTE. B 1933-1935 1. Kadenpoit pykoBo-
1 ipodpeccop B. @. Typumnckuit. B urone 1935 . Ha mocty 3aBenytorero kademnpoii ero
cmenun noueHt J{. H. OmoGmuH, 3aiiTHBIINE BCKOpE KaHIUAATCKYIO IUCCEPTALHIO.

C 1934 r. no HacTosiee BpeMsi yueOHasi MapKIIeiIepckas MpakTHKa MPOBOIUTCS
Ha 1m1axrax bepe3oBckoro pyaHuka. 31ech CTyIeHThI-MapKIIeH1ephl o PyKOBOJICTBOM
MIperojiaBaTesieil BBIMOMHAIOT BECh KOMITIEKC MapKIIeHepCKO-Te0Ie3nIecKoro obec-
MEYESHUs] TIOA3EMHBIX TOPHBIX paboT — OT CO3AAaHUS MOIXOAHON MOJUTOHOMETPHH Ha
MOBEPXHOCTH JI0 CO3AaHNS U OPHEHTHUPOBAHUS MTOI3€MHOM IMOJIMTOHOMETPHUH, a TAKKE
CHhEMKHU TOPHBIX BBIPAOOTOK.

. H. Orno6nuH cTan opraHu3aropoM Ypalibckoi rpynmsl LleHTpanbHOro HayqHO-
ucclenoBaTenbckoro Mapkieiepckoro 6ropo (LIHUME) — ueiae Ypanbckuit punnan
BHMMM, xortopas Hagana padory 1 suBaps 1935 r. B CBepanoscke. brnaronapst ero
He3aypsAAHBIM OPTaHU3aTOPCKHM CHOCOOHOCTSIM B CPaBHHUTEIBHO KOPOTKOE BpEMsI
OBUIM Ha4aThl HATYpHBIE HCCIICOBAHMUS C/IBH)KEHHS TOPHBIX TTOPOJI Ha YTONBHBIX IIax-
Tax ¥ pyaHukax Ypana u Kazaxcrana.

Brimycknuku kadeaps! yike B JOBOGHHOE BPEMSI XOPOIIIO 3apEKOMEHI0BaIN cebs Ha
MPOU3BOJICTBE, BO3MIABIISISI MAPKIIEHIEPCKUE CITY’KOBI MHOTHX YPaJIbCKUX TIPEIIPUSITHI.
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B roner Benukoit OtedecTBeHHOH BOMHHBI HOATOTOBKA MAapKIIEHIEPCKUX KalpOB HE
npekpamanack. Breimyck crenuanuctoB B 1941-1945 rr. cocraBun 147 uenoBexk.
Breimyck 1941 1. cocrossics B fABa 3Tana, MPaKTUYECKH BCE FOHOIIM-BBITYCKHUKH
1941 r. ymnu Ha ¢poHT, B ToM uncie Oymymmii ['epoii CoBerckoro Coro3a AHapeit
Muxaiinouy KpyTommHckui.

B CBepanoBck ObUIH 9BaKyHpPOBaHBI MHOTHE MPEATIPUATHS, B TOM uncie LleHTpais-
Has rpynna [ITHUMB, pykoBoacTBo koTopoit B3si1 Ha ceOst JI. H. Orno6nun. mutpuit
HukonaeBuu B 1942 1. Ha3HAUaeTCs PEKTOPOM MHCTUTYTA, OH MPOOBLT HA 3TOM MOCTY
BCIO BOiiHY. B cBs3u ¢ 0oxbmoi 3arpykeHHocThIo B aBrycte 1943 1. JI. H. Orno6nun
CIIOXKHIT ¢ ceOsi 00sI3aHHOCTH 3aBEAYIOIIEro Kadeapoii, mepenaB 3TOT MOCT JOLEHTY
A. A. Uromumny. B 1946 . A. A. WUromuH CTaHOBUTCSI MPOPEKTOPOM IO Y4EOHOU
pabote, u kadenpy Bo3riasui goueHT [. Y. Bunecos.

C 1946 r. Ha pOTSHKEHUH TpeX JecaTuieTui kKadenpy Bosrasmsii [eopruii MBaHo-
Bu4 BunecoB (1902—1979). Oto ObL1 XOpOLIHiA OPraHU3aTop, OYeHb TPYIOTIOOUBBIN 1
OTBETCTBEHHBII YeI0BEK, TpeOOBaTEIbHBIN K ce0e, KoJleraM H cTyneHTaM. B yueOHOM
MIpOIIECCe YBEMNYMBAETCS YAENbHBIA BEC TaKUX JUCIUIUINH, KaK OpraHU3aIus U Iia-
HUPOBaHHE TOPHBIX paboT, OXpaHa HeApP U TeOMEeTpH3allHsl MECTOPOXKIeHHU . 3a perno-
JlaBaTesIMH 3aKpeTISIOTCS OTAEIbHbIE JUCIUIUIMHBI, 10 BCEM YUTAaEMBIM KypcaM H3-
JAr0TCsl y4eOHO-METOINYEeCKHE MaTepHalibl, BEIXOAST B CBET YUYCOHHKH U MOHOTpadun
coTpyaHukoB kKadeapsl: PynakoB M. JI. «Mapkueiinepckue paGoThl MPU OTKPBITHIX
paspabotkax» (1950) n «Mapkiieliaepckuii y4eT TOpHO-IKCIUTyaTalliOHHBIX PadoT Ha
kapbepax» (1952); Bunecos I. M. u Buenko A. H. «IIpakTukym 1o reomeTpuu HeIp»
(1956); Kammmnos B. B. u I'aBpuinioB b. K. «Mapkmeiinepckoe eio Ha Kapbepax U
npunckax» (1969); Bunecos I. ., Usuenko A. H., Aunenko U. M. «MeTonuka reo-
MeTpHU3alUUd MecTopokaeHui» (1973).

Bornpinas yacte BOCIUTaHHUKOB KadeIphl yCIEeIHO paboTaeT Ha TOPHBIX TpeAIpu-
artuax Ypana, Kazaxcrana, Jlansaero Bocroka. BeimyckHuKH YpasibCKOW MapKIIei-
JepCKOi MIKOJIBI obecnedyrin OecriepeOoiiHyto paboTy TOPHBIX MPEANPHUITHN B TPYI-
HBI€ TIOCJIEBOCHHBIE TOJBl BOCCTAHOBJEHHS HApYLIIEHHOIO BOWHOM HAapOIHOTO
XO35HCTBa, a TaKXKe B MEPHUOJ MOIbeMa COLUATUCTUIECKOTO CTPOUTEILCTBA. MHOTHE
BOCIIUTAaHHUKH Kadeaphl BO3IVIABHIH KPYIIHbIE HAYYHbIC KOJJICKTUBBI, Kadeapsl MapK-
HIeHIepPCKOTO Jiefia ¥ Te0Ie3HUHY B Pa3IMYHbIX By3aX CTPaHbl, MapKILIEHIepCKUe CITyKObI
TOPHBIX MPEINpUATHI, a HEKOTOPbIE BBITYCKHUKH CTAld PYKOBOIUTENSIMU KPYITHBIX
MIPOU3BOJICTBEHHBIX KOJUIEKTHBOB.

Kagenpa cranoBuTcs 62301 MOArOTOBKY MapKIIEHIEPOB ISt TOPHBIX MPEATIPHATHIA
Vpana u 3anagnoit Cubupu. B nepuon ¢ 1947 o 1966 r. oprann30BaHbI ¥ MPOBEICHEI
MATh YPanbCKUX COBEIIAHUI PaOOTHUKOB MapKIieiaepckoit ciyx0bl. C 1937 mo 1975 1.
MOJTOTOBIICHO W W3MaHO 11 Mapkmiemepckux BEHITYCKOB TpymoB CBEpIIOBCKOTO
TOPHOTO HHCTHUTYTA.

OcCHOBHOE HamnpaBJIeHHE HAYYHBIX UCCIIeI0BaHUN Kaeapsl B STOT IEPUOJ — COBEP-
HICHCTBOBAHWE M PAIlMOHAIN3AIMS MapKIIEHICPCKOH CITy:KObI TOPHBIX MPEATIPHATHI
VYpana:

— TeopeTHuecKkoe 000CHOBaHUE HEOOXOAWMOW TOYHOCTH U HOBBIE METOIBI MapK-
meinepckux padot Ha kaprepax (B. B. Kammmnos, b. K. I'aspunos, H. /. Unmonutos,
I1. I1. bacran, H. A. MenoBuukoBa);

— aHaJM3 FTOPHO-TeOMeTpHUYeCKOi HH(OPMAIH U N3yUYeHHEe U3MEHYNBOCTH MTOKa3a-
teneit (I. U. Bunecos, I1. I1. bactan, A. B. ['anesH0B);

— pa3paboTKa METOIMKH TeOMETPHU3AIH MECTOPOXKICHHH, IPOTHO3UPOBAHHE Kaye-
CTBCHHBIX W KOJMYECTBEHHBIX TMOKaszareneit mecropoknaenuii (I. W. Bwumecos,
A. H. UBuenko, U. M. unenko, II. II. bactan, B. A. Koypos, A. B. I'anbsHOB,
C. A. bekerosa);
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— pa3paboTKa METOOUKH ydeTa MOTeph U pa3yOOKMBaHHS MOJNE3HBIX MCKOMAeMbIX
(M. JI. Pynaxos, A. H. HBuenxo, B. A. Koypos, A. B. l'anesiHoB, U. M. [lunenxo,
A. T. Jleoutnes);

— OIICHKa yCTOMYMBOCTH KaphepHbIX oTkocoB (M. JI. Pynmakos, B. B. Kammuos,
H. [. Unnonutos, A. B. Llabypuukos, A. I1. bagynun);

— rupockonnueckoe opuentupoBanue maxrt (H. [[. Unmonuros, A. I1. bagynus,
B. C. BopoHoB);

— CO3JlaHHE U KOHCTPYHpOBaHHE HOBBIX MpuOopoB u nHctpymentos (b. K. I'aBpu-
nos, H. B. Kopres).

B pe3ynbrare npoBeeHHBIX paboT CO3jaHa METOANKA MPOU3BOJCTBA MapKILIEH Iep-
CKMX CHEMOK M HaONIOICHUH 32 yCTOWYHMBOCTBIO OOPTOB Ha Kaphepax, pa3padOoTaHbl
CHoCOOBI TEOMETPHU3ALIUH YTOJIBHBIX, XKEJIE30PYAHBIX U JPYTHX MECTOPOKACHHIA; IpeI-
JIOKEHBI CIIOCOOBI y4eTa MOTePh U pa3yOoKUBAHUS ITOJIE3HBIX HCKOMACMBIX.

B pesynbrare 00001eHNsT MaTepUaOB BBIMOJHEHHBIX HAy9YHO-UCCIEI0BATEIbCKUX
paboT cCOTpyIHHUKH Kadeaphl 3aIMUTHIN 1B TOKTOpckue nuccepraiuu — M. JI. Pyna-
k0B (1956), I. 1. Bunecos (1961) — u 17 xkaHAUAATCKUX TUCCEPTAIIHIA.

C 1975 r. moutn 20 ner xadenpoii 3aBeA0Bal U3BECTHBIN CHEIHAIUCT IO TOPHOH
reomexanuke FOpuit UBanosuy Typuniies (1931-2009). Panee on paboTain B UHCTUTY-
Te «YHUIPOMENb», TIe BO3MIABISI Ja0OpaTOpHI0 YCTOHYMBOCTH OOPTOB KapbepoB.
B 1975 r. }O. U. TypuHIIeB 3aUTUIT JOKTOPCKYIO TUCCEPTAIIHIO.

Bmecte ¢ HUM U3 WHCTUTYyTa «YHHUmpomens» mnpunum gou. [omy6oko b. II,
c.H.c. [lonosoB b. JI. u ct. mmkenep 3acnaBckas C. B., a Takxe Monoapie Hay4YHBIE
pabornuku u acnimpantsl: Jertsaps FO. J1., Topaees B. A., 3emckux I. B. u np.

N3smeHunuch HarpaBieHus ucciieqoBaHuid. Hayanoch mMpokoe BHEAPEHHUE CBETO-
JAILHOMEPHOH TEXHUKH B MPOW3BOJCTBO HAOMIOACHUH 32 JeOpMaIisIMU TOPHOTEX-
HUYECKUX COOPYKCHHH U 36MHOMW MOBEPXHOCTH IO BIUSHUEM pa3paboToK, B co3/a-
HUE M pPa3BUTHE MAapKIICHAEPCKUX OINOPHBIX M CbEeMOUYHBIX cerel. IlosBneHue
CBETOJAILHOMEPHON TEXHUKH TTO3BOJIHMIIO COTPYAHUKAM KadeIpbl BHECTH CYIICCTBEH-
HBIH BKJIJ] B METOIMKY HAOMIONEHUI 32 IPOIIECCOM CIBMIKEHUSI TOPHBIX TTOPOJ] Ha OT-
KPBITBIX H TIOJI3EMHBIX pa3padoTKax, B COBEPIICHCTBOBAHUE CIIOCOOOB CO3/IaHUsI OIIOP-
HeIX M cbeMouHblx ceredt (FO. WM. Typunnes, b. II. TomyOko, A. Il. bamynun,
B. E. Konosanos, I. B. Martorun, B. I1. Opnos, I. ®. Tpudonor, B. A. Topnees,
I'. B. 3emckux, C. B. 3acnasckas u ap.). Kadenpa cranoBuTcs Beayliei opranusanuei
B CoBerckoMm Coro3e 1Mo NpOEKTUPOBAHUIO U TIPOU3BOJCTBY HAOIIOACHUI 32 yCTOHYH-
BOCTBIO KaphepHBIX OTKOCOB. Pacmmpunack reorpadus pabor — Ypan, Cubups,
Kazaxcran, Tamxkukucras, tor Poccun, a ¢ 1988 1. — MoHronms (COBMECTHOE MOHTOJIO-
poccutiickoe npeanpusarue «I'OK DpasHIT).

Bornpinas u oTBeTCTBEHHAs paboTa Obuta BeIMoIHEHa B 1980-¢ TT. 110 00ecneueHn o
c00EK KOJUIEKTOPHBIX TOHHENEH B psie roponoB Coserckoro Coroza — Coun, baky,
Bonrorpane, Xapekose, UepHosuax, Y de u ap. Pazpadorana « MHCTPYKIUS 110 TPOU3-
BOJICTBY MapKIICHAEPCKUX PaOOT MPH CTPOUTEIHCTBE TOHHEINIEH CIIeNUaNbHOTO Ha3Ha-
yenus» (B. A. Topaees, A. I1. bagynun, I. B. 3emckux). 13 HayuHO-HCCIe10BATENb-
ckux pabor 1980-x u Havanma 1990-x IT. cleayeT OTMETHTH PadOThI MO CO3JIAaHHIO
METOIUKH T€OMETPHU3AINN T€OMEXaHNUECKUX U TOPHOTEXHINUECKUX YCIIOBUH Ha Kapbe-
pax (B. A. Topnees, A. B. Camapun). Ilo pesynbraram 3Tux paGoT COTpyAHHKAMHU
kagenpel B 1980-1995 rr. zammmensr nse nokropckwe (b. /. Tlomosos, 1985;
B. A. Topnees, 1994) u 7 kanANIATCKUX AUCCEPTALIUM.

B 1977 r. kaenpa opraHu3yeT U MPOBOIUT YPalIbCKyH0 MapKIICHIePCKy0 KoH(e-
penruio, B 1984 . — Bcecoro3Hoe HaydYHO-TEXHUYECKOE COBEIIAHNE MAapKIIEHICPOB.
CotpynHuku kKadenpbl npuHsuM yuactue B padore VII-ro MexyHapomHOTo KOHTpec-
ca o Mapkmeiaepckomy neny (Jleannrpaz, 1988) u XXXIX JIHs TOpHAKOB U MeTal-
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nyproB (®paiibepr, 1988). C 1977 mo 1992 1. BeIycKancs MeXBY30BCKUIT cOOpHHK
«Bonpocsl panoHan3anuyu MapKIIeHIepckoi ciryK0bl Ha TOPHBIX IPEATIPHATHSIX).

Cotpyanuku kadeapsl akTUBHO yYacCTBOBAJIH B pa3pabOTKe psiia BEIOMCTBEHHBIX
HOpMAaTHUBHBIX JoKymMeHToB — MuHcer3anctpos CCCP («l'eonezndecko-mapKineiiep-
CKoe oOecreyeHrne CTPOUTEIbCTBA TOHHENEH B TOPOAax W Ha MPOMBILUICHHBIX Mpe.-
npustusax», 1989) u Munnsermera CCCP («BpeMeHHbIe MeTOIUYECKUE YKAa3aHHUS 110
YIpaBICHUIO YCTOWYMBOCTH OOPTOB KapbepoB IIBETHOH MeTautyprumy», 1989, «Merto-
JUYeCcKOe PYyKOBOJCTBO IO MOBBIIIEHUIO HA/ICKHOCTH MPEIOXPaHUTEIbHBIX OepM Ha
Hepabounx 6oprax kaprepoB MunnBetrMera CCCPy»).

Beinuin B cBeT komiekTHBHBIE Opoutopsl: «lIpenynpexnenue aedopmanuii Ha Ka-
pbepax Ypana» (Typunues 1O. U., [Tonosos b. /1., Konosasios B. E., Mapteinos A. K.,
lecraxos B. T, 1982), «['eomexaHnuecKkue MpoOLECCH Ha OTKPBITHIX TOPHBIX pado-
tax» (Typunues 1O. U., Ilomosor b. [I., Topnees B. A., KonomamoB B. E.,
Maprteios A. K., 1984), «Mapkieiinepckoe obecriedeHre CTpOUTEIhCTBA TOHHETIEH Clie-
rmansHoro HazHaweHws» (Typurnes 0. U., [opnees B. A., 3emckux I. B., Komma M. C.,
Cusammackwii P. I, 1984), «PalioHupoBaHre KaphepHBIX MO 110 (PU3UKO-TEXHOIOTHYEe-
CKHM IapameTpam ropHbix nopoa» (Topaees B. A., Camapun A. B., 1988).

B 1979 r. xadenpa nepeexana u3 2-To 3AaHUSI B HOBBIH, 4-i1 yueOHBINH Kopiryc.
CoBepiieHCTBYeTCs Y4eOHBIH Tporiecc — rnepepadarbiBatoTcsl yueOHbIe TUIaHBI U MPO-
rpaMMBbl, 33 KOKIbIM IUKJIOM IUCHUIUIMH 3aKPEIUIIIOTCS MPENoAaBaTeu: M0 MapK-
meiaepckomy aeny — poil. b. I1. [omy6xko, mou. A. I1. bagynua u mou. I'. B. 3eMckux;
no reomexanuke — npod. 0. W. Typunues, nou. B. A. Kucene; no reomerpun
ueap — nou. Y. M. lunenko, nou. A. B. Camapun, gou. A. T. JleonTheB; mo maremaru-
yeckoii oOpabotke — momn. B. A. TopmeeB; mo MapkuieiaepckuMm mnpudopam —
mot. H. B. Kopres, gom. I'. B. 3emckux.

3a 31 rogp! it MOHronmu HOAroTOBICHO 16 crenuanicToB, MHOTHE M3 KOTOPBIX
paboratoT 1o crierranbHOCTH. Haumnas ¢ 1987 1. BO30OHOBHIIOCH H3jaHNE YIEeOHBIX I10-
cobuii mpenofasaressiMu Kadeapsl: «Maremarnueckast 00padoTKa MapKILeHaepcKo-reo-
nesudeckux mamepenuin» (lopaees B. A., 1987); «AHaiIu3 TOYHOCTH MapKIICHICPCKUX
cbeMok» (Tomy6ko b. I1., 1989); «Craructiuueckue MeTonsl 00pabOTKH MapKIeiep-
cko-Treonoruaeckoit nadopmarum» (I'opmees B. A., lunenko U. M., 1992).

C 1988 1. cumamu kadenpsl, B OCHOBHOM 3a CUET XO3J0TOBOPOB, CO3IACTCS IHC-
IUICHHBIN Kiace. bonpioe BHUMaHME YAENSIIOCH YKPEIUIEHUIO TPUOOPHOI 0a3bl Ist
y4eOHOro U Hay4HOro npouecca. Ha cpeacrsa ot 1oroBopHbIX padoT U 3a cuet Orox-
JKETHOTO (PMHAHCHPOBAHHS IPUOOPETAIUCH CBETONAITBHOMEPHI U 3IEKTPOHHBIE TaXeo-
METPBbI, ONTHKO-MEXaHUIECKHE TPHUOOPHI.

C 1994 o 2019 1. xaempoii pyxoBomua mipodeccop B. A. Topnees. B cBs3u ¢ 13-
JKEJIBIM MaTepUabHBIM IT0JIOKEHHEM TOPHBIX MPEANpUATHil Poccuy nosiBuiIich HOBbIE
HanpapJieHUsl Hay4YHO-HUCCIIENIOBATENbCKIX paboT: HCCIEeIOBaHHE TeOMEXaHHYECKHUX
MpPOIIECCOB M MapKIIeiaepckrue HabmoaeHs Ha Kapbepax U XBOCTOXPAaHWIUIIAX; CO-
CTaBJICHHE MTPOEKTOB Pa3pabOTKK KaphepoB MO A0ObIUE 00IIepacnpoCTpaHEHHBIX I10-
JIE3HBIX UCKOMIAeMBIX; pa3padoTKa MaKeTOB MPUKIIAAHBIX IPOTPaMM IO OIIEHKE yCTOM-
YUBOCTH KapbEPHBIX OTKOCOB, 00paOOTKH Pe3yNBTaTOB CheMKH KaphEPOB 1 HAONMFOACHUN
3a nedopMalsIMUA Ha Kapbepax; pa3padoTKa TPEXMEPHBIX KOMIBIOTEPHBIX MOJENEH
TOPHO-TEXHOJIOTHYECKUX OOBEKTOB.

B 1995 r. ObuH MOTy4eHBI IEpBBIE JIMIICH3UN Ha TPOU3BOACTBO MapKIICHIEPCKUX,
TOTIOTEO/IE3NYECKUX U KapTorpaguueckux padoT. 3apaboTaHHBIE CPEICTBA ABJSIINCH
JONOJHUTENIbHBIM MCTOYHUKOM OIOIKETa IpenoAaBaTesiell U MpUBJIEKaeMbIX K pabo-
TaM CTYIEHTOB, OHU IO3BOJIMIN OCHACTUTH AMCIUICHHBIN Kiacc Kadenpbl COBpEMEH-
HBIMH KOMIIBIOTEPAaMH, Ha 3TU CPEICTBA NMPHOOpeTansach COBPEMEHHAs! OPITEXHUKA,
HOMOJHsIach NpHOOpHast 6a3a, BBIIOJIHSIICA PEMOHT CTyAEHYECKUX ayIUTOPHHA U Ka-
OMHETOB COTPYIHHUKOB KadeIphl.
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C 2008 r. Ham By3 omepexaer Apyrue By3bl PoccuM MO KOIMMYECTBY CTYIAEHTOB
Mapkuieraepckoit cnenuansHoctd. B YITY omnoBpemenHo oOyuaercst cBbiie 500
CTYJIEHTOB Ha MapKIIeHJepCcKol crnenuanbHOCTH. Poccuiickas TWIbIUS 3KCIEPTOB
B cdepe nmpodeccrnoHanbHOTO 00pazoBanus Ha3sBasia B 2010-2014 rt. oOpa3oBarens-
HYI0 iporpammy «MapKIeiaepckoe Ae10» Hallero YHUBEPCUTETa JIydlieil oopa3oBa-
TENbHOM MpOrpaMMoil NHHOBaIMOHHOM Poccum.

Cnpoc Ha BBITYCKHUKOB-MapKILIEHAEpOB OYEHb BBICOK — €XKETOAHO MPHUXOAUT
80—100 3asB0OK co Bceit Poccum, mmupoka reorpadust IpOU3BOJCTBEHHBIX IPAKTHK.

Kadenpa sBisiercst 6a30Boi 110 TIEPEITOATOTOBKE MapKIeiaepoB Ha Ypaje U B 3a-
nagaoit Cubupu. B 1992 1. B paMKax TOMOTHUTENHHOTO MPodeccrnoHaIbHOTo 00pa3o-
BaHHS BO30OHOBJIEHA MTOJrOTOBKA PA0OOTHUKOB TOPHBIX MPEANPHUITUH HAa IPABO OTBET-
CTBEHHOTO BeJIeHMsI TOPHBIX padoT. 3a 23 roga ee mpomwn 243 yenoseka. C 2003 1.
OpraHU30BaHbl M TPOBOMISATCSH KypCHl TOBBIIICHUS KBaTH(UKAIIMH MapKIIEHIepoB
YpanbsCckoro permoHa. 3a 3To BpeMs Kypchl okoHUrA 2200 MapKIIeiHaepoB TOPHBIX
npeanpustuid Poccuu, B Tom uncie 1000 — mosropHo. B 2010 . mpuHATHI IEPBBIE CITY-
HIaTeau KypcoB NMpo()ecCHOHANBLHON NEepEeroAroTOBKH CIEIHMAINCTOB MapKUIenaep-
CKHUX CITY’0 rOpHO- U He()Tera30400bIBAIOLINX MPEANPHUATHH, HIMEIOIINX BBICIICE MTPO-
¢deccuonanpaoe obpazoBanue. K 2020 1. Kypchl okOHUMIH 76 PaOOTHHKOB TOPHBIX
MpeaNpUATUI.

C 1995 1. xaxaple 5 JeT MPOBOIATCS BCTPEUM BBITYCKHUKOB Kadeapsl. B 2002 t.
npoBeneHa MexxayHapoaHast koHpepeHuus «IIpobmembl reomeTpusanun Hexpy», mo-
cesanienHas 100-neturo co qHs poxaenus npod. I. Y. Bunecosa, B 2005 . — Mexy-
HapoHas HaydHO-TpakTHyecKas KoHpepeHuus «CoCTOsHHUE U TEPCIEKTUBbI Pa3BUTHS
MapKIIeHIePCKOTO Jeria Ha Ypaiey, nocsmeHHas 100-1eTuto co qJHs poxkIeHHS Mpogd.
. H. Ormo6nuna, B 2010 r. — MexxayHaponHasi HayqHO-TIpaKTHYecKast KOH(epeHIus
«CocTOosIHHE U IEPCIIEKTUBBI Pa3BUTUS MapKIIEHIEPCKOTO Je1ay, ocBsieHHas 90-e-
THIO Ka(eaphl.

VYKpenuimch MeXAyHapOAHbIe CBS3H Kadeapbl. 3aKiMOYeHBl NMPSMBIE TOTOBOPEI
o corpyaauuectse: B 1999 r. ¢ UncTutyTOM Mapkieiinepckoro aena u reojnezun Opaii-
Oeprckoii ropHol akajgemMun u ¢ kadeapoit mapkieinepckoro nena Coduiickoro rop-
Ho-Teosiorndeckoro yHuBepcutera; B 2001 1. ¢ TexHndeckuM HHCTUTYTOM (T. DPIIHIT,
Mownromus); B 2004 1. — ¢ kadenpoit mapkmeitnepun KeIpreI3ckoro ropHO-MeTamuyp-
ruyeckoro HHCTUTyTa (T. bumkek, Kuprusus) u ¢ mapkeiinepckum ¢axyasrerom Jls-
OHUHCKOT'O TEXHUYeCKOro yHuBepcureta (. dycunn, Kuraii).

Hauunas ¢ 1997 1. exXerofHo COTPYIHUKHU Kadeaphl BHIC3KAIOT 33 PyOexk s yda-
CTHS B Hay4dHbIX KOH(epeHIusX, yuactBoBasu B padore VII, XII, XIII, XV u
XVII MexayHapoaHbIX KOHTPECCOB 10 MapKIehaepckomy aeny. B cearsope 2012 1.
B ExarepunOypre npu YITY 0Opiio opranmzoBaHo u mpoBeneHo 40-e 3acemaHue
IIpesnauyma ISM.

Kagenpa ¢ 1987 1. BBIIONHSIET OTBETCTBEHHBIE paboThl B MOHIONMY MO OLECHKE U
KOHTPOJIIO YCTOHYMBOCTH Kapbepa, 0TBAJIOB 1 1aMObl xBocToxpanuiuiia [OK «IpasHaT»
(Typunues O. U., Topnees B. A., Camapun A. B., bagynuna A. I1., SlkoBne B. H.,
Tomy6xo b. I1. u ap.). B 20062007 rT. BEIOTHEHA paboTa MO OIEHKE YCTOWYHBOCTH
ooproB kaprepa AO «lllatimepnen» (Kazaxcran) — [opneeB B. A., Camapun A. B.,
Bagynun A. I1. u ap. B 2007-2009 rT. coBeplIeHbI ABE NOE3IKU B AIDKHUP U1 o0ecrie-
4YeHus COOMKH TPEXKWIOMETPOBOTO THAPOTEXHHYECKOTO TOHHeNns Ha p. Jlxep
(T'opaees B. A., banynmun A. I1.).

Corpynauku kadenpsl — npod. Topaees B. A., mpod. Typurnes 1O. U., mpod.
Banynun A. I1., gou. Camapun A. B. u pou. fxosneB B. H. samstorcs [loueTHbiMU
ropusikamu Monronun. IIpo¢. Topaees B. A. u npod. T'onydxo b. II. — ITouetHble
ropusiku Ilomemm, npod. I'opmeer B. A. u3bpan B 2004 r. B Ilpesunuym ISM.
[Ipod. I'opaees B. A. u mpod. ['anbsanoB A. B. — unensl AkageMuy TOPHBIX HayK.
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Kagenpa cnaButcs cCBOMMH BBIITYCKHHUKaMH, o0111ee 9nuciio KoTophix B 2019 1. mepe-
Bauiio 3a 3500 yenoBek. Cpeau BBITYCKHUKOB — 19 TOKTOPOB U 76 KaHAUAATOB HayK.
CoTHH BBITYCKHUKOB BO3TIIABHIIM MapKIICHAEPCKHE CIIYy>KObI TPECTOB, MPOU3BOI-
CTBCHHBIX OOBEAWHEHHH, TOPHO-O0OTaTHTENbHBIX KOMOWHATOB, PYIOYIIpPaBICHUH,
TOHHEJIBHBIX OTPA0B. BeimyckHuku-mapkueiaepsl YI'TY cTaHOBUIUCH pyKOBOAMTE-
JSIMH KPYTIHEHIINX TOPHBIX Hpennpusthii Ypana u Kazaxcrana — «CeBypanOokcu-
Tpyaa», «Ypamnacoect», bepesoBckoe PV, «Kycranaitacoect». B moctuxeHun Takux
YCIEXOB UM IOMOIIIM YHUKAJIbHOCTh MapKIIEHAEpPCKON CHEeNHaIbHOCTH U MX BY30B-
CKHE HACTaBHUKH — NPEMNoaBaTesy KaQeapbl MapKIIeHIepCKOro Aea.

B 2019 r. mocne nepeesaa npod. B. A. [opaeesa B KpacHonap kadenpy Bo3riaBuit
MOJIOZIOH AOKTOP HayK, BHITyCKHHK Kadenpsl A. B. XKabko.

Kadenpa mapkieiinepckoro jiena YpaabCKoro rocy1apcTBEHHOTO FOPHOTO YHUBEP-
CUTETa He yTpaTuia JOCTUTHYTHIX Mo3uliuii. OHa mo-NpeXHeMy 3aHUMaeT JOCTOMHOe
MECTO CPEAM BBIMYCKAIOIIMX MapKiueinepckux kagenp Poccuu, mpomomkaer ocra-
BaTbCs Ky3HULEH MApPKIIEHIEPCKUX KAaIPOB JUIsl TOPHBIX NMPEANPUATHNA Ypasa U Ipy-
rux peruoHoB Poccuu. OHa uMeeT cBoe METOAUYECKOE, BOCIIUTATEIbHOE U HayqHOe
JIMLO U IO NPaBy HA3BIBACTCS YPAJIbCKOU BBICHIEN MAPKILIEHIEPCKOM IIKOIOH.

IMoctymnuia B penaxuuto 17 uronst 2020 roga

CaesieHus 00 aBTopax:

TopneeB BUKTOp AJleKcaHAPOBHY — TOKTOP TEXHUIECKUX HAYyK, Mpodeccop, mpodeccop kadeaps! kaga-
CTpa W reouHXeHepud KyOaHCKOrO  TOCyJIapCTBEHHOTO  TEXHOJOIMYECKOIO0  YHHBEPCHTETA.
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The 100th anniversary of the Ural Higher School of Mine Surveying
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Abstract
The article contains the historical note on the establishment and development of the Ural Higher School of
Mine Surveying, the department of Mine Surveying of the Ural State Mining University, within 100 years
of existence. The founder and the first chairperson was P. K. Sobolevskii. D. N. Ogloblin, G. I. Vilesov,
P. A. Ryzhov, A. A. Igoshin, P. P. Bastan, G. L. Fisenko, 1. M. Petukhov and many other renowned scientists
and production workers were the graduating students of the department. It is the specialized department
training surveyors in the Urals and Western Siberia.
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