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©TI'.I'. IluBHIK,
B.N. Cannu

HNPEAIIPUBATU3AIIMOHHASA OHEHKA COCTOSAHUA YTI'OJIBHBIX IIAXT

[TokazaHo HampsSMKH OIIIHKK CTaHy BYTUIBHHMX IIIAXT y MPOIECI MPUBATHU3AIl] MMIANMPUEMCTB
ramysi.

IloxazaHbl HanpaBICHWsS OLEHKM COCTOSHMS YIOJBHBIX INAXT B IIPOLIECCE IPHUBATH3ALMU
NPEAIPUATHI OTPACIIH.

Directions of an estimation of a condition of minings are shown during privatization of the
enterprises of branch.

Hapsiny co 3HaunTeNnbHBIMU 3amacaMy YIJisl U pa3BUTON MH(PACTPyKTypo#l yrosibHas mpo-
MBIIIJICHHOCTh UCTBITHIBAECT CYIIECTBEHHBIE TPYIHOCTHU, TOJ ACUCTBUEM, HA TIPOTSHKCHUU IITUTEIb-
HOTO BPEMEHH, psijla HETaTUBHBIX O0OBEKTUBHBIX U CYOBEKTUBHBIX (pakTOpPOB. DTO chopMHUpOBa-
JI0 SIBHBIE MPOTHUBOPEUHS MEKY UPE3BBIUAHHO BaXKHBIM 3HAUYEHHUEM YTOJbHOUN MPOMBIIIEHHOCTH
JUIsl SKOHOMHUKH U 3HEPreTHUYecKod O€30MacHOCTH rocyJapcTBa U KpailHEe CII0KHBIM COCTOSTHUEM
9TOM OTPACIIH 110 SKOHOMHUYECKHM U COIMATLHBIM KPUTEPHUSIMH.

Pemenne sToro nporuBopeuns: TpeOyeT NPUHATHA HE TOJIBKO TEXHUYECKHX, HO U OpPraHH-
3aIIMIOHHO-D)KOHOMHYECKUX U HOPMATHBHO-NPABOBBIX PEIICHUN, HAMPABICHHBIX HAa W3MEHECHHE
CTPYKTYpPbl HPEINPUITHI, UX yHpaBiieHUs, GOpMbl COOCTBEHHOCTU C LIEJbI0 (PHMHAHCOBOTO 03]10-
POBIIEHUS U MOBBIIIEHUS Y((HEKTUBHOCTH MPOU3BOJICTBA.

MOXHO Tak)K€ OTMETUTh, YTO HBIHEIIHUI OTHOCHTENBHBIA pa3Mep roCyIapCTBEHHOTO (u-
HAHCHPOBAHUS OTEUECTBEHHOW YTOJbHOM MPOMBIIUIEHHOCTH, BKJIIOYAsi BCE €r0 HAIMPaBJICHUS, B TOM
YHClie 3aKphITHE U TEXHUYECKOE MEePEeOCHAIEHUE IIaxXT, COCTaBiIseT okoso 60 rpH, Win MeHee
10 eBpo Ha TOHHY TOBapHOW YTOJBHOW MPOIYKIMH, TOTAA KaK, HApUMeEp, KAMEHHOYTOJbHAS OT-
pacie ['epMaHuu ¢ JTyYIIUMH TPUPOJHBIMU YCIOBHSIMA M HaMHOTO 0OJiee BBICOKHMM TEXHHYECKUM
YPOBHEM HOJy4aeT CyOcuIuu B pazmepe npumepHo 70 eBpo Ha TOHHY TOBapHOro yris [1].

VYKpauHCcKasi yrojibHasi IPOMBIIUIEHHOCTh MOXET CTaTh PEHTA0ENbHOM, €ClIM OCTaBUTh B
JKCIUTyaTanuu (C Mocleayolel mpuBaTu3alreil) OorpaHHueHHOE YHCIIO TEPCIEeKTUBHBIX MIAXT — MO
pasHbIM oreHKam, npumepHo oT 40 1o 70 u3 164 HbIHE NEHCTBYIOIINX, & OCTAJIbHbIE — JIUKBUIUPO-
BaTh M BBOJUTH B IKCILTyaTalUIO UCKIIOUYUTEIBHO MPUOBLIbHBIC MIAXThl U pazpesbl. OqHaKo, Takas
pamuKaibHas peCTPYKTypU3aIus, €CiIu oHa OyJeT mpu3HaHa 1eIecoo0pa3HoM, pealbHO MOKET OBITh
OCYILIECTBIICHA MPH HaJJIeXKalled COLMANIbHOM 3aluTe BHICBOOOXKIAEMBbIX PAOOTHUKOB M BBIIIOJHE-
HUH HEOOXOJIUMBIX HKOJIOTHIECKAX MEPOTPHUSATHIA, C y4eTOM (PMHAHCOBBIX BO3MOXKHOCTEH YaCTHBIX
MHBECTOPOB, B TE€UEHHE HECKOJBbKUX AecaTmieTuil. Ilpu 3ToM nomkHa cTporo cobmoaaTses ajxpec-
HOCTh MHBECTHPOBAHUS B 3aBUCHMOCTH OT CIIOCOOHOCTH MPEANPHUSITHS BOCIIPUHUMATH BBIJCIISIEMbIE
CpEICTBa.

Baxxneiimeir cocTaBHON 4acThiO JIFOOOTO0 WHBECTHIIMOHHOTO TIpOIlecca SBISICTCS pacrpee-
JICHHE OMPEENIEHHOT0 JTUMHUTA KalMUTaIbHBIX BIOKEHUN U3 Pa3UYHBIX UCTOYHUKOB MEXKIY MOTpe-
outensiMu. JTOT MPOILIECC MOXKET PacCMaTPUBATHCS HA YPOBHE OTAEIBHOIO HMPEANpUSTHS (LIaXThl)
WIM PErHoHa, HO BO BCEX CIydyasx MMEET MECTO OIpe/IeJICHHbIE COOTHOLICHHUS MEXy MOTpeOHOC-
THIO B KaIlUTAJBHBIX BJIOXKCHHUAX M UX PECYpPCaMH, KOTOpPBIC BCErJa OrpaHuyeHbl. Takue KpuTepuu
HY>KHBI U TIPY OLIEHKE MOTEHIIMaa yroJIbHOM 1aXThl, €CIM Peub UAET O ee (PUHAHCUPOBAHUU B IIe-
JSIX COXPaHEHMsI IPOU3BOICTBEHHOrO MOTEHIIMAIA.

[IpoBenenue MOArOTOBKH YIieAOOBIBAIOIINX MPEANPUATHI K Pa3rocyAapCTBICHUIO TPeay-
CMaTpUBAET: NACHOPTU3ALUIO ITUX MNPEANPUATUN, HA OCHOBAHHWU KOTOPOM ONpENEeNsioT pasMmep,
CPOKHM BHECEHHS W HANpaBlICHUsS HHBECTHULIHI, KOTOpble 00ecneyuBaloT 0e3yObITOUHYIO Jesi-
TEJIbHOCTh; PECTPYKTYPHU3ALUIO YIIeJ00bIBAIOIIUX IPEANPUSITUH.

Leab n1anHoii padoThl — NPEATOKUTH HOBBIE MOAXO0/IbI K KOJTHMUYECTBEHHOU OIEHKE WHBECTH-
LIUOHHON NPUOPUTETHOCTH YTIOJbHBIX IIaXT KaK OCHOBBI aJIpECHOCTH BJIOXKEHUS CPEJICTB B TEXHOJIO-
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TMYECKHE 3BEHbS, (DOPMUPYIOIINE YPOBEHb SKOHOMMUYECKON HajleXHOCTU npeanpustus. [lpu stom
paccMaTpuBaeTCs TaK)Ke MEXaHH3M pacHpelesieHHs MEXIy HoTpeOutensMu (IIaxTamu) CpPeicCTB,
HaNpaB/IIeMbIX HA BHOBb HAYMHAEMYIO PEKOHCTPYKILHUIO C LENbI0 YBEIHMYeHHS oObema j00bun. B
MPUHIIKIIE BO3MOXEH U TaKOW ciydyai, Korja o0beM J00BIYM yMEHbIASTCs, HapUMep, BCIIEICTBHE
nepexo/a Ha OTpabOTKy IUIACTOB MEHBIIEH MOIIHOCTH, HO JIOMOJHUTEIbHBIC KAUTAIBHBIC BIOXKE-
HUS 7151 TOJIepKAHHsI YMEHBIIIEHHON MOITHOCTH BCE K€ TPEeOyroTCsl.

VY3ke T0CTaTOYHO JOITO HAYYHO-TEXHUYECKON OOIIECTBEHHOCTBIO JUCKYTHUPYETCs mpodiiema
BBDKHUBAHUS yTOJIBHON OTpaciu YKpauHbel. ONTUMHCTHI YTBEPKIAIOT, YTO 3aMacoB YIUid B YKpauHe
xBatuT Ha 400 7eT, B TO BpeMsi KaKk MECCUMUCTHI MPEAPEKAIOT CBOPAYMBAHUE OTPACIH yKE depe3
20-30 net. IIpu 3TOM MPU3HAIOT U T€ U APYTHE, YTO Yrojib Ha ONMKAMIINN BEK OCTAaHETCS TJIaBHBIM
SHEPrOHOCUTEJIEM IUIAHETHI.

K coxanenuto, noObla yris B YKpawHE OCYLIECTBISIETCS B 0oJiee CIO0XKHBIX TOPHO-
reoJIOTMUECKUX YCIOBUAX, YeM B 3anaanou EBporie u Poccun, HO skcnepramu (B ToM yuciie Mupo-
BOro 0aHKa) MOJATBEPKIEHBI 7 MIPJ. T SKOHOMHYECKU BBITOJHBIX 3aMacoB yriisg YKpauHbl. HbIMU
CJIOBaMH, TIPU HBIHEUIHEM YPOBHE 00BIYM, YKpanHa obecneueHa 3amnacamu npumepro Ha 100 jer.
Bo BcsakoM ciyyae, 1o mporHozaM OOJIBIIMHCTBA SKCIIEPTOB 3amachl HeTH U raza Oy1yT ucUYepIiaHbl
osictpee. [llaxTHbrii poug oTpacnu — 168 maxTt, u3 HuX 70 ¢ TOIOBOM MPOU3BOJCTBEHHOW MOIIHO-
CThIO 69,8 MIIH. T, HA KOTOPBIX cocpeaoToueHo 80% MPOMBIILICHHBIX 3aMacoB yIisl ¢ OJIaronpusT-
HBIMU F'OPHO-T€OJIOTUYECKUMH YCIOBUSAMM 3aJ€TaHus IJ1aCTOB. DTU IaXThl — SKOHOMHUYECKAsk OCHO-
Ba OTpPACiH, U, HAPSALY CO CTPOSIIUMHUCS, JODKHBI CTaTh 00BEKTaMU MHHOBAIMI U MHBECTUPOBAHUS
B IIEPBYIO OUEPE/Ib.

JlnuTtenbHasi TOJUTHKA MCKYCCTBEHHO 3aHM)KCHHBIX IIEH Ha Yrojib U MpaKTUKA JOTAlUi Ha
NpEeBbIIICHHE CEO0SCTOMMOCTH HaJl LIEHOW NMPHUBENIM K MOTEPEe CTUMYJOB K HM3BICKAaHUIO PE3epPBOB
CHIDKEGHHUS 3aTpar Ha A00buy yris. M B HacTosiee BpeMsi 3HAUMUTENbHAsI 4acTh CPEJCTB TOCIO-
JIepKKH HAPaBISIETCs, KaK MPaBUJIO, (PUHAHCOBO M SKOHOMHUYECKU CIa0bIM NPEANPHUATHAM, YTO HE
JTaeT BO3MOXKHOCTHU PEIllaTh CTPATErHUeCKH BasKHbIE 33Ja4u OTpaciu. VICIbIThIBasS HMHBECTUIIMOHHBIH
TOJIOA, CIa0CIOT U OTHOCHTEIBHO 0JIaronorydyHbie IPeanpUsTHs, KOTOPBIE CO BPEMEHEM MOTIOTHSIOT
pAabl yOBITOYHBIX.

PacrocynapcTBiieHue sIBIsI€TCS HEIPEMEHHBIM YCIOBUEM HOPMAIBHOTO ()YHKIIMOHHPOBAHUS
OTEUYECTBEHHON YTOJbHOW MPOMBILIUIEHHOCTH B €€ HBIHEUIHEM COCTOSHUHM, HO 3Ta KII0YeBas Mpo-
OnemMa He TMOJyYMIsIa JOJDKHOTO OTPaXCHHsS HM B YTOYHEHHOM HEIABHO IMPOEKTE SHEPreTUYECKON
crpaterun Ykpaussl 10 2030 roga, HM B YTBEPKJACHHON HOBBIM IIPaBUTEILCTBOM cTpaHbl KoHien-
UM PAa3BUTHUS OTPACIH, TAE yKa3aHbI JHUIIb MPEIyCMaTpUBaeMble 00bEMbI TOCYJAPCTBEHHBIX HHBE-
cTulMii. Mexay Tem, AaHHas npobiieMa npuodpeTraeT 0coOyI0 aKTyaabHOCTh B CBSI3U C BCTYIUICHH-
eM Ykpaunsl Bo Bcemuphyto Toprosyto opranuzauuto (BTO).

[IpennpuBaTH3almoHHas OIEHKA YTOJbHOW IIaXThl — 3TO KOJUYECTBEHHBIN MOKa3aTeb ee
COCTOSIHUSI, KOTOPBIN MPeBAPUTEIBHO XapaKTepU3yeT CPaBHUTEIBHYIO CTEIIEHb LIEIeCO00pa3HOCTH
HOJIICPYKAHUS WM YBEJIWYCHHS] MOIIHOCTH IIAXThI, IPH ATOM OOJIbIIIEMY 3HAYEHHIO MTOKA3aTeNsl Co-
OTBETCTBYET 00Jiee BHICOKAsl CTETIEHB 11eJIeCO00Pa3HOCTH OKA3aTes.

JIro6asi MHBECTUIMOHHAS TOJUTHKA PEANMU3yeTCs Ha OINpeAeNIEeHHBIX OOBEKTaX, KaKUMHU B
HallleM CJy4ae SIBJISIIOTCS YTOJIbHBIE IIaXThl, @ TAK KAK MHBECTULIMOHHBIE PECYPCHI BCET1a OrpaHUye-
HBI, TO BO3HHUKAET MpobiieMa BbIOOpa 0OOBEKTOB U OYEPETHOCTH HAINPaBICHUS MHBECTUIIMI C LIEIBIO
MaKCHUMAaJIbHO BO3MOXKHOU 3((PEKTUBHOCTH UX HCHOJIB30BAHUA. DTO TpeOyeT CpaBHHUTEIBHOM Xa-
PAKTEPUCTUKH LIAXT MO CTENEeHH MX WHBECTUIMOHHOMN MPUBJIEKATEIBHOCTH, YTO B CBOIO OYEpelb
CBSI3aHO C OIIPENIEICHUEM IIEPCIEKTUBHOCTH OTJIEIbHBIX 1IAXT.

ATIpHOpH SICHO, YTO CYLIECTBYET IpyIIa IIaxT, faibHelas padoTa KOTOpbIX, 0COOEHHO, ec-
JIM pacCMaTpHUBaTh JIUTEIbHBIE OTPE3KH BPEMEHHU, HellenecooOpasHa 1o psay GakTopoB, U, B TO Ke
BpeMsi, UMEIOTCS IIaXThl, OTHOCUTEJILHO KOTOPBIX Takas rpodsieM He Bo3HUKaeT. Ho nmogoOHbIe pac-
CY>KIeHHsI, OyAy4d MpPaBHILHBIMH, TIOJTHOCTBIO HAXOAATCA B OONACTH CYOBEKTUBHBIX CYXICHUU U
HE MOTYT CIy’KUThb OCHOBaHHEM JUIsl BbIOOpa HampaBiieHud uHBecTuluid. Heobxonuma konuyect-
BEHHAsl XapaKTEPUCTUKA, KOTOPAasl MpHIaia BCEM 3TUM CYXKIACHHUSIM OOBEKTUBHBIN U, IO BO3MOXKHO-
CTH, OJJHO3HAYHBIN OTBET. 3a/laya 3Ta HACTOJIbKO K€ CII0XHA, HACKOJIbKO U Ba)KHA, TaK KaK SICHO, YTO
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HETpaBWJILHOE HAaIpaBJIeHUE WHBECTUIMI MOBIEUYET 3a cO00H HedI(PPEKTUBHOE HCIOIH30BAHUE HA
MNPOTSKEHUH BECbMa JUIUTEIHLHOTO BPEMEHH.

[IlaxTa mpeacTaBisieT B OJTHO M TO e BPEMsI TEXHOJIOTUYECKYIO U SKOHOMUYECKYIO CUCTEMY
U TaKol ee JBOMCTBEHHBIN XapakTep JaeT OCHOBaHHE CUMUTATh, YTO U MOKAa3aTelb, OLICHUBAIOIINUN
JAHHYIO MAXTy B PSIy APYTUX JOJDKEH TaK)Ke OTPaXaTh €€ IBYCTUHYIO CYITHOCTb.

B kagectBe Takoro mokxaszatenst ObUT MpeUIokeH (yHIaMEHTAIbHBIN MoKa3aTelb YKOHOMHU-
yecKor HalexkHOCTH [2, 3]. [lox sxoHOMHYECKOM HAZEKHOCTBIO MPEANPHUITHS TIOHUMAETCS CIIOCO0-
HOCTb MOJIEPKUBATh HA MPOTSHKEHUH HEKOTOPOTO BPEMEHH OIpe/eleHHBbIH 00beM MpPOU3BOICTBA
WIN TPOIYCKHYIO CITOCOOHOCTB C 33JaHHBIM WJIM KENATeIbHBIM YPOBHEM 3KOHOMUYECKHX TTOKa3a-
Tenei. I3 aToro onpeenenus BhITEKAET, YTO MMOKa3aTeIh YIKOHOMUYECKOM HAJIEKHOCTU COJICPIKUT B
ceOe TEXHOJOrNIYECKNH, DKOHOMUYECKUH U I€0JIOTHYECKUI KOMIIOHEHTEL.

B kaxpIil JaHHBIII MOMEHT BpEMEHH MOKa3aTeNlb KOHOMHUYECKON HAZC)KHOCTH UMEET €IUH-
CTBEHHOE JICTEPMUHUPOBAHHOE 3HAYCHHE, KOTOPOE 3aBHCUT OT COCTOSIHUS IIAXThl H XapaKTEPU3yeT
3TO COCTOSIHME: MUHUMAaJbHOE 3HAUYECHUE OlpenaenseT (pakTHueckue BO3MOKHOCTH IIAXThI, MaKCH-
MaJIbHOE — €€ MOTEHIMaJbHbIE BO3MOXKHOCTH. YeM MeHbllle, HarpuMep, 3HaueHue koddduiuenra
TEXHOJIOTMYECKON HaJeKHOCTH, TEM OOJIbIIE Pa3pblB MEXIy IJIABHBIMH 3BEHBSIMH U TeM Oojee
TPy/AHA peann3anus MOTCHIUAIbHBIX BO3MOKHOCTEH IIAXTHI.

Bwmecre ¢ Tem, nokazaTesib 5KOHOMUYECKOI Ha/IeKHOCTH, IIPU BCEeW CBOEH YHHUBEPCAIBHOCTH,
HE MOXET B IOJIHOW CTETEHU OLIEHUTH 11EJIeCO00Pa3HOCTh WHBECTHPOBAHUS MHHOBAIIMOHHBIX IPO-
IIECCOB 10 OTJEJbHBIM TEXHOJIOTMYECKUM 3BEHBSIM IIaxThl. OCOOEHHO 3TO OTHOCUTCS K OIpejere-
HUIO TPEACTbHBIX TEXHUKO-DKOHOMHYECKHX MapaMeTpOB, ONMpPEIeIIAIONNX Oaphep nepexoa Ha 0e3-
yOBITOUHBIN pexuM. B camom zerne, skoHOMUYECKask HaJIe)KHOCTh — BeCbMa CTaTUYHBII MOKAa3aTelb.
Tonbko 06ecneueHHOCTh MAXThI 3aacaMy JOCTaTOYHO CTAOMUIIBHBIN KOMIIOHEHT IapaMeTpa Haaex-
HOCTH, APYTHE KE €ro COCTABISIOUINE — CyTh BIMSHHUS MHBECTULIMOHHOW IMOJIMTUKU MOJJIEPKaHUS
MOIITHOCTH.

B a70i1 cBs3u chopmynrpoBaH MOIUGUIIMPOBAHHBIN MOXOJ K OMPEICIICHUIO MPEANPUBATH-
3aLIMOHHOTO COCTOSIHUS IIAXTHI.

Oco0eHHOCTH YrOJbHBIX MIAXT KaK NPeIIpUATUN, OTIIMYAIONINXCS OT 00pabaThIBAIOIIUX OT-
pacieil, COCTOMT B TOM, YTO SKOHOMHYECKHE PE3yIbTaThl paboThl maxT (GOPMUPYIOTCS MO OHO-
BPEMEHHBIM BO3/ICHCTBHEM MPUPOTHBIX U MHAYCTPUATbHBIX (hakTOpoB. IlepBhie BHICTYIAIOT B BUJIE
KOHKPETHBIX JJIS1 K&KAON HIaXThl TOPHO-TEOJIOTHUECKUX YCIOBUHM, BTOPBIE — TEXHUKU M TEXHOJIOTH,
YpOBEHb KOTOPOMH MpEeONpeeNieH CTENEHBI0 Pa3BUTUSI HAYYHO-TEXHUYECKOro nporpecca. [Ipupon-
HbIe (PaKTOPHI CYIIECTBYIOT M3HAYAIbHO, OHU OTHOCSTCS K YMCIIy HEYNpPaBIIEMBIX, B TOM CMBICIE,
YTO HE MOTYT OBITh U3MEHEHBI IO KEJIAHUIO YeJI0BEKa, U MOTOMY MbI BBIHYXICHbI B IpoIecce IMpo-
U3BOJICTBEHHOH AEATEIBHOCTH IO A00BIYE MOJIE3HOTO MCKOMAEMOI0 MPHCIIOCA0INBAaThC K 00BEK-
TUBHO CYIIECTBYIOLUM IMPUPOTHBIM YCIOBHUSIM.

B naHHBIII MOMEHT BpeMEHH MM HEKOTOPOTO €ro OTpe3Ka Ha KOHKPETHOW MIAXTE CYIIECTBY-
€T OIpeAeJeHHbIA AMANa30H TOPHO-T€OJOTMYECKHX YCIOBHH, Hampumep, KoieOaHUs MOIIHOCTU
YTOJIBHBIX IIJIACTOB, U BO3MOXXHOCTH BEIOOPA BapHaHTa TEXHUKH U TEXHOJIOTH U3 YHCIIA UMEIOIIUXCS.
OuyeBUIHO CTPEMIICHHE K TAKOMY BBIOOpPY cOUYeTaHUM 3TUX (PaKTOpOB, 4TOOBI OBLIIO 0OECIeueHo Ha-
nbonee 3¢phekTuBHOEC PYHKIMOHUPOBAHHUE IMIAXThl. PacKpbhiTHE BHYTPEHHUX PE3EPBOB IIAXT COOT-
BETCTBYET TaKOMy CTpemiieHHIO. BriepBble MmocTaBiieHa W pelleHa MHOTOKpUTEpUabHas 3ajaua
OTIpeIeNIeHUs TeX IMpeNeIbHbIX, HAXOSAIIMXCA B CYLIECTBYIOIIEM JHaNa3oHe U3MEHEHUH, YCIOBHH,
IPU KOTOPBIX MOXKET ObITh JOCTUTHYTO YJIy4YlI€HHE YKOHOMUYECKUX PE3YyJbTaTOB pabOThHI MIAXThl B
BUjie UX 0e3yObITOuHOI paboThl. BBIOOp HccaenyeMbIx (pakTOpoB MPOU3BEACH TaKUM 00pa3oM, YTO
OH YYHUTBIBAET KaK NMPUPOAHbIC, TAK U MHAYCTpUATIbHbIE YCIOBUS U, TEM CAMbIM, JOCTATOYHO TMOJIHO
OTpa’kaeT yKa3aHHBIC BbIIIE OCOOEHHOCTH IaxT. PazmuuHas mpupoaa 3THX (HaKTOpOB MPUBOIUT K
HEOOXOMMOCTH MIOUCKA MPUEMIIEMBIX PE3YyJIbTAaTOB B 00JIACTH KOMIIPOMHUCCA.

Jlnst aHalM3a MPUHATO JIEBATH MOKA3aTesel, B TOM YUCIIE MATh T€0JIOTHYECKUX M YeThIpe MH-
JyCTpUAIIbHBIX, KOTOPBIE UMEIOT CYIIECTBEHHOE 3HAaUEHHE B KAUEeCTBE IOKa3aTeNel COCTOSTHUS 111ax-
TBI: €€ NePCHEKTUBHOCTH, CII0)KHOCTH KaK MPOU3BOJICTBEHHONW CUCTEMBI, MOJIOKEHUS (110 KPYITHOCTH
OPEINPUITUS) CPEeIN OPYTHX IIAXT, COIVIACOBAaHHOCTU MPOM3BOACTBEHHBIX IpOIeccOB. boinbuiemy
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3HAYEHUIO [T0KA3aTeNs] MHBECTULIMOHHOW MPUOPUTETHOCTH COOTBETCTBYET U 00JI€€ BHICOKAS CTENEHb
MPUBIIEKATEILHOCTU: €CIH KOI(PPHUIMEHT ISl JaHHOM IIAaXThl YHCIEHHO OOJbIIE YeM JUIsl IPYTOid,
TO TIEpBas IaxTa B MHBECTHIIMOHHOM OTHOIICHHH MMeeT Ooibiuii mpuoputet [4]. U3 neBaru dak-
TOPOB, XapaKTEPU3YIONINX HHBECTHIIMOHHYIO MPHOPUTETHOCTh MIAXThI, HanOoJiee TECHO C KaIu-
TaJbHBIMU BJIOKEHUSIMU CBSI3aHbl MOLIHOCTh pa3palaThlBa€éMbIX IUIACTOB U IPOIYCKHAs CIIOCO0-
HOCTb OCHOBHBIX 3BEHbEB IIaXThl. [IepBbIil U3 3THUX MOKa3aTemneil mpeacTaBisieT NPUPOAHbIE, a BTO-
poil — unaycrpuaibhble pakTopsl. OHM (IOKa3aTeNN) NPaKTUYECKU HE3aBUCUMBI OJIMH OT APYToro,
TaK KakK MpU JTaHHOW MOIIHOCTHU TJIACTOB MOKHO MPUMEHUTDH Pa3HBIE CXEMbl MOATOTOBKH IIAXTHOTO
HOJISl ¥ pa3HbIe CUCTEMBI pa3pabOTKH, a TaKKe MCIOIB30BaTh pazHoe obopynoanue. Oba mokaszare-
7S UMEIOT OJHY U TY K€ >KeJaTelbHYI0 HANpaBJICHHOCTh U3MEHEHUS: a IMEHHO — OOJIBIIYIO BEIH-
YUHY THX NOKa3aTesel (B yCTaHOBJIEHHBIX IPaHULAX).

[IpennokeHa crienyromias cxema aHaiau3a MPUOPUTETHOCTU. VIcXoas U3 TUMUTOB KalHUTalb-
HBIX BJIO)KCHUM HAa BHOBb HAUMHAEMYIO PEKOHCTPYKLMIO JEHCTBYIOIIMX IIAXT U OIbITa OCBOEHUS
CMETHOW CTOMMOCTH, ONPEAEINAIOTCA MIaXThl U3 YUCIA TeX, KOTOpble UMEIOT Hauboublue Ko3hdu-
LIUEHTHl UHBECTULIMOHHON NMPUOPUTETHOCTH. 11IaXThl paHKUPYIOTCS B HUCXOJAIIEM HOPSAKE 110 I0-
Ka3aTei0 MOIIHOCTH pa3pabaThIBa€MBIX IUIACTOB U COOTBETCTBYIOIIEMY KOI(PQPUIIMEHTY HaAEKHO-
cTH (IIPOIMYCKHOW CIOCOOHOCTH) OCHOBHBIX 3BEHBEB. T.e. 1eneBas (QyHKIUS MpEArnoaraeT Takou
HaOoOp maxT, Koraa OyaeT obecreueHo morydyeHue Hauooupiero 3¢ GeKra OT UCIOJIb30BAHUS Kallh-
TaJbHBIX BJIOKEHUH HAa MOJJEPKAHUE MOIIHOCTH KOHKPETHOM IIaXThl B CPaBHEHHUU C JIPYIHMMHU
npennpustusaMu. [lpu 3ToM BBIOOp MIAXT MPOU3BOAUTCS B 3aBUCHUMOCTH OT CTEHNEHH UX INEpPCIIeK-
TUBHOCTH, a MOTPEOHOCTh B MHBECTHILMSAX OMPEACISCTCS 0 BCEM MpOIleccaM HIaXThl U 1O YPOBHIO
UX JKCILTyaTallMOHHON HaJIeKHOCTH.

nl
A=>G;, > max.
i=1

3neck G;= mq;* tq; — K03)HUIUEHT TEPCIEKTUBHOCTH (-0 IaXThl I = 1,7’ ;
mq; — MOIIIHOCTh pa3padaThIBa€MBIX IUIACTOB HA - maxTe (OTHOCUTENBHBIM MOKa3aTelh)

i=1Ln";
tq; — K03 UIHMEHT TEXHOJIOTUYECKON HAJIOKHOCTHU [~TOU IaxThl [ =1,n";

¢ — CpelHu# roJI0BOi 00BEM OCBOCHHUS PECYPCOB KANUTAIBHBIX BIOXKEHHUI Ha BHOBH PEKOH-
CTPYHPYEMOM IIAXTE.

CrnenyeT mNOIYepKHYTh, YTO MOIBITKA OXapaKTEPHU30BaTh COCTOSHHUE IIAXThl KOJTMUECTBEHHBIMHU
NIOKa3aTeJIsIMH, K€ JOCTaTOYHO IIMPOKUMH IO CBOEMY COJIEPYKAHHIO, KaK OBUIO TIOKA3aHO BBIIIE, MOYKET
NPUBOAUTH K MPOTUBOPEUMBBIM pe3ylibTaTaM. Hampumep, maxTa JOOBIBa€T yrojib HE OYEHb I[CHHOM
MAapKH U C BEICOKOH 30JIbHOCTBIO, HO C HU3KOU ce0ecTOMMOCThIO0. Cie0BaTeNibHO, IO OJJHAM IPH3HAKAM
OHa «XOpOIIIasH), a TI0 APYTUM «II0Xash» U MPUIHAKU 3T HE MOTYT KOJIMYECTBEHHO U KAYECTBEHHO OBIThH
CBeJIeHbI OAMH K ipyroMy. C 3TOH TOYKH 3PEHHUS MMOHATUE IIOTSHIIUAI» OTHOCHTCS K YHCIY KaTero-
pHii, KOTOpblE OJTHOBPEMEHHO SIBIISIOTCS KAaTETOPUSIMH JIPYTUX OOiacTed 3HAHUNA U UMEIOT MpUCY-
M€ UM OTIUYHUTEIHHBIC TIPU3HAKHY.

B uccnenoBanuu [5] mokazaHo, 4TO SKOHOMHUYECKHUN MOTEHIIMAJ IIAXTHI OMPEAEISeTCs ee
CIIOCOOHOCTBIO K OCYIIECTBICHHUIO () (PEKTUBHONM (PHHAHCOBO-DKOHOMHUYECKOW U MPOU3BOJICTBEHHO-
X03s1iiCTBEeHHOH nearenbHocTU. [Ipu sToM nonsTre 3pGEeKTUBHON NEATEIBHOCTH HIaXThl HAXOIUTCS
B 00J1aCTH pemIeHus MPOoOIEMBI «3aTPaThl — BBITYCK». DKOHOMUYEcKask 3 (HEeKTUBHOCTh XapaKTepH-
3yeT CBSI3b MEXAY KOJIMYECTBOM IMOTPEOJICHHBIX B MpPOIECCe TOOBIYM YISl BCEX BUIOB PECYpPCOB H
NOJy4YaeMbIM B pe3yJbTaTe KOJIMYECTBOM KOHEUHOW yrojibHOW MpoayKiuu. HBIMU ClIOBaMH, IKO-
HOMMYECKUN MOTEHIINAI MPEANPUATHS JOHKEH OIMpPENeseTCs] €ro COCOOHOCThIO CO3/1aBaTh 100aB-
JICHHYIO CTOMMOCTb.

Jl11s 000CHOBaHUS YKa3aHHON KOHIEMIUHU BIIEPBBIC MPEI0KEHO HUCIIONIb30BATh OLIEHKY KO-
HOMHYECKOTO TOTCHIIMANa B KayeCTBE KPUTEPHs ONpEICNCHHUs XU3HECTIOCOOHOCTH MIaXThI, JINOO
NPUHATHS PEIICHUS O HEOOXOJUMOCTH ee JHMKBUAaluu. B kadecTBe ammapaTa vccleAOBaHUN MPH-
MEHEHa ONTHMHU3AIMOHHAs MOJENIb ONPE/ICICHUsI 3HAYCHUH OCHOBHBIX IapaMEeTPOB MPOU3BOICT-



lixona nia3emHoi po3pobKu

BCHHOH U q)HHaHCOBOfI ACATCIIBHOCTU IIAXThI, MPCAJIOKCHA CUCTCMa KOOPAMHAT 3KOHOMHYECCKOI'O
IHoTCHLAaJa, aACKBaTHasA CHCI_[I/I(i)I/IKe q)YHKI_[I/IOHI/IpOBaHI/IH 1aXxThI.

BriBOaBI

Co3nannas cnenuanuctamMu HanMoHanmbHOrO rOpHOrO YHHUBEPCHUTETA CHCTEMa OLIEHKU CO-
CTOSIHUS YTOJIBHBIX IIaXT, B MPOLIECCE UX MPUBATU3ALMHU, MOXKET OBITh OXapaKTEpU30BaHa CIEIYIO-
[IMMH OCOOEHHOCTSIMHU.

1. Ananu3upyercs Tpynina maxT OJHOT0 PErMOHa WM OTAENIbHbIE IIaXThl U3 Pa3HbIX PErHo-
HOB B pexkuMme conoctaBieHus. [Ipu 3ToM, oToOpaHHbIE MIAXThl OyIyT UMETh Pa3HbId YPOBEHb TEX-
HUYECKUX, YKOHOMHYECKMX M (PMHAHCOBBIX MoOKa3aTeneil. Kak cieactBue, oTMEYEHHBIE MIAXTHI
UMEIOT Pa3HYI0 MHBECTULIMOHHYIO MPUBJIEKATEIBHOCTD, U 3a/1a4a CBOJUTCS K apeCHOCTU U MIPHOPH-
TE€THOCTU UHBECTHUPOBAHMUSI.

2. B mepByto ouepenp, onpenenseTcs AN KaKIOW IaXThl YPOBEHb €€ YKOHOMUYECKOW Ha-
JNEKHOCTH W HMHBECTULIMOHHOW INPUOPUTETHOCTH. ODTU MapaMeTpbl OyIyT CBUAETEILCTBOBATH O
BHYTPEHHUX pe3epBax IIAXThl B IJIAHE BOCIPUUMYMUBOCTH K MHBECTHIIMAM, U Ha 3TOM OCHOBAaHUU
IIaXThl PacCHpEleNsItoTCsl Ha 3 rpymmsl (JUAEphl, CPEIHUE U 3aMBIKAIOIINME) C COOTBETCTBYIOIIEH
perUTHHTOBOM oreHkoi. Kaaprii 0amin pedTHHTra COCTaBIIIET COBOKYITHYIO OIICHKY IOKasaTelen
mIaxThl (CBOAHBIN KO3(PPHULIKEHT, YPOBEHb MPEANPUBATH3AIMOHHOTO COCTOSIHUSA). YeM BhIIIE peii-
TUHT, TeM OOJIbllIe BEPOSTHOCTh MEPEXoJ]ia MPEeANpUATHS B JPYTYIO TPYyMIy, a COOTBETCTBEHHO U
OoJbIIast BEPOATHOCTh YCHEIIHOW MPUBATH3AIHH.
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Aptyp Ab14ko
Huemumym munepanvrozco coipoa u snepeemuku, Kpakos, [lonvua

KarwueBble cjoBa: ropHas INpOMBINUIICHHOCTb, CAMOXOAHBIC MAalIWHBI, HHq)OpMaHHOHHBIG
CHCTCMbI

AnHoTtauus. [IpencraBienHas B ctaTbe HHQOPMALIMOHHAS CUCTEMA SIBJISIETCS] OAHOM U3 He-
MHOTHUX TOMBITOK anpoOanuii UCMOIb30BaHUS MPOTPAMMHBIX MPOAYKTOB cructeMbl SAPR/3, o6cmy-
YKUBAIOMUX Tpon3BoaAcTBeHHbIe Moayyu kKommannu «KGHM Polska Miedz S.A.». IIpencraBiieHsl
JaTbHEHIIINE HANPABJICHHSI Pa3BUTHUSA B IPYTUX cdepax AesTeIbHOCTH KOMIIAaHUH.

B pesynbrare anamusa 3TOro mporpaMMHOTO MPOAYKTA, KOTOPBIH KOHTpoHpyeT 3)PEeKTHBHOCTH
MIPOU3BOAUTEIIBHOCTA CaMOXOJIHBIX MAIllMH, OBLJIO YCTAHOBJICHO, YTO JAHHOE HOBOBBEICHHUE OAJIO
BO3MOXKHOCTh MOJICIIMPOBATH YK€ JECHUCTBYIOIINE CHUCTEMBbl MPOU3BOACTBA, U Jajee JacT BO3MOXK-
HOCTh TIOJTYYECHHSI OLTyTUMBIX YKOHOMUYECKUX (P (HEKTOB.

BBeaenue. Kaxaplid BUJI IpeANPUHUMATEIIBCKON IEITEIBHOCTH SBIIAETCS CIEICTBUEM OIIpeE-
nenenHoil uneu. Ee nenecooOpa3HOCTh MOKa3bIBAET IKOHOMUYECKUH 3(PQEKT, MOIyUeHHbII OT pea-
JU3alMM KOHEYHOM MPOAYKUHUU. DTO OMNpeeieHHast Leib KaXIA0ro MpPearnpHusTusi, BbIpakaemas B
IPOAOKUTEILHOCTH €ro (YHKIIMOHUPOBAHUS U PA3BUTHSI.

Vxe 6onee copoka net kommanus «KGHM Polska Miedz S.A.» mpenocTaBisieT CBOIO Tpo-
OYKIMIO Ha BHYTPHIIOJIBCKOM PBIHKE U 3a IpaHulieil (B MEpPBYIO Ouepelib, 3TO JIEKTPOIUTHYECKAs
Menb). 3a BpeMsi padOThl KOMITAHUS TPETepIieBaga U3MEHEHUS, KaK BHYTPH MPEANPUATHS, TaK U B
OTHOIICHUAX CO CBOMMHM BHEIIHUMHU MapTHepaMu. Bce mepeMeHsl Bcerja MpUBOIUIN K YIIYUILICHUIO
HIKOHOMUYECKUX PE3YJILTATOB.

B 2007 rony na tpex maxrtax «KGHM Polska Miedz S.A.» 6but0 10661TO 532974 T 211€K-
TpPOIAUTHYECKON Meau U 1215 T cepebpa, 4TO Aajl0 BO3MOXKHOCTh KOMIIAHUU JJOCTUYb PEKOPIHYIO
npuObLIL HA ypoBHE 3,8 MiIpa. 3710ThIX. Ceayer 3aMeTUTh, YTO 3a MpoIIeanue 45 JIeT MpOUu3BOJICT-
BEHHOW JESITeNbHOCTH ObLIO M3BIIeYeHO Oosiee 690 MITH. T PyIbl, U3 KOTOPOH OBLIO MPOM3BEICHO
6osee 10 MIIH. T AJIEKTPOIUTHYCCKON Meau U 23 ThiC. T cepebpa. [Ipon3BoaCTBEHHBIE pe3yIbTaThI
OPEIIPHUITHS YIY4IIAal0T €r0 SKOHOMHYECKYIO CHUTYalHio. [ JIaBHBIM HMCTOYHUKOM MPUOBLIN XOJI-
JIUHTa SIBJISIETCS] TOPHOPYAHAS JESTEIBHOCTD, IPOU3BOJICTBO MEJU, €€ JaibHelas nepepadoTka, a
TaKXKe MPOHM3BOJICTBO OJaroponHbix MeTayuioB. [y obecriedeHus: >KM3HECTIOCOOHOCTH XOJIMHTA
pOU3BOJAUTCS 0a30BbIN 3anac Meau. [lpu HeIHEMIHUX 00beMax JOOBIYM, 3a11acOB PY/Ibl XBaTHUT €Ilie
Ha niepuoa 10 20 neT. DTo He AaneKas NEepPCIeKTUBA, I0ITOMY YK€ CETOAHS PEANPUHUMAIOTCS Aei-
CTBUSL Ha oOecliedeHHe HOBBIX HalpaBieHH pabOThl TOPHBIX HpennpusThii kouuepHa «Polskia
Miedz». OqHUM U3 HHUX SBIISETCS OCBOCHHE MECTOPOXKICHUS, 3aJieraromiero Ha rimyoune ot 1200 mo
1500 m, a Takxe repeBo pa3pabOTKU Ha APYTHUe MECTOPOkaeHHs [1oabIy 1 3a TpaHHIICH.

VYenexu tpex maxt «KGHM Polska Miedz S.A.» He NpUBOJAT MH)KEHEPHBIX PaOOTHUKOB
maxTt B coctossaue didopun. CeroaHs MpOUCXOAHUT MOUCK 00Jiee HOBBIX CIIOCOOOB YydllieHus d¢-
(heKTUBHOCTH BEACHHON TOpHOU aesrenbHOCTU. COKpallleHHe U3IEP)KEK SBISIETCS OCHOBHBIM Ha-
IpaBJIEHUEM pallMOHAIM3ALIMY IIpoLecca MPOU3BOJICTBA.

[To ¢akTopy KOHEUHOU ceOECTOMMOCTH OAHOW TOHHBI Menu, okojio 60% 3aTpar mpumagaeT
Ha MPOU3BOACTBEHHYIO NEATEIBHOCTh IaxThl, 15% — Ha oboramenue (ZWR), u 25% — na meran-
aypruto. C 60% 3atpat ropHo0OBIBaOLIEH nesATenbHOCTH OKOIO 30% 3aHMMAIOT U3JCPHKKH, CBSI-
3aHHBIE C HCIOJIb30BAHHEM CaMOXOAHBIX MalluvH. VX omucanue, uaeHTU(PUKAIMSA U palllioHaIn3a-
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IIMsl OTHOCUTCS K LIEJIOCTHOM CHCTEMBI METOJIOB PEIICHHUS U y4&Ta JaHHBIX, OTYETHOCTH, 3P derTuB-
HOCTHU U OLICHKH IPOU3BOAMTEIBLHOCTH CAMOXOJHBIX MAllUH, COCPEIOTOYEHHBIX B MPOrPaMMHOM
npoaykre «EKSPERT», pa3paboTaHHOM M MOATOTOBJIEHHOM K Q/IalTallid MPH COTPYIHUYECTBE C
pasnnuHbiMH ciryk0amu komnanuu «KGHM Polska MiedZ S.A.».

Ha maxtax KGHM 311 city>x0bl HaXoAsTCsSl B OpraHU3allMOHHOM [TOJIYMHEHUH TJIaBHOTO MH-
XKeHepa (HadajpHMKa I1axThl). Opranuszaiys MallMHHBIX clIyX0 B oraenbHbIX maxtax KGHM ne
OJIMHAKOBA M U3MEHSETCSI BO BPEMEHU B 3aBHCHUMOCTH OT NPUKIAJAHBIX TEXHUYECKUX U TEXHOJIOTH-
YECKUX PEIICHUH.

Texuuueckuit mapk B komrnanun «KGHM Polska Miedz» coctout u3 6onee yem 1280 rop-
HOJOOBIBAIOLIMX MalluH. J[j1s1 mosHOro 0ToO0pa)KeHus: CUTyalMu HeoOXOAUMO J100aBUTh, YTO OJHA
TaKas MalllMHa HECET pacXo/bl I MIPEANPUATHS HA CyMMY B CpPEIHEM OKOJIO | MHJIJIMOHA 3J10THIX.

OCHOBHOH 3JIEMEHTOM y4eTa B IMPOTrPaMMHOM IPOAYKTE — HCIOJIb30BaHUE TOPHOJ00BIBAIO-
IIMX MAallMH U UX (pUHAHCOBBIN pacyeT. HeoqHO3HAUHOCTH PE3yJIbTaTOB U BO3PACTAOLIUI YPOBEHb
UH(POPMALMOHHOr0 00ecreueH sl MPUBOAUT K HEOOXOJUMOCTH IPOBOJUTH HOBBIE pacueThl U CpaB-
HUBATh Pa0dOTy OTAEIBHBIX YYACTKOB MIAXT. DTO CBA3AHHO TJABHBIM 00pa30oM ¢ OCOOCHHOCTSAMH pa-
601! cuctembl SAP/R3.

1. Hlpunuun paéorsl nporpammuoro odecnedenusi KkEKSPERT». ['maBHo# 1iensio 00-
pabOTKH M BHEJIPEHUSI CUCTEMBI ObLIT HAOOP TUArHOCTUYECKUX JAaHHBIX M KO3((OUIIMEHTOB B €AMHOM
nHGOPMAIMOHHON TexHosoruu. [lanee ObUIO MPUHATO PELICHHE PEaTH30BbIBATh CUCTEMY, UCIIOIb-
3yI0s1 TEXHOJIOTUIO 00BbEAMHEHMsI JaHHbIX. [[oHMMas TPy THOCTH, C KOTOPBIMU MPHUJIETCS CTOJIKHYTh-
Csl BO BpEMsI peanu3aly padoThl, yCTAHOBJIEHO IIPOU3BOJUTH U3MEPEHUS IPO3PAYHO U MOHITHO IS
BCEX, ONpPEJCIMB 3a/lady W IeJId peanu3anuu padot. ['maBHas 3amaya nporpammbl «k EKSPERTY —
HalTH HOBbIE CTAHAAPTHI U BBINTH HAa HOBBIM YPOBEHb IIPU CPABHEHUU U OLIEHKE 3KCIUTyaTallUM ca-
MOXO/HBIX MAIlIMH.

['maBHOH 1EBIO MPOBEACHHBIX paboT ObUIO obOecreueHre OBICTPOro M YETKOTro JOCTyNa K
UHpOpPMALMU O 3aTpaTax, peaju3alMd IPOM3BOJACTBEHHBIX 3aJaHUil M JOCTaBKe HH(POpPMALUU
yIpaBieHUs MapKOM T'OpHbIX MaluH. MaeiiHas cxema Takoi CuCTeEMbI ITpUBEIEHA Ha puc. 1.

Proceduny zwigzane z
administrowaniem; danymi

Biuro Zarzadu

2
‘ T FI-AA 2
pE g oM
Dzial Interfejs g MM 't_u =%
Ekonomiczny uzytkownika, >3 'E co oS
definicje =T ~— W=EE  —
4 Baza 225 >3
e danych ] i 2
uzytkownika 4 o
? HR o
o
Dozér oddzialu Dzial Glownego
Sekcja analiz mechanicznego InZyniera

Gorniczego

© Polska Akademia Nauk Instytut Gospodarki Surowcami Mineralnymi i Energig

Puc. 1. Cxema pabomul npoepammnozo obecneuenus « EKSPERT»
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lixona nia3emHoi po3pobKu

JemoHcTtpanust yctaHoBkH nporpaMmMHoro npoaykra « EKSPERT» npuenu k crangaptuza-
IIUM MIpoLeayp B 00JacTu y4yera cpelAcTB U KoHpurypanuu cuctembl SAPR/3. PesynbraTtom Takux
UCCIICIOBAaHHU SIBJISIETCSl CO3[JaHUE COBEPIIEHHO HOBOTO WH(POPMAIIMOHHOTO CTAaHAApTa OIMMCHIBAIO-
niero paboty camoxoanbix MamnH Ha maxrtax «KGHM Polska Miedz S.A.» [5].

Haubonee ontumansaoe nHpopmarnmonHoe pemenue it cucrembl «kEKSPERTY mpunsito
IPU UCHOJIb30BAHUU MHCTPYMEHTA Kjlacca OObEIUHEHHUs, IPUMEHEHHE KOTOPOIo MO3BOJISET OIpe-
JEJIUTh TPEUMYIIECTBa (CKOPOCTh JOCTyHa K JaHHBIM, 3JACTUYHOCTb IPaBWJ TPYNIIUPOBAHUS U
KOHBEPCHUHM JTaHHBIX, 3P (EKTUBHBIN Ipaduueckuil HHTEpdec, BOSMOKHOCTD JIOCTYIA K alllIHKalu-
SIM IIPY MCTIOJIb30BAaHUM HHTEPHET IPOTOKOJIA).

2. IIpoGsaeMbl NpUH perucTpanuv, U 00CIAYKHBAHHUHM NPOrpaMMHOrO mpoaykra. Ilpu
BHE/IPCHUW MHTETPAIMOHHON HH()OPMAIIMOHHOW CUCTEMBI, BCSI OTYETHOCTh OTOOpaKaeT BHEIIHUE U
BHYTpPEHHUE MOTPEOHOCTH, CTeHEPUPOBAHHBIC AaBTOMATHYECKU HA OCHOBE JIaHHBIX €ro 0as3bl.

@OuHAaHCOBO-OyXTaITEPCKUE CIY>KOBI KOMITAHUU HE paboTaiu ¢ MHPOPMALMOHHBIMU CUCTE-
MaMU MpeJBapPUTEIbLHON reHepaluy, MOATOMY ObUIO YCTAHOBJICHO OIpeNeIeHHOE KOJIMYECTBO JI0C-
Tyma nojb3oBaTeneid. HTerpamust CHCTEMBI PUBOAUT K TOMY, YTO YCIOXKHsIETCS hopManbHAs TIPo-
Heaypa, COMPOBOXKIAIONIAST PETUCTPALMIO. DTOMY TaK)Ke CIOCOOCTBYET IMPUCOEIUHEHHBIE OTpacie-
BBIX MOJYJICH, a TAK)KE€ OTBETBJICHHAS TIOCJIEJOBATEIILHOCTh BBEACHUS IAHHBIX B CUCTEMY.

[Tpu HeoOX0IMMOCTH BeJETCS MapaliebHbIN Y4YeT, KOTOPBI MOKET UMETh BHJl OYyMa)KHBIX
HOCHUTEJICH B BHUJC TAONWIBI KAIBKYISIUH Wi 0a3 maHHbIX. CTeneHb MHTETpaluu CUCTeMbl R/3
oueHb AuQdepeHurpoBana. Takue MWHCTPYMEHTbl MOTYT JlaBaTh HEMOCIEA0BaTelbHYI0 HH(pOpMa-
U0, TeHEPUPYS HEOOXOAUMBIE JONOTHUTEIBHBIE PE3YIIbTATHL.

VYyactok ropueix mamuH B «KGHM Polska Miedz S.A.» uMeer pe3epB JUisi ONTUMHU3AINH
IPOIIECCOB TOPHOTO IPOU3BO/ICTBA:

— CYUIECTBYET CylIeCTBeHHasI UHAHCOBasl CTAOUIBLHOCTD MPEIPUSITHS,

— HMMEETCS BO3MOXXHOCTh JANTbHEHIIIET0 YCOBEPIIICHCTBOBAHMUS TEXHOIOTHH BEICHUS TOPHBIX
pabor;

— perucTpaloHHbIC JaHHbIE B 0aze cucteMbl R/3, KOTOpbIE SBISAIOTCS M3MEHSIEMBIMH 110
Mepe HeOOXOTUMOCTH:

— KOJIMYECTBO TPYISAIIUXCS,

—pa3nuyHoro poaa yu€tHas uHpopmanus (MOIyJib PEMOHTHOTO XO3sIiiCTBa JJIsl KaXKJ0M rop-
HOI MaIlTMHbBI, MECTA UX BBITIOJIHEHUS, PACXOJ] MATEPUAIIOB, HYK/IbI YIIPABJICHUS U JP.).

Ha npaktuke, HaOm0/1aeTcsi HECOOTBETCTBHE MEXAYy 00BEMOM PalOT MO Yy4eTy JaHHBIX U
BO3MOXHOCTEH MX aHamu3a. PykoBOIUTENN y4acTKOB, 0OCITY)KMBAIOLINX TOA3EMHBIE MPOLECCHI, HE
UMEIOT JO0CTAaTOYHO BpeMeHH Jyisi paboThl ¢ TepMuHaioM R/3. MM HeoOxonuma cuctema ObICTPOro
noctyna uHpopmauu Juist uX cQepbl NeATeTbHOCTH.

B navasne pabot no HakoruieHuo nHGopManuu ObLTa BRISBICHA TJIaBHAs MpobdiieMa oopadoT-
KA ¥ KOHBEPCHH JAHHBIX C PErHCTPALUU TPAH3aKIMOHHOW CHUCTeMbl. VI3Ha4ambHO 3aKIa/IbIBAJIOCh,
YTO 3Ta Mpolenypa OyIeT pealn30BaHa C HUCHOJIb30BAaHUEM TEXHOJIOTUHM aBTOMATU3UPOBAHHOTO
TPYNIUPOBAHUS TaHHBIX.

[TonHas mHTErpamus yyera B OTpacieBbIX MOAYJSIX cuctembl R/3, mpencrasnser coboil no-
MIOJIHUTENIBHYIO OCHOBY JIJIsl BBEJICHUS OOBEIMHEHUS TaHHBIX. MeXaHU3MbI U3BJICUCHUS JAHHBIX U3
TPaH3aKIIMOHHOM CUCTEMBI B OOIYI0 0a3y pemniaroT OCHOBHBIE MPOOJIEMBI, CBSI3aHHBIE ¢ 00pabOTKOMN
PA3HOTHITHBIX JAHHBIX M UX PACIPEIEICHUEM 0 OTACTbHBIM MOAYJISIM CUCTEMBI.

[Tocne 06CTOATENBHOTO aHANIM3a JAAHHBIX 3apEerUCTPUPOBAHHBIX B 0a3e, OKa3aloch, 4TO He-
00X0IUMO TaKKe MPOU3BECTU ONTUMU3AIMIO BHYTPU TPAH3AKIIMOHHON CUCTEMY. ITO KacaeTcs Clie-
JYIOILIEro:

—  MoauQUKaIus IPOIECCOB PETUCTPALIMH JAHHBIX C IETbI0 00ECTICUeHUsI UX COOTBETCTBUS;

— CTaHJApTHU3alMs YUYeTa aHHBIX: OMpPE/eIeHNEe YaCTOThl PETUCTPALMU TAHHBIX U 00BEKTOB
(MBC p1st rpymnin MamyH, CpaBHEHUE TapaMeTpOB 0OCITYKUBAHUSI WM SKCILUTyaTallum);

— TIOMCK pENICHUH HaIlpaBJICHHbIX Ha CHUKEHHME TPYJOEMKOCTH IIpOLecca PETUCTpaluu
JAHHBIX;
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lixona nia3emHoi po3pobKu

— MomuduKanus Mpolecca pacyeTa KOCBEHHBIX 3aTPaT ydacTKa TOPHBIX MaIluH, Ui d¢-
(heKTUBHOTO UX YCTPAHEHUSI.

CrnoxHblii iporiecc yuéra u pacuéra 3arpat B cucteme SAPR/3 [6] BeI3bIBaET TO, 4YTO B TPaH-
3aKIIMOHHOI CHCTeME MPOUCXOTUT T'eHEPHUPOBAHHUE JJISl KaXXJIOr0 PAacueTHOro Mepuojia CyIIeCTBEH-
HBIX JAHHBIX HAa PA3IMYHOM MEPUTOPUYCCKOM OCHOBE 0CO00 Ba)KHOU WMH(MOpMAINU ISl TIPHHITHS
pellleHus] Ha YPOBHE OMEPAIMOHHOTO YIpaBieHUsA. B KaKIoM Moayse CUCTEMBbl IPOUCXOAUT 0Opa-
00TKa OTYETOB, OJIaroapsi KOTOPBIM ITOJIB30BATEIU MOTYT TIOJIYYUTh HEOOXOIUMBIC pe3yybTaThl. Ee
MPAaKTHYECKOE MCIOb30BaHNe TpeOyeT OONbIINX 3HAHUHN U MPAKTUYECKOTO OMbITa paboThl B 00Jac-
TH OT/EJIbHBIX MOJYJIEH CUCTEMBbl U YMEHHUH arperupoBaHusl 1 KOHBEPCUU JTAHHBIX.

OnTUManbHBIM pElIeHueM MPOOIEMBbl SBISETCS MCIIOJIB30BAHUE TEXHOJIOTMH OOBEAMHEHUS
JAHHBIX, KOTOpast TOJHOCTHIO aBTOMATU3HUPYET MPOIECC TeHepanuu WH(HOpMaui. ABTOMATH3AIHS
MPOIIECCOB TMOJyYEHHUs] JaHHBIX MEXIy TPaH3aKIMOHHONW M HAKOMHUTEIBHOW CUCTeMaMH TpeOyer
MOJIHOT'O COOTBETCTBUS JTaHHBIX. Pa3HOr0 pojia OMMOKM B YUETHBIX MPOIECCAX YMEHBIIAIOT KauecT-
BO MH(OpMAIINH, TeHEPUPOBAHHOI B MOTYYEHHBIX 0a3ax HHPOPMAIIIH.

[Tocne BHenmpenust Bcex mopayineit cuctembl SAPR/3 B xommanmu «KGHM Polska Miedz
S.A.» ObuUIM MPHUHATHl YCUJIMS MO PACHIMPEHHUIO HAIpaBICHUN paboT W CHOCOOOB pacrpeaeneHus
uHPOPMAITMU MEXy OTACIBHBIME MOTpeOuTeNIsiMU. B KadecTBe mpuMepa NpuHATa WHHOPMAIIUOH-

Hasi CUCTeMa OTOOpaKEHHUsS IPOIECCOB y4YacTKa MOJ3EMHBIX TOpPHBIX MalmuH kommnanuu «KGHM
Polska Miedz S.A.»

3. BBoa — BbIBOA MH(pOpPMAIIUH, YIIPABJIEHHE CUCTEMOI HA YPOBHe MoJib30oBaTeJs. [1po-
TpPaMMHBIH TPOJIYKT OOCTYXHBAETCs Ha YPOBHE BHYTPEHHEH KOMITBIOTEPHOM CETH KOMIIAHHH
«KGHM Polska Miedz S.A» (Muatepuer). JlocTym kK HEMy OCYIIECTBIISICTCS MPU MOMOIIU TPO-
IPAMMHBIX IIAKETOB BCEMUpPHOW ceTh MHTepHeT. MeEHI0 IIaBHOM CTpaHWYKU IPEJICTABICHO Ha
puc. 2.

EGHM POLSKA MIEDZ S.A, ot |
MG $MG Sirona gifwna
2004-11-16 Absy 23 TalOQOWSE, Proacy PO Sweoi P vy Uyt | hasio L6 Polowice Sieroszowice
e 04000 B Sazek Oy
T 2 _\D'n vty IrickyTes Mischank Mastyn Doleieeych
AE2% Havwa whytkowniks 48 TE 345 43 50
M4-11-15 (R e o
S0 311500 § Hasta
i 301000 &
ipana m i) Zaloguj Whe-niaw (25000
2004-11-16 sl Cbrry IrcyTier Mschand: Masfen Dukremch
famg T5050 & Ao w48 15848 5410
foana W USohmi) w ISt ol
2004-11-16
Bl 43635 3 1 Lygin
ol 32840 & Faaal ook
vy Irymier Mischand Messzyn Dukowiyeh
+4f TEB4E 58 50
wers Tatesria L KO Produtercimmtzn  Puzostse Teisatry COM
Na zakiaces v Tebres of snaxdizinet wisdmodal serwiti - Rl tagdios Eakiniki Zassan sesiance e s 2o Tedesorry COPY TnaiziesT Soriep 80 kst baions:2res COPY Ummsazc Tone)
Teberm L K- Rpcza do sbon Gupy KGAN shonach yoprw oogibghn ol
Prodecanel AT - REIH 0 SR Sy W maanyn
Prrostink - insé miylscind e

Puc. 2. I'nasnoe menro cucmemovr EKSPERT

Bxon B cucreMy MMeeT pa3Hylo CTENEHb JOCTyNa M OCYLIECTBISIETCS MyTeM BBOJA B COOT-
BETCTBYIOIIME OKHA TMPOTpaMMbl WMEHH IIOJIb30BATENsl M Mapois. [JTaBHOE MEHIO CHCTEMBI
«Ekspert» coctout u3 1Byx ccbuiok: «Otuersl SMG (Raporty SMG)» u «/lpyras unpopmanus (Inne
informacje)» (puc. 3).
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Puc. 3. I'masnoe mento cucmemot Ekspert

Ccbuika «Otuetrsl SMG (Raporty SMG)» cOCTOUT U3 CIIEAYIOMUX 3JIEMEHTOB: MEHIO (menu),
oOuras uapopmanus (opis informacyjny), BepxHeil U HI>KHEH MHGOPMaLMOHHON CTPOKU. BepxHss
CTpOKa MOKAa3bIBACT: aKTyaJbHO 3aJIeHICTBOBAaHHYIO MH()OPMAIINIO, CCHUIKY Ha IVIABHYIO CTPAHUILY, a
Takke Bbixoa u3 cuctembl «Eksperty. HuxHss cTpoka skpaHa IpecTaBisieT: akTyalbHO 3a/1€HCTBO-
BaHHYI0 MH(OPMAIMIO, CCbUIKY Ha IIaBHy10 cTpanunly komnanuu KGHM, ccbuiky Ha cTpaHuIly
«CBOWCTBa» U CChUIKY Ha (DYHKIIMIO U3MEHEHHS MapoJis JOCTyMa.

MeHI0 KOMaHJ COAEPXKUT Pa3BETBICHHOE AepeBO 0T4eTOB SMG CrpynnmupoBaHHBIX B TpeX
OCHOBHBIX MOAYJSIX. BbICTpoe mepenBumkeHHe MO MEHI0 00ECIeYMBAeTCsl C MOMOIIbI MPOrpaMMm
ynpaBiIeHUs! «CBepHYTh Bce okHa (Rozwin wszystkie)» u «Pa3BepHyTh Bce okHa (Zwin wszystkie)»

(puc. 4).

i | Zwin wazystkie

W Raporty SMG
E|_‘| Kadny
..... ..J Fatoga
EI_‘| CZAas pracy
__'] Praca aperatordw
‘{1 Analiza wydajnosci pracy operatordw
== Maszvny
o) Btan maszyn
S5 Wykorzystanie Maszyvn
{1 Dyspozvoyinosé sprzetu
i 1 wWiskazniki dyspozyoyinosci
=5 wiydajnosE maszyn
: - wwydajnose
L wWeskazniki vWydajnosci
11 Statystyka drog odstawy
; {1 Srednie droagi odstawy
‘Y Realizacia produkcji
=1+ Koszhy
15 Budzet
-1 1 Koszty hieface
L1 Koszty serwisow zewnetiznych
H 1 Koszty rozliczone
=) Koszty maszvn
i B Analiza catkowitych kosztdw SMG
Wskazniki kosztdw dla SMGE
Analiza kosztow ustug serwisowych
Fuzycie czesci Zamiennych
: 1 1 Zuxycie produktdw naftowsech
=) Magazyny

Puc. 4. Jlepeso ¢pynxyuii evi6ooa ungpopmayuu cucmemovr « EKSPERT»
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Pa6ora nporpammuoro npoaykra «Ekspert» 3aBucut ot cucrembl SAPR/3, koTopsrii oTBeua-
€T 3a BBIBOJ KOHeuHOI nHpopMaimu. OT4eThl KacaroTcs TeKylled nHpopmauu o pabote caMoXo-
HBIX TOPHBIX MAIllMH, U KOHIEHTPUPYIOTCS, B OCHOBHOM, Ha aHAJIM3€ pealiu3alluu 3aJaHui U aKTy-
alIbHOM KauecTBe KOHeyHOW mponaykuuu. [IporpamMmmuoe oOecrieueHue o0saaeT onpeaeneHHON
TUOKOCTBIO U J1a€T BO3MOXHOCThH JIeJaTh KaK CTPATETUYECKHUE, TaK U BPEMEHHBIE ITPOTHO3bI PaOOTHI
TOPHO-IIAXTHOTO 00OPYAOBAaHUSA M COOTBETCTBEHHO OMPEIENATh COOTBETCTBYIOIIME (PMHAHCOBBIC
U3JIEPKKH [5].

HauBaxxueiimas nHdopmanus sl MpaBUIBLHONW OIEHKU OOCITYXKHBAaHUS TOPHBIMU MalllMHAMU
HAXOJIUTCA B OTYETaX, IPUBEJIECHHBIX B TAOJIHIIE.

Tabnuua

OCHOBHBIE 2JIEMEHTHI OTYETHOCTH CUCTEMBI «EKsperty mpu UCTIONb30BaHUM TOPHBIX MAIIUH

Ne Ne
Tun oTueTHOCTH Tum oTueTHOCTH
/i /T
1 | OunctHbIe pabOTHI 11 | AHanu3 BO3MOKHOCTEN
2 | PacnonoxeHue o00py0BaHuUs 12 | Yder paboThl BHEYPOUHOE BpEeMsI
AHanm3 MecTopacnoaoxeHus o0opy10Ba-
3 - 13 | Cpeansist ;yiMHA TPAHCIIOPTUPOBAHUS
4 | IIpou3BOaUTENBHOCTh 000PYIOBAHMSI 14 |3arpathl Ha CEPBUCHOE OOCTYKHUBAHHUE
AHanu3 Npou3BOAUTEIHLHOCTH 000pyA0Ba-
5 p a pYA 15 | AHa)IM3 CepBHUCHBIX 3aTpaT
HUS
6 |T'oproue-cMa304HbIE MATEPUAIIBI 16 | Mcnonp30BaHueE 3allacHBIX YacTei
[Ipon3BOIUTENBHOCTH 0OCITY)KHBAIOIIETO
7 P A Y 17 | Karanor maTepuasnos
IepcoHaIa
AHanu3 Npou3BOAUTEILHOCTh 00CTYKU- .
p Y 18 | O6mmii ananu3 3atpatr SMG
BAIOILEr0 EPCOHAJIA
AHaM3 aBapuHOCTH 000PYTOBAHMSI 19 | denexuble nokazarenu it SMG
Kpanmuduxkarms 00c1yKMBaOIIETO MepPCo-
10 Haa (urcar Y H P 20 |IIporHO3HBIE JEHEKHBIE 3aTPATHI

[Ipumep BBIBOAA OTYETA MO BJIEMEHTY MPOU3BOJUTEIHHOCTH MAIIMH: «PACIOJIOKEHUE 000-
pynoBanus (dyspozycyjnos$¢ sprz¢tu) — BBIOMpaeTCs 110 HIDKE MPEACTaBICHHOMY Kitouy (puc. 5).

% Raporty SMG

L£| 41 Kadry

E_I Maszvny

) Stanmaszyn

=1+ Wivkorzystanie Maszyn
=0 DyspoRyeyinost sprzety

- L] WskaZniki dyspozyeyinogci
E_I Wiydajnost maszyn
] Realizacia produkcji

H) Koszty

Puc. 5. Obwuii 6uo oepesa omuemos cucmemvr « EKSPERT» ¢ 0demanbHo packpvlmulm 31eMeHmom
«pacnonodicerue 060py00B8aHUsL)

OT4eT Mo ANEMEHTY «PacHoJIOKEHUE 00OPYIOBAHMS SIBISCTCS OJHUM U3 TJIaBHBIX B IPO-
rpammHoM TipoaykTe «k EKSPERT». OcHOBHOM ero nemnbto sBiseTcs 3QpQPEeKTUBHOE MCTIOIb30BaHUE
napka ropHOI00BIBAIOIINX MAIITUH COTJIACHO KOMAaH/[ IIPOCTPAHCTBEHHOTO U BPEMEHHOTO U3MECHECHHUS
pabounx mporeccoB. OCHOBHBIE TapaMeTPbl Pa0OTHI 3TOTO dJIEMEHTA:
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— BXOJTHBIC JAHHEIC;

— BBIXOJIHBIC MTAPAMETPBI,

— HaYaJbHBIC U3MCHCHUS yIIPABIICHHUS;

— KOHEYHBIC U3MCHEHHUSI YIIPABJICHUSI.

['paHUYHBIMU YCIIOBHSIMH B pa0OTE C DJIEMEHTOM «PACIOJIOKEHUE 000pYAOBAHUS» SBIISIOT-
Csl: TOPHO-TEOJIOTHUECKUE U TOPHOTEXHUYECCKHE YCIOBUS MPEANIPUATHS, €T0 MECTOPACIIOJIOKEHUE U
aJIMHUHHUCTPATHBHASI TIOTMMHCHHOCTh, THIT CUCTEMBI Pa3pabOTKH, KIACCU(PUKAIUS MOJIE3HOTO HCKO-
NIAEMOT0 M OKPY’KAIOIIMX TOPOJ, THIT MAIIIUH, U JP.

HcTounnkomM WHPOPMAIUH ISl 3TOTO OTYETa SBISIOTCS U3MEPHUTEIbHBIC MTyHKTHI THIA «N»
(yHKIIMOHATFHOM JIOKAIM3alMK B MOAyJIe «peMOHT obopynoBanusi» (PM) cuctemsr SAPR/3 [3].

4. CranpapTusaums TeKyLUX npoueccoB. [ onpenenaeHus MpaBuwl yuyeTa TeKymux ¢Qu-
HAHCOBBIX JieN Oblia co3faHa pabouas rpymnna. OTa rpynna padpadoTana AeTalbHYI UHCTPYKLUIO
TEKYIUX (PUHAHCOBBIX CPEACTB B maxrax. CorimacHo MHCTPYKLIUHU ONPEACISETCS COOTBETCTBHUE Jie-
HE)KHBIX BBIILUIAT OTJEJIBHBIM CiIyk0am 1maxTel. [Ipu skcryaTanun no3eMHbIX TOPHOJ0O0BIBAIOLINX
MaIlliH TaKKe OMpeAeseTCs KaKoe paclpelieieHue 3aTpaT JO0JDKHO MPOUCXOAUTH MO 3aJaHHBIM
olnepalnnoHHbIM npoueccaM. K uccnenoBanusM NpUHUMAIOTCS — KOJUYECTBO BBIIOJIHEHHOW paboThI
3a OIpEEJIEHHbIE IPOMEKYTKH BpeMeHHU [7].

B pesynbrare nosmyueHo (pakTHUYEeCKH MOJIHOE COOTBETCTBME Ul aHAIM3a 3aTpaT M OLEHKHU
3 PEKTUBHOCTH OTENIBHBIX IAXTHBIX MPOU3BOJCTBEHHBIX YYAaCTKOB. YJIaJIOCh YCIICIIHO PEIIUTh
clleAyIouue NpoOIeMbl:

— MOJy4YeHue TeKyueil nHpopmanuu o0 UCHOIB30BAHUU TOIUIMBA M CMAa304YHBIX MaTepHa-
JIOB Ka)KIOM II0I3¢MHOM MaIlTMHOIA;

— YIpoIlleHUe MpoLEeayphl yueTa obienaxTHoro pabouero spemenu B cucreMe SMG (Cuc-
TeMa ydeTra pabouero BpeMeHH);

— YIIpOIIEHHUE MPOLEAYPhI yueTa pabodero BpeMeHH Ha yyacTke B cucreme SMG (mpocton);

— palMOHANIN3aLKs TPoLIecca OIUIAThl yYacTKa MOI3eMHBIX TOPHBIX MAIIIUH;

— CTaHAApTH3AIHA METOO0JIOTMU CO3/IaHHSI OTUYETOB MEXK/Y PA3IUUYHBIMU CITYy>KOAMH IIAXT.

5. BeiBoabl. Co3nanue uHpopmarmonHoro nporpammuoro npoaykra «EKSPERTY momxyun-
JI0 MPAKTUYECKYI0 pean3alnio. B mpennoKeHHOM U OMKMCaHHOM BBIIIE BHJIE YCIEIIHO paboTaeT Ha
tpex maxrtax komnanuu « KGHM Polska Miedz S.A.» u HaxoIuTCs B MpoOIecce YCOBEPIIICHCTBOBA-
Hus. He BbI3pIBaeT comMmHEHM, uTO co BpeMeHeM cucrtema « EKSPERT) craneT aneMeHTOM HHTErpu-
poBaHHON WH(GOPMAIMOHHOM COCTABISIONICH, KOTOpas OyJeT WCIOJb30BaThCs HWHKEHEPHO-
TEXHUYECKUMHU PAOOTHUKAMH IS TUITAHUPOBAHUS U pealn3allii TOPHBIX PadoT.

Bnepsrie B ycnoBusix Tpex maxt komrnannn KGHM npouzonuio oObeauHeHne BCeX MpoIie-
Iyp HAKOTUICHHUS U aHAllM3a TEXHHWYECKOTO MOTEHIMANIa MalluH B €IUHYI0 WHGOPMAIMOHHYIO CHUC-
TeMy. DTO J1a€T BO3MOYKHOCTH HOBBIX IOJIXOJIOB MPOBEACHUS NOJUTUKHU XO3SIMCTBOBAHUS TOPHOMI0-
ObIBaloIIel TEXHUKOM B yCIOBUAX BCel KoMnaHuu. Emie oqHUM mpenMyIiecTBOM SIBISETCS TO, YTO
BHE/JpEHUE TAKUX MPOJYKTOB B YIPABJIEHUE MPEANPHUATHEM BIUCHIBACTCA B OOIIEMUPOBYIO TEHICH-
110 WH(HOPMATU3AIMH TPOU3BOICTBEHHON JESTEIIEHOCTH.

Lensto BHenpenus mnporpammuoro obecreuenus «EKSPERT» sBnsercs co3manue 1esoi
CHUCTEMBI COACHCTBUSL PYKOBOJACTBY IIaXT B peaiM3allid MPOrPaMMbl pallMOHAIBHOTO HCIIOJIb30Ba-
HUS J€HEXKHBIX cpeacTB. OHU COCTOAT U3 CACAYIOIIMX AIEMEHTOB 3aTpart:

® PEMOHT U NPOUIAKTHKA 000PYI0OBaAHMUS;

e [IpsIMbIE U HETPSAMBIE 3aTPaThl HA JOOBIYY MOJIE3HOTO UCKOMAeMOro;

® 00CITY>KMBAIOIINN IEPCOHAIL.

Jlns mabHEHIEro CHMKEHHUS CTOMMOCTH JOOBIYH TOJIE3HOTO HCKONAaeMOro, HEOOXOIUMO
UHTCHCU(PHUIIMPOBATh PadOTy CMEXKHBIX CIIyKO, KOTOpbIE BBIMOJIHSIOT ONpeAeNeHHbIC YCIyru AJs
SMG. Jlnst 3TOro cpeactBa KOHTPOJISI 3THUMH YCIyraMH CJIeIOBajo Obl BHECTHU B CHCTEMY
«EKSPERT» 1 310 12510 0 BO3MOKHOCTE:

® YIIYUYIIUTh YCJIOBUA TPY/ia IIPU BBIMOJHEHUU BCEX MTPOU3BOIACTBEHHBIX MPOIECCOB;
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® [IPOBOJUTH JI€TAIbHBINA yU€T BCEX YCIYI, C BO3MOYKHOCTBIO OLIEHKH CTOMMOCTH Hay4dHO-
U3bICKATENbHBIX PaboT;

® YIIYYIIUTh UCIOIb30BAHUE MAIMHHOTO BPEMEHH.
Cnucok Jimreparypbl
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PU3NYECKOE MOJEJIUPOBAHUE PABOTbDI
JABOUHOMU JIMTOU ITOJIOCHI

HageeHo pe3ynbraTi eKCIIEpUMEHTAIBHUX JTOCHIKCHD JieopMalliil ITPEeKy Ha MOJACTIX 3
TIOJIBIHOIO JIUTOIO0 CMYTOIO Y BiIIIPAIIbOBAHOMY IIPOCTOPI.

[IpuBeneHs! pe3yibTaThl SKCIIEPUMEHTANIBHBIX HCCIeI0BAaHUN nedopMaluii mITpeKa Ha MO-
JIeJIX C IBOMHOW JIMTOM MOJ0COH B OTpaOOTAHHOM MPOCTPAHCTBE.

The results of experimental researches of deformations a drift on models with a double cast
strip in mined-out space are given.

Ha nepenoBbIX NpeAnpusTUsAX YTOJIbHOM OTpacin YKpauHbl BHEAPSAIOTCS HOBbIE TEXHOJIOTUU
yIIe100bIYM U BBICOKOIIPOU3BOJUTENIBHOE 000PYI0BaHKE, YTO MO3BOJIMIO 3HAYUTEIBHO YBEIUYUTh
Harpy3Ky Ha o4McTHOH 3a0oi. OnHaKo, pu OOJBIION CKOPOCTH OOHA)KEHUS KPOBJIM HaJ BbIPaOO-
TaHHBIM [IPOCTPAHCTBOM B 3HAYUTEJIHOM CTENEHU OCJIOXKHAETCS MOJAepKaHUE BHIEMOUYHBIX HLITpeE-
KOB KaK Ha COINPSDKEHUHU C JIaBO, Tak U 3a JaBOH.

3apyOeXHbI ¥ OTEUECTBEHHBIM OIBIT IMOKa3aj, YTO JOCTaTOYHO 3(P(PEKTHBHBIM CIIOCOOOM
HOJJIePKAHUS BBIEMOYHOTO LITPEKA 32 JABOM, a TAKXKE M CAMOT'0 COIPSKEHUS SIBJISICTCS BO3BEJICHUE B
BBIPA0OOTAaHHOM TPOCTPAHCTBE MPHUIITPEKOBOW JIMTOM mojock! [1-3]. KomOnHMpOoBaHHAs cxema Kper-
JEeHUS IUTPEKOB C HCIOJb30BAHUEM OJHOPSIHOM JIUTOM TMOJOCHI B  YCIOBHSX  IIAXThI
«uM. A.®. 3acanp ko» u «KpacHoapmelickas-3anaanas Nel» 1o3Bosiuia NMpakTHUECKU pean30BaTh
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UJICI0 X TIOBTOPHOTO MCIIOJIb30BAHUS TIPH OTPabOTKE CMEXHOM JaBbl [4]. OqHAKO pe3ybTaThl 00ce-
JIOBaHMA BBIPAOOTOK MOKA3aIM, YTO HE BO BCEX CIIydasX OJHOPsIHAS JIUTas Mojloca o0ecreunBaeT ux
IIPUEMJIEMOE COCTOSTHUE JI0 MOAX0AA BTOPOM JaBbl. [Ipy HanuM4muy reoIornyecKux HapyLUIeHU B Mac-
CHBE, 3HAUUTEIBHO BO3pacTaeT OOKOBOE JABJIECHUE HA IOJIOCY, IPUBOJSA K €€ YACTUYHOMY paspylie-
0. PaboTas B pexxume 3ampenenbHOro Ae(opMUpoBaHus, JUTasi MOJI0CA MPOAOIDKAET BBITOIHSITH
OXPaHHYIO (PYHKIIHIO [10 OTHOLLIEHUIO K BBIEMOYHOMY IITPEKY, HO €€ 3(h(heKTUBHOCTh B 3HAUUTEIbHON
CTETIeHN CHIDKaeTcs. PemaronmMu (hakTopaMu B yMEHBILIEHUN MONIEPEYHOTO CEUEHHS IITPEKa 10 Me-
pe 0TX0/1a JIaBbl SIBISIOTCS: aCUMMETpUYHAs 1e(hOopMaLUsl apOK KPEH U ITy4YeHHUE ITOUBBI.

OnHUM U3 BapUaHTOB, MPEAIOIOKUTENBLHO MTO3BOJISIOLUINM CHU3UTH BO3JEHCTBUE 000UX Mepe-
YHCJIEHHBIX BbILIE (PAKTOPOB, SBJISAETCS MCIOJIB30BAHUE IBYXPSAHON JIMTOM mojockl. OJHaKo, Ha ce-
TOJHSILIHUM €Hb OTCYTCTBYET METO/IMKA MHKEHEPHOIO pacueTa YKa3aHHOM KOHCTPYKLMU, HE HAKOII-
JIeH MPaKTUYECKUH ONBIT BO3BEICHUS ABYXPSITHOM JIMTOM MOJIOCH! HU B YKpanuHe, HU 3a pyOesKoM.

JUJ1st OLIEHKY B Ka4Y€CTBEHHOM M KOJMYECTBEHHOM ILIaHe 3(h(HEeKTUBHOCTH paObOTHI PA3INIHBIX
BapUAHTOB JIMTOM IOJIOCHI OBUIO NPEJIOKEHO, U ¢ Y4aCTUEM COTPYAHUKOB MIHCTUTYTa reoTexHuye-
ckoif mexanuku HAH YkpauHbl mpakTHUECKH peaan30BaHO (PU3NUECKOEe MOACTHUPOBAHNE B BapHaH-
TE€ METO/1a SKBUBAJICHTHBIX MaTE€PHUaJIOB.

Haunyumue pe3ynbrarel B ycnoBusx maxT LlentpansHoro JlonOacca mokasana TEXHOIOTHS,
npenonaraiomas BO3BEACHUE OJMHAPHOW JIUTOM HOJOCHI C MCIIOJB30BAaHMEM MaTepuaa
«bU-kpemnb» B COOTBETCTBUU ¢ MaTeHTOM YkpauHbl 53569A. [lonocy 3 yka3aHHOro MaTepualia yc-
JIOBHO Ha3blBaeM IpOYHOW. Monenb, peanusyrolias JaHHbIM BapuaHT, sBiseTca 0a30Boil. B uccie-
JyEMbIX BapHaHTax MPEANosaraeTcsi TakKe HaJIM4Yue MOJI0Chl U3 HU3KOIPOUHOIO Marepuala, KoTo-
past yCIIOBHO Ha3BaHa C1a0oH.

JIutas monoca, pacroyioKeHHass OJIMKe K IITPeKy, Ha3BaHa OnvkHed. COOTBETCTBEHHO, 00-
jJee yAaJeHHas B CTOPOHY BbIpaOOTAHHOIO MPOCTPAHCTBA I10J0Ca Ha3BaHa JajbHEN. XapaKTepUcTH-
KU BapUaHTOB (PU3NUECKOTO MOICIHPOBAHNUS TPEACTABICHbI B Ta0. 1.

Tabmuna 1
BapuanTs! pu3n4ecKoro MoAeIUpOBaHUs PadOTHI
OXpPaHHOW KOHCTPYKIIMU IITPEKOB C JIUTOM MOJIOCOM
KommuecTBo
Howmep bimxuas PaccrosHue mexy .
BapHaHTa noJyioca Hanbrss nosoca M0JIOCAMH MoACICH B
cepuu
1 IIPOYHAas OTCYTCTBYET - 3
2 ciabas OTCYTCTBYET - 3
3 ciabas IIpOYHast 0 3
4 ciabas crnabas 0 3
5 criabast MpOYHas MOUIHOCTb IJIACTA 3
6 cirabas MpoYHas 2 MOIIHOCTH ILIacTa 3
7 cirabas MIpOYHas 3 MOIIHOCTH IUIacTa 3
8 ciabas MpoYHas 4 MOIIIHOCTH TIacTa 3
9 cnabas MpoYHas 4, 5mM+2x0,7 cTOUKH 3

[To BeICOTE MOJIENH BKJIFOUAET MOYBY IJIACTA, YIOJbHBIA IUIACT C OJHOW CTOPOHBI IITPEKA U
BbIpa0OTaHHOE MPOCTPAHCTBO C APYro, KpoBmro Iuiacta. KomOMHUpOBaHHAs OXpaHHAsi KOHCTPYK-
LY IITPEKa MPEACTABICHA apOYHOM KPENbIO M JIMTOW MOoJa0cou. i 3anmpenieHust monepeyHbIx Jie-
(dhopmaruii ocHOBaHME MOJIENU OBLIO MOMEIIEHO B JKECTKYIO pa300pHYI0 METAUIMYECKYI0 000iMy ¢
BO3MO)XHOCTBIO TIJIOTHOM TOJTOHKH 3JIEMEHTOB 000MMBI K TTIOBEPXHOCTH OCHOBAHUSI.

19



lixona nia3emHoi po3pobKu

KoaddummeHt reoMmeTpraeckoro mogo0usi MOACIHN MO0 OTHOIIECHUIO K HATYpaIbHOMY OOBEKTY
paBeH 65.

[Ipu BBITIOJIHEHUH YCIOBHS T€OMETPUYECKOTO 0100, Hanboiee MPOCThIM MyTEeM JUISI BbI-
MOJTHEHUS] TPEOOBAHUN CHIIOBOTO MOAOOUS SIBJISIETCS MCIOJIb30BaHNUE MATEPUAIOB C TEMH K€ CHIIO-
BBIMH U J€(OPMAITMOHHBIMH XapaKTEPUCTHKAMHU, YTO U JJII HATYPHOTO 00bekTa. bojee MsSTKuM yc-
JIOBHEM SIBJISIETCSI TIPUMEPHOE PABEHCTBO CTATHMUYECKUX MPOYHOCTHBIX XapaKTEPUCTHK MaTEpHUasoB,

OCHOBHBIM M3 KOTOPBIX ABJISICTCA IIPEACI IIPOYHOCTH HAa OAHOOCHOC CXKATHUE O ., .

Ceenenus o MaTepuanax 00bEKTa U MOJIEIU MPUBEICHBI B Ta0II. 2.

kpenb KMII-A3

npoduins CBII-27

(1a S kpoBin)

Kku@4

Tab6muna 2
CBezeHus 0 Marepuagax HaTypHOTO OOBEKTa U MOJICIH
HartypHblii 00beKT Monenp
DneMeHT
MarepHan O e » MIla MarepHan O cxe» Mlla
aJIeBPOJIUT
MoYBa TIACTa PO 15-20 anebactp 18
(BIaXHBIN)
YTOJbHBIN IJIACT | YTOJIb 12-15 KaHU(OJIb 11
KpOBJIS IUIACTA | QJIEBPOJIUT 45-55 A3b-nuta 45
0,07 apka u3 npososo- | 0,08

(1a S kpoin)

HapyLIEHHBII
Py . | aleBpoauT 15-20
PUKOHTYPHBIT anebactp 18
. (ecT. BiIaXxkH.)
cion
. recyaHo-

ONMMKHSAA TUTast | MeCYaHO-LIEMEHTHBIH | = 20 .

LIEMEHTHBIN 18
nojoca pacTBop

pacTBop
OopraHHas Kpelib | I€peBO 35-40 (Boonb) | AepeBo 35-40 (Bnoan)
JManapHss TuTas | Marepuai 30-40 (. ycn.) | Marepuan 4
1oJ10ca «bH-kpenb» «bH-kpenb»
oOpyI1eHHas aJICBPOJIUT —0 MEHOIIACT 0,4
KpOBJISI (o0noMKH)

Jliia obecrieyeHNs] paBHOMEPHOT'O JaBJICHUS Ha BEPXHIOIO IJIOCKOCTh MOJIETTH UCTIOIb30BANICS
POMEXYTOUHBINA Oy(epHBIN CII0H B BUE MOJIOCH U3 KOHBEHEPHOW PE3MHBI, HA KOTOPBIH yCTaHaB-
nuBaics weeuiep. Hanuuune mBemiepa, Kak IpOMEKYTOUHOI'O 3B€HA MEXKIY IUIMTOM Ipecca U Ha-
rpy»aeMoil MOJIeNIbI0, HEOOXOAUMO Il YCTAHOBKU TE€H30PE3UCTOPHOIO CHIIOM3MEPUTEIS, CO3at0-
LIETr0 JIOKAJIbHOE JABJICHUE HA KOHTAKTUPYIOIIME C HUM IOBEPXHOCTH. [l MCKIIOYEHUS BIUSHUS
nepeKoca MOJIENH MO BO3JEHCTBUEM HArpy30K HCIOJIb3YETCs JOTOJHUTEIBHBIM MPOMEKYTOUHBIN
3JIEMEHT C IIAPOBOM OMOPO.

[Tpu HarpyXeHUM MOJICIIN UCCIICIOBAIACH €€ HEYNpyTrue AeGopMaliiu, KOTOPhIE COCTABIISIFOT
3aMETHYIO JIOJIF0 OT MEepBOHAYAJIbHBIX Pa3MEpOB 3JEMEHTOB. B cBs3u ¢ 3TUM Oblila UCIIOJIb30BAaHA
0a3oBas pa3MepHas IKajaa, peaTn30BaHHAS IMMyTEeM MPUMEHECHUS JUHEHKHA ¢ MUJUIUMETPOBBIMU Jc-
JICHUSIMHU, KECTKO 3aKPETICHHBIMU Ha OIOpeE.

B mporecce m1aBHOTO HAarpy>KeHUsI MOJIENTU OCYIIECTBISUIOCH ee (hoTorpadupoBanue yepes
kaxabie 5 kH. I onHOM M3 Mozeliei B KaxI0i cepuu NPOU3BOINIIACH HEMPEPhIBHAS BUIEOCHEM-
ka. B mone BuaeokaMepsl TOJHOCTHIO TMOMAK caMa UCHBbITyeMas MOJAENb, MU(POBOM BOJIBTMETD,
NOKa3bIBAIOUINM BenuuHy ycwins B KH, a Taxxke 6a3oBast pazmepHas mikana. KommneiorepHas oOpa-
00Tka (GOTOCHUMKOB ocymiecTBisuachk ¢ marom 20 kH. [Iis kaXaoro U3 CHUMKOB OCYIIECTBIISIIOCH
MacIITaOUpOBaHUE U MOBOPOT, TaK UYTOOBI pa3MepHas IIKaja Ha BCEX CHUMKax coBmajana. [locie
aToro, Ha ororpaduio BEIpaOOTKH HAKJIAAbIBATACh CETKA, CBSI3aHHAs C pa3MepHoi mkanoi. C mo-
MOILBIO CETKH ISl KaKJ0M Harpy3Ku OIpe/essiach BbICOTa BHIPAOOTKHU U €€ MOMEepPEYHOEe CeYCHHE.
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B nanbHelinem cTpouInCh 3aBUCUMOCTH YKa3aHHBIX I1apaMETPOB OT BEJIMYUHBI Harpys3ku. [Ipumep
MOCTPOCHHUS YKA3aHHOM 3aBUCUMOCTH (cepusi MoJieneil o Bapuanty Ned) mpeacrasieH Ha puc. 1.
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Puc. 1. Hzmenenue ceomempuueckux napamempos 8bipabomku npu HazpyHceHuu

o151 mooerneti cepuu No4

B mnporecce paspymiaronmx HCHOBITAHHA MOJENEH ObUIM YCTaHOBJICHBI 3aKOHOMEPHOCTHU
(hopMHUpOBaHUS TPEIIUH B KpoBJe Tuiacta. DopMupoBaHne KPyMHOOIOYHON CTPYKTYpPbI KPOBJIH HAJ
BBIPA0OTAHHBIM MIPOCTPAHCTBOM HAYMHACTCS C 00pa30BaHUs 4-X XapaKTEPHBIX TPEIIWH, TOJI0KCHUE
KOTOPBIX HILTIOCTPUPYETCS puUC. 2.

l

l

I

Puc. 2. Xapakmep obpazoeanus mpewun 6 kpoéie niacma
CO CMOPOHBL 8bIPAOOMAHHO20 NPOCMPAHCNEA
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[Ipu ananm3e MOMYYEHHBIX B Mpolecce GU3NIECKOTO MOJICITUPOBAHHS PEe3yIbTATOB B Kade-
cTBe 06a30BOM IpUHATA MOJeb cepuu Nel, COOTBETCTBYIOIIAs peajbHO CYIIECTBYIOIIEMY OOBEKTY.
OcTaJibHbIE CEpUH MOJIENIEN B IEPBYIO OUEPEb CPAaBHUBAIKCH ¢ 0a30BOM, a 3aTEM MEKIY COOO0M.

Haubonee HeynoBIeTBOPUTENbHBIE XapaKTEPUCTUKH UMEET OXpaHHas KOHCTPYKLHUS 1O Ba-
puanty Ne2, rie ucnosib30oBaHa OJHA I0J0Ca U3 MAJOINPOYHOIO Marepualia, yCTaHaBlIMBaeMas Ha
MUHHUMAJIbBHOM PacCTOSIHUM OT LITpPEKa.

CnBoeHHasl mojioca ¢ MaJIONPOYHOTO MarepHaja UMEET ropas/io Jy4lIHe XapaKTepUCTUKH,
oOecrieunBasl IUIABHOE YMEHBIICHUE F€OMETPUUECKUX Pa3MepoB BBIPAOOTKU MO Mepe BO3pacTaHus
nasieHus. OcranbHble BApUAHTHI II0JIOC pa3HOXKecTKHe. Bo Bcex nccienryemMblx BapuaHTax OIMKHSS
M0JI0CA BBITIOJTHEHA M3 MEHee MPOYHOro MaTepHaa, a 1ajbHss — u3 0oyiee mpoyHoro. BapsupyembiM
apaMeTPOM SIBJISIETCS] PACCTOSIHUE MEX/1y TI0JIOCaMHU.

Bapuant Ne3 ¢ aByms psiAOM pacioNOKEHHBIMU Pa3HOKECTKUMHU MOJOCAMH OKa3aJl ONTH-
MaJlbHbIE XapaKTepUCTUKU. ETo mpenmyIiiecTBa 3aKkiito4aroTcs B CIEIYIOIIEM:

— obecrnieueHre B3aMMHOTO OOKOBOTO MOANOPa Pa3HOXKECTKHUX T0JI0C;

— TMEePEHOC TOYKH 00JaMBIBaHUS TOPOJAHON KOHCOJHM B TIIyOMHY BBIPaOOTaHHOT'O MPOCTpaH-
CTBa;

— IIEPEHOC 30HbI BbIJABIMBAHMsI I0YBBI IJIACTA B BEIPAOOTaHHOE ITPOCTPAHCTBO.

JlanHbIi BapuaHT oOecrnieunBaeT HauOOJbIlIee COXpaHEHHE CEUeHUs! BBIPaOOTKH IO CpaBHE-
HUIO C OCTAJIbHBIMHM BapUaHTAMH MPU OJAMHAKOBBIX Harpy3kax. CieayeT OTMETUTh Tak)Ke IIaBHBIN
XapakTep MU3MEHEHHs] T€OMETPHUYECKHX pa3MepOB BBIPAOOTKM MpU MOCTENEHHOM BO3pacTaHUU Ha-
TPY3KHU.

Hanuumne npomexyTka MeXIQy JUTBIMU IOJIOCAMU IMPHUBOAMUT K BO3MOXHOCTH MPOSIBICHUS
00KkOBBIX Jnedopmanmii 000ux OOKOBBIX CTOPOH KaXKIIOM U3 MOJIOC. DTO MPHUBOIUT K Pa3pyIICHUIO
Oosee crnaboii MO OTHONICHUIO K JCHCTBYIOIIEH HA HEe HArpy3Ke IOJIOCHI, a 3aTeM M OCTaBLIEHCs.
[ToMHUMO 3TOTO MPOUCXOIUT KOHLIEHTPAIMs PACTATUBAIONINX HAMPSHKEHUM B KPOBJIE MEXIY IOJIO-
camu ¢ oOpa3oBanueM TpemrHbl. Cynepno3uius 1aHHbIX 3((EKTOB MPUBOIUT K MOSBICHUIO Y4YacT-
Ka C PE3KUM CHMIKEHUEM CEUEHMS IIPU HarpykeHuu mozenu. [lonoxeHue yka3aHHOro ydacTka pas-
JIUYHO JJISI pa3JIMYHBIX CEpUI MOIEIICH.

Crneunanbubiii BapuaHT (Ne9) npenycMaTpuBaeT UCIOIb30BaHUE B IPOCTPAHCTBE MEXKY I10-
JI0OCaMU JIByX PSAJIOB CTOEK B BHJI€ OPraHHOM Kpemu AJisi yMEHbIIeHUs 1edopManuii HeoCpeICTBEH-
HOW KpoBNU. [laHHBIN BapHUaHT TaKKe OKa3aJcs JOCTATOYHO 3PPEKTUBEH C TOUYKU 3PCHHS TeoMeXa-
HUKUA. OHAaKO TEXHOJIOTHsSI BO3BEICHUS KOMOMHHPOBAHHOW OXPAHHON KOHCTPYKIMH IO JaHHOMY
BapHaHTy HECKOJIBKO CJIOKHEE 110 CPABHEHUIO C OCTAJIbHBIMHU.

Bapuantst Ne3 u Ne9 sBistroTcss Hauboliee ONTUMAIBHBIMU C TOYKU 3PEHHSI T€OMEXaHHKHU.
CpaBHUTEIIbHBIE XapaKTEPUCTUKH O0OUX YKa3aHHBIX BAPHAHTOB MO (aKTOPy U3MEHEHUS IMOorepey-
HOT'O CE€YEHUs MPEACTAaBIEHBI HAa pUC. 3. PUCYHOK CBUIIETEIBCTBYET, UTO PA3HUIIA B XapaKTepe U3Me-
HeHHs Mojeneil mo BapuaHty Ne3 u Ne9 mpakTudecku HaXOAMUTCS B Mpenenax norpemHocteir. Oda
BapHaHTa MOTYT ObITh PEKOMEHIOBAHBI JJISl MPAKTHUECKOTO BhINOIHEHUs. Pe3ynpTaTsl paboThl co-
cTaBWIH 0a3y IS pa3pabOTKU PETIAMEHTOB MOIIEPIKAHUS BBIEMOYHBIX IITPEKOB.
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MEXATPOHHBIN MTOJIXO0/ K IPOEKTUPOBAHUIO CJIOKHBIX TOPHBIX MAIIIMH

VYnepie 3anponoHOBaHi i OOTPYHTOBaHI O3HAKHW JUISl BIJIHECEHHS CKJIAIHUX TIPHUYUX Ma-
IIMH J0 KJaciB MeXaTpOHI30BaHUX 1 MexaTpoHHUX cucteM. CPopMyabOBaHO CYTHICThH 1 MOKa3aHi
nepeBaru MeXaTpoOHHOTO MiIXOAY J0 PO3TISHYTHX MAIllMH NMPHU IXHROMY NMPOEKTyBaHHI. BUKOHaHO
aHaui3 ocobnuBocTell MOOYA0BU i (DYHKI[IOHYBAHHS MiJICHCTEM aBTOMATH30BAHOTO KEPYBAHHS OUH-
CHUX KOMOaitHiB MEXaTPOHHOI'O KJIacy.

BrniepBbie npeuioxkeHsl 1 000CHOBAHBI MPU3HAKY JJIE OTHECEHUS CIIOKHBIX TOPHBIX MAIIUH K
KJIaCCaM MEXaTPOHU3WPOBAHHBIX U MEXaTPOHHBIX cucTeM. CHopMynrpoBaHa CyIIHOCTh U MIOKa3aHbI
MPEeUMYIIECTBAa MEXATPOHHOTO MOJX0Aa K PacCMAaTPUBAEMBIM MAaIllMHAM MPH HX MPOCKTHPOBAHHH.
BrimonmHen aHaim3 0COOCHHOCTEH MOCTPOCHHSI M (DYHKIIMOHUPOBAHUS IOJCHCTEM aBTOMATH3UPO-
BaHHOTO YIIPABJICHUS OUMCTHBIX KOMOAHOB MEXaTPOHHOTO KJjacca.

For the first time attributes for reference of complex mine machines to classes mechanotronic
systems are offered and proved. The essence is formulated and advantages mechanotronic the ap-
proach to considered machines are shown at their designing. The analysis of features of construction
and functioning of subsystems of automated management of clearing combines a mechanotronic
class is executed.

IIpo6siema U ee CBSA3b ¢ HAYYHBIMH M NPAKTHYECKMMHM 3a/JayaMH. B yucie oCHOBHBIX
HaIpaBJICHUN COBEPILICHCTBOBAHUS CJIOKHBIX TOPHBIX MAIIUH — MOBBIIICHUE YPOBHS HHTEIJICKTYa-
JU3alMK [POLECcca YIPABICHUSI HUMU Ha OCHOBE PAaCUIMPEHMs] UCIOJIb30BAHUSI CPEACTB aBTOMATHU-
3aluu, 00ECTIEYNBAIOIINX JTOCTHIKEHHUE 00Jee BBICOKHX TEXHUKO-’KOHOMHYECKHX TOKa3aTelen u
yJIydllieHUE YCIOBUU Tpyda paboduXx.

[ToBbIlIeHNE KauecTBa MPOEKTUPOBAHUS TOPHBIX MAIIMH HOBBIX MOKOJEHUH C Pa3BUTHIMU
MOJICUCTEMaMH yTpaBieHHs (yHKIMOHATBHBIMU JIBKEHUSIMU UX Pab0OUMX OPraHOB SIBJSETCS aKTy-
QIBHOW HAyYHO-TEXHHUYECKOW mpobnemoi. [[ns pemeHust 3Toi mpoOiaeMbl HEOOXOIUMO pELICHHE
psAlla HOBBIX 33Ja4 HAy4YHOI'O0 M MPAKTUYECKOTO Xapakrepa. K unciy Takux 3aj1ady OTHOCUTCS pa3pa-
00TKa KOHIIEITYaIbHON XapaKTEPUCTUKHU CIIOKHBIX TOPHBIX MAIIMH C TIO3UIMH MEXaTPOHHOTO IMO/-
X0J1a NP UX aHaJu3e, CUHTE3€ U ONTUMU3ALINY, IPUHATOrO B Haubojee pa3BUTHIX OTPACIISIX Malllu-
HOCTPOEHUS BEYILIUX CTPAH MHUpa.

AHau3 uccjenoBaHuid U nmyoaukamnuii. B paborax [1-4] paccMoTpeHbI HEKOTOPBIE OCO-
OCHHOCTH TIOCTPOSHUSI U (HYHKIIMOHUPOBAHKS BRIEMOYHBIX KOMOAWHOB C YaCTOTHO-PETYIHPYEMBIM
3JIEKTPONPUBOJIOM, a TAKXKE€ JPYTrMX TOPHBIX MAIKH, XapaKTEPU3YIOLIUXCS BBICOKOM CTENEHBIO
CJIOHOCTH ympaBieHus. B paborax [1, 2] BrnepBbie 0bUI0 CPOPMYITUPOBAHO KOHICTTYAIBHOE TO-
JIO)KEHUE 0 HEOOXOAMMOCTH 00s3aTEIBHOTO MCIOIb30BaHUS MEXATPOHHOTO MOAX0/a MPU MPOESKTH-
pOBaHMM YKa3aHHBIX MAallMH, 3aKJII0YAIOIIErocs, MPeXk/ae BCEr0, B pACCMOTPEHUH KaK M3HAYAJIbHO
TEXHUYECKH PABHOIMPABHBIX BCEX COCTABIISIFOIIMX TaKMX OOBEKTOB — KaK TPAAUIIMOHHBIX JIJIS MeXa-
HUKH (MEXaHUYECKHUX, AIEKTPOTEXHUUECKUX U THAPABINYECKUX), TAK U UHTEIJICKTYaIbHBIX U AJICK-
TPOHHBIX KOMIIOHEHTOB. BMecTe ¢ TeM clienyeT OTMETUTh, YTO YKa3aHHbIE ucciaeaoBanus [1-4] ox-
BaTHIBAIOT PEIICHUE CPABHUTENIBHO Y3KUX 3aja4, HE SIBJISIIOTCA CUCTEMHBIMU M [IOATOMY HE MPETEH-
JIYIOT Ha YPOBEHb KOHLIENTYaJbHOM XAPAKTEPUCTUKHU CJIOKHBIX TOPHBIX MAIMH KaK MEXaTPOHHBIX
CHUCTEM.

IMocTanoBka 3axay. B HacTosIeit pabote penaroTces ClIeAyoNIe B3anMOCBI3aHHbIC 3a/1a4H:

® YCTAaHOBUTb MPU3HAKHU VISl OTHECEHMS TOPHBIX MAIIMH K KJIACCaM MEXaTPOHU3UPOBAHHBIX U
MEXaTPOHHBIX CUCTEM;

e copMyJIMPOBAThH CYIIHOCTh MEXAaTPOHHOTO MOAX0/1a K TOPHBIM MallliHAM IIPU UX aHaJlu3e,
CUHTE3€ U ONTUMU3AIUY;

® HAa XapaKTEPHOM IIPUMEPE CIIOKHON TOPHOM MalIMHBl HOBOT'O IOKOJEHHUS PACCMOTpPETh
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0COOEHHOCTH MOCTPOEHUSI U QYHKIIMOHUPOBAHUS €€ MOJACUCTEMbl aBTOMAaTU3UPOBAHHOIO YyIIpaBJie-
HUS U I0Ka3aTh IPAaBOMOYHOCTb OTHECEHHUS 3TOT0 0OBEKTa K KJIaCCy MEXaTPOHHBIX CHUCTEM;

¢ chopMyIHpPOBATH NMPEUMYILECTBA MCIOIb30BAHUS MEXATPOHHOIO IMMOAX0Ja MpPU MPOEKTHU-
POBaHMM COBPEMEHHBIX TOPHBIX MAILIUH.

N3n0:xxeHne MmaTepuasia u pe3yJbTaThl. B cBsA3U ¢ pa3BUTHEM HHPOPMALMOHHBIX TEXHOJIO-
Ui B HACTOSIIEE BpEeMs, BEAYIIEH MUPOBOUM TEHJCHIIMEN B MAIIMHOCTPOCHUH SBJISIETCS MEPEXO OT
MEXaHUKU K MEXaTpPOHUKE, SBJISIONIEIiCS cBOeoOpa3Hoil coBpeMeHHOW (umocoduel mpoeKTupoBa-
HUSL CIIO’KHBIX YIPABIISIEMbIX TEXHHUUECKUX 00BEKTOB. Mexamponuka — 3T0 HOBasi 001acTh HAyKH U
TEXHHUKH, 3aHUMAIOIIAsICSl CO3/1aHNEM KaueCTBEHHO HOBBIX MAIMH C IPOrPaMMHBIM KOMITBIOTEPHBIM
ylnpaBjIeHUEM, UX (YHKIMOHAIBHBIMU ONEpALUsAMHU, U Oa3upyroLascs Ha CUHEPreTUYECKONW HMHTe-
Ipalii MEXAHUYECKHUX, DJIEKTPOTEXHUUECKUX U THIPABINYECKUX KOMIIOHEHTOB C JIEKTPOHHBIMU U
KOMIIBIOTEPHBIMHU.

Cunepeemuxa — HayKa, B KOTOPOH HCCJIENYETCSI COBMECTHOE JEHCTBHE PA3IMYHBIX KOMIIO-
HEHTOB 00beKTOB. CHHEpPIreTHKa — 3TO COBPEMEHHAsl TEOPHsI CaMOOPraHU3aluy CUCTEM U3MEHEHUEM
XapaKTepUCTHK MX (YHKIMOHUPOBAHUS HA OCHOBE CAMONPHUCIOCOONIECHUS (aJanTUBHOCTH) K H3Me-
HEHUIO BHEIIHUX (DakTOpoOB, mapaMeTpoB BHeIIHEW cpenpl. [loa cuHeprermyeckoil MHTErpanuei
HOJpa3yMeBaeTcsl MpHUIaHUEe OOBEKTy KayeCTBEHHO HOBBIX TEXHUKO-3KOHOMHYECKHUX CBOWCTB Ha
OCHOBE CTOJIb INIyOOKOro OOBEJIMHEHHUS B OJHOM arperate Hepa3pbIBHO CBA3aHHBIX KOMIIOHEHTOB
pa3HOM TEXHUYECKOH MPUPOAbI, YTO OHU JCHCTBYIOT KaK €JUHbIN (YHKIMOHAJIBHBIA U KOHCTPYK-
THUBHBIA OPraHU3M.

[Ipoananu3upyemM 0COOCHHOCTH Pa3BUTHsI CIIOKHBIX TOPHBIX MAlllMH (OYMCTHBIC U MPOXOJ-
yeckue KOMOalHbl, MEXaHU3UPOBAHHBIE KPENH U JIp.) U FOPHOro 000pyJoBaHUs 0OJiEe BBICOKOTO
YPOBHS B BUJIE COOTBETCTBYIOLIMX KOMIUIEKCOB M arperaToB ¢ NO3ULMH MEXaTPOHHOI'O IIOIX0/a.

CrnoxHple TOpHbIE MAaIllMHBI MPEKHUX MMOKOJIEHUHM, CO3J]aHHbIE B KOHILIE MPOIJIOro BeKa, B
KaueCTBE OCHOBHBIX CTPYKTYPHBIX 3JIEMEHTOB BKJIIOUAJIM TECHO B3aMMOCBSA3aHHBIE MEXaHUUYECKUE,
NEKTPOTEXHUYECKUE U TUAPABINUYECKHE KOMIIOHEHTHIL. B cocTaB mojicuctem ynpaBieHHs 3THUX TeX-
HUYECKUX O0BEKTOB MOIJIM BXOJUTh CPEJICTBA aBTOMATU3AILUH C MCIIOJIb30BAaHUEM AJIEKTPOHHBIX, B
T.4. MHKPOAJIEKTPOHHBIX KOMIIOHEHTOB, KOTOpbIE OOECIEeUMBAIM pPEIIECHUE 3a/lady aBTOMAaTH3allU
HEKOTOPBIX (PYHKLMOHAIBHBIX onepauuii. Kak npasuio, npu pa3paboTke paccMaTpUBaEMbIX MAIIHH,
yKa3aHHbIE CpesicTBa (POPMUPOBAIKCH YK€ Ha 3aBEPUIAIOIIMX CTAIUSAX IPOEKTHO-KOHCTPYKTOPCKUX
pabot. Takue MammMHbBl XapaKTEePU30BAIUCH JOMHUHMPOBAHUEM SHEPreTHMYECKHX M JUHAMHUYECKUX
IPOLIECCOB, TPOTEKAIOIIUX B UX Yy3JIaX, T.€. 10 CYTH SBJSUINCH YIHEPrO-IUHAMUYECKUMU O0BEKTaMHU.

B nanpHeimeM pacmmpsaiocs NPUMEHEHUE MUKPOIJIEKTPOHHON TEXHUKH, HA4alu UCIOJIb30-
BaTbCs MUKPOIIPOLIECCOPHBIE BBHIYMCIUTENbHBIE YCTPOICTBA C 3apaHee >KECTKO 3a/JlaHHbIMH (DYHK-
LIMOHAJIbHBIMHU IIPOrpaMMaMHU. B mocnenHee Bpems B COCTaBe CUCTEM YNPABICHUS CTaIU IPUMEHATH
TaK)K€ COBPEMEHHbIE KOMIIBIOTEPHbIE KOMIIOHEHThI HA OCHOBE IIPOIPaMMUPYEMBIX KOHTPOJIJIEPOB.

Buenpenue noctuxeHnit ”HGOPMALIMOHHBIX TEXHOJIOTUI YCKOPUIIO MOBBIIICHUE YPOBHS MH-
TeJUIEKTyaJIu3alluy TMpoliecca YIpaBIeHUS CIOXKHBIMU MalIMHAMM JUISI OJ3EMHON JOOBIYM YTJISL.
I'opHbIe MalIMHBI HOBBIX MOKOJIEHUH C COBPEMEHHBIM KOMITBIOTEPHBIM YIIPAaBICHUEM, UX (YHKIIHO-
HAJIbHBIMHU ONEpPalUsMU XapaKTepU3YIOTCS JTOMUHUPOBAHUEM HE TOJIBKO PHEPreTUYECKUX M JUHA-
MHYECKUX, HO U MH(POPMALMOHHBIX MPOLECCOB, T.€. SBISAIOTCS YHEPro-TUHAMUYECKMMU U HH)OP-
MaIMOHHBIMH 00BbEKTaMH. DTHU MAIIMHBI CJIEIYET OTHECTH K KJIaCCy MEXaTPOHU3UPOBAHHBIX CUCTEM.

WHTennekTyanpHasi KOMIIOHEHTa JJIs Kjacca MeXaTPOHU3MPOBAHHBIX TOPHBIX MAIIWH B 00-
LIEM CJIy4ae JO0JKHA BBIIOJIHATE CIEAYIOIINE 3a1a49H:

1) ynpaBiieHue ¢ palMOHAIBbHOM CTENEHbIO MHTEUICKTYaau3aluu (pyHKIUOHAIBHBIMU JIBU-
KEHHUSAMH MX pab04YMX OpPraHoB ¢ TpeOyeMbIMH XapaKTEPUCTHKAMH U TTApaMETPaMU;

2) HeoOXOoAMMBIE BHJbI 3alUT OT PA3IUYHOrO poJa TEXHOJOIMUYECKUX IEPerpy3oK M He-
IITATHBIX CUTYaluid;

3) GbyHKIMU CEpBUCHOIO XapakTepa, yIy4dllIarollue KauecTBO 3KCIUTyaTalluu 00OpYJOBaHUS
(HarmpuMep, AMAarHOCTUYECKOe oOecredueHrue KOHTPOJS TEXHUYECKOTO COCTOSIHHS Y3JIOB B PEXHUME
MOHUTOPHHTA).

KomMmmbloTepHasi coctapisiioliasi B COCTaBE COBPEMEHHBIX MEXaTPOHHBIX MAIIMH NpU3BaHA
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00€ecTeunTh JOCTUKEHNE MU 3HAYUTEIIbHO 00Jiee BHICOKMX TEXHOJOTUYECKHUX MOKa3aTeseH, co3/a-
HUE MaKCUMAaJIbHO 0€30MacHBIX U KOM(POPTHBIX YCIOBUN PaOOTHI.

be3ycnoBHO, TOpHBIE MallIMHBI, CO3JJaHHBIC B Pa3HOE BpPEMsS W Pa3HBIMU pa3pabOTYHMKAMH,
XapaKTEePU3yIOTCS Pa3InYHbBIM YPOBHEM:

— MHTETPAIMH UX TPAIUIHUOHHBIX (MEXaHUYECKHX, SJICKTPOTEXHUYECKUX U TUIPABINICCKUX )
CTPYKTYPHBIX 3JIEMEHTOB C MH()OPMALUOHHBIMU (MUKPOAJIEKTPOHHBIMU U KOMITBIOTEPHBIMH) KOM-
MOHEHTaMU;

— MHTEIJIEKTyallM3alliy Mpollecca YIpaBlIeHUsI HA OCHOBE HCIIOIb30BaHMsI MUKPOIIPOLIECCOP-
HOW BBIYUCIUTEILHON TEXHUKH.

N3noxxeHHOE MO3BOJIIET TOBOPUTH O PAa3HBIX YPOBHSAX MEXATPOHMU3AIMH PACCMATPUBACMBIX
TOPHBIX MAIIIKH.

Haubonee BBHICOKMM YpOBHEM MeEXAaTPOHM3AIMM, B HACTOsAIIEe BpeMs, 00JIaJalOT TOpHBIE
MaIIuHBI HOBBIX TTOKOJICHHUH, CTETICHb CIIOKHOCTH YIIPABJIEHUS KOTOPHIMH HE TMO3BOJISIET 00ECIIEYUTh
HEOOXOJUMBIA YpOBEHb UX (DYHKIHMOHHPOBAHUS, T.e. pabOTy ¢ TpeOyeMbIMH XapaKTEepPUCTUKAMU U
napaMeTpamu, 4eJIOBEKOM-0MepaTopoM 0e3 MCIOJb30BaHUsI COOTBETCTBYIOIICH ammapaTypbl aBTO-
maTtuzanuu. [logcuctemMbl aBTOMaTU3MPOBAHHOTO YIIPABJICHUS STUMHU OOBEKTaMH, HApsIy C BbIIIe-
yYKa3aHHBIMH 3aJ]a4aMi aBTOMAaTH3aI[1H, BRIOJHSIOT BAKHEHUIITYIO 00s3aTeNbHYI0 (YHKITUIO — o0ec-
NEYUBAIOT HEOOXOJUMBINA YPOBEHb (PYHKIIMOHUPOBAHUS PacCMaTPUBAEMbIX MAIlIUH. Takue 0ObEKThI
¢ HauboJiee BBICOKUMH CTENEHSIMU UHTETPALlUU CTPYKTYPHBIX KOMIIOHEHTOB M MHTEJUICKTYaIU3allu1
npolecca ynpapieHHUs CIeayeT OTHECTH K KJIacCy MEXaTPOHHBIX, @ HE MEXaTPOHU3UPOBAHHBIX TOP-
HBIX MAaIlIMH. DTO OTHOCUTCS, HAIIPUMEP, K BHIEMOYHBIM MAILIMHAM MPU TPUMEHEHUH IJIEKTPUUECKUX
PEryJIsTOPOB CKOPOCTH Ha OCHOBE YaCTOTHO-PETYIHUPYEMOT0 3JIEKTPONPUBOJA; K CTPYrOBBIM OYH-
CTHBIM MEXaHU3HPOBAHHBIM KOMIUIEKCAM MPU peaTu3aliy JO3UPOBAHHONW BBHIEMKHU YIJISI U MOCIEI0-
BaTEJIbHON MUIIO00Pa3HOM CXEMBbI MEPEeIBMKKH CEKIMI arperaTUpOBaHHOM Kpemnu; K KOHBeilepocT-
PYTOBBIM OYHCTHBIM arperatam, 00ecrednBaroniM PPOHTAILHYIO CXEeMY 3apyOKHU ¥ OTOOWKH yTJIs U
(pOHTANBHO-TPYNIIOBYIO MEPEIBUKKY CEKLUN KpPEmu C BHIBOJOM OOCIIY)KMBAIOIIETO MEpCOHAa U3
JIaBBI.

AHanu3, CUHTE3 U CTPYKTYpHO-MIapaMeTpruuecKasi ONTUMH3AIUS TAKUX CUCTEM JOJIKHBI BbI-
MOJTHSTHCS. TOJIBKO HA OCHOBE MEXAaTPOHHOTO IMOJAX0/1a, T.€. 0a3UpOBaThCS HA M3HAYAIBHO OJMHAKO-
BO BaXXHBIX, TEXHUYECKH PABHOIPABHBIX, OPrAHUYECKU CBSI3AHHBIX MEXaHMYECKUX, DJIEKTPOTEXHHU-
YECKHX, THJIPABIIMYECKUX, MUKPOIJIEKTPOHHBIX (JIEKTPOHHBIX) U KOMIIBIOTEPHBIX KOMIIOHEHTAX.

Jlns nokaszaTenbCTBa BBINICYKA3aHHBIX MOJOXKEHUI PacCMOTPUM OCOOCHHOCTH YIPaBIICHUS
MEXaTPOHHBIMH OOBEKTaMU Ha MPHUMEpPEe CO3JaHHBIX J[OHTUIpoyriemMaimieM OYHUCTHBIX KOMOAitHOB
HoBoro mnokojieHus (KJIK400, KJIK500, K/IK700, YIK300), ocHaleHHBIX ABYMSI BCTPOEHHBIMHU
MOJICUCTEMaMH T0/Iaud C YaCTOTHO-PETYJIMPYEMBIM aCHHXPOHHBIM 3JIEKTPONPUBOJAOM U KECTKUM
TATOBBIM OPI'aHOM.

Ha pucynke, Ha KaueCTBEHHOM YPOBHE MPEJICTABICHbI €CTECTBEHHbBIC CTATUYECKUE MEXAHU-
YECKHE XapaKTePUCTHKU YKA3aHHBIX 3JIEKTPOABUTaTEIeH C KOPOTKO3aMKHYTBIM POTOPOM IIpU pas-
HBIX 3HAYEHUSIX YaCTOTHI f] (pUC. @) U NEHCTBYIONIETo 3HaYCHHs HanpspkeHus U (puc. 6) muTaromen
JEKTPOCETH.

3nece: M, My, n, n, — TEeKyIIue U KpUTUYeCKue (MHICKC «K») 3HAa4eHUss MOMeHTa, Hwm, u Jac-
TOTBHI BpAILLEHUs] pOTOpa, 00/MHH, AJIEKTPOJIBUraTelIsl; 1, — CHHXPOHHASI YaCTOTa BPAILLEHUs poTOpa,
00/MUH.

3aBUCUMOCTH, ONKCHIBAIOLINE OCHOBHBIE IMapaMeTpbl padouero yuactka (0 < §< 1,2 §,) cra-
TUYECKUX MEXaHMUECKUX XapaKTEPUCTUK AJIEKTPOABUraTeNe, cienyromue [2]:

n=n-5=2_s), (1)
P

2 2 2
Vo 3-U%p Uty U )

S =da
K , P 2 p2 ! 2
47Tfi }"1+\/7"12+|:27Tf‘1(L1+L2):| 87 fi (L1+L2) ‘fl
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15 r d

S, = ~ —=—.
C ]2 .
eSSy T

K

3)

®opmyna (3) cnpaBeanusa nipu U = const.

3necek: S, S, Sk — Tekyliee, HOMHHAJIIBHOE U KPUTHYECKOE 3HAYEHUSI CKOJIbKEHUM DJIEKTPO-
JIBUTATEIIS; p — YHCJIO Map TOJIOCOB; 7| — AKTHBHOE CONPOTHBIICHUE CTaTopa (B MEPBOM MPHOIIHKE-
HUM JUIsI paccMaTpUBaeMbIX 3a/1a4 UM MOXKHO TpeHeOpeus); 72’ — MPHUBEIEHHOE aKTUBHOE COIPO-
TUBJICHUE POTOPA; L1, L,' — MHIYKTUBHOCTH CTAaTOPa M MPHUBEACHHOE POTOpa; @, d — KOA((HUIIUCHTHI
IPOTNOPIUOHATIBHOCTH.

Ha puc. ¢ B ujeann3upoBaHHOM BHJIC MPEICTABIICHA PEAIM30BaHHAS B TEXHUYECKUX pellie-
HUSIX CTaTH4ecKass MeXaHW4yecKas (MJIM TIrOBO-CKOPOCTHAs) XapaKTEPUCTHKA MOJCHCTEM IOJauu
paccMaTpUBAEMbIX OUYMCTHBIX KOMOAHHOB.

3necsh Y, — taroBoe ycunue, V, — CKOpOCTh TIO/1auu.

Ha mepBoM yd4acTke 3TO# XapaKTEPUCTUKH, COOTBETCTBYIOIIEM YacTOTaM IUTAIOIICH CETH
f1 <fe (rme fi =50 'l — HOMUHAJIbHAS YacTOTa) U MCIIOJIb3YEMOM IpU PeXHMax paboTsl KomOaiiHa
10 BBIEMKE, peasin3yroTcsi cootHomeHue (nmpasmio M.I1. Koctenko):

U_ b
fa Jo

Ha puc. 6 Vpmer — MakcumainbHass pabodasi CKOPOCTb I10J1a4U, COOTBETCTBYIOIIAA fi = fc;
Y1 = Yimax — MAaKCUMaJIbHOE TIPH BBIEMKE YIJISl 3HAUEHHE TATOBOTO YCHIJIHS, COOTBETCTBYIOIIEE HO-
MUHAJIBHOMY MOMEHTY M,, KaX/10Tr0 U3 ABUTaTeJeH MoACUCTEM MOIauH.

[Tpu 5TOM MoACHCTEMAaMU YIIPABICHHS MOIICP)KUBACTCS CTAOMIBHOCTD 3HAYCHUI:

— KPUTUYECKUX MOMEHTOB M, cM. 3aBUCUMOCTH (2) u (4);

— Ieperpy304HOil ClIOCOOHOCTH A KaXKJOTO U3 JBUTATENEH.

Ucnoneiys popmyny Kiocca, MoxkHO 3anucars:

=...=const . 4

M, 1+x°
A=—f= , (6))
M, 2k
rae k=S8,-S" - Oe3pa3MepHbIil TTapaMeTp, UMEIONIUN MPU pean3alid COOTHOIEHUs (4)

CTaOMJILHOE 3HAYEHUE.

MakcumanbHasi MOIIIHOCTh Ha MOJiady MPH BBIEMKE COOTBETCTBYET JOIyCKaeMOM 1Mo (aKTo-
py HarpeBa 0OMOTOK TEILIOBOW MOIITHOCTH AJICKTpOABHTaTeNel mpu pabore B peskume S1 u onpene-
asieTcs 1o popmyiie:

Pv.max =qY, v (6)

n.max np.max >

rze ¢ — KoQPHUIUEHT MPONOPIHOHATEHOCTH.

Ha BTOpoM yuacTke XapaKTepUCTUKH, PUC. 6, IPEJCTABICHA 3aBUCUMOCTb TATOBOIO YCUIIUS
Y,» or ucnonb3yemoii, Kak IpaBuiIo, I MAaHEBPOBBIX NEPEMELICHUI MAaIllMHbI CKOPOCTH IIOJAYU
Vi € (Vip.max: Vimax ] 0pH U = const v peryanpoBaHUK YacTOTBI CCTH f| € (fo7 fimar | - 30€CH

v,

.max — MAKCHMaJIbHasi CKOPOCTb MOAAYH IIPU [ = f1axs Simax — MAKCUMaJIbHOE 3HAYEHHUE Yac-

TOTHI fi, IPUHATOE U1 KOHKPETHOI'O TEXHUUYECKOro peleHus. 3aBucumocts Y,, =Y,5(V,, ) coot-
BETCTBYET IIOCTOSIHCTBY OTPaHMUYMBAIOILETO (paKTopa — JOIyCKaeMOM TEIIOBOM MOLIHOCTH P, 1BU-

rareneit (yuer KIIJ moacucrem nomaum 37ech UIsl YIPOLICHUS U3JI0KEHHsI MaTepralia He paccMat-
puBaercs):

Pa:P

v.max

=qY,,V,, =const. (7)
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Tekyliee 3HaUY€HHUE CPEIHErO YPOBHS TATOBOTO YCWIMS TMpH padoTe komOaitHa Ha 000MX
Y4acTKaxX XapaKTepUCTUKH, IPEICTABICHHON Ha PUC. 8, ONPEIEIAETCS BEIMYMHON TEXHOIOTHYECKON
HArpy3KH JJI MOJCUCTEM TTO/IauH.

B cocTaB moacuctem ympaBieHUs pacCMaTpPUBAEMbIX OYHCTHBIX KOMOAHOB BXOIAT MPeoo-
pa3oBaTesid 4acTOThl M KOMILJIEKCHl TEXHUYECKUX CPEACTB YIPABJICHUS HAa OCHOBE SJIEKTPOHHBIX U
MUKPO3JIEKTPOHHBIX CTPYKTYPHBIX €JIMHHI] U KOMIBIOTEPHBIX KOMIIOHEHTOB B BHUJE IMPOrpaMMU-
PYEMBIX KOHTPOJIJIEPOB, aJalITUPOBAHHBIX K pa0OTE B MOA3EMHBIX YCIOBHUSX.

[Ipeo6paszoBarenu yacToThl POPMHUPYIOT TpeOyeMble 3aKOHbI H3MeHeHus U U f| U, cliejoBa-
TEJIbHO, HEOOXOIMMbIE UCKYCCTBEHHBIE CTAaTUYECKUE MEXAHMYECKUE XAPAKTEPUCTHUKU DIJICKTPOIABHU-
rateineil B COOTBETCTBUU C YMPABJISIOUIMMH BO3AEHCTBUSMHU, KOTOPhIE 00€CIEUHBAIOT KOMITJIEKCHI
TEXHUYECKUX CPEJICTB YIIPaBJICHUSI.

Kak BuIHO 13 BBHINIETIPUBEACHHOTO MaTepualia Mpyu OTCYTCTBUM yKa3aHHBIX MpeoOpa3oBaTe-
JIel 4aCTOTHl U KOMILJIEKCOB HEBO3MOXKHO 00ECIICUNTh PeaTU3alMI0 JIaXKe CaMOro IIPOCTOTO pexuMa
HOJICpXKAaHUS 33JaHHOTO CTAaOWJIBHOIO 3HAYEHUS CKOPOCTU Mojayu V), 4eroBEeKOM-OINEepaTOPOM.
N3noxkeHHoOe MO3BOJISET cPOPMYITUPOBATH BHIBOJ O MPABOMOYHOCTH OTHECEHHS PacCMaTPUBAEMBIX
00BEKTOB K KJIACCy MEXaTPOHHBIX CHUCTEM, 00JaJaloIIUX BBICOKMMH CTETNEHSIMH HMHTETpallu BCEX
UX CTPYKTYPHBIX 3JIEMEHTOB U MHTEJUICKTyaIM3aI[MHU TIPOLIecca yIpaBiIeHUsI.

Hcrnonb3oBaHrEe MEXaTPOHHOI'O MOJAXO0JA MPU MNPOEKTUPOBAHUU COBPEMEHHBIX T'OPHBIX Ma-
IIMH TO3BOJISIET:

— TOJYYUTh BBICOKOE KadyecTBO, Y(PPEKTUBHOCTh U OE30MACHOCTH YIIPABJICHUS CIOXKHBIMU
(YHKIIMOHATLHBIMH JBUKCHHSIMU X pa00OYUX OPraHoB;

— YJIYYIIATh JUHAMUYECKHE XapaKTePUCTUKHU MAIlIUHBbL;

— peann30oBaTh MOJYJIbHBIA MPUHIIMI MOCTPOCHUS MEXaTPOHU3UPOBAHHBIX M MEXaTPOHHBIX
y3J710B WM OJIOKOB C MUHHMMAaJbHBIM YHCJIOM 3BEHBEB M KMHEMAaTHYECKUX Map, YTO JaeT BO3MOXK-
HOCTPH YIYUIIHTh TEXHUYECKOE OOCITYy)KHBAHHE, CO3/IaTh MPEAMOCHIUTKA sl YHUPUKALUNA U MOOWITb-
HOM aJjanTanuy ropHOro 000pyAOBaHUS K Pa3HBIM YCIOBUSM SKCILTyaTaliH;

— YIIy4YIIUTh MAacCcO-TabapuTHBIE XapaKTEPUCTUKH, MOBBICHTH HAJIEKHOCTh, CHU3UTH CTOH-
MOCTb OOBEKTOB.

CoBpeMeHHBIN ATal pa3BUTHSA CIOKHBIX TOPHBIX MAIIMH MOXHO OXapaKTEepU30BaTh Kak Ie-
pexoi OT MeXaTPOHU3UPOBAHHBIX 0OBEKTOB K MEXaTPOHHBIM.

BoiBoabI U HampaBiieHUsl JaJbHEHIINX Hccae10BaHuil. BriepBeie pa3padOTaHHYIO KOH-
LENTYyAIbHYI0 XapaKTEPUCTUKY CIOXHBIX FOPHBIX MAlIUH C MO3UIMI MEXaTPOHHOIO MOAX0Ja IpPHU
WX aHaJlM3e, CUHTE3€ U ONTUMU3AIMU MOXKHO pAacCMaTPUBATh B KAUE€CTBE 3Tala MpH PEUICHUU TPO-
0JIeMBbl yIIy4YIlIEHUS] KadecTBa MPOECKTHUPOBAHUS pacCcCMaTpUBAaeMbIX 0OBEKTOB HOBOT'O MOKOJICHHUS HA
OCHOBE TMOBBIIICHUS YPOBHS HMHTEIUICKTyaJIM3alldy Mpolecca yIpaBieHus HUMU. B nanbHeiem
npejnoaraeTcsa pa3padoTka KOHIENIIMM ONTUMAaJIbHOIO MPOSKTUPOBAHUS OYMCTHBIX M MPOXOI4e-
CKHX CTPEJIOBUHOTO THUTIA KOMOAHOB HOBBIX MTOKOJICHUH KaK MEXaTPOHHBIX CHCTEM.
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YK 622.281.9 © B.M. bonnapenko,
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HCCJEJTOBAHHUE HJIC BEPMBI Y TOYBBI BBIEMOYHOTI'O LIITPEKA,
OXPAHSIEMOI'O JIMTOM IMMOJIOCOM C PA3I'PY30YHOM MMOJIOCTBIO

Hageneno 3akonomiprocti 3minu HIIC Gepmu i miomBy BUIMKOBOTO IITPEKY 3aJIEKHO Bif
T€OMETPUYHUX MapaMeTpiB JUTOI CMYTH 3 PO3BAHTAXXYBaJbHOI MOPOKHUHOIO 1 BIIACTUBOCTEH BYT-
JICBMINIYIOYOT TOBIIII.

[IpuBenens! 3akoHomMepHOCTH U3MeHeHuss HJIC OepMbl ¥ OYBBI BBIEMOYHOIO IITpEKa B 3a-
BHUCUMOCTH OT T'€OMETPUYECKUX [apaMEeTPOB JINTOM MOJOCHI C pa3rpy304HOM MOJOCTHIO U CBOWCTB
yIJIeBMEUIaroeil TOIIH.

Dependences of stress-deformed change in berm and footwall of preparatory working are re-
sulted depending on geometrical parameters of the cast strip with the unloading cavity and properties
of rockmass.

OnpIT 3KCIUTyaTalliM BBIEMOYHBIX IITPEKOB MPH OE€3LETMKOBOM TEXHOJOTMH OTPabOTKU
YTOJIBHBIX IJIACTOB OJHO3HAYHO YTBEP)KJIAET, UTO YCTOMUMBOCTH OEpPMBI 110J OXPAaHHON KOHCTPYK-
[Ueil OKa3bIBAE€T 3HAYUTENILHOE BIHMSHHUE HA YCTOMYMBOCTH BBIPAOOTKU B 1eoM. Paspyienue Oep-
MBI IPUBOJUT HE TOJBKO K CHM)KEHMIO PEaKLUU OXpaH-

HOM KOHCTPYKIIMHU, HO U €€ pa3pyLICHUIO M3-3a KpailHe 3%
HEPaBHOMEPHOU PEAKLUU BO3JEHCTBUS CO CTOPOHBI HA-
PYILLIEHHOMW MMOYBHI IJ1acTa. B 3T0i CBsA3M HCCIIEI0BAHbI B
BBIUMCJIUTEIBHBIX JKCIEPUMEHTAaX Ha TIeOMEXaHWye-
cKoil mozenu [1] 3aKOHOMEPHOCTH M3MEHEHUSI MAKCH-

B Oepme wu

MYMOB HNPUBCACHHBIX HaHpH)KeHI/Iﬁ 65

max
II0YBE BBIEMOYHOIO IITPEKa IPH PEryJINPOBAHUU I1apa-
METpPOB JIMTOH IOJIOCHI C Pa3rpy304HOM MmojocThio. B
IEPBYIO OYEPEIb NPOAHATM3UPOBAHBI 3aKOHOMEPHOCTH
BIUSIHUSL IIApaMeTpoB [, [, /[, 1 O Ha OTHOCUTENbHBIHI

max
max

MakCUMyM G/ (G‘S ) IIPUBEJICHHBIX HaIPSKECHUN
max

B Oepme (311eCh /, — MIMPHUHA MOJIOCHL, [, 1 6 — IMIUPHHA

¥ BBICOTA pa3rpy304HOil moyoctH). Bemnumna abco-
JIOTHOTO MakCUMyMa (65 ) B HMCCJIEIYEMOM JMarna-
max

max

30HE COOTBETCTBYET TAKUM IapamMeTpaM JIMTOM TOJIOCH:
l,=1m [,/ =04; 6=0]Im. 0; I3 5

BnvsAnue mupHHBI [, TUTONW MOJOCHI UMEET He-

1, m
Prc. 1. SanonomMepraciii 3MEHeHIA QI HO-
JUHEHHBIN XapakTep (puc. 1), ‘lTOvyKaBLIBaeT Ha HepaB- LM ERbHOZ0 MARCLMY M Giax / 1-55 'I'
HOMEPHOCTh CHJIOBOTO B3aWMOJICHCTBHUS IO TMOBEPXHO- V- ma max
CTH KOHTAKTa ITOJIOCHI U OEPMBI, a TaK)KE Ha BO3JICHCT- NpusedeRnLIX Kanp Aoicenwtt ¢ bepae om zeo-
o o Mempuq ECRILX YI(IP(IMEP?IPOG LR O FIAROOBL,
BUE CTOMKM pamMHOM Kpenu. C yBelIWYEeHUEM [/, MakKcH- ’
oL/ =04;2-0,/1=05;
3-1,/1,=06;
KOHTaKTa TMOJIOCHl U OEpPMBI U, COOTBETCTBEHHO, CHUXKA- —5=0lM---=02M--F=03M
eTcsl Harpy3ka Ha mnocienHioro. Ilo sTuMm mpuunHam

BimsiHME /, 3aMeTHO Huke (1Ipu yBemwuenun [ ¢ 1 M 10 2,5 M o, ymenbmaercs Ha 41...50%), uem

MyM O Z o CHHIKACTCH, TaK KaK yBCJIMYMBACTCA IIOINAAb

X

IIPY TPAJAULMOHHOM IIPEJICTABICHUH O PABHOMEPHOM HArpyKEHUU OXPAaHHON KOHCTPYKIIMH.
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B Gonblueil CTeNeHn Ha BENMUYUHY G, OKa3bIBAIOT BIMSHUE MapaMeTpsl [, /I, u § pasrpy-
304HoOi#i mosnoctu. Tak, nmpu ysennuenun [, /1, B 1,5 pasa (¢ 0,4 10 0,6) MakcuMyM G CHHIKAETCS

B 1,63...1,71 pasa; mpu Bospactanmu 6 ¢ 0,1 m mo 0,3 M BenuuuHa Gfm

X

YMCHBINACTCA B

2,40...2,48 pa3. D10 OOBSCHSECTCS CIEAYIOIIUMU MPUYMHAMU. B OOJIBIIMHCTBE BapUAHTOB KOHIICH-
Tparms ¢° pacrmonaraercs B 0671acTH GepMbl, MPUMBIKAIOMEH K CTOKE paMbl, 4TO 0OYCIOBIEHO
BO3/ICIICTBUEM MOCIEIHEH U OIM30CThI0 K OOHAKEHHOUW MOBEPXHOCTH CTEHKH BBIPAOOTKHU. 371eCh B
OTIPEJICTICHHON Mepe MPOCIECKUBACTCS aHANIOTUs ¢ Kiaccuueckord teopuert I1.M. IlumbapeBuua o
(hopMUpOBaHUM MTPHU3M CTOJI3aHUS B OOKaX BBIPAOOTKHU.

CrnenoBarenbHO, popmupoBaHue (Haa JaHHOW 00JIacThi0 OEpMbl) B JIMTOM MOJIOCE Pas3rpy-
3049HOM TMOJIOCTH YBEIUYECHHBIX Pa3MepOB MPUBOAUT K 0OJee MHTCHCUBHOMY CHIDKEHUIO Harpy3KH
Ha HauOoJiee HEYCTOMUMBYIO YacTh OEpMbl, IPUMBIKAIOIIEH K BHIPAOOTKE.

B cOBOKYyMHOCTH TeoMeTpUyYecKre MapaMeTphl JTUTOW TMOJOCH! (B MCCIEAYyEeMOM Iuana3oHe

® 10 5,9 pa3, uTo yKas3pIBaeT Ha JIOCTATOUHYIO 3 dek-

max

Hnux BapI/IaI_II/II/I) MOTYT UBMCHATH BCIIMYUHY O

TUBHOCTH pa3rpy3Ku O€pMBI IIOCPEACTBOM PETYIUPOBAHHS MTapaMeTPaMH JIUTOH ITOJIOCHI.
3aKOHOMEPHOCTH U3MEHEHHUs a0COIMIOTHBIX

3HAYEHMH MAKCUMYMOB G . C POCTOM TJIyOMHBI pas-

max

MIla

paboTku H mpuBeACHbI HAa PUC. 2 JUISI HEKOTOPBIX
HanboJIee «Pa3HOIOIIOCHBIX» BAPHAHTOB MIPH YCpPE/I-

HEHHEBIX 3HAYCHUIX h" =6,6 M, [,=15Mm,

max’

[,/1,=05 n 6 =02 M. OcoGEHHOCTH BIUSHUA T€0- 3

66
\ %
o)
N

MexaHundeckux napamerpoB Ha HJIC mopomnoit 6ep- 012
MBI BBIEMOUYHOTO IITpeKa MOJIpoOHO omucaHsl B [1];
3/1ECh K€ MBI OTPAHUYUMCSI 00OOIIEHHBIMU BBIBOJIA-

MH 110 KOMIIOHCHTC (75 .

max *

— BCJIMYHMHA Griax’ IIOMHUMO IIPOYCIo, 3aBUCHUT
20
OT HAarpy3ku Ha JIMTYIO IIOJIOCY, 4 3HA4uT, OT IJIMH

IIPOJICTOB IMOPOAHBIX OJIOKOB B 30HE IIapHUPHO-

0J10KkOBOro CcABMKEHUA. [l03TOMY TEHIEHIIMH CBSA3M

(e} o C TCOMCXaHNMYCCKUMHU IIapaMETpaMUu OTYAaCTHU

max

AR
NN

CXO0KH C TAKOBBIMU JIJIsI JINTOM MOJIOCHI; Nell
— ¢ yBenuueHueM pasmepoB i 30HBI 06py- 10

IIEHHBIX TIOPOJ BOKPYT BBIEMOYHOIO IITPEKa U /, Ha-

6mofaeTcs TeHAeHIUs pocta o.. . PocT MommuocTH

h"  HemocpeICTBEHHOM KPOBIIM YBEIMUMBAET, Kak

IIPAaBWJIO, HArpy3Ky Ha JIMTYIO IOJOCY U, COOTBETCT-

BEHHO, Ha OepMy. DTO OOYCIOBJICHO MOBBIIICHHBIM 0

mporuboM OCHOBHOM KpoBimu 3a cuer ymiotHeHuss 200 400 600 H,m

OOpYILIEHHBIX MMOPOA yBEJIWYEHHON MolHocTu. Kpo-

M€ TOro, C yBEIMYEHUEM [, BO3pAcTalOT JJIHUHBI I10- Puc. 2. 3axonomeprnocmu usmenenus Maxkcu-

POJHBIX KOHCOJICH B OCHOBHOH KpOBJIE, U PacTET Ha- MyMA nPUGEOCHHBIX HANPAICERUTi G, &

rpy3ka Ha JUTYIO MO0JIOCY, YACTUYHO, MEPEAAOIIAACS nopooHou bepme no eapuanmam [1] coom-

Ha GepMy; HouleHUuss 0epopMaAYUOHHBIX XAPAKMEPUCTIUK

— yeM MeHblIIe MOyIu aepopmanuu E” 06- croes yenesmetyaouen montyu

PYIICHHBIX TIOPOJ, TEM MEHBIIIE 10 BEIMYMHE U 00Jiee PaBHOMEPHO pacIipe/ielieHHasi Harpy3Ka Ie-

o
max

penaercs Ha JIMTYIO TOJI0CY U ITOYBY IUIACTa OKOJIO HEE U TEM MEHbLIE O, B IOPOJHON OepMme;

— YeM >KeCTde MOpOo/ibl MOYBHI IJIacTa, TeM OoJble (IpU OJHOM U TOM ke nedopmalnnu) Ha-
NpsKEHUs B OepMe, SBIISIOIIEHCS YacThIO I10YBBI;
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— 0oJiee KECTKHE CIIOM HENOCPEICTBEHHOW KPOBIHU CO3AIOT MOBBIIICHHBIE pa3Mephl U KOH-
nentpanuio HJIC B onopHO#t 30HE CO CTOPOHBI CMEKHOTO BHIEMOUYHOTO y4acTKa. ITO MPOBOLMPYET
noBeimennoe HJIC u B Gepme.

Ha ocHOBe pe3ysibTaToB MPOBEICHHBIX PACYCTOB MOJYUYCHO YPAaBHEHHE PETPECCHU JUISI OIpe-
ACJICHUA MaKCUMYyMa NPUBCICHHBIX HaprDKeHI/Iﬁ B 6epMe BBICMOYHOI'O HITPCKA

max

o, ={[0265+0055-10*(E! +0,4E! —L2El’)]%+ 71410707 L,

0,7

05E"™ +0,7E" +EI H
15E! +E] 100

< (0.8EY +05E +02E )

+0,15- 1072 | g7 % 110,84 .12—1,25 .5—0,82,

rae uHACKCH «I» u «II» mpu mapameTrpax 0003HAYAIOT 30HBI MIAPHUPHO-OJIOKOBOTO CABMXKEHUS U
0o0OpyIIeHHs TTOPOA KPOBIM COOTBETCTBEHHO, a MHACKCHI «1», «2», «3» — HOMEp MOPOIHBIX CIIOCB
COOTBETCTBYIOLIMX 30H, L, — IIUpUHA Pa3ylIPOYHEHHOIO MACCHBA CO CTOPOHBI HETPOHYTOI'O YIOJIb-

HOTO IlJIacTa.

£ W3yueHue creneHy BIMSHUSA TEOMETPUUECKUX

| [IapaMeTPOB JIMTON IOJIOCHl Ha OTHOCUTEIBHYIO BeE-

b E JUYMHY Ty4eHHs TOpOA  TOYBBI  BBIPAOOTKH

- ure/ ( “°“) Hanbosee OOBEKTUBHO MOKA3BIBAET
max Jmax

20 AN 3(pPEKTUBHOCTh OIPAaHUYEHUS MTyUYEHUS C [TOMOIIBIO

peryaupoBanust napamerpamu [, I, /1 ,n o .

Ilo pesynapraram pacueroB HJIC cuctemsl
«TOPOJHBIM MaCCHUB-BBIEMOYHBIN IITPEK-TUTAs I10-
JI0Ca» YCTaHOBJIEHBI CJIEAYIOIIHNE 3aKOHOMEPHOCTH
(puc. 3) BIUSHUA TEOMETPUYECKHUX IapaMeTpPOB

JIMTOM IMOJIOCHI Ha MakCHMMyM repemernienus U o

max
opo MOYBbI BELICMOYHOI'O HITPCKA.
VBeanueHue U PUHBI Zl JIMTOM TI0JIOCHI

o4
max

MNPpUBOJAUT K CHHIXXCHHUIO MaKCUMYyMa U nepeme-

IICHUS TTOYBBI BHIPAOOTKH 10 IBYM ITPUYHHAM.

IlepBast — pocT mIomaan Nepeaayn Harpy3Ku
OT JIUTOM TIOJIOCHI Yepe3 OepMy Ha MOYBY, YTO 00Y-
CJIaBJIMBAET CHIYKEHHUE €€ HAIIPSKEHHOCTH.

Bropas — makcumyMm InepemMenieHuil Haxo-
JIUTCS B pailOHE OMOPbI CTOMKHU CO CTOPOHBI BbIpa-
Pue. 3 SarkoHoiaprociiil IS REREA OHHO- 00TaHHOTO MPOCTPAHCTBA, TO €CTh KAaK pa3 B 30HE
AKTUBHOTO BJIMSIHUS JIUTOU MOJIOCHI.

CHmxenue Makcumyma U B HOUYBE IIPOU-

20

._.
—_
"
b0
—
a

E

T00 T00L
cumenvHozo Maxcuayma U, AU |
WX wax

HORHBLE REPEMSLeHUT ROYSEL Snlpabomiy x
O ZE0MEMPUNECKIUY RAPaMEmpos Tmot CXOZIUT TaKXke MpH YBEIMYCHUU pa3mepoB [, /[ u
ponocw. -1,/ =04,2-1,/7] =05; 0 Pasrpy304HOH IMOJIOCTH, YTO 00YCIOBIEHO, C OA-
I-0, /1 =08, HOW CTOPOHBI, IIEPEMELIEHHEM OIIOPHOIO JaBJICHUS
— 5=0]lmw---F=02 - -5=03 y Ha JUTYIO MOJIOCYy BIIyOb BBIPAOOTAHHOIO IIPO-
? £l ? £l 2

CTPaHCTBA, a, C JPYroil CTOPOHBI, pasrpy3koi Oep-
MBI U TIOYBBI BBIPAOOTKH KakK pa3 B 00JIACTH MAaKCUMAJIbHOTO ITy4eHHs.
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VYCTaHOBIIEHO ypaBHEHHE PETPECCHH CBSA3U OTHOCHTEIBHOTO Makcumyma U)°" / ( “"“) mne-
max Jmax
pEeMeIIeHHIA TIOUBBI BRIPAOOTKH C TEOMETPHYECCKIMU ITapaMeTpaMHU JIMTOH MOJIO0CHI
10,26
Unoq /( no'{) — 1 . 2
max max Jmax 138 . 60‘48 ( )

YcTaHOBJIEHHBIE 3aKOHOMEPHOCTH YKa3bIBAIOT HA JOCTATOYHO IIMPOKUIA [uamna3oH (1o 3,8 pa3)
W3MEHEHHUS] MAaKCUMYyMa TIEPEMEIICHHsI TTOUBbl BBIEMOYHOTO IITPEKA 33 CUET PEryIUpPOBaHUS T€OMET-
PUYECKUX MapaMeTPOB JIUTOU MOJIOCHI C PA3TPY304HOM MOIOCTHIO.

BriBOABI

1. Pacuerom maccuBa BapuantoB HJ/IC cucTteMbl «IOpOAHBIM MacCCHB-BBIEMOYHBIN IITPEK-
JUTasl [0JI0Ca» IPU NEPEMEHHBIX TEOMETPUYECKUX NTapaMeTpax MOCIEAHEN BBISBIEHO UX CYLIECTBEH-
HOE BJIMSHUE HA HAIPSHKEHHOE COCTOSHUE OCHOBHBIX JIEMEHTOB, ONPEIEIAIOMUX YCTOWYMBOCTD BbI-
paboTKu. DTO JAOKa3bIBACT BO3MOXKHOCTb U LIEJIECOO0PA3HOCTh MCIOIb30BAHHUS F€OMETPUUYECKUX I1a-
paMeTpOB JIUTOM IOJOCHI C Pasrpy304HOM IOJOCTBIO B Ka4€CTBE MHCTPYMEHTA ISl YIIPABIICHUS YC-
TOWYMBOCTBIO BBIEMOYHOI'O IITPEKA.

2. YCTOWYUBOCTH BBIEMOYHOTO IITPEKAa BO MHOTOM OIPEACIISCTCS] COCTOSTHUEM OEpMBbI, MaK-
CUMYM IIPUBEACHHBIX HANPS)KEHUN B KOTOPOH MOXET U3MEHATHCS 10 5,9 pa3 B UcciaenyeMoM Aua-
na30He BapHaluu napameTposB /[, /, /1,1 & 1UTOM MOJIOCHI.

3. Pacyeramu yCcTaHOBJIEHO, YTO MAaKCHUMYyM IE€PEMEIIEHNN MOYBbI BHIEMOYHOTO LITPEKa MO-
KeT OBITh OrpaHH4eH 110 3,8 pa3 BEIOOPOM COOTBETCTBYIOUIMX 3HadeHwi /,, [, /[, u & , 4TO Takxke
CIOCOOCTBYET YJIyULIEHUIO COCTOSHUSL BBIEMOYHOTO LITpeKa. Takum o0Opa3oM, COBOKYITHOCTh 3aKO-
HoMmepHocTel cBsA3u H/IC OCHOBHBIX 3IEMEHTOB CUCTEMBI «IIOPOJHBIN MACCHUB-BBIEMOUHBIN IITPEK-
JMTAas 110JI0CA» C TEOMETPUUYECKMMU apaMeTpaMy MOCIeqHEN M03BOoJIseT (IPU UX ONTUMM3ALIUM) pea-
JU30BaTh OCHOBHYIO LI€JIb MCCJIEIOBAHMUN — IOBBIIIEHWE YCTONYMBOCTU BBIEMOYHOI'O IITPEKA IS
obecrieuyeHnst BO3MOXKHOCTH €r0 TOBTOPHOI'O UCIIOJIb30BaHHUS.

4. 3aKOHOMEPHOCTH CBSI3M MaKCHUMYMOB IPUBEJECHHBIX HaNpspDKEHUH C mapaMmerpamu /),

l,/1 ,n 6 nus IMTON MOJOCHl U MOPOJHON GEpMBbI UMEIOT B OCHOBHOM IPOTUBOIIOJIOKHBIE TEH/IEH-

UM, YTO OOYCJIAaBIMBACT CYILECTBOBAHUE ONTHUMAJBHBIX COUYETAHUH MapaMeTpOB JIMTOW MOJIOCHI,
IIPU KOTOPBIX OJJHOBPEMEHHO 00a MakcuMyMma OyJyT UMETh MUHUMAaJbHbIE 3HAUEHUS, YTO TOKIECT-
BEHHO MOBBIILIEHUIO YCTOHUYMBOCTH KaK JIUTOM MOJIOCHI, TAK U TOPOJHON OEpMBI.

Cnucok JimTepatypbl

1. 'eomexaHrka B3aMMOJEHCTBUS 3JIEMEHTOB CUCTEMbI «IIOPOJIHBIN MacCHB-BHIEMOYHAS BBI-
paboTka-oxpanHass KOHCTpykuus» /bonmapenko B.M., Kosanesckas MU.A., Cumanosuu [.A.,
KoBans A.W. — lnenponerpoBck: Cucremusie TexHosoruu, 2007. — 209 c.
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VK 622.28(035):622.28.44 © H.B. Tumenko,
B.I'. UepBaTiok,
A.®. HexpeleHtox,
N.A. KoBaneBckas

PECYPCOCBEPET'AIOIIUE TEXHOJIOI'MHX YITPOYHEHMUSA
AHKEPAMMU ITPUKOHTYPHBIX IIOPO/] IINIACTOBBIX BBIPABOTOK
HA ITAXTAX 3AITATHOI'O JOHBACCA

PosrnsnyTi pecypco3bepirarodi aHKepHi 1 paMHO-aHKEPHI TEXHOJIOT11 MiJBUIIIEHHS CTIHKOCTI
nij3eMHUX BUPOOOK B ymMoBax BAT «IlaBnorpanByrimis.

PaccmoTtpens! pecypcocOeperarolie aHKepHbIe 1 paMHO-aHKEPHBIE TEXHOJIOTHH MOBBIIIEHUS
YCTOMYMBOCTH MOA3EMHBIX BBIPaO0TOK B ycinoBusix OAO «IlaBmorpamyroiby.

Are considered saferesorses of anchors and arch-anchors technologies of increase of stability
of underground developments in conditions of SC «Pavlogradcoal».

MupoBoii ONBIT MPUMEHEHHS] aHKEPOB ISl 00ECIEYeHUs YCTOMUNBOCTH MOA3EMHBIX TOPHBIX
BBIPAOOTOK CBUIETEIBCTBYET O 3HAUUTEIBHBIX IKOHOMHYECKUX MPEUMYIIECTBAX JaHHOTO BUJA Kpe-
¥, MO3BOJISIOIIUX PE3KO COKPAaTUTh MaTepHallbHbIE W TPYIOBBIE 3aTPaThl, MOBBICUTH MPOU3BOIM-
TEJILHOCTh TPyAa M 0€30MacHOCTb pabOT. DTO JOCTUTACTCS 3a CYET BOBJICUCHHSI C IOMOIIBIO aHKEP-
HOM Kpenu MPUKOHTYPHOTO MOPOJHOIO MaccuBa B pabOTy MO CONPOTHUBICHUIO CHUJIAM TPaBUTALIUU,
TO €CThb UCIOJIb3YIOTCS (B TOW MM MHOM CTENEHM) IPOYHOCTHBIE CBOICTBA CAMOIO MaccHBa M HET
HEOOXOJMMOCTH B YCTAaHOBJICHUMM MaTEpHATOEMKHX KOHCTPYKUIUH KpereW IS MoAaep KaHus Irop-
HBIX BBIPAOOTOK.

VYka3aHHbIE TPEUMYIIECTBA aHKEPHOM KpPEIMU MOCIYKUIU TOJYKOM K €€ IIUPOKOMY MpuMe-
HEHUIO B TOPHOAO0OBIBAIOIINX OTPACISAX POMBIIIEHHOCTH.

K nHacTosmeMmy BpeMeHHM B OTEUECTBEHHOW W 3apyOeKHOW IMpakTHKe W3BecTHO Oonee 600
pa3IMYHBIX KOHCTPYKIMHA ankepos [1]. CymecTByroiee MHOroo0pa3ue aHKepHbIX Kpenei, Kak mpa-
BUJIO, TIOJIPA3ACIsAOT Ha JBa OOJIBIIMX KJacca — 3aMKOBbBIE, BXOJSIINE B KOHTAKT C MOPOJHBIMU
CTEHKAaMH IIITypa Ha OTHOCHUTEIIHO HEOOJBIIOM yUacTKe €ro MOBEPXHOCTH, U 0€33aMKOBBIE, 3aKpe-
TUIsIEMBIE TI0 BCEH Wtk OOJbIIIEeH YacTh JUIHHBI mypa [2, 3]. O0a BeIIEIEHHBIX Ki1acca KOHCTPYKITUI
AQHKEPOB MMEIOT CBOM MPEUMYILECTBA U HEJAOCTATKU, KOTOPbIE HEOOXOAUMO BCECTOPOHHE MPOAHAIIH-
3UpOBaTh KaK C TOUKH 3PEHUS] TEOMEXaHUKHU, TaK U C TOUYKH 3PEHUS TEXHHUKO-IKOHOMHYECKUX IMOKa-
3arenell paboThl MPEANPHUATHS, UMESI KOHEYHOH LENbI0 CO3/1aHie KOHCTPYKIIMU aHKepa ¢ HauboJjee
palMOHaJIbHBIM PEXKUMOM B3aUMOICHCTBHS C MOPOAHBIMU CTEHKAMU HIMTypa U MOPOIHBIM MAaCCUBOM
B LIEJIOM IIpY OTHOCUTEIBHO HEBBICOKOM €0 CTOMMOCTH.

[Ipu uccnenoBaHNM U KPUTUYECKOM aHAJIN3€ COBPEMEHHBIX KOHCTPYKIMI aHKepOoB chopMmy-
JMPOBAHBI TPU OCHOBHBIX KPHUTEPHsS, XapaKTepU3YIOIUX 3(PPEKTUBHOCTh NMPUMEHEHHUS TOW WM
MHOW KOHCTPYKILIUK aHKEPHOU Kpenu JJIsl MOAep KaHusI TOPHBIX BBIPAOOTOK.

C TOuKM 3peHHs T€OMEXaHUKHU IIPOLEecca YIIPOUYHEHUS! IPUKOHTYPHOIO MOPOJHOTO MAacCHUBa
NEPBBIA KPUTEPHUl BBIIBUraeT TpPeOOBaHMS MO JOCTIKEHUIO PalMOHAIBHOM aedopMalroHHO-
CUJIOBOM XApaKTEPUCTUKU aHKepa. YIPOUYHECHHBIM aHKEpaMU IPUKOHTYPHBIM IOPOIHBIA MACCUB B
COBPEMEHHBIX TEOPHUSAX paccCMaTPUBAETCA KaK Ipy30Hecyllas KOHCTPYKIMS, BOCIpUHUMAIOIIAs Ha-
IPy3Ky CO CTOPOHBI pa3yNpOYHSIOMIErocs Ae(hOpMUPYIOIIErocsi IOPOAHOTO MACCUBA M BBITIOIHSIO-
mas pojib Kpenu BeIpaOoTKu. st oOecrieuenus 3P GeKTUBHOTO MOAIepKaHUsI TOPHBIX BBIPAOOTOK
ne(OpMaLMOHHO-CHIIOBAsT XapaKTEPUCTUKA 3TOW KpEmu JOJDKHA: BO-TIEPBBIX, COOTBETCTBOBATH Be-
JUYMHE U XapakTepy MpOsBIECHUI FOPHOIO JaBJIEHUS, TO €CTh HECYIIasi CHOCOOHOCTh YIPOUYHEHHOM
aHKepaMH NOPOJHON 000JI0YKHU J0KHA OBITh HE MEHEEe BEJIMYMHBI HArPY3KH CO CTOPOHBI ITOPOTHO-
ro MaccuBa, a €€ MOJATJIMBOCTh — HE MEHEee MPOTHO3UPYEMOH BEIMYMHBI CMEUICHHS] MOPOJIHOTO
KOHTYpa IpY JAaHHOM BEJIMUMHE PEaKLUU OTIIOPA KPEMU.
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Bo-BTOpBIX, 1ehOpMaIIOHHO-CHIIOBAas XapaKTEPUCTHKA YIIPOYHEHHONW MOPOJHON 00O0JIOYKH
JOJKHA 00€CIeYrBaTh MAKCUMAIIBHYIO CTEIIEHb COBMECTHOCTHU Je(OPMUPOBAHUS OTACIBHBIX CIIOEB
1 OJIOKOB, CJIAralollUX HEYCTOMUUBBIE OPO/IbL, C LEJIbIO CHUKEHUSI HAarpy3KU Ha Kpenb. B 3Toi cBs-
3H PSIIOM HCCIEeIOBAaHUI yCTaHOBJEHO [4, 5...9], yTo Hanbonee palMoHaIbHON SABJsETCs AedopMma-
LIMOHHO-CUJIOBAsl XapaKTEPUCTHUKA KPEIHU, OTpaxkarolas ee paboTy B peXHME IOCTOSIHHOTO COIpO-
TUBJICHHS C BEJIMUMHOM peakiuu, OJIM3KON K MPOTHO3UPYEMOM Harpys3ke Ha Kperb OT Beca MOpoj
30HBI OOpPYIICHHUS.

Takum oOpazoM, 11 3PQPEKTUBHOrO MOAACPXKAHUSA TOPHOM BHIPAOOTKM aHKEpHAas Kperb
JOJDKHA C(OPMHUPOBATH TPY30HECYIIYI0 KOHCTPYKITHIO, KOTOopasi Obl paboTajia B peXKHME MOCTOSIHHOTO
COIPOTHUBIICHUS (WU OJU3KOM K HEMY) C peakiMed OTIopa W BETMYMHOW MOJATIMBOCTH, PABHBIMU
WIY TPEBBILIAIOIIMMY IPOTHO3UPYEMbIE HArPY3Ky Ha Kpellb U CMEILEHUS! [TIOPOITHOTO KOHTYpA.

Tperuit kputepuit xapakTepusyer IKOHOMUYECKYIO 3(PPEKTUBHOCTD IPUMEHEHHSI PA3TUYHBIX
KOHCTPYKIIUH aHKEPOB U (OPMYJIUPYET CICTYIOIINE TPSOOBAHMS:

— OTHOCHUTEJILHO HEBBICOKAsi CTOMMOCTh U3TOTOBJICHUS aHKEPa;

— BBICOKAsl IPOU3BOUTENILHOCTD TPY/Ia IIPU YCTAaHOBKE AaHKEPOB;

— BO3MO>KHOCTb ITOBTOPHOTO (MHOTOKPATHOI'0) HCIIOIb30BaHUS AaHKEPOB.

AHanu3 HanpsHKeHHO-AS(POPMUPOBAHHOTO COCTOSHUS Kpeneil ¢ aHKepamMH IMO3BOJMII BBI-
SBUTh OCOOCHHOCTH BIJIMSHUS aHKEPOB HA M3MEHEHHE IO0JId HanpsbkeHud B kpenu. [lpu sTom u3me-
HEHHUE T0JIS HAIPSDKEHUN JOJDKHO OCYILIECTBIIATHCS B HAIPABJICHUU CHU)KEHMS KOHILIEHTpalUi Ha-
NPSDKEHUS. U JOCTUKEHHSI MAKCUMAJIbHOM B JaHHBIX YCJIOBUSAX HECyIIe crnocoOHOCTH Kpemnu. Bei-
MOJTHEHUE CPOPMYIUPOBAHHOTO OCHOBHOTO TpeOOBaHWs 0a3upyeTcs Ha CIEAYIOIIeM YCIOBUU. B
YIPOYHEHHOM IOPOJAHOM NMPUKOHTYPHOM MacCHBE HEOOXOIUMO C MOMOIIBI0 aHKEPOB Mpeodpazo-
BaTh M0JI€ HANIPSHKEHUH TaKUM 00pa3oM, YTOOBI MOBBICUTH YCTOWYHBOCTH MIOPOJAHOTO 00beMa B Hau-
OoJiee omacHbIX (C HAMOOIBIIEH HHTEHCUBHOCTBIO HAINPSDHKEHU) 00IaCTIX.

Taxkum 00pa3oM, aHaNINU3 COBPEMEHHBIX KOHCTPYKIIMI aHKEPHBIX Kpereil B COOTBETCTBUU CO
c(hOpMYyJIUPOBAHHBIMU T€OMEXAaHUYECKHUMH, KOHCTPYKTUBHO-TEXHOJOTMYECKUMH U 3KOHOMHYECKH-
MU TpeOOBaHUSMH TOKa3ajl MEPCIEKTUBHOCTh MPUMEHEHHS JAaHHOTO BHJA YIPOUHEHHS UL CO3/a-
HUS OJIarOMPUSITHBIX YCIOBUHM TOOBIYH YIS

B mHacrosimee BpemMs Ha OJHOM M3 CaMbIX HEpPEAOBBIX OOBEAWHEHHHA YKpauHbI
OAO «IlaBnorpaayroib» UAET aKTUBHOE BHEAPEHHE TEXHOJIOTMH aHKEPHOTO U PaMHO-aHKEPHOIO
KpEIUICHUS.

LleHTpoM aHKEpHOTrO KperieHus: ObLI0 MPOBEACHO 00Ce10BaHNe BEIPAOOTOK, IJIAHUPYEMBIX
JUIsL TIPOBEJICHUSI C aHKEPHBIM M PaMHO-aHKEPHBIM KperuieHueM. Pa3paboTaHbl JOKYMEHTHI B BUJIE
peKoMeHIalui ¢ BRIOOPOM THUIa KOHCTPYKUUN aHKEPHOTO KPEIUICHHUS, BHIBOJIOB, aKTOB COOTBETCT-
BUSI WJIK HECOOTBETCTBUS TPEOOBAHHMSIM HOPMATHBHBIX JTOKYMEHTOB YCIOBHU MPOBEACHUS OTHOCH-
TEJIbHO COCTOSIHUS BBIPAOOTOK, COCTOSIHUS MIPUKOHTYPHOTO MacCHBa, TEXHOJIOTHH BO3BEICHHUS Kpe-
IUIEHUS], BO3MOKHOCTH TPOBEICHHSI BBIPAOOTOK C YUCTO AaHKEPHBIM KPEIJICHHEM, KaueCTBa H MOJTHO-
Thl MOHUTOPHHTA Ha/IEKHOCTU U 06€30MaCHOCTH BBIPAOOTOK.

B cooterctBum ¢ «IIporpammoii mpuodperenns: 000pyJ0BaHUS U MIPUMEHEHUS] aHKEPHOTO Kpe-
TUICHUS TIPU TTPOBEJCHUN TOPHBIX BBIPA00TOK B 2006 Toay» OBLIO MPEIyCMOTPEHO BeJIeHHE paboT C uc-
10JIb30BAaHUEM AHKEPHBIX TEXHOJIOTUI JUIsl KPETIIEHUSL.

dakTH4ecKoe IPOBEIECHUE BHIPAOOTOK C HCIOJIB30BAHHEM AHKEPHBIX TEXHOJOTUH B
2006 rogy coctaBuio 2288 m.m.

N3 Hux:

— MOJTrOTOBUTEIIbHBIE C aHKEPHBIM KperuieHueM — 418 1n.m.;

— MOATrOTOBUTEIBHBIE C PAMHO-aHKEPHBIM KpeIieHHeM — 668 .M. ;

— KallUTaJIbHbIE C PAMHO-aHKEPHBIM KpEIUIEHUEM — 243 11.M.

Ho mo wutoram BeImogHEHUsT TporpaMmbl aHkepHOro kperuieHus 2006 rona ObUIM cleIaHbl
COOTBETCTBYIOIIUE BBHIBOJBI U yke B 2007 roxy Oblia HaOpaHa mporpaMma aHKEpHOT'O KpeIIeHHS,
BKJIIOYAIOLIasl MPOBEIECHUSI TOPHBIX BHIPAOOTOK C MPUMEHEHHWEM AHKEPHBIX TEXHOJIOTUH B 0O0beMe
33086 m.m. Ilo pesynpraram 2007 roja ¢ NPUMEHEHUEM YHCTO aHKEPHOH TEXHOJIOTUH OBLIO MPOWA-
neHo 5807 m.M ropHbIX BeIpaboToK. C MpUMEHEHUEM PAMHO-aHKEPHOW TEXHOJIOTHH OBLIO MIPOMUICHO
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21184 .M, U3 KOTOPBIX KaIUTAJIBHBIX TOPHBIX BBIPAOOTOK — 6755 .M.

Ha 2008 roxg nporpaMMoil aHKEpPHOIO KpEIUIEHUS MPENyCMOTPEHO IPOBENCHUE YXKE
64583 m.M ropHBIX BbIPAOOTOK. M3 HUX paMHO-aHKEPHBIM KpEIUIEHWEM IUIAaHUPYETCS NPOUTH
55287 .M, a 4uUCTBIM aHKepoM — 9296 .M. BriepBbie B 3TOM rofy NporpaMMoi aHKEpHOT'O Kperuie-
HUS HaMEYeHBbl KalHUTaJbHBIE TOPHBIC BHIPAOOTKM C YHCTO AHKEPHBIM KpPEIUICHHEM B 00BeMe
1485 n.m.

C ydgerom ocobenHocTeit MKD U CTpyKTYpHOU CIOXKHOCTH TIOCTaBICHHOW 3a1add pa3pado-
TaHa OJIOK-CXEMa BBIYHUCIIUTEIBHOTO SKCIEPUMEHTA, pacyeTHasi CXeMa KOToporo copMupoBaHa Ta-
KUM CHIelU(PHIECKUM 00pa3oM, 4TO OHA MPOXOJUT HECKOJIBKO ATANOB aKTyaIH3aluu OT pa3paboTKu
OCHOBHBIX PacyeTHBIX 2JIEMEHTOB MOJEIN 10 aJACKBATHOI'O IPEJCTABJICHUS O NPUPOAE BBINOJIHSIC-
MBIX PacUeTOB.

Puc. Obwuii 6u0 mooenu ucnonv3yemoii 8 8bIHUCIUMENTLHOM IKCHEPUMEHME

AKTyanu3aiusi pacueTHOM CXEMBI MpUBeTa K CO3IaHUI0 00bEMHOI MOJIeN Ha OCHOBE, KOTO-
POi1 BBINOJIHSIIUCH BCE MOCIENYIOIINE HccaeaoBanus. i CHUKEHUS! BIUSHUS IPAaHUYHBIX yCIOBUI
Ha KOJMYECTBEHHBIC PE3yIbTaThl BHIUUCIUTEIHLHOTO IKCIEPUMEHTA MO OCHU BBHIPAOOTKH MOAETUPO-
BaJIOCh LIECTh paM, pacrosiararouiuxcs Ha pacctosHuu 0,5 merpa Apyr ot Apyra. Pazmepsl moaenu
BBIOpAHBI C YYETOM MHUHUMU3ALMK B3aUMHOTO BIIMSHUS BHIPAOOTKM U TPAaHUYHBIX YCJIOBHIA Ha pe-
3yJAbTHPYIOIIME 3MIOPhI HANpsKeHU U nepemeneHuil. [lpu sTom Ha rpaHuIiax MOAEIN COXPaHSIOT-
Csl UCXOIHBIE HETHIPOCTATHUECKHE YCIOBUS paCHpeeNieHUs] BEPTUKAIbHBIX M TOPU30HTAIBHBIX
KOMITOHEHT HAMPSHKEHUM.

Jlyis mupoKoMacTabHOTO BHEAPEHHUS aHKEPHOW Kpemu MPOBOAMIIOCH OCHAIIEHHWE HOBEH-
UM OypOBBIM 000pyOBaHUEM IIaXT 00benuHeHus (Tadm. 1).

Y4uuThIBas CIOXKHBIE TOPHO-T€OJOTHYECKHEe W TOPHOTEXHUYECKHE YCIOBHS OTpabOTKH
yronbHbIX 1actoB B OAO «IlaBnorpaayronby, 3a1a4a 1o OnpeieeHUI0 palluOHAIBHBIX MapaMeT-
POB KpEIUIeHHUsI pelIajach ¢ y4eTOM HEpPaBHOMEPHOTO XapaKTepa paclpeielieHus] Harpy3KH, Kak B
MIOTIEPEYHOM, TaK U TPOJIOIFHOM CEUSHHSIX BHIPAOOTKH.

AHanUTUYeCKHUe UCCIIEIOBAHUS MMOKA3AIM CYIIECTBEHHOE BIMSHUE BO3JICHCTBUS YCHIIUI HATA-
YKEHHs aHKEpOB Ha U3MEHEHHUE MMOJIsl HAPSHKEHUH B KPENU U BBISIBUJIM JIO0CTATOYHYIO 3(PPEKTUBHOCTD
yIpaBJICHUS HAMIPSDKEHHBIM COCTOSTHUEM MaTepHalia Kpenu ¢ MOMOIIbI0 aHKEPOB B HANPABICHUHU TIO-
BBIIIIEHUS €€ HeCyIlel CIIOCOOHOCTH.
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Ta6numa 1
[Tonmyuenue maxrtamu OAQO «IlaBnorpaayromns» o6opy10BaHUS
JUTSL aHKEPHOTO KPEIUIEHHs TOPHBIX BBIpaboTok B 2007 roxy
Ne Tun obopynoBanust 1/151 AHKEPHOT0 KpeILICHHsI BCEro
L HIaxTa 1o max-
MQT-120 | ZQST-65 STB 7QS-35 | YKBUI-S/7 Te

1 [TepHoBcKas 6 2 0 0 2 10

2 |ITaBnorpanckas 8 3 11

3 |um. I'epoeB KkocMoca 2 2 1 5

4 |bnaromatHas 7 2 3 12

5 |Crennas 1 2 8 11

6 |FOOunetinas 2 1 3

7 |Camapckast 8 1 2 11

8 | JImenpoBckas 2 1 1 4

9 |3amagno-/lonbOacckas 4 1 2 1 8

10 |mm. H.H. CramkoBa 2 1 3

Hroro B padote nno

OAO «IlaBsorpaayroJsn» 34 12 18 0 14 8

Ha 6a3e pa3paboTaHHOr0 MeTOJ1a ¢ UCIOJIb30BAHUEM KOPPEISALMOHHO-IUCIIEPCUOHHOIO aHa-
JM3a MOJIyYeHbl YPaBHEHUS, TO3BOJIAIONINE ONPEACTATh PallMOHAIbHBIC MTapaMeTpbl YCTAHOBKU aH-
KepoB (KOOPJAMHATHI MECTOPACIIONOKEHHS U TPEOYEMYI0 HECYIIYIO CTIOCOOHOCTH) B 3aBUCUMOCTH OT
TOPHO-TEOJIOTMYECKUX YCIOBUN COOPY>KEHUSI BHIPAOOTKH, FT€OMETPUUECKUX U MEXaHHYECKUX Iapa-
METPOB KpEIH.
AHanu3 pe3yibTaToOB aHAINTHYECKUX U IKCIEPUMEHTAIBHBIX MCCIEIOBAHUIN TTO3BOJIMI pa3-
paboTaTh METOJ pacyeTa OCHOBHBIX IapaMETPOB aHKEpa KaK MCXOJHBIX JAHHBIX K ONPEIEIICHHIO
napaMeTpoB YIPOUHEHHs BMEIIAIONIETO BEIPAOOTKY MMOPOJIHOTO MAaCCHBA.
OTH UccIe10BaHus JIETTIH B OCHOBY IIMPOKOMACIITAOHOIO0 BHEIPEHUS IIPOrpaMMbl aHKEPHO-
ro kpemienus Ha maxtax OAO «llaBnorpagyromis» (Tabdi. 2).

HToru BHIMOTHEHUS MPOTPaMMBbI aHKEPHOTO KPEIUICHUS
no maxtaM OAQO «IlaBnorpaayrons» B 2007 roxy

Tabmura 2

IIpoBenenue, n.mMm

axra Bun Tun IJIaH 110
JEATEIbHOCTH | KPeILUIEHUsI | mporpaMmme ¢paxkr, (1m1.m)
AK, (m.m)
p/a 222 840
ony aHK. 1000 0
BCEro 1222 840
TepHOBCKas KC p/a 1000 869
TepHoBCcKas HUTOrO IO IIaXTe 2222 1709
p/a 3885 3466
ony aHK. 0 788
BCETO 3885 4254
[TaBnoropanckas KC p/a 170 347
IlaBsoropaackas UTOIO MO0 IaxTe 4055 4601

37




lixona nia3emHoi po3pobKu

[Tponomxenue tada. 2

p/a 3280 3320
OILX aHK. 1550 0
BCEro 4830 3320
uM. I'epoeB kocmoca KC p/a 0 16
uM. I'epoeB Kocmoca HUTOIO 110 IIAXTe 4830 3336
p/a 3115 1923
oI aHK. 225 0
BCETO 3340 1923
bnaropatHas KC p/a 160 59
BbaarogaTunas HMTOrO IO IIaXTe 3500 1982
p/a 2250 260
oIl aHK. 1304 2950
BCETO 3554 3210
CrenHast KC p/a 2900 3102
CrenHasi HTOT0 10 MIAXTe 6454 6312
p/a 0 0
OII/T aHK. 0 0
BCErO 0 0
IO0uneiinas KC p/a 480 886
HO0neiinas UTOrO 10 axTe 480 886
p/a 1350 587
OILX aHK. 1555 1093
BCErO 2905 1680
Camapckas KC p/a 1670 1144
Camapckas HMTOrO 110 IIAXTe 4575 2824
p/a 60 167
OILX aHK. 1050 735
BCETO 1110 902
JlHernpoBckas KC p/a 640 241
JIHenpoBcKast HMTOI0 110 IaxTe 1750 1143
p/a 1290 2206
OI1T aHK. 0 241
BCEr0 1290 2447
3ananno-/lonbacckas KC p/a 720 91
3anagno-/lonbacckas UTOIO 10 IAXTe 2010 2538
p/a 1800 1661
o1 aHK. 0 0
BCETO 1800 1661
um. H.M. Cramkosa KC p/a 1410 0
um. H.U. CramkoBa UTOTrO MO axTe 3210 1661
p/a 17252 14430
o aHK. 6684 5807
BCETO 23936 20237
OAO "[TaBnorpagyroius" KC p/a 9150 6755
Bcero no OAO «IlaBinorpaayroJib» 33086 26992

Taxum 06pa3zom, Ipu PacCMOTPEHUU 33/1a4M MOBBIIICHUS YCTOMYMBOCTHU MOA3EMHBIX TOPHBIX
BBIPAOOTOK pecypcocOeperaoumMi TEXHOJIOTUIMHU YIIPOUHEHUS PUKOHTYPHOTO MTOPOTHOTO MacCHBa
000CHOBaHa 11€71€CO00Pa3HOCTh MPUMEHEHUSI AaHKEPHOTO KPEIJICHHSI 111 TOPHO-TE0JI0rMYECKUX YCIIO-
Buit 3ananHoro JloHOacca W HaYaTo MIMPOKOMACIITAOHOE BHEJPEHUE aHKEPHBIX TEXHOJIOTHN B YCIIO-
Busx OAO «IlaBmorpamyromnby.
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VK 622.413.4: 622.817.47:622.831 © B.H. boituenxo,
A.A. MapTbiHOB

IMPUOPUTETHbBIE HAYYHO-TEXHUYECKHUE HAIIPABJIEHUSA
IO MOBBIMIEHUIO YPOBHS ITPOMBIIIJIEHHOM BE3OITACHOCTH
I'A300OBMJIBHBIX ITAXT

BukianeHo oCHOBHI BUMOTH 1 HANPSIMKHU 3 TiABUIICHHS PiBHS O€3MeKH poOiIT B MIaxTax 3 BU-
COKHUM T'a30BUIIIICHHSAM.

M310XeHbl OCHOBHBIC Tpe6OBaHI/I$I W HaIllpaBJICHUA I1O0 IOBBINICHUIO YPOBHSA 0e30IMacHOCTH
paGOT B IM1aXTax €¢ BBICOKHMM I'a30BBIACIICHUCM.

Basic requirements to and research priorities of ensuring safety in automated high-productive
gassy coal long faces are presented.

CoBpeMeHHOE pa3BUTHE AOOBIYM YIJIs Ha maxTax YKpaumHCKoM vactu JloHOacca cBsi3aHO C
IIOCTOSIHHBIM BHEJPEHHUEM BBICOKOIIPOU3BOIUTENBHBIX TEXHOJIOIMM BBIEMKH YIUI U IPOXOAKHU TOp-
HBIX BbIpaOOTOK. IIpu 3TOM, I/1aBHBIM TpEOOBAHUEM K YTOJIbHBIM MPEANPUATUSAM CO CTOPOHBI TOCY-
JApCTBEHHOTO I'OPHOT'O HAJ30pa OCTaeTCsl rapaHTUpPOBaHHOE obecriedeHue O0e30MmacHOCTH pador,
JanpHeHIee MOBBIIICHUE YPOBHS NPOMBIIUIEHHONW O€30MacHOCTH M YIyUIIEHHWE OXpaHbl TpyJa.
OTOT OCHOBOIOJIATAIOLINH MPUHLUI B IPOU3BOJCTBEHHOHN AEATEIBHOCTH JIFOOOr0 rOpHOJ00BIBAIO-
LIETO MPEIIPUATHS HE3aBUCUMO OT (POPMbI COOCTBEHHOCTH PEaiu3yeTcsi B COOTBETCTBUH ¢ 3aKOHOM
VYkpaunsl «O0 oxpaHe Tpyaar».

[Tpo6aembl TPOMBIIITICHHON 0€30MacHOCTH YTOJIbHOM OTPAcia B YKpauHE OTHOCSTCA K KaTe-
ropuu 0co00il rocy1apcTBEHHON U OOLIECTBEHHOW 3HAYMMOCTH, PELIEHNE KOTOPBIX SBJISAETCS OJHUM
U3 IPUOPUTETHBIX 3aJlaHUH HAIIMOHAJIBLHON MOJUTUKU B 00JacTu oxpaHsl Tpyaa. [loarBepxaeHuem
ATOMY SIBJISIETCS A M3aHHBIX YKa3oB IIpesunenta, muorue IlocranoBnenus Kabunera Munuct-
poB Ykpaunsl, B ToM ymciie oT 26.03.06 . Ne374 «O6 yrBepxaenun [Iporpammsl oBbliieHus 6e30-
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MACHOCTH TPyJia Ha yIiIeJ00BIBAIONINX U MaXTOCTPOUTEIBHBIX MPEIIPUSTHIX).

D710 KpaiiHe BaKHO M HEOOXOJMMO, TaK Kak 0oJbllas 4acTh maxT B JloHenkoM peruoHe Yk-
pauHbI SBJISIFOTCS IO TOPHO-T€0JIOTUYECKUM U TOPHOTEXHUYECKUM YCIIOBUSM pa3pabOTKU YrOJIbHBIX
IUIACTOB OJJHUMU M3 CaMbIX CIOKHBIX B Mupe. Tonpko B JloHerkoit obnactu Oonee 70 maxT sBiis-
IOTCSI CBEPXKATETOPHUMHBIMHA M ONMACHBIMH 110 BHE3aITHBIM BBIOpOCaM yruisi W ra3a. MHOTHE HIaxThl
0TpabaThIBAIOT CAMOBO3TOPAIONINECS TIACTHI U OTHOCSTCS K KaTErOPHH OMACHBIX MO B3PHIBUATOCTU
yronsHOU meLTH. bosnee 20 maxT BexyT ropHsie padotsl Ha riryounax 1000-1350 m. MomrHOCTS pas-
pabaTeiBaeMbIX I1acTOB Ha maxtax JloHerkoro peruona cocrasiser 0,6-1,8 M. bonee monoBuHsI
maxt paboTaroT cBhiie 50 et 6e3 peKOHCTPYKIMU, UMEIOT CIIOKHBIC MPOTSHKEHHBIC BEHTUIIALINOH-
HBIE CETH U MHOTOCTYIIEHYAThIN MOJ3eMHBIN TPAHCTIOPT.

B Takux ClIOKHBIX YCIIOBUSIX BEJIEHUE TOPHBIX padOT Ha YroJbHBIX IIaXxTaxX BCerjaa mIpen-
CTaBJISIET MOBBIIIEHHYIO OMAacHOCTh. OO 3TOM CBUACTEIHCTBYET CTATUCTHKA MPOU3BOJI-CTBEHHOIO
TpaBMaTH3Ma M, MPEXJE BCEro, NPOUCIIEAIINE B MIOCIEIHEE BPEMsI 3a IIEPUOJ MEHEE OJIHOrO rojaa
TPHU KPYIHBIC aBapuu ¢ Tudenbio moaei: 18 nHosops 2007 roga B3phIB METAHOBO3IYIIHONW CMECH U
YTOJIBHOHM TIBUTM B TOPHBIX BhIpaboTKax apeHpHoro npennpustus «lllaxta um. A.®. 3acsaapko», B
NEPUO/1 BBINOJIHEHUS TOPHOCTIACATENbHBIX M TOPHOABAPUIHBIX pabOT B BEIPAOOTAaHHOM MPOCTPAHCT-
BE aBapMIHOTO y4yacTKa JaHHOW maxThl 1 U 2 nexadpsi MPOM3OIUIM eIl J[Ba B3phIBA METAHOBO3-
nymHor cmecu; 23 mas 2008 roga mpou3oles BHE3AMHbIA BEIOPOC YIS M raza MpH MPOXOJKE BbI-
pabotku Ha maxrte «KpacHomumanckas»; 8 urons 2008 roga mpousonien B3pblB METAHOBO3TYIIHOM
cMecH B cTBoJie maxThl uM. K.Mapkca I'TI «OpxoHUKUA3ZEYT0JIbY.

Bcero B 2007 roay B yrojibHO#M MPOMBIIUIEHHOCTH YKpauHbl ObUIO TpaBMHPOBaHO 6569 ued.,
B TOM 4Hclie 268 4Yel. — cO CMEpTEeNbHBIM Hcxoa0M. OOImMi MpOU3BOJICTBEHHBI TpaBMAaTHU3M, B
cpaBaernu ¢ 2006 Tog0M, IPAKTUIECKH HE U3MEHUIICS, CHIDKEHUE O0IIeTr0 TpaBMaTU3Ma COCTABUIIO
2,7 %. TpaBMaTu3M CO CMEPTEIbHBIM UCXOJIOM B YIOJbHOM MPOMBILIIIEHHOCTH YKpauHsl B 2007 ro-
ny B cpaBHeHuu ¢ 2006 romom Bo3poc Ha 60%. [TokazaTenb cMepTENbHOIO TpaBMAaTU3Ma Ha OIUH
MUUTHOH 100b19M yrias B 2007 roxy cocraBmi 3,6. B npenpiaynue ¢ 2003 mo 2006 roasr exxeroaHast
BEJIMYMHA 3TOT0 MMOKa3aTes HaXxoauwiach B npenenax 2,0-2,7.

Kpynnubie aBapuu B 2007 roay u ¢ Hayana tekymiero 2008 roga ¢ ru0enpo JII0ICH, a Tak Ke
Jpyrue Tpareiny, KOTOpble UMENIM MECTO Ha ImaxTax JloHOacca B Ipeablaylve TOAbl, CBS3aHbI C
ra3oM METaHOM — B3PbIBAMU METAHOBO3YIITHOW CMECH, BCIIBIIIKAMH, 3ara3uPOBAHUEM TOPHBIX BbI-
pabOTOK C BBICOKOM €ro KOHLEHTpaLUeH.

Oxouno 30 maxT B JloHEIIKOM peruoHe UMerT abCONIOTHYIO ra3000MIBHOCTD 110 METaHy OT
40 110 250 M’/MuH. 3HAYHTENBHOE CONEPKAHHME METAHA ABIIACTCSA OJHHM 3 FIIABHBIX (HAKTOPOB, OIl-
PEeAENSAIOIUX CIOKHOCTh M OMAacHOCTh M00buu. [1o3TOMy OCHOBOIONIAraroluM HampaBiICHUEM B
obmactu obecriedeHus O€30MacHOrO BEACHHS paboT B paboTe Kaxaoil Tra3000MIIBHON IIaXThl BO
B3aMMOJICHCTBUHM C OTPACICBBIMU M IMPOEKTHO-KOHCTPYKTOPCKUMHU HMHCTUTYTaMHU, SKCIEPTHBIMU
OPEIIPUITUIMHA U OpraHU3alUsAMU 10JI TOCTOSSHHBIM KOHTPOJIEM CO CTOPOHBI OPTaHOB I'OCY1apCT-
BEHHOT'0 FOPHOTO HaA30pa ObLIO U OCTAeTCs — HE JAOMYCTUTh aBapUUHOTO 3ara3upoBaHUs, CBOEBpE-
MEHHO MPUHITH MEPBI N0 MPEAYNPEKACHUIO HAPYIICHUN TPOBETPUBAHUS U MBUIETa30BOI0 PeXXUMa
TOPHBIX BBIPAOOTOK.

AHalli3 SKCHEPTHBIX 3aKIIOYEHUH M BBIBOJOB KOMHUCCUM CHEIHMAIBHOTO PacCiieI0BAHUS
KPYIHBIX aBapHii, CIIy4aeB 3ara3upoBaHMs TOPHBIX BHIPAOOTOK Ha IIaxTaX CBUAETEILCTBYET O TOM,
YTO B YrOJbHON MPOMBIIIIEHHOCTH, 0COOCHHO MPH O0TPaOOTKE 3aracoB yris Ha OOJBIION TIIyOuHe ¢
BBICOKMM Ta30BblJIeJIeHHEM, TpeOyeTcs Oe30TiaraTelbHOE BBIIIOJIHEHUE M MPUHATHE LIEJIOr0 KOM-
IJIEKCA OPraHU3allMOHHBIX, MPOEKTHO-KOHCTPYKTOPCKHUX, HAYYHO-TEXHUYECKUX PEIICHUM, HarpaB-
JICHHBIX Ha KapAMHAJIbHOE U3MEHEHHE TEXHUYECKOMN MOIUTUKH MOA3EMHOM TOOBIUN YISl B CIIOKHBIX
TOPHOTEXHUYECKUX YCIOBUAX MIAXT YKPauHBI.

VYke cero/iHsi Hy>KHbI TaKie HAy4YHO 00OCHOBAHHbIE TEXHUYECKHE PEIICHUS, IPU peaTn3aliu
KOTOPBIX HUCKJIIOYAJOCh Obl, B MPUHIIMIIE, BHE 3aBUCUMOCTH OT YeJIOBEYECKOro (pakropa, cozgaHue
aBapHUIHBIX CUTYyalMil C 3ara3upOBaHUEM FOPHBIX BBHIPAOOTOK. DTO MPUHIMIIHAIbHAS MO3UIHS TOCY-
JTAPCTBEHHOI'0 TOPHOT'0 HAJ30pa.

Ha nannom sTane moa3eMHO# yriaeao0bun ¢ y4eTOM CYIIECTBYIONIEH aBapUHHOCTH U aHAJIH-
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32 €XEroJHOro KOJIMYECTBA CJIydyaeB 3ara3upoBaHMsl BbIPAOOTOK BBIEMOUYHBIX YYacCTKOB ILIaxTaM
TOPHBIM HAJ30POM BBIIBUHYTO TpeOOBaHME C IENbIO MOBBIINICHUSI YPOBHS 0€30MacHOCTH paboT or-
PAHMYNTH HATPY3KH HA OYHMCTHBIC 3a00H C METAHOOOHMIBHOCTBIO 5 M*/MHH 1 6onee 10 75% oT pac-
YETHBIX 3HAUYEHUN B COOTBETCTBUU C «PyKOBOACTBOM IO MPOEKTHUPOBAHUIO BEHTHJIALIUU YTOJBHBIX
maxt». [Ipu 3TOM npu pacyeTax He JOJDKHA YUUTHIBATHCS dPPEKTUBHOCTh M30JIMPOBAHHOTO OTBOJIA
MeTaHa U3 BbIPaOOTAHHOTO MPOCTPAHCTBA 3a MPEJEIbl BHIEMOYHOTO y4acTKa C MOMOIIBIO Ta300Tca-
CBIBAIOIINUX BEHTWJIATOPHBIX YCTAHOBOK. DTO CyOBEKTHMBHAs, HO B HACTOSALIMI mepuos 0OOCHOBaH-
Has BBIHYKJIEHHAs! Mepa.

VYuuTtbiBas BO3pOCIIUE 32 MOCIEAHEE JECATUIETHE HArpy3KU Ha OUMCTHBIE 3a00M Ha LIEJIOM
psiie BBICOKOTIPOM3BOAUTEIBHBIX Ia3000UIIBHBIX IIAXT CYIIECTBYET B HACTOAIIEE BPeMsI OObEKTHB-
Hasi He0OXOMMOCTh B pa3pabOTKe U BHEAPEHUU HOBOro «PykoBo/CTBa 110 NPOEKTUPOBAHUIO BEHTH-
JSIUM YTOJIBHBIX IIAXT» C YY€TOM MPUMEHEHHS Ha ra3oBBIX IIAXTax MPOTPECCUBHBIX CXEM MPOBET-
pUBaHMA ¥ BKIIOYCHHUSI B HETO 0OJIee jKeCTKUX TpeOOoBaHMIA O 00ecreueHUI0 0€301MacHON IKCILTya-
Tallud BBICOKOIIPOU3BOAUTEIIBHBIX OYHMCTHBIX 32a00eB ¢ 3arpy3kamu a0 3000-3500 t/cyT. B cBs3u ¢
THM TpedyeTcss U mepepadoTka MEHCTBYIOMIMX B OTpaciu « TeXHOIOTHYECKHX CXEeM pa3paboTKu
YTOJIbHBIX IIJJACTOB HA IIAaxTaX Y KpPauHbD).

K ocHOBHBIM 3ajadaM MO peanu3aldy 3TOro IVIABHOI'O HAIIpaBJIEHHS BO B3aUMOJCHCTBUH
BCEX YKa3aHHBIX CTOPOH OTHOCST CJeayIollee: COBEPILIEHCTBOBaHUE, pa3paboTKa HOBBIX U BHEIpE-
HUE 3(QPEKTUBHBIX CXEM M MapaMeTpPOB MPOBETPHBAHUS BBIEMOYHBIX YYaCTKOB U IMOJTOTOBUTEINb-
HBIX TYIHKOBBIX 3200€B C IPUMEHEHHUEM aBTOMATU3MPOBAHHBIX KOMIUIEKCOB ra3oBoii 3amuthl. [Ipo-
BETPUBAHME Ka)KOTO BBIEMOYHOIO YYacTKa Ha IIAXTe€ JODKHO HMMETh OIPENEIECHHBIN pe3epB
«mpouHocTn». Cxema U pacyeTHble MapaMeTpbl BEHTHISALUU TOJDKHBI HCKIIIOYATh JII00OOM HeraTtus
IIPU BO3MOXKHBIX aBAPHIHBIX CUTYAIMsIX (HE3aKpPBIThIE KEM-TO BEHTHJISIIMOHHBIE JABEPU, HE CIPOT-
HO3UPOBAHHOE MOBBIIIEHHOE BbIJCIEHUE METaHA B pyIHUUYHYI0 atMocdepy U 1p.). U, npexne Bcero,
3TO JAOJHKHO KacaThCsl padOThI BBICOKOIPOU3BOAUTEIbHBIX JIAB.

Pabota Beicokonpou3BoauTenbHbIX JiaB (1000-3000 T/cyT u Gonee) ¢ BBICOKMM ra3oBbIEIe-
HUeM Oe3 pelieHus] BONPOCOB MO0 MHTEHCHBHOMY NPOBETPHUBAHUIO BBHIPAOOTOK BBIEMOUHBIX y4acT-
KOB, 3((heKTUBHOM Jera3anuu 1 6e3 MPUMEHEHUS MPSIMOTOYHBIX CXEM MPOBETPUBAHUS C TOJCBEXKE-
HHEM Bcer/ia Oblia ¥ Oy/IeT COpsibKeHa ¢ OMAaCHOCTHIO0 BO3MOYKHOT'O aBaPHIMHOTO 3ara3upOBaHUs OT-
JENIbHBIX YYacCTKOB BBIPAOOTOK (TYMHKOBas 4acTh MOrallaeMoro BEHTWISIIMOHHOTO IITpeKa MpH
CTOJIOOBOM CHCTEME, BEPXHSS YaCTh OYMCTHOIO 32004 mepe OyTOBOM MOJIO0CON MPH CIIONIHOM CHC-
TeMe pa3paboTku u ap.). [loatomy, npeanaraemple HayKOM TEXHUYECKHE PELICHUS MO pa3paboTke
TaKuX IUIACTOB, BEHTHIIIUOHHBIC PACUYETHI [0 YYACTKaM JIOJDKHBI BCE 3TH aCNEKThl YUUTHIBATH, H,
MPEKIe BCEro, C TOUYKU 3peHUsl 00eCIieueHusl TapaHTUPOBAHHOM 0€30MacHOCTH padoT.

B noBbimennn ypoBHsi 6€30macHOCTH paboT Ha IIaxTax BCEra MPeBaIHPYIOMUM ObUT U OC-
TaeTCs BOMPOC o0ecredeHus: 6€30macHOi 0TpadOTKH BEIOPOCOOIIACHBIX IIACTOB yTJIs U ra3a. B 2006
1 2007 romax ToNbKO Ha maxrtax J{oHenKoi 001acTH MPOM30ILIO COOTBETCTBEHHO 59 u 62 razonu-
HaMUYECKHX SIBJICHHSI, TIPU ATOM OBLJIO CMEPTEILHO TpaBMupoBaHo 3 U 4 den. B tekymem 2008 roxy
TPU BHE3AITHOM BBIOPOCE CBBIIIE JBYX THICAY TOHH YIJISL M 55 THICSY M’ Ta3a MeTaHa MpH KOMOAITHO-
BOM MPOXOJKe BhIpaOOTKU Ha maxTte «KpacHomumanckas» 11 demoBek moru6i1o u 3 4eoBeka TpaB-
MHUPOBAHBI.

Ocob6oe BHMMaHUE B PEIICHUU BOIMPOCOB OOPHOBI C Ta30M METAaHOM B BBIPAOOTKAX JOHKHO
YAETSATHCS TPUMEHEHUI0 (D (PEKTUBHBIX TEXHOJIOTUHN JieTa3allii YTONbHBIX IIACTOB U BHIPAOOTAHHO-
ro nmpoctpanctBa. [Ipu yka3aHHBIX BbIIIE YPOBHSAX aOCOJIFOTHOM ra3000UIBHOCTH CPEICTBAMU BEH-
TWIALUU 0e3 ocyliecTBICHUs Y(PPEKTUBHOM Jera3alii HEBO3MOXHO O0ECIeYUTh O€30MacHyI0 OT-
paboTKy IJIaCTOB.

Bo Bcem mupe nerazaiusi UCIOJIB3YeTCsS KaK OCHOBHOM CHOCOO MOBBILNICHUS 0€30MacHOCTU
paboT B MIaxTax M €XEeToHO OOBEMBI €€ HapaIIUBaIOTCS.

B knmaccudeckoMm BapwaHTe CErofHs M00bIYa YIS B YCIOBHUSX BBICOKOTA3000MIBHBIX IIAXT
JOJDKHA paccMaTpUBAThCs B KOMILIEKCE ¢ JOObIuel ra3a MeTaHa.

C omHOU CTOPOHBI, METaH YTOJBHBIX MECTOPOXKIACHHI — Bpar IMIAXTEPOB, HA BEHTHUIISIUIO
IIAXTHBIX BBIPAOOTOK M Ha MPEIOTBPALLECHUE aBAPUHHBIX CUTYallMH C TSHKEIBIMU MOCIEICTBUSIMU
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pacxoayroTcs 3HAYUTENIbHbIE CPEACTBA U, B TO XK€ BPEMs, 3TO IOJE3HOE HCKOIIAEMOE — 3HAUUTEIb-
HBII pe3epB YIIIeBOAHOTO Chipbs. B Jlon0acce ¢ BEHTHUIISAIIMOHHBIME TOTOKaMHU KaXK[Ibli TO/1 BBIOpa-
chIBaeTCs B aTMocdepy M3 IAXT 0 3,5 MIPA. M ra3a MeTaHa.

B yrnego06piBaromieM KOMIUIEKCE YKPauHbI 52 MIaXThl UMEIOT CEroJIHs JEHCTBYIONINE Jera-
3alMOHHBIE cucTeMbl. OCHOBHOM TEXHOJIOTHEN Jlera3aluu sBJsieTcsl OypeHHe NO3EMHBIX Jlera3alu-
OHHBIX CKBaXXMH B BBIPAOOTaHHOE MPOCTPAHCTBO U CIYTHUKH YTOJBHBIX IacToB. O0beM MeTaHa,
MOJYYSHHOTO BCIICACTBUE JETa3allid YTOJBHBIX IUIACTOB M MOPOJI, COCTABISAET HEMHOTMM OOJIbINE
200 miH. M3, mw Menee 10% ot oOmero raszossiaenenusa. Oxkomno 50 MiH. M IOOBITOTO METaHa
NPUXOANTCS Ha CKBAKUHBI, KOTOPHIE MPOOYPEHBI ¢ MOBEPXHOCTU. D(P(HEKTUBHOCTH Jera3aluu, B
cpenHem, cocrapisieT 25-30%. Kantupyemslii ra3 ot aerazanuu st COOCTBEHHBIX HYXKJ HCIIONb3Y-
10T Juiib 11 maxr, npuyem, ypoBeHb MCHOIb30BaHUS COCTABIIAET Jullb 18% OT KanTHUpyemMoro me-
TaHa. DTO 3HAYUTENILHO MEHbIIIE, YeM BO MHOTHX YTJIeI0OBIBAIONINX CTpaHax EBpoMbL.

Jnist penieHnst JaHHON HayYHO-TEXHUYECKOH MPOOIIEMBI 1O MOBBIICHHUIO 3()()EKTUBHOCTH Je-
ra3aluy Ha IaxTax B YKpauHe BeaeTcs padoTa 1o pa3padoTKe U MPUHSATUIO COOTBETCTBYIOIIETO 3a-
KoHa YkpauHbl «O MeTaHe YroJIbHBIX MECTOpOXKAeHu». Hapsany ¢ 3TuM HeoOXoauMo 00ecreunTh
IIaXThl BEICOKOTPOM3BOIUTEIBHBIM OYpOBBIM 000pYIOBaHUEM /ISl OypeHUs CKBa)KHMH, KaK C TIOBEpPX-
HOCTH Ha TTyounsl 6oee 1000 MeTpoB, Tak U AJIS MOA3EMHOTO OypEHHSL.

[IpropuTEeTHBIMU BOIIPOCAMH B TOBBIIIEHUH YPOBHS MPOMBIIIJICHHONW 0€30MacHOCTH padOThI
ra3000MWIBHBIX HIAXT HapsAAy C yKa3aHHBIMH BBIIIE, KOTOPHIM HEOOXOIUMO YAESATh CaMoe€ IpH-
CTaJIbHOE Ka)K/I0JIHEBHOE BHUMAaHHUE, SBIISIOTCS CIIEIyIOIINE:

— BO-NIEPBBIX, HEOOXOIUMO CBOECBPEMEHHO M OOCTOSTENBHO BBINOJHATH TOPHO-
re0JIOTUYECKHE MPOrHO3bI 110 TOTOBALIUMCS K OTPa0OTKE y4yacTKaM IIAXTHOTO IMOJsl, HE JOMYyCKaTh
B [IEPUOJIbI KaK MPOBEACHUS MOITOTOBUTENIBHBIX BEIPAOOTOK, TaK M HKCIUTyaTalluH JIaB, HAPyIICHHH,
CBSI3aHHBIX C BBIMIOJIHEHUEM KOMIUIEKCA MPEAYyCMOTPEHHBIX padoT mo obecredeHuio 06e30MacHOCTH
TpyZa B 30HaX FOPHO-T€0JOrMYECKUX HapylleHui. CrenuaibHble paccieOBaHNs KPYIHbBIX aBapHil
HAa IIaxXTaX [MOKa3aju, 4YTO BO MHOTHX CIy4asX MPsSMOIl WK KOCBEHHON MPUYUHON MPOUCHISAIIETO B
HOJTOTOBUTENBHBIX 3a005X MM BBIPAOOTKAX BHIEMOUYHBIX YYaCTKOB SIBUJIOCH HEYJOBJIETBOPUTEIIb-
HOE BBITIOJTHEHUE TaKUX MEP M0 00ecreueHuIo Oe30MacHOCTH BeJIeHUsI TOPHBIX paboT;

— BO-BTOPBIX, IPUHIUMHAIBEHO TMOJAXOIUTh K PEIICHUIO BOIPOCOB M0 OTPAHUYCHHUIO JTOOBIYN
yIJIsl B BBICOKOHATrPY>KEHHBIX JIaBaX Ha IIaXTaX, HE MMEIOIIUX pe3epBa BO3Ayxa Ul pa3BUTHUS rop-
HBIX pa0boT, U 00ECTIEYCHHUIO aHHBIX JIaB, IPU YBEIUYHUBIIUXCA 00beMax JOOBIUM, PACUETHBIM pac-
XO0JIOM BO3lyXa.

AHanus pe3yiabTaToOB paccieJOBaHUs aBapuil, MPOUCIIEAIINX B JIaBaX B NEPUOABI TEXHOJIO-
TMYECKHX IIUKJIOB 110 BBIEMKE YIJI KOMOailHaMH, Tak e IMOKa3bIBAET, YTO BEChbMa BaXKHBIM SIBIISICTCS
BOIIPOC 0€3yCIIOBHOTO MPUMEHEHUS 3()(HEKTUBHBIX CPEICTB OPOIICHHSI. DTUM CaMbIM HCKIIOYAeTCs
BO3MOXXHOCTh BO3TOpaHHs, BCIBIIIEK Ia3a METaHa IPU €ro MOBBIIICHHON KOHIIEHTPAIMH B HEMO-
CPEJICTBEHHOW 30HE pa3pyllIeHUs YroJIbHOTO IU1acTa npu pabore koMOaiiHa.

Oco00 Ba)KHBIM HANpPaBIIEHUEM B CHIKECHUHM aBAPUITHOCTU M MPOU3BOJCTBEHHOIO TpaBMa-
THU3Ma Ha IIaXTaX SIBJISETCS HaBEICHUE TOJKHOTO TOPsAKa, Kak Toro Tpedyer 3akoH YkpauHsl «O0
OXpaHe TpyJa», B OpraHu3aiuu 1 GyHKIUOHUPOBAHUU 3(PPEKTUBHOTO BEAOMCTBEHHOTO KOHTPOJIS
3a o0ecrieueHreM 0€30MacCHOCTH BEACHUS TOPHBIX paboT.

[lonTBepkaeHNEM CIIY>)KUT TO, UTO MpUYMHAMU OonbIIMHCTBA (Oosiee 75%) HECUaCTHBIX CITy-
4aeB CO CMEPTEIbHBIM MCXOJOM SIBJISIOTCS OpraHM3allMOHHBbIE NpUuMHbl. He 3amepunu KoHLEHTpa-
IIUIO ra3a, He MPOKOHTPOJIMPOBAIU BbINOJIHeHHE TpeboBanuii I1b, HapymuaM ropHsALKUe MoCTysa-
THI... — B pE3yJIbTAaTe aBapysl WIM HECUACTHBIN CIly4ai.

CHU3UTH TpaBMaTU3M B OTPACIIH, a, BEPHEE, HE JIOIYCKaTh €r0 MOXHO TOJILKO TOT/A, €CJIH Ha
maxTax OyaeT paboTaTh IpaMOTHBIN BBHICOKONPO(ECCHOHATIbHBIN NMepCcOHaN 0T ropHOpadouero 1o
nupekTopa. B cBs3u ¢ 3THM, epBoodepeiHoe TpeOOBaHUE — ATO 0053aTeNbHBIN TPO(eCcCHOHATBHBIN
0TOOp, KayecTBEHHas! MOArOTOBKA U 00yUeHHE KaJpOB JUIsl YTOJIbHONW MPOMBIIIIICHHOCTH.

Kaxkp1ii BBIGMOYHBIN y4acTOK, KaXK/1ast j1aBa, KaX bl TIOITOTOBUTEIBHBIN 320011, BHE 3aBH-
CHUMOCTH B JTOOBIYHYIO WJIM PEMOHTHYIO CMEHY, JIOJKEH MOCTOSIHHO HaXOIUTCS IOJ] KOHTPOJIEM OT-
BETCTBEHHBIX JTOJDKHOCTHBIX JuIl maxTel, UTP — pykoBoauTeneit paboT, paOOTHHUKOB CITyKOBI 0Xpa-
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Hbl Tpyaa. [lo 000k HeCcTaHAAPTHON CUTYyallMd JOJDKHBI OBITH ONEPATUBHO MPUHSTHI COOTBETCT-
BYIOLLIME MEPBHI.

JIist maxT, Ha KOTOPBIX B TOM WJIM MHOW COBOKYITHOCTH B HACTOSAIIEE BpEeMs JJisi KOHTPOJIS
napaMeTpoB MPOU3BOJICTBEHHON cpeiibl, TEXHOJIOTUYECKUX MPOIECCOB, PA0OTHI MOJ3EMHBIX 00BEK-
TOB, JUCTAHIIMOHHOTO YTNPABJICHUS MAIIMHAMHU U MEXaHU3MaMH UCIOJIb3yeTcs anmnaparypa AT3-1,
ATI-1, AIITB, UCHB, «Betep», AYK-1M, TCJl u npyrue, pa3paboTaHbl HOBbIE CUCTEMBI U CPE/I-
CTBa M0 KOHTPOJTIO 32 0€30IaCHOCTHIO BEJCHHUS TOPHBIX padoT.

B cooTBeTcTBUM € TOCYAapCTBEHHON MPOrpaMMON B MOCIEIHUE TObI AXThl « TpynoBcKas»,
«IIlernoBckas-I'myOokas» u apyrue o00OpyIOBaHBI HOBBIMH CUCTEMaMH 0€30MacHOCTH — YHH(UIIH-
POBaHHBIMHM TEJIEKOMMYHUKALIMOHHBIMUA CHCTEMaMH JUCIETYEPCKOTO KOHTPOJII U aBTOMATU3UPO-
BaHHOT'O YIPAaBJIEHUS TOPHBIMU MammHamu U TexHosiornyeckumu komiuiekcamu (YTAC). YTAC —
MHOTO(YHKIIMOHATbHAsI CUCTEMa, OCYIIECTBIISIONIAs KOHTPOJIb 33 MPOBETPUBAHMUEM TOPHBIX BBIpa-
0O0TOK, ra30BO 00CTaHOBKOM, TEXHOJIOTHYESCKHUMH MPOIECCAaMU, BEJICHUEM B3PBIBHBIX PadoT, pabo-
TOM CTallMOHAPHOTO 00OpYyA0BaHUs, OE30MACHOCTHIO HKCIUTyaTallM KOHBEHEPHBIX JTUHUI, BOJOOT-
JIUBOB, TPOTUBOIIOXKAPHOU 3aIIUTON U TIpoUEee.

Peanuzanus cuctemsl 6e3onacHocti Y TAC mo3BosisieT CBOEBPEMEHHO YCTaHOBUTH OTEHIHU-
QIBHO OTNACHBIC TOPHBIC OOBEKTHI, PAOOTAIONINE B HEUITATHOM PEXKHME, U aBapUWHO OMACHOE IS
JabHENIIe 3KCITyaTallud TOPHOILIAXTHOE 000pyI0BaHUE, OOBEKTHUBHO pa3o0paThCsi B BO3ZHUKHO-
BEHHMM aBapPUMHBIX CUTYALU.

MakHHWU pazpaboran amnmapaTHO-POTPAMMHBIA KOMILJIEKC IMPEACTaBICHUS U 00pabOTKH
uHpopManuu 06 a’pora3oBoil oOcTaHOBKEe B TOpHBIX BhIpaboTkax (KAI'M). [lanHblii KoMIIIEKC
IpeJHA3HAYEeH /I MCIIOJIb30BaHUsA Ha yroibHbIX maxrtax llI-eil kareropum mo rasy u BbIIIE IS
npuema, npeobpa3oBaHus, npeacrasieHus oneparopy AI'K, oOpaboTku, BbIIAYM W XpPaHCHHS I10-
CTyMarollel Ha OBEPXHOCTh IAaXThl HH(OPMALIUK OT anmapaTypbl aBTOMaTHYECKOT0 KOHTPOJIS CO-
JiepKaHusl METaHa, TEIEKOHTPOJISI PacXoa BO3AyXa B FTOPHBIX BRIPAOOTKaxX, a TAKXKE OT JPYrou am-
napatypbl ¥ JaTYUKOB, UMEIONINX YHU(DUIIUPOBAHHBIM BBIXOJIHOW curHan. KoMIiekTsl KoMILiekca
uHpopmannonnoi cucrembl KAI'U BHepeHs! Ha psjie maxT JJOHEIKOro peruoHa.

Hanuumne Takux cucrteM M KOMIUIEKCOB Ha IIAXTaX JUCUUILIMHUPYET U MOBBIIIAET OTBETCT-
BEHHOCTh PYKOBOJUTENICH MPEINPHUITHIA, UX CIY>KO M Y4acTKOB, JIUI] BEAOMCTBEHHOTO KOHTPOJIS B
1IEJIOM 32 00ecIieueHre Ha YTOJIbHBIX MPEANPUATUAX 0€30MacHBIX U 3I0POBBIX YCIOBUI TpyIa.

3acmyKMBaeT BHUMAHHS M BBITIOJHEHHUS Ha BHICOKOTa3000MIBHBIX IIAXTax BOMpPOC obecre-
YEeHHs BCEX FOPHSIKOB, KOTOPbIE pabOTaIOT B TYNUKOBBIX U OYMCTHBIX BBIPa0OTKaX, a Tak e B BbIpa-
00TKax C HCXOASAIICH CTpyeil BO3AyXa, MHIMBHIYaJbHBIMH CUTHaiIM3atopamu Merana. Cymect-
Bytomue TpeboBanus aerictByronnx «IIpaBun 6e30macHOCTH B yroJIbHBIX IIAXTax» B JaHHOM Ha-
MPABIICHUU JIOJDKHBI OBITh 3HAYUTEIIBHO PACIITHPEHBI.

[IpoGieMHBIM BOIPOCOM B 00€CIEYEHHH MPOMBINIICHHON 0€30MacHOCTH MPEANpUiTUd U
TEPPUTOPUI B PETUOHE SBJISICTCS BBIICICHHE Ta3a METaHa Ha MOBEPXHOCTh U3 BRIPAOOTAHHOTO TIPO-
CTPaHCTBA 3aKpbIBAIOIIMXCA axT. [[pOHUKHOBEHUE €ro B 3JaHUSl U COOPYKEHUSI IPUBOJIUT K 3ara-
3UpPOBAHUIO NTOMEIIEHUH, YTO COIPSKEHO C ONACHOCTBIO YIYIIbS JIFOJEH, B3pbIBa U BOCIUIAMEHEHHUS
MeTaHa. DTo 0coOeHHO xapakTepHo i LlenTpanbHoro paiiona {onbacca u Jlonenko-MakeeBcKoro
panoHa.

[IpoBoaumbie pabOThI IO KOHTPOJIIO 33 Fa30BbIIEICHUEM Ha 3€MHYIO [TOBEPXHOCTb, U3BJICYE-
HUIO Ta3a U3 MoJpabOTaHHOTO TOPHOTO MAacCHBa IMyTeM OYpEeHHsI CKBAaXHH C MOBEPXHOCTH B Ha-
cTofllIee BpeMsi HeJoCcTaTOuHbl. J(P(HEKTUBHOCTh HAYYHO-IPAKTUYECKUX PabOT B JJaHHOM HalpaB-
JICHUH JIOJDKHA OBITh TOBBIIICHA. 371eCh TPeOyeTcs U BHITIOTHEHHE KOHKPETHBIX TEXHUYECKUX MEpO-
IPUATUN U peain3alisl HOBBIX HAYYHbBIX U3bICKAaHUM.

BaxxubiM BomipocoM B oOecrieueHIH Oe30IMacHOCTH BEJCHHS TOPHBIX paboT ocTaeTcs mpume-
HEHHME Ha [IaXTaxX HaJEKHBIX CIIOCOOOB U CPEACTB YIPAaBJICHUS T'OPHBIM JaBICHHEM M KpEIUICHUS
TOPHBIX BBIPaOOTOK.

B nocnennue nHeckonpko neT Ha maxtax uM. E.T. AbakymoBa, «KpacHoapmerickas-3amaanas
Nely, «Poccusi», «JloOpormonbekas» U JPYyTrux, ¢ HeIbI0 MOBBIIICHHUS 0€30MIaCHOCTH BECHUS TOPHBIX
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paboT U CHIKEHHUS MPU 3TOM 3aTpaT Ha JOObIUY YIJIs, BHEIPSIETCS aHKEPHOE KPEIJIEHUE TOPHBIX
BBIPaOOTOK.

B crpanax ¢ pasButoil yrosnpHo# npowmsbiieHHocThi0 — CIIIA, I'epmanun, Benukobpura-
HUH, C LEJNbI0 MOBBIIICHUS 0E30MaCHOCTH PadOT, CHIKEHUS MaTEPHUaJIOEMKOCTH KpEIUJICHHs U TO-
BBIILIEHUSI TEMIIOB IPOXOJKU FOPHBIX BBIPAOOTOK, TEXHOJIOTHSI aHKEPHOI'O KPEIUIEHUs TOPHBIX BbIpa-
OOTOK YCIIEITHO MPUMEHSETCS YK€ MHOTUE I€CATUIICTHS.

upokoMy pacnpOCTpaHEHHUIO 3TOM TEXHOJIOIMM KpEIUIEHHUs BbIpaOOTOK Ha IIaxTax YKpau-
HBI MIPETSITCTBYET OTCYTCTBUE COOTBETCTBYIOIIECH HOPMATUBHOM 0a3bl.

HeoOxonumo B HacTosAmIMi NepUo BO B3aUMOJICHCTBUU OTPACIEBBIX UHCTUTYTOB U 3aUHTE-
PECOBAaHHBIX OpraHU3aluil BHIMOJIHUTH B CKAaThIe CPOKU pabOTy MO MOATOTOBKE U anpobanuu oTpac-
JI€BOH HOPMATHBHO-TEXHUYECKON JOKYMEHTAIUS MO pacdyeTy M BBIOOPY MapaMeTpoB O€301acHOTrO
NPUMEHEHHUS TEXHOJIOTMH aHKEPHOTO KPEIJICHHsI TOPHBIX BRIPAOOTOK B YTOJBHBIX IIAXTaX Y KpauHbI.

B pasButuu nefcTByOMUX NTyOOKUX MAaXT B JJOHEIIKOM perruoHe akTyallbHOW HEOTI0XKHOW B
pELIeHNH 3a/jauell IBISIeTCSl HOpMaJlu3alus TeMIIEpaTyPHbIX YCIOBUH B paboumnx 3a005X.

Ha rirybokux maxtax Tosbko JloHEnKoi 00acTi 3a mocieqHue 15 JeT 3aperucTpupoBaHo
obu10 O0Jiee 300 TerIOBBIX yAapoB. B yka3zaHHBIN mepuoj BpEMEHH €XEeTOAHO 1-2 MOA3eMHBIX Top-
HOpaOOUYMX M3 THICSYU YMHPAIU Ha pabodeM MecTe WU [0 OKOHYaHWU pabodell CMEHBI TOCIIE BBI-
e3la ¢ IIIyOOKHMX TOPHU30HTOB IIAXT C BBICOKOM TeMIIEpaTypod BO3/yXa B TOPHBIX BBIPAOOTKaxX.
CwMmepTh 3THX TopHOpabounx Oblia KBaTM(UIIMpPOBAHA KaK pe3ysIbTaT MPOSBICHHUS OCTPOW cepied-
HOI HEI0CTaTOYHOCTH.

PesynbTarsl MccnenoBaHui 1OKa3bIBAIOT, YTO CYLIECTBYET TECHAS CBSI3b MEXKY TEMIIEpaTy-
poii Bo3/1yXa B MOA3EMHBIX BBIPAOOTKax M 0€30MacHOCTHIO Tpyia ropHopabounx. Tpebyercs B cBA3U
¢ 3TUM Oe3yclIoBHOE oOecreyeHne IJisl ACATEIbHOCTH YeJIOBEeKa B MOJ3EMHBIX BBIpabOTKax riy0o-
KHMX IIaXT ONTUMAJIbHBIX KIIMMATHYECKUX YCIOBHI.

Jlnisi BBICOKOTEMIIEPATYPHBIX TIIyOOKHX MIAXT TpeOyeTcsl 00s3aTeNbHOE BBIMOJIHEHHE KOM-
IJIEKCa MEp M0 NPUMEHEHUI0 UCKYCCTBEHHOI'O OXJIAKIEHUS BO3/yXa, OXpaHe TpyJa I'OPHSAKOB, pa-
0OTalOIIMX B YCIOBHSX IOBBIIICHHBIX TEMIEpaTyp PYAHUYHON aTMocdepsl U auddepeHmranus
HOpM IIaxTHOro kiuMmara. IIpu 3ToM HeoOXoaumMo OTMETHTh, YTO IlocTaHOBIEHHEM COBMECTHOU
koyierur Muntpyaa, ['ocaanzopoxpantpyaa, Munsapasa, Munyrienpoma, LIK npodcoroza padot-
HUKOB YT'OJIbBHOW MpOMBINUICHHOCTH YKpauHbl Nel6/19/16 ¢ 1 suBaps 1997 r. maxrtam 3amperieHa
HOJrOTOBKA HOBBIX BHIEMOYHBIX YYaCTKOB Ha IIyOuWHaX BeaeHus ropHeix pador 1000 m u 6omee 6e3
pelIeHrs BOIpOca M0 HOpMaIU3aIMK TEIJIOBOIO COCTOSTHUS PyAHUYHOM aTMOC(EepHI.

O60011eHIEe MUPOBOTO OMBITA HOPMUPOBAHUS IAXTHOTO KJIMMATa, (PU3NOIOTHIECKUE OTEUE-
CTBEHHbBIE HCCJIEIOBAaHUSI HOPM BPEMEHHM IMPHU BBIMOJIHEHUH PabOT B Pa3IMYHBIX MUKPOKJIMMATHYeE-
CKUX YCIIOBHSAX TTyOOKHX YTOJIBHBIX IIAXT MOKAa3bIBAIOT, YTO CIEAYET 3alpemiaTh BeJCHHE TOPHBIX
pabot Ha pabounx MecTax, IJie TeMIeparypa Bo3ayxa gocruraet 32°C u 6oee.

B Hactosmee Bpems B YKpauHe IEHCTBYIOT HOBBIE CAHWUTApHbBIE NPaBUJIA U HOPMBI JUIS
NPEANPUATHIA YTrOJIbHOM MPOMBIIUIEHHOCTH, B KOTOPBIX ONpPEAENIeHa MPEIEIbHO JOIYyCTUMAsl TEM-
neparypa Bo3JIyXxa Ha padOYnxX MecTax B MMOA3EMHBIX TOPHBIX BeIpaboTkax (32°C). BBeaeHrne HOBBIX
CaHUTAPHBIX HOPM B YIOJIbHOM IMPOMBIIIIEHHOCTH 00YCIOBIMBAET HEOOXOUMOCTh pa3pabOTKHU HO-
BBIX MOAXO/J0B M TEXHUYECKUX PELICHUN MO PErYyJIMPOBAHUI0 MUKPOKIMMATA U MPELYNPEXKIECHUIO
TEIUIOBBIX MOPaXKEHUH B BHIPA0OOTKAX INIyOOKHX ILIAXT.

B Vkpaune u, npexae Bcero, B JloHenkoi o6sacTu paboTaeT LENblii psil akaJeMUUeCKUX U
OTpacJIeBbIX HAYYHO-UCCIIEOBATEIbCKUX UHCTUTYTOB, CBA3AHHBIX C MOBBILICHUEM YpOBHS Oe3omac-
HOocTH paboT Ha yroupHbIX Imaxtax JlonOacca. Cpeau HMX Takue MHCTUTYThI, kak MaxHUMU,
HouYI'U, HUUT'Jl «Pecnupatop», UI'M um. demopoBa, MHCTUTYT (UBUKHA TOPHBIX MPOIECCOB
HAH Vxkpaunsl u apyrue. X ponb B pa3lM4HbIX CUTYalUsAX, BOZHUKAIOUIMX Ha IIaXTax, ObIBaeT
pocTo HeolleHuMo. [1oaToMy U B nanmpHelIeM maxtaM HeoOXOAMMO TECHEe B3aMMOJICHCTBOBATh
C HayKOH, pemaTh COBMECTHO BO3HMKAIOIIUE MPOOIEMHbBIE BOIPOCH. B KOHEYHOM HTOrEe 3TO MO3U-
TUBHO OTPAXaeTCs HA MOBBIIIEHWN YPOBHS MPOMBIIUIEHHOW 0€30MacHOCTU U YJIYYIIEHUU OXpaHbI
Tpy/la Ha [IaxTax.

B pemennn npo6seM ropHoit 6€30macHOCTH, HaJl KOTOPBIMH ITOCTOSTHHO paboTaloT oTpacie-
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BbIC M aKaJEeMHUYECKHE HAYYHO-HCCIIEIOBATEIbCKIE HHCTUTYTHI, TPEOYeTCs CHCTEMHBIN MOAX0J U B
00s13aTeNnbHOM TOpsAJKE OIOKETHOE (PUHAHCHUPOBAHHE MPHUOPHUTETHBIX HAYYHBIX MPOrpaMM, Hayd-
HO€E COIPOBO’KJICHUE 3a pe3yJIbTaTaMU UX IMPAKTUYECKOTO BHEIPEHUS HA IIaXTax.

Co CTOpOHBI TOCYJApCTBEHHOTO TOPHOIO HAA30pa W TOCYAAPCTBEHHBIX SKCIEPTHO-
TEXHUYECKUX IEHTPOB CHCTEMBI [ OCroprpoMHan3opa, CO3MaHHBIX U (HYHKIIHOHUPYIOIUX C HENIBIO
HAay4YHO-TEXHUYECKOU MOIIEPKKU TOCYJaPCTBEHHOTO FOPHOr0 HAJA30pa U HAA30pa 3a MPOMBIIUICH-
HOW 0€30MacHOCTHIO M OXPAHOM TpyJa B JPYTUX OTPACISAX MPOMBIIUICHHOCTH YKpaWHbI, BOIIPOCAM
COBEpIICHCTBOBAHUA, Pa3pabOTKM W BHEJPEHHUS HOBBIX 0e30mMacHbIX 3()PEKTUBHBIX TEXHOJOTHIA
TOPHOTO ITPOU3BOJICTBA, OOeceueHus1 0€30M1aCHOCTH BEIEHUS TOPHBIX padoT B 11aXTax Bcerjga Oyaer
YAEHATBCS. CaMO€ MPUCTAIbHOE BHUMAHME, a HAyYHO-UCCIEAOBATEIbCKUM HHCTUTYTaM U APYTUM
3aWHTEPECOBAHHBIM TPEANPUATUSIM U OPTaHU3ALUSAM B PEUICHUU MPOOJIEeM TOPHOI OE30MacHOCTH,
MOBBIIICHUH YPOBHSI MPOMBIIUICHHOW 0€30MacHOCTH U YJIYYIIEHMH COCTOSHHUS OXpaHbl TpyAa B
YTOJIBHBIX HIAXTaX OKa3bIBATHCS BCECTOPOHHSS MOAJECPIKKA.

COMPUTER-AIDED PRODUCTION PLANNING PROCESS
IN THE HARD COAL MINING

Zbigniew Koszowski, Jan Horodecki

Centralny Osrodek Informatyki Gornictwa S.A. Katowice

SUMMARY: The article presents the current status of works pursued by COIG S.A. in re-
spect of I'T solutions supporting the production planning process at mines and coal companies.

KEY TERMS: management, data processing, IT tools and technologies, IT outsourcing,
internet networks, corporate systems and websites.

1. INTRODUCTION

The hard coal industry has lately undergone a complex process of harmonisation to the re-
quirements of market economy and to the ensuing new demands of the coal market. As a consequence,
changes to the organisational structure of the hard coal sector had to be introduced and modern man-
agement forms and methods had to be put into practice in the newly established corporate entities.
Such modern management forms and methods based on the latest IT techniques and technologies had
already been implemented in the practical activities of mines and coal companies in the area of econ-
omy and finance. These are mainly the corporate complexes of IT systems and websites highlighted
under the Integrated Company Management Aiding System — SZYK System, created by COIG S.A.,
that is supporting the cores area of such units’ operations: finance and accounting, raw materials pro-
curement, HR & payroll, production and coal sales [1], [2].

At present, there are not any industrially implemented IT solutions in the hard coal extraction
sector related to mining production planning. Centralny Os$rodek Informatyki Gornictwa S.A., while
keeping abreast of such demands, has created a package of solutions expected to narrow the gaps
existing in the software used. The IT solutions in this area currently deployed at pilot units concern
mainly the management of mining projects [3] and production scheduling at hard coal mines [4], [5].
Some other units are also starting their work over an IT system aiding production resources man-
agement at a multi-plant mine company [6], and attempts are made to accommodate the third soft-
ware in this field to match the Polish hard coal industry’s conditions.

This article outlines the general concept of the solutions devised by Centralny Osrodek In-
formatyki Gornictwa S.A. in the area of computer-aided mining production planning that are cur-
rently being tested industrially and implemented as part of pilot projects.
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2. THE ADOPTED SOFTWARE AND FUNCTIONAL ASSUMPTIONS FOR THE
SOLUTIONS OF THE PRODUCTION AND TECHNICAL COMPLEX - SZYK/KPT

While paying attention to the needs communicated by hard coal industry actors concerning
the computer-aided production planning process and while exploiting the existing experience and the
outcomes attained in the field of IT solutions, the following recommendations and requirements
were taken into account when creating the solutions of the Production and Technical Complex —
SZYK2/KPT aiding this process [2]:

a) recommendations resulting from the forecast development of IT applications, i.e. taking
into account the operational models distinctive for SOA architecture in the solutions designed for the
hard coal industry’s entities, by, notably, using the Electronic Workplace solutions, corporate web-
sites, composite applications and the replication environment such as integration buses;

b) the general functional assumptions adopted for the computer-aided mining production
planning process:

— it is assumed that the set of solutions developed under the SZYK2/KPT Complex shall
manage the planning functions through the interaction of the mining production scheduling function
with tasks budgeting;

— the informational basis of the mining production planning process is the database of a coal
mine’s key documents, information and data: a deposit development project, mine operation plan,
technical projects of exploiting the parts of the deposit (deposit maps), data on the mine’s output,
technical and economic normatives and the business indicators determined for the mine by a com-
pany and on the basis of the data from the IT solutions implemented at hard coal mines for assessing
the performance of the production process followed and of the production monitoring and reporting
system in hard coal mines, data acquired as a result of integration with other specific systems high-
lighted in other complexes of the SZYK2 System,;

— it is assumed that a production plan established according to the project management meth-
odology is the key planning object, whereas production will be confronted with the production ca-
pacity plan prepared by mines, i.e. production capacity, with a set of key business indicators identi-
fied for the mine in the assumptions of the coal company’s strategy and with a coal sales plan estab-
lished by a marketing and coal sales department of a coal company (sales forecast, contracted sales).
The assumptions of a production plan established by a coal company for each mine will be devel-
oped in the first place as a result of such comparison, and then mines shall establish their own pro-
duction planning products on such basis. The above production planning projects, after approval by a
coal company, shall constitute the mine’s production that is relatively constant (in the long- or me-
dium-term), and shall form a basis for the budgeting and monitoring of production process progress
while considering both external constraints (e.g. market demand for coal) and internal constraints
(production capacity limitations, coal company’s management board decisions for the choice of a
plan variant for the mine). The production plan established this way shall form a basis for reporting
the demand for basic production resources, and is next passed further for specifying in more detail in
other generic complexes of the SZYK2 system;

— an approved medium-term production plan shall form a basis for establishing a current pro-
duction plan whereupon short-term planning functions are handled. This plan shall have the features
of a rolling plan, and it can be corrected and shall be a starting point for creating a mining production
schedule with a computer [4]. This plan, being tightly linked to a mining production schedule, shall
include: the course of longwalls, unproductive development, deposit cross cut, longwall reinforce-
ment and stripping down, gallery reconstruction and stripping down, etc;

— it is assumed that the mining production schedule adopted for implementation shall be
monitored on an on-going basis by a computer-based production process monitoring and reporting
system at hard coal mines [9];

— an assumption is made that partial daily and shift production orders shall be established by
the current production plan, the orders being established by department managers and monitored on
a daily basis with shift production reports;
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— it is assumed that for the presented procedure of the computer-aided mining production
planning process, for long- and medium-term planning, the forecast mining production values and
input data for the process adopted shall be identified at a coal company level, and for the current
production plan, planning functions will be integrated at a mine level. The monitoring and correcting
functions, though, shall be grouped at a mine and coal company level.

3. THE FUNCTIONAL CHARACTERISTICS OF THE MINING PRODUCTION
PLANNING AIDING PROCEDURES HIGHLIGHTED IN THE SZYK/KPT COMPLEX

The primary goal of the discussed mining production planning aiding procedures is to pre-
pare a new works site securing production continuity and covering the actual market demand for
coal. All the mining production planning aiding procedures have been split, as a convention, into
thematic blocks fulfilling the set of specific functions [7] [8]. A general flow chart of the mining
production planning aiding procedures in given is fig. 1

Block 1. Mine’s Planning Resources Base

An appropriate Planning Resources Base is required for managing the mining production
planning procedures at a mine. The database shall comprise the following data of the SZYK2/KPT
complex concerning:

— coal deposit resources, coming from the SZYK2/GZ Deposit Management module with a
deposit management project,

— mining maps established by the Metering and Geologic Department, initially with tradi-
tional methods, and ultimately with computer technology,

— active, approved and potential technical projects for the mining of the parts of a coal de-
posit according to the adopted and approved mine operation plan,

— production capacity for individual links identifying the mine’s production capacity,

— the key business indicators adopted for a mine in a coal company’s strategy,

— normatives: the basic mining machinery and equipment for equipping longwalls and galler-
ies and stating if a specific mine has them, technical and economic normatives for the production
process,

— production process execution results in the mines taken from the operated IT systems.

Block 2. The identification of a mine’s production capacity — A mine’s production ca-
pacity plan

A mine’s production capacity plan with a proposed costs and employment plan is identified
in this block on the basis of the following: the current values of the coal resources available for min-
ing, active and approved technical projects for coal deposit parts mining, the values taken from the
mine operation plan determining the production capacity of individual elements identifying the re-
sultant production capacity of the mine, limitations related to the coal mining technologies applied
and considering the key economic indicators for the mine’s operations spelled out in a coal com-
pany’s strategic assumptions and approved for the mine. A mine production capacity plan does not
include the current market demand for coal and is updated from time to time. An assumption is made
that Block 2, according to the estimated data and normatives provided in the Planning Resources
Base of Block 1, will also identify, in the financial context, the demand forecasts for securing the
determined production resources in other planning areas managed by generic modules highlighted in
other complexes of the SZYK2 System.

Block 3. The development of production plan guidelines — Production plan guidelines

Production plan guidelines for each mine are established at a coal company level in this block
according to:

— specific mine production capacity plans by taking into account specific production capac-
ity, technical projects for the mining of coal deposit parts taken from the mine operation plan and the
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key economic indicators for mines’ activity provided in Block 1,

— a coal sales forecast prepared by a coal company’s marketing department with a forecast of
coal demand and the sales of already contracted coal with relevant parameters in form of active and
negotiated contracts.

Block 2
Production
Capacity
Plan
Block 1 SZYK?2
Mine’s Plan- Generaic
ning Resources | System
Base Complexes
Y
Block 3
Production
Plan
Assumptions
Y
Block 4
Production Plan
Project
KPT/MRPP
Module
Mining Production
Monitoring and v
Reporting
Block 5
Mining
Production Plan
KPT/HPR
Module
Production
Scheduling v
KPT/GSP
Module Block 6
Production Current
Resources Production Plan
Management
KPT/MZZ
Module
Projects
Management

Fig. 1 General flow chart of the mining production planning procedures managed by
SZYK2/KPT complex

Block 4. A production plan — draft production plan development

The deposit cross cut variants that are also the variants of mining production plan projects are
developed in this block according to:

— production plan guidelines determined by a coal company for a mine,

— coal deposits parts development projects identified in the mine operation plan,

— deposit maps with contours of coal parcels envisaged for mining in the deposit develop-
ment plan with specific forecast coal quality parameters (sulphur, ash, calorific value), average de-
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posit thickness and interlayers and the specific roof and thill conditions,

For this purpose, the designed seam cross cuts, i.e. main gates with boundary caving drift and
unproductive development, if such are necessary, are marked on the seam maps. In addition, long-
wall and galleries’ equipping proposal with mining machinery and equipment already used at the
mine or the new one purchased from investment funds, is determined for each cross cut alternative
(information from SZYK2/MASZYNY system).

A variant execution budget will be prepared for each seam cross cut variant identified in
Block 4 (production plan project) according to the normatives database created in Block 1 in the
Planning Resources Base and, therefore, the alternative variants of the production plan project will
be established (variants of mining projects). Optimisation mechanisms with cost criteria will be
taken into consideration in preparing a current production plan. A variant of the production plan pro-
ject satisfying the determined technical and economic conditions in a reasonable manner shall be
adopted as the final mine production plan project (mining plan) and sent for acceptance and approval
to the mine company. It is also assumed that the accepted plan project variant will also be incorpo-
rated into the investment plan established for the next year. The additional functionalities supported
by Block 4 are the ones that identify the materials needs and workforce demand in terms of in-kind
aspects and value. The data is then used as an input batch for other planning modules highlighted in
the generic systems of other complexes of the SZYK2 system.

Block 5. Short-term production planning — current production plan

A variant of the production plan project prepared in Block 4, after approval by a coal com-
pany, constitutes a basis for the mine to set up a current production plan fulfilling the functions of
short-term planning and is also a basis for starting to establish a detailed production schedule. A
mine’s current production plan is relatively constant for specific time frame and fulfils the functions
of short-term planning. A production schedule shall contain details on, in particular, unproductive
development (if such is necessary) and preparatory works at the seam, reinforcement of a longwall
(longwalls) together with equipping with the sets of longwalls complexes, stripping down the long-
walls whose exploitation is to be finished together with the relocation of equipment to the next
longwall scheduled for exploitation, and stripping down and reconstructing the galleries. An assump-
tion is made that a production schedule prepared in such manner with approved longwall course
schedules together with a sales plan adopted for the mine and the condition of dumps shall be a basis
for establishing the mine’s Technical & Economic Plan (PTE). It will also be an input batch for the
Mining Projects Management Module of SZYK2/MZZ [3] and Production Processes Monitoring and
Reporting at Hard Coal Mines Module of SZYK2/KPR [9]. A current production plan will be a roll-
ing plan, and it can be corrected, e.g. in the case of changes in coal orders, the occurrence of unfore-
seeable mining and geologic and technological circumstances. It will also be automatically updated
on an on-going basis according to the production quantity already executed in the previous period.

An assumption is made for short-term planning with the current production plan that plan-
ning functions shall be grouped at a mine level, and the monitoring and correcting functions at a
level of a mine, mining centre and coal company. An assumption is also made that a current mining
production plan shall maintain the rule of production reserve understood as a difference between the
current production capacity and the currently used production capacity. It is assumed that the evalua-
tion of processing lines will also be used for current monitoring and industrial process evaluation,
where the comparison of scheduled extraction quantity with the execution budget is envisaged for
each line.

Block 6. Integration of SZYK2/KPT Complex with other complexes of the SZYK?2 System

Block 6 envisages the integration of the SZYK2/KPT Complex with other generic complexes
forming part of the SZYK2 system. Integration is ensured in particular with: SZYK2/RS System Re-
pository, SZYK2/KFK Finance and Accounting Complex, SZYK2/KSP Sales Complex,
SZYK2/KLM Raw Materials Procurement Complex, with SZYK2/KZP HR and Payroll Complex,
SZYK2/MASZYNY Mining Machinery System.
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The structural design of the SZYK2/KPT Complex and integration with other generic com-
plexes of the SZYK2 System are shown in fig. 2.

OTHER GENERIC COMPLEXES

KFK KLM KLM KSP KSK

Finance and Raw HR and Sales Corporate

Accounting Materials Payroll Complex Systems

Complex Procurement Complex Complex

Complex
A
PRODUCTION & TECHNICAL COMPLEX
KPT/MZZ KPT/HPR KPT/MRPP KPT/GSP KPT/......
Module Module Module Module Modules
Project Production Mining Produc- Production Functional
Management Scheduling tion Monitoring Resources Dedicated
and Reporting Management Modules
Blocks 1-6 Mining Production Planning Aiding Procedures

A

KPT/RS Common files of SZYK2/KPT complex

(task structure, object characteristics, machine groups and types,...)

SZYK2/MDM Shared system files

(processes, organisation structure, workplaces,..)

Fig. 2. A structural design of SZYK2/KPT Complex and integration with
other generic complexes of SZYK2 System

4. SCOPE OF DEPLOYMENT

Among the generic modules highlighted in the SZYK2/KPT Production and Technical Com-
plex, the pilot deployment of the SZYK2/MZZ Mining Projects Management Module has taken place
at three mines, and SZYK2/MRPP Production Processes Monitoring and Reporting at Hard Coal
Mines at six mines. As regards other modules of the SZYK2/KPT complex supporting the mining pro-
duction planning process, design and programming work is underway in most of the cases, and the
most advanced module in this respect is SZYK2/HPR Mining Production Scheduling Module.

5. CONCLUSIONS

1. The works conducted to date over the modules of the SZYK2/KPT Production and Tech-
nical Complex supporting the production planning process in the hard coal mining and the outcomes
of pilot deployments have fully proved that it is appropriate to develop and implement the compre-
hensive IT solutions supporting this process in mining operations.

2. It is assumed that the effectiveness of the practical application of the SZYK2/KPT Com-
plex modules supporting the mining production planning process will be contributed from diverse
sources, and the most important include:

— improved management effectiveness within a widely understood domain of production
planning with the use of variant planning methods;

— reduced workload and enhanced operation of the teams responsible for the mining produc-
tion planning process.
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ANALYSIS OF CO; SEQUESTRATION PROSPECTS FOR LOWER
SILESIAN POWER PLANTS

Janusz Nowak, Jan Kudelko, Dominika Konsencjusz

KGHM Cuprum Ltd. — Research and Development Centre, Wroclaw, Poland

ABSTRACT

The article presents an analysis of sequestration opportunities for carbon dioxide emissions
from the future Lower Silesian power plants, with its storage in the geological structures of the re-
gion. The concept of Legnica brown coal bed management predicts several variants for opening the
resources. In the variants analysed large amounts of discharge gases are produced. Following the
(geological, technical and economical) analysis it has been found that the hydrogeological profile of
the Sudetian Monocline within the hitherto recognised area offers no opportunity for locating CO,-
water solution. The area of Polish Lowland seems to be the most suitable area for storing CO,,
mainly due to its geological structure.

Keywords: power engineering, brown coal, CO, sequestration
Introduction

For many years the development of coal-based power engineering has aroused serious con-
cerns regarding gas emissions into the atmosphere. The last decades of the past century saw the dy-
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namic growth in technologies for removing sulphur oxides from the discharge gases. Nitrogen oxide
emissions were also greatly reduced. However, it is turned out to be very difficult to limit the emis-
sion of carbon dioxide into the atmosphere, which is commonly regarded as a major cause of the
greenhouse effect around the world. The problem has become the key challenge for science and
technology. The control of CO; emission is now thought to be a prerequisite for further development
of the coal-based power generation. All over the world research and implementation work on the so-
called clean coal technologies has began.

Lignite resources and their management concepts

More than 150 lignite deposits and lignite-bearing areas are recognized in Poland. More than
14 billion Mg is documented in proven deposits, more than 60 billion Mg in estimated deposits, and
the potential resources of the coal-bearing fields are estimated as high as 140 billion Mg. Due to the
volume, quality and availability of its resources, lignite may become the strategic fuel in the Polish
power industry for more than 50 years ahead [4]. In spite of having huge lignite resources, Poland is
now conducting its exploitation only in the four regions of the country, based on merely 18% of the
documented balance deposits.

Fig. 1. Lignite deposit regions [4]

Among the concepts of lignite utilization in the power generation industry the management
of the Legnica deposits located in Lower Silesia, in south-western Poland, is considered one of the
most promising.

The most known technology that can be quickly applied is based on the conventional com-
bustion of lignite with the use of accompanying environmental protection methods and systems such
as: flue gas desulphurization and denitrification, and trapping of carbon dioxide in various phases of
the technological process. The major technological problem is to manage or get rid of significant
amounts of carbon dioxide produced in the gaseous form during lignite combustion. A number of
studies have been conducted in this respect. So far, their results have not been optimistic. By the year
2020 the CO; emission is to be reduced by 20%, and by the year 2050 even by 50%. Currently, new
power generation projects are required to ensure 50% reduction in the emission as compared to the
similar existing installations based on earlier technical solutions or to apply the CO, sequestration
technologies
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Fig. 2. Map of lignite resources in Legnica-Scinawa deposit complex [4]

MalSz yce

The geological structure may have significant impact on the sequestration of the carbon diox-
ide trapped in the flue gas exhaust process. In the studies conducted hitherto in other countries it has
been found out that there are problems with finding the proper locations for storing this gas in the
liquefied form. The sequestration beneath ocean and sea beds is pointed out as the main potential
solution. However, for inland power generation facilities such solution is hardly acceptable due to its
high costs.

Table
Lignite resources in Legnica-Scinawa deposit complex [4]
Geological balance reserves
No. D it
0 eposi Actual Probable Total
B C1 C2 D1 D2

1 Legnica Polnoc - - 1025,4] 440,1 - 1 465,5
2 Legnica Wschod 483,1 | 339,5 | 18,7 - - 839,3
3 Legnica Zachod 168,4 | 618,6 | 76,7 - - 863,7
4 Ruja - - - 349,5 121,9 471,4
5 Scinawa - - 1568,6] 342.8 - 1911,4
6 Scinawa-Glogow - pole 4 - - - - 2 196,0 2 196,0
7 Scinawa-Glogow - pole 5 - - - - 779,0 779,0
8 Scinawa-Glogow - pole 6 - - - - 5995,7 5995,7

TOTAL: 651,5 | 958,1 |2 687,4] 11324 | 9092,6 14 522,0

Carbon dioxide properties in the aspect of sequestration

The gas transport and storing technologies are commonly known and widely utilized. For the
purpose of limiting carbon dioxide emission into the atmosphere its trapping and underground stor-

age would be a beneficial solution.

In the standard conditions carbon dioxide is a colourless and odourless gas, with acidulous
taste. It dissolves well in water (1.7 vol. CO,/1.0 vol.H,O), and also reacts with water to create car-
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bonic acid. Depending on the carbon dioxide pressure and temperature, it can be found as solid, lig-
uid, vapour, gas and supercritical phase. The most important interactions between carbon dioxide
and the storage centre environment include: sorption within the system of pores and fissures, inter-
solubility in the carbon dioxide-water (brine) or crude oil systems. The adsorption capacity is essen-
tial in the gas-rock systems. The carbon dioxide adsorption value is small in supercritical tempera-
tures at the atmospheric pressure. However, it increases considerably at the elevated pressures and
this is essential for its underground storage. In the depleted natural gas or crude oil reservoirs hydro-
carbon residues are found along with CO,. Thus, in the interaction of carbon dioxide with liquids
solubility plays an essential role. It increases with an increase of pressure and decreases with an in-
crease of ionic strength of the solution and with an increase of temperature. The solubility decreases
with an increase of temperature only if the pressure does not exceed 100 bar. At the higher pressures
there is a minimum on the solubility versus temperature curve.

The CO, properties may raise concerns regarding the stability of geological storage. The im-
pact of injection activities on the environment has not yet been investigated completely. It cannot be
stated that they are completely safe or what kind of risk may be involved. Any environmental prob-
lems and hazards would possibly appear only when carbon dioxide came up to the surface.

CO; impact on [5]:

— potable water and overburden integrity — carbon dioxide migration to the surface may
change the chemical composition of potable water in the layers above the storage level; nearby drill-
ing and exploitation may contribute to the disturbance of rock mass integrity, therefore it is impor-
tant that such activities be continuously monitored;

— soil layers and organisms living in them — CO, migration to the subsurface soil layers may
cause visible changes in the soil biocoenosis; with the availability of atomic hydrogen and carbon di-
oxide, in the extreme deep-water environment the growth of autotrophic micro-organisms is possible;

— on sea and salty waters: dissolving of CO, in water (sea water or salty waters of geological
formations) causes numerous chemical reactions between gaseous and dissolved CO,, H,COs,
HCOs-, COs, dissolving of carbon dioxide in water and formation of carbon compounds results in
lowering the pH of sea waters and, as a consequence, negatively affects aquatic biomass and animal
population;

— on rocks: CO; injection into the underground rock layers entails geochemical changes in
the rocks and their surroundings. There are chemical reactions CO; — rock — deposit fluids. As a re-
sult, the rock dissolution and permeability take place or clayey minerals, carbonates and quartz are
precipitated;

— corrosivity: carbon dioxide belongs to the acid gases, therefore its injection process may
potentially take place in the conditions of high corrosivity, especially if favoured by the temperature.

Conditions for CO, deposition in geological structures

The storage of CO, may be accomplished in the suitable geological conditions only. The best
suited for that purpose are large sedimentation basins located in the tectonically stable regions where
seismic tremors do not occur. The geological structure intended for underground storage of CO,
should meet the following criteria [1]:

— provide a structural or stratigraphic trap, preferably in the form of anticline, which will fea-
ture a considerable volume;

— have good reservoir properties, i.e. considerable size in the vertical and horizontal direction
as well as high porosity and permeability, which will ensure the large storage volume and adequate
creviced structure and, in the case of carbonate rocks, occurrence of caverns;

— contain water with moderate mineralization, i.e. from several to dozen or so g/l;

— be tight, covered with impermeable rocks of adequate thickness;

— be located at the adequate depth in order to ensure the suitable pressure and volume of the
injected CO,.

The concept of Legnica deposit management predicts several variants of opening the re-
sources from the Western or Eastern Field in the south with further movement of exploitation fronts
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to the north. Initially, the whole amount of lignite will go to the power plant equipped with four gen-
erating blocks with the installed power of 1100 MW each and the power efficiency at the 46% net
level. The second variant predicts the construction of a power plant with three blocks of 1100 MW
installed power each and the production of electric energy at the level of 22.3 TWh/year as well as
the construction of lignite gasification plant with the lignite processing capacity at the level of about
7 million Mg/year and hydrogen production at the level of 450 Mg/year [5]. In both cases, the proc-
ess of lignite combustion and gasification will be accompanied with the gas emissions negatively
affecting the environment. The brine water bearing beds show the largest storage potential, and in
the vicinity of the region there is no depleted natural gas or crude oil reservoirs. However, they can
be found in the areas of Polish Lowland and Carpathian Foreland where in total, 23 deposits have
been selected for the purpose of underground storage of CO,. The recommended depth for under-
ground gas storage is 1000-2000 m.

An analysis of the hydrogeological profile within the Sudetian Monocline has provided the
basis for the following conclusions [5]:

e water-bearing strata of the Neogene water-bearing stage should be excluded from the
group of potential candidates for storing CO, — water solution since the Holocene-Pleistocene water-
bearing horizon constitutes an abundant source of potable waters all over the region, and the Neo-
gene (Pliocene) over-lignite formations are made of water-bearing strata and lenses among clays and
silts, thereby this horizon is not continuous;

e water-bearing horizons of Neogene and Paleogene sub-lignite and inter-lignite forma-
tions, generally with good lithological facies for the reservoir needs, and with the relatively low wa-
ter mineralization, as well should not be considered as the potential locations for depositing CO; -
water solution. The main reason is the lack of continuous (tight) shelf above those water-bearing
strata and the presence of local structural dislocations;

e among the water-bearing horizons of the Triassic water-bearing stage, both shelly lime-
stone and Upper Bunter Sandstone (ret) do not demonstrate in full the expected reservoir properties
and are located in the north part of the copper-bearing area (north-east of Polkowice and east of
Gtlogow), which is in a considerable distance away from the proposed power generating plant;

e the Triassic water-bearing stage within the sandstones of the Middle Bunter Sandstone
constitutes friendly conditions for storing foreign media in the liquid form. These strata, particularly
in their top-most layers, are characterized by good collecting conditions — the rocks are heavily frac-
tured, fissured, but their structural attractiveness drops with the depth. This stage also lacks perma-
nent isolation from the top layer. It offers the migration possibility for released CO; particles into
the Cainozoic formations, and in the case of particularly unfavourable structural conditions (glacitec-
tonic dislocations, youngest generation faults) into the usable water-bearing horizons;

e among the water-bearing horizons in the Permian formations, only the main dolomite
(Ca2) horizon of Zechstein demonstrates the reservoir properties. It is made of carbonate rocks well
isolated by the anhydrite series both in the roof and floor. However, it should be stressed that this
horizon offers a reservoir of relatively small volume due to its low thickness and the non-uniform
occurrence of the required lithological and structural features.

Polish Lowland is the most suitable area for storing CO,. This is due to its geological struc-
ture. In this region there are numerous anticlines and rift faults constituting natural and hence tight
stratigraphic traps. Seven deep water-bearing structures have been selected there in the Lower Creta-
ceous, seven in the Lower Jurassic, and two in the Lower Trias (Fig. 3). Due to the better investiga-
tion level of the formations, the structures in the Lower Cretaceous and Lower Jurassic rocks are
more promising than those in the Lower Triassic strata [1].

In the area of Poland the following regions have been selected for the purpose of under-
ground storage (Fig.3.) [1]:
= crude oil: Barnowko-Mostno-Buszewo, Cychry and Kamien Pomorski;
= natural gas: Barnowko-Mostno-Buszewo, Bogdaj-Uciechow, Borzecin, Bronsko, Koscian S,
Paproc, Radlin, Wilkow, Zalecze and Zuchlow.
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Fig. 3. Locations of deposits selected for CO, storage[5]

The problem is that the gas volumes planned for storing usually exceed the volumes required
for storing. The deposit pressure in the depleted deposits will be considerably lower as compared to
the original state and thus the problem of geological tightness when the storing begins will not be as
important as at the end of this process when the pressure begins to rise and their value gets nearer to
the original deposit value.

Impact of CO, sequestration on electric energy costs

The costs of storing carbon dioxide in the geological strata are now difficult to estimate. This
is due to the lack of standards for the design and construction of this type of installations and also
due to the dispersion level of such installation. The strata left after extracting crude oil or natural gas
are potential sites for locating CO,. However, those deposits feature low levels of annual extraction.
CO; masses produced by the power plant will require a number of such sites and many injection sta-
tions. They will be moved from site to site when the potential for locating the gas in a specific de-
posit space gets exhausted [5].

The cost estimation for storing CO, in the geological structures would be possible after defin-
ing the location of potential strata, their number and availability in time, and after developing the
concept of such installation. However, this requires a lot of research and design efforts.

According to the existing analyses of CO, transport costs, it may be assumed that the invest-
ment costs for the pipeline 1000 mm in diameter range from 1.00 <+ 1.15 million USD/km. These
costs do not include intermediate pumping stations.

The operational costs range from 0.4 + 1.0 USD/tcos for the pipeline approx.250 km long ,
excluding the costs of intermediate pumping stations, injection stations, indirect costs, and feed coef-
ficient of approx. 100% [5].

For general estimates in the concept analyses it is assumed that the cost of electric energy
with the application of CO; sequestration will increase by nearly 50%.

Summary and conclusions

The hydrogeological profile of the Sudetian Monocline within the hitherto recognized cop-
per-bearing area offers no opportunity for locating CO,-water solution, mainly because of the lack of
a suitable horizon that meets the required criteria, i.e. considerable size, fairly uniform collecting
properties, and above all the lack of permanent isolation from the strata lying above. In this respect,
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the main dolomite (Ca2) horizon of Zechstein seems to be very close to the expected ideal. However,
its volume may prove to be too small for the future needs.

According to the current schedule of mining works in the LGOM region:

— the need for storing CO, will arise in 2021 beginning with the sequestration of small
amounts and reaching the target value of approx. 24 million Mg in 2025, and will end in respect of
the power plant in West Legnica Field around the year 2045;

— after the year 2045, provide for the sequestration of carbon dioxide from a new power plant
to be located in another field of the Legnica deposits;

— by the year 2040, the extraction from the copper ore mines will be carried on;

— after the year 2040, the underground exploitation of salt deposits will be still carried on.

In the aspect of present and future mining activities, it has been found out that the sequestra-
tion of carbon dioxide may not be carried on in the vicinity of zones affected by mining works as
these zones are much more extensive than the concession areas.

The area of Polish Lowland is an interesting alternative for the needs of partial storage of
CO, emitted from the power plant and gasification plant in the Legnica region. The area is well rec-
ognized and has reliable reservoirs. The disadvantage is that it offers limited storage volume and is
located in a considerable distance from the emission source, which means the additional transport
costs.

On the basis of the above analyses it has been found out that the needs for carbon dioxide se-
questration considerably exceed the retention potential offered by the geological strata after extract-
ing hydrocarbons. The availability of the above-mentioned deposits should be also taken into con-
sideration as part of them belongs to other concession holders.

v The sequestration of carbon dioxide in geological strata is still considered as a controver-
sial operation from the ecological, technological and economic points of view.

v The region of exploitation of lignite deposits offers no technical opportunity to sequester
carbon dioxide emitted from the power plant. This is due to the existing mining conditions and the
lack of geological strata that meet the required criteria for the potential sites of CO; injection and
storage over a sufficiently long period.

v The nearest potential sites for carbon dioxide injection are located in a distance of 200-
250 km away from the proposed power plant location. i.e. in the area of Polish Lowland, in the de-
pleted crude oil and natural gas deposits.

v" The CO, storage in the area of Polish Lowland will require further analytical work and
agreements with the concession holders. Locating carbon dioxide in the geological structures will
require further work due to the potential hazard of rock mass degradation and experimentally-proved
CO; migration and consequently - its penetration into the atmosphere.
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AHAJIMTUYECKHUE UCCJIEJOBAHUSI HEKOTOPBIX OCOBEHHOCTEM
PASPYHIEHUS I'OPHBIX TIOPOJA PEXXYIIUMU HHCTPYMEHTAMMU

VY craTTi OOIPYHTOBYETHCSI MEXaHI3M YTBOPEHHS si[pa YIIUIBHEHHS 1 MOSIBM PO3TATAIBHUX
HaNpPYyXEeHb Yy HAMpPsAMI AIF0YOTO BiJl IHCTPYMEHTY HaBaHTaKEHHSI.

B craThe 000CHOBBIBaeTCS MEXaHU3M 00pa30BaHUS spa YIUIOTHEHHS U TOSBICHUS PACTATH-
BAIOIIMX HAIPSHKCHUN B HAIIPABJICHUU JACHCTBYIOLIEH OT HHCTPYMEHTA HArPy3KHU.

The mechanism of formation of kernel of compression and appearance of stretching tensions
in the direction of loading operating from an instrument is grounded in the article.

[Ipo4HOCTH TOPHBIX MOPOJ OIEHUBACTCS C YYETOM B HUX pa3inuyHbIX JnedextoB. Hanbomb-
niee BIMSHUE Ha MPOYHOCTh TBEPIBIX TEJ OKA3BIBAIOT TPEIIMHBI, B PE3YJIBTATE POCTA U PACKPBITHS
KOTOPBIX MPOMCXOAUT paspylieHue. IpakTuuecku ajig BceX TOPHBIX IOPOJ XapaKTEPHO XPYIKOE
paspyuenue. TpenuHel IPOXOaAT MO CI0KHOW TPAEKTOPUH, IPEUMYLIECTBEHHO 110 TpaHULaM 3EpEH
MuHepanoB. CKOPOCTh pOCTa TPEIIMHBI 3aBUCUT OT paclpeesieHusl Harpy3KU U, Kak MOKa3aJld U3-
Mepenus, uamensercs ot 0 1o 0,3C; rae C — CKOpOCTh 3ByKa B TBEpAOM Tedne [1, 2].

[Iponecchl paspymieHHss TOPOJIBI, KaK pPe3yibTaT pOCTa TPELIMH, OOBACHSIIOT MEXaHU3M
MPOYHOCTH TPEIIMHOBATON MOPOJbl pu e€ Aedopmanuu. MexaHu3m pa3pylieHHs TOPOIbl 3aBUCHUT
OT BUJA IPUIIOKEHHOM HAarpy3KH, a TaKkKe OT TOTr0, TOUEYHasl JIM OHA WK pacHpeesIeHHas 1o IJI0-
1Iau.

Pa3pyiienne nopozsl 3aKir04aeTcs BO BBOAE SHEPIUU ISl IPEOIOJICHUS CBSI3€H, Ui YBEIU-
YEeHHs! MOTEHIMATbHON U KMHETUYECKOM SHEPTUH pa3pyliaeMbIXx 00bEMOB. UeM Oosbllie 3aTpadueHo
SHEPruu, TeM OoJbluii 00beM Oyaer oTOMT OT MaccuBa. MccrmemoBaHus mpolecca pa3pylIeHUs
TOPHBIX MOPOJ MMOKA3bIBAIOT, UTO B Pe3yJIbTaTe BO3JACHCTBUS MHCTPYMEHTA Ha MacCHUB IOJ HUM 00-
pa3yercsi Harpy>XeHHbIH 00bEM MOPO/IbI, HA3bIBAEMBI 1APOM ymaoTHeHus. [lopona B HEM Haxo-
JUTCSL B COCTOSIHUM BCECTOPOHHETO CXKaTus, YIUIOTHEHA M MOXKET IepefaBaTh Harpy3Ky Ha OKpy-
JKAIOLLYIO ITOPOAY.

Cikaroe B HaNpaBJICHUH JIEUCTBYIOIIEH OT MHCTPYMEHTA HAarpy3Ku AJIpO YIJIOTHEHUS PacIly-
pseTcs B ABYX APYTHMX B3aMMHO NEPHEHAUKYJISPHBIX HANPABICHUSX, YTO NMPUBOAUT K IOSIBICHUIO
PaCTATUBAIOIIMX HAMPSKEHUH BOIU3U sSpa.

Oty nedopmanuio siipa YIUIOTHEHUSI pACCMOTPHUM MO ACUCTBUEM PAacCPEAOTOYCHHOM CHIIHI,
IPEJICTaBUB €0 B BUJE €AUHUYHOTO KyOuKa co CTOpoHOM a (puc. 1).

a+da

Puc. 1. Cxema depopmayuu mooenu 10pa yniomHenus
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Cuna F neiicTByeT 1o OJIHOM M3 ero moBepxHocTel. B pesynbrare atoro, péopa, mapamienb-
HbIE€ BEKTOPY CHJIBI F' — YMEHBILIAIOTCS, CTAHOBACH PaBHbIMU a —Aa, a pédpa, MeprneHAUKyIIpHbIe
BEKTOPY CWJIbI [ — yBEJIMUMUBAIOTCS 10 pa3MepoB a + Aa, rae Aa — NpupoCT JIMHEHHOTO pa3Mepa d.

[TpakTudecku BenmunHa 00BEMA V KOIMUYECTBEHHO HE H3MEHSETCS, HO MEHSIETCs ero Gopma,
TaK Kak B pe3yJibTaTe MonepedyHoi aedopmManuu 4actb 00bEMa BBIXOAUT 3a Ipeeibl IepBOHAYATb-
HOT'O KOHTYpa B IJIOCKOCTH, IEPIEHIUKYIISPHOM K BEKTOPY CHIIbl F. DTOT mpupocTt 00béMa AV mpo-
U3BOJUT paboTy MO AedopMaiy OKpY>KaroLei MOPOIbL.

BripazuB BennuuHy nedopmaiu Aa B MPOAOIBHOM M MOMEPEYHOM HAINpaBIICHUSX depe3
OTHOCHUTEJIbHBIE AehopMaIiK & MOTYUHM:

Aa,=ae, n Aa| =ag |

1 00bEM KyOuka nociue fedopMalu paBHbIM
V:(a+ael)2-(a—ag//)za3-(1+2-el—8//). (1)

[Ipupoct 06béma AV B mpenenax nepBoOHaYaIbHOTO KOHTYPa 3aBUCUT OT 00BbEMa MocCie Jae-
(hopmManu B mpeienax 3Toro KOHTypa:

Vor=a’-a-(1-g,)=a’-(1-5,), (2)
u, ¢c yuetoM (1) u (2), oka3bIBaeTcs paBHbIM
AV =V-V, =2-a’ ¢,
HO @’ = V) — TepBOHAYANBHBINA 00hEM KyOHKa, TOTa
AV =V, 2-¢,. 3)
Onnako B MaccuBe BennuuHa AV He MOXKET ObITh pealn30BaHa, TaK Kak, NMPU PaCIIMPEHUU

aapa 00bEMOM V' 3a mepBOHAYaIbHBIM KOHTYP, B MAaCCHBE IOPOJbI BO3HUKAET peakuus P (puc. 2),
NPENATCTBYIONIAA TOMY PACHIMPEHHIO.

A

S

Puc. 2. Pacuemuas cxema 0ns onpedenenus pabomol 10pa YNi0mHeHUsl

Pabora, mpon3Boaumast sipoM YIUIOTHEHUS B pe3yJIbTaTe MPUPOCTa €ro 00beMa Ha BETHIUHY
AV 3a nepBoOHa4YaIbHBIA KOHTYD, 3aBUCUT OT peaklMK P MaccuBa IOpPOJbI Ha PACIIMPEHUE sipa yII-
JIOTHEHMS, OKa3bIBAIOILAsl COIPOTUBIICHUE MY, OIIPEAEIACTCS U3 BBIPAKEHUS:

dA=P-dv. 4)

YuuTeIBas, 4TO NPUPOCT 00BEMA SAApa YIUIOTHEHHS 3aBUCUT OT AecTBUs cuibl F(dVE) u pe-
akuuu maccusa P (dV,), npupoct dV coCTOUT U3 ABYX 4acTeu:

59



lixona nia3emHoi po3pobKu

dV = dVp + dV,. %)
C yuderom (3) MOXKHO OIIpeIeTUTh a0COMOTHYIO AeopMaliiio o0bema sjipa YIUIOTHEHHS V-
Vv, =V,-2-¢,. (6)
Mexk 1y OTHOCUTEIBHBIM U Je(POpPMALUAMU &, U £, CYLIECTBYET 3aBUCHUMOCTb:
u-do, p-dF
de, =u-dg, = = , 7
L= H-ag, E E.S (7

rae u — ko3¢ dunuent [lyaccona asis moposl, B KOTOPOd 00pasyeTcs siApo YITIOTHEHUS;
doy — HanpsbKeHue, BO3HUKATOIIEe OT CHIlbl dF;

S — momak KOHTaKTa HHCTPYMEHTA C IIOPOJIOH;
E — Monyns poioabHON yIPYrocTH MOpoabl (Moayis FOHra).
C yuetom (6) u (7) mpupoct oobema siipa yIIOTHEHUS OT ICUCTBUS CHIIBI F:

2-u-V,-dF
av, =—-—-—-2—", 8
= ®)
IIpupoct o6beMa sapa yIIIOTHEHUS OT JEHCTBUS peakiMu MaccuBa P:
ov
dV =——-dP, 9
» =P ©)

V .
HO YacCTHYIO MPOM3BOJAHYI0O —— MOKHO BBIPa3uTh Yepe3 0ObEMHBIN MOJYyJb YIPYTOCTH BEIIECTBA

Ey u ero nepBoHavangbHbI 00beM V Kak:

8_V:_£’ (10)
oP E

o
rae £y — 00beMHBIN MOJTyJIb YIPYTOCTH IIOPO/JIBI.
Torna u3 (9) yepes (10) 3anumem:

V,-dP
dv,=—--2 . 11
p =2 (1)

o

BBogs B BeIpaxenue (5) 3HaueHus coctaBisitonmx u3 (8) u (11), momydum:

av=2.v,.H_.qr Yo 4p. (12)
E-S E

o

Bunno, 4To moj AeWCTBHEM peakiMu MacchBa MPUPOCT oO0bema dV  sapa YIUIOTHEHHS
YMEHBIIIAETCA.

JuddepennuansHoe ypaBHEHUE, OMKUCHIBAOINIEe padoOTy sapa yIUIOTHEHUS, TIOTYyYUM IO-
CTaHOBKOM BbIpakeHUs (12) B 3aBUCHMOCTH (4):

Vo -u-P v, P

d4=2- dF —
E-S

-dP. (13)

o

Bennuunna peakuun P MaccuBa ONpeaensieTcss BEIUYMHON CUIIbI [ U MOJOKEHUEM sipa Y-
JIOTHEHUSI B MACCUBE WJIU, APYTUMHU CIIOBaMH, PACCTOSIHHEM OT HETO J0 CBOOOJIHON MOBEPXHOCTH: C
yAaJeHUeM sijipa YIJIOTHEHUSI OT CBOOOJHOM MOBEpXHOCTH (C pocToM /) yBeIMYUBAETCS MOBEPX-
HOCTb Pa3pylIeHHs S, U, COOTBETCTBEHHO, BEJIMUMHA peakuuu P (puc. 3).

[Ipu yBenuuenuu cuibl F yBenuuuBaeTcs U 00beM V), Tak Kak BO3pacTaeT paccTOsHUE, Ha
KOTOPOM 3aTyXaeT JIEUCTBUE CHUIIBI.

[TockonpKy BenMYMHY IUIOIIAAM KOHTAaKTa MHCTPYMEHTA C MAaCCHUBOM MOXHO IPHUHATH I10-
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CTOSTHHOM, TO yBEJIMYMBAETCSI OOKOBasi MMOBEPXHOCTh, HA KOTOPOU HehcTByeT peakuus P. CremoBa-
TeJNbHO, BO3pacTaHue o0bema V) MpUBOIUT K COOTBETCTBYIOIIEMY yMeHbleHuto P. [IpousBenenue
V, - P =const . Benmuunsl E 1 Ey MOTYT ObITb IPUHSTHI IOCTOSHHBIMH, IOCKOJIBKY MaJIO 3aBUCST OT

cunbl F.
[IpounTerpuposas BoipakeHue (13) ¢ yueToM U3II05KEHHOTO BBIIIE, MOIYIUM:

‘u-P F P 2V .u-P- . p?
Azz.M.de_ﬁ.Ip.dpzz Vo P F_Vy-P~ (14)
E-S o E-S 2-E,

B nonyyeHHOM BBIpa)X€HHUU NEPBOE ClIaraeMoe IpeJCcTaBisieT co0oi paboTy sjipa yIUIOTHe-
Hus Oe3 yueta ero aedopmarun peaxuuei P, Bropoe — paboTy aedopManuu sapa ynjaoTHEHUS OT
peakuuu P.

Amnanu3 Beipaxkenus (14) nokaszeiBaet, uto ecnu P=0, To u A=0. Ho pabota A=0 u B ciydae,
€CJIM peaKIusi MaccuBa paBHa (U3 14):
:4-,u-EO-F’ (15)
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rae P, — BelW4MHA peakuuu, Ipu KOTOpoil o0beM V) He aedopMupyeTcs B HalpaBlIeHUH, TIEPICH-
JUKYJISIPHOM K JEUCTBUIO CUIIBI F.

OOBeMHBII MOYIIb YIIPYTOCTH £ CBA3aH C MOAYJIEM IPOAOJILHON yIIpyrocTH £ GopMyIoii:
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[Toacranoska (16) B (15) naer 3HaueHHe KPUTUUYECKOW peakuu P B 3aBUCUMOCTU OT JCHUCT-
BYIOIIEH Harpy3ku F.
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(16)
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AHaM3 MOJIy4YeHHOTO BBIPAKEHHMS MOKa3bIBACT, 4TO, eciu P > P, , BHenIHeH paboTHI SJIpo

YIUIOTHEHHS HE TIPOU3BOMT U BCsl paboTa CHilbl F' pacxoayeTcs Ha ero aedopMaiuio 1 pa3pymeHue,
TOrJ]a KaK MacCUB MOPOJIbI HE Pa3pyIIAETCS.
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Pemas ypasaenne dA/dP = 0 ¢ yuerom 3aBucumoctu (16) mexny moayismu E u Ey, moiy-
YUM BEJIMYMHY ONTUMAJIbHON PEAKIMU MAaCCHUBA PABHOM:
2-u-F

PUilm:—. (18)
3.(1-2-p)-S

PaGora, onucannas BeipaxkenueM (14), npencrasmisier co0oil mapaboy OTHOCHUTEIHHO peak-
uu Maccusa P (puc. 4).

Anpa yninoTHeHus, A

Pabora

0 § - P,
Harpyska, P

Puc. 4. 3asucumocmo pabomwl s0pa yniomuenus A om nazpysxku P

Harpyska P = P,,, BbI3bIBa€T MaKCUMAJILHYIO PabOTy sipa yruioTHeHus (13 14):

2.V .’ F?
Ay =— 0 F . (19)
3.S2. E-(1-2-u)

Ananm3upyst Beipaxkenue (19) oTmeTnM, 4TO MakcMMaibHas paboTa YBEITUYHMBACTCS MPH
YMEHBIIEHUH TIOMAIU S KOHTAKTa HHCTPYMEHTA ¢ TTOpoIoi (S—0).

IIpeu1oxKeHHBI BBIIIE aHATUTUYECKUN aIapaT PeKOMEHIYETCs MCIO0Jb30BaTh IIaxTaM OT-
paciu npu BEIOOpE TEXHOJIOTUU MPOXOTYECKUX paboOT, OCYHIECTBISEMbIX OYpOB3PHIBHBIM CIIOCOOOM
B YaCTH Ha3HAuUCHHs MapaMETPOB CKOJIa TOPHOTO MAacCHMBa MPH PAa3IMYHBIX YHCIAaX CBOOOIHBIX
IJIOCKOCTEM.
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THE STUDY OF CONTROL SOFTWARE SYSTEM AND VISUALIZATION FOR
SPECIAL MINING MACHINE

A. Czechowski, J. Lubryka
Elgor+Hansen

M. Lubryka
JSW S.A., ,,JAS-MOS” Coal Mine in Jastrzebie Zdroj

SUMMARY: This paper presents the study of control software system and visualization for
prototypical hardrockminer, special mining machine. It introduces some selected issues relate to
software design, model and the analysis of special mining machine control system working which
interacts with frequency converters.

1. INTRODUCTION

The special mining machine control system is an advanced and very sophisticated microchip
system executing series of functions, such as [1] [2]:

— control;

— diagnostics;

— visualization;

—recording;

—archiving.

The spatial arrangement of individual components of the entire system suggests a distributed
structure of the control system [3] utilizing local area networks as transmission media. Information
processing should be hierarchic, starting at the level of control of individual components, through the
parameterization of equipment, the diagnostics, recording, visualization, data archiving, to the man-
agement level of the entire technological process.

Control

Automatic

Manual

Diagnostic

Visualization

Registration & Archiving

Integration with other systems

Fig. 1. Operations proceeded by the special mining machine control system
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The design and the implementation of the management system for such advanced equipment
is not an easy task. The system is assumed to analyze multiple relationships, there must be antici-
pated the highest possible number of cases, situations and statuses of the machine itself, as well as
very difficult surrounding environment.

Archiving <_A
Registration D——
Visualization G——
Production engineering

process managment

Safety devices,
blocking, tests, D EE—

supervision, diagnosis

Control orders .
_>O<_ Automatic control <

Production engineering
Supply _pé_> process, Electromechanical >

system

Fig. 2. Levels of information processing in the heading control system

The system is divided into two parts created in two collaborating software development envi-
ronments by KW Software® [6]. The visualization of the special mining machine and the process
was created in ProVisIT® and the control application in Multiprog® environment. Simultaneously
with the controller software and the development of visualisations, a system simulating individual
components was developed in WinMOD 5 environment by Mawes & Parnter®.

The special mining machine control system is based on the bus, which gave au opportunity of
transferring much more information with less cable connections. Figure 3 show parts of the control
system connected together by PROFIBUS DP. There is only one master in his topology, which is
Industrial Personal Computer.
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Hardrockminer Frequency Frequency Frequency
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Fig. 3. Control system bus based

2. USED SOFTWARE DEVELOPMENT ENVIRONMENTS
2.1. KW-Software Multiprog

MULTIPROG® is a software development environment, which meets the requirements of
IEC 61131 standard for simple in use control applications with average and high level of require-
ments. Characteristic features of this software development environment:

— supports all programming languages predefined in the IEC standard (including ver-
sion IEC 61131-3). software developers may select from five standard programming languages:
FDB, LD, DL, ST and SFC, along with their graphical combinations,

—includes a tool for modifications of custom console launching system,

— changes of values in online mode are possible depending on the size of the project,
— supports distributed systems with diversified control systems in one project,

— convenient and efficient programming supported by rich resources, such as wizards

or indirect solutions, etc.
MULTIPROG® is a 32 bit application operating on Microsoft Windows® 95/98/ME and
Windows® NT/2000/XP system platforms.

2.2. KW-Software ProVisIT

Machine visualization in ProVisIT is distinguished by its simplicity, intuitiveness, and well
developed dynamism of objects. The factor deciding about the selection of this software was the fact
that automation projects become more and more sophisticated, which requires the use of software
tools supporting efforts aimed at decentralised control and modular construction of machines. This
functionality is no longer the only criterion deciding about the selection of the visualisation software.
The level of integration and the availability of various hardware platforms are of significant impor-
tance today.
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2.3. KW-Software ProConOS

ProConOS® — Programmable operating system controller. This is a real-time, multifunc-
tional, normalised to IEC standard and very fast PLC launching system. It is designed to adapt to
collaboration with nearly every hardware platform. It allows for simple linking with existing launch-
ing programs, or, thanks to appropriate controllers, it allows the developers of PLC’s to offer sys-
tems compliant with IEC 61131, maintaining the advantages and the features of their PLC’s.

ProConOS® allows for loading and execution of PLC applications, supporting full function-
ality of the entire system in step (debug) operation, and operating PLC controlled machines or proc-
esses. Native machine code is executed, which ensures very high efficiency of operation. Available
in several versions, depending on the hardware and system platforms:

— ProConOS® embedded — a real-time solution for embedded systems. It has been adapted
by KW-Software to multiple combinations of various CPU’s with multiple real-time systems,

—ProConOS® SoftPLC: if an industrial computer executing control and monitoring proc-
esses under the control of Windows®, these tasks are fully executed by ProConOS®. SoftPLC con-
tains:

—ProConOS Win RT — real-time PLC software for industrial computers operating under the
control of Windows 2000/NT/XP operating system;

—ProConOS® Win RT MC — version of SoftPLC operating in real time under Windows
2000/NT/XP operating system extended with process functionality;

—ProConOS® Win CE — real-time PLC software for Windows® CE operating system;

— ProConOS® for Linux as SoftPLC for Linux operating system.

2.4. KW-Software OPC Server

ProConOS® OPC-Server is used for communication with freely programmable PLC control-
ler or a distributed group of such controllers. It opens the path to standard Windows® or Windows®
CE system. ProConOS® Gateway ensures remote access to many ProConOS® PLC applications
using TCP/IP protocol (over the Internet or Ethernet).

Functionality of OPC-Server:

— data parameterisation and monitoring through the user interface;

— OPC client receives all necessary variables through a uniform or a hierarchic browser;

— simultaneous communication with multiple ProConOS® PLC instances over the network;

— in case of a change of the project during the process, OPC-Server is automatically up-
dated;

— supports such interface standards as DA 1.0A and 2.04;

—  ProConOS® OPC-Server has been tested by OPC foundation in many different tests with
numerous OPC clients.

2.5. Mawes & Partner WinMOD

WinMOD is a real-time system for simulation and visualization of signals and behavior of:
devices,

components,

machines,

installations.

WinMOD communicates with control applications in real time. The configuration consists in
definition of the link between the communication interface and one or several automation systems.
WinMOD simulation software combines graphical interface with high quality simulation of behav-
ior. The application substitutes real installation with a simulation with very similar behavior. The
behavior of a machine or the process of an installation may be simulated on a scalable level. The
software may be launched in the automation system by configuration of WinMOD carried out in real
conditions of the system. It may be recorded and documented by WinMOD Recorder tool.
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2.6. Rexroth Bosch RDwin

RDwin software allows for parameterization, preview and archiving of the settings of
Rexroth frequency converters. The next very useful feature of this software is the simplified proce-
dure of searching for most frequent errors and exceptions during the engine start-up.

3. PROGRAMMING OF PROGRAMMABLE LOGIC CONTROLLERS
3.1. Chains

The project created for freely programmable controllers consists of many functional blocks,
programs executed with various frequency (depending on needs) and 7 step chains.

Automatic — a step chain executed cyclically during operation of the machine in automatic
mode. It can be interrupted by the occurrence of specified conditions or by another step chain. The
sequence contains the intelligence of the machine during the mining process.

Stop — a step chain executed in case of pressing of the stop push-button on the remote or local
control panel. It stops all other step chains.

AUS — a step chain executed when the emergency stop systems initiates.

Teach — a step chain executed in case of loss of the special mining machine’s position by the
system. This sequence can be initiated by the user if he wishes to change such mining parameters as,
e.g., the zero point of the seam.

Manual ON - a step chain executed during the start of the machine in manual control mode
in the result of pushing of “Rep ON” push-button on the remote control panel. This sequence con-
tains the start-up of the machine and switching to manual control from the local control panel.

Manual OFF — a step chain executed during the stop of the machine in manual control mode
in the result of pushing of “Rep OFF” push-button on the remote control panel. This sequence
causes safe shut-off of the machine.

Alarm — a step chain executed when information about an error is received from any of the
frequency converter. This sequence results in immediate stopping of the machine.

The largest number of problems arose during the development and testing of the chain con-
trolling the automatic operation of the special mining machine. It is also the largest and the most
complex step chain in the entire project.

3.2. Programs

Within the project, there were created seven programs responsible for individual parts of the
process and overlooking the parameters of individual components.

Main — the main program containing individual functions executed within each control cycle.
These functions are responsible for: safety, data conversion, controlling individual components of
the system.

Chains — a program executed within each control cycle responsible for execution of individ-
ual chains.

Cylinder control — a program executed within each cycle of the controller, containing func-
tions responsible for the control, supervision and diagnostics of the cylinders of the special mining
machine.

Confirmation — a program executed cyclically every 150[ms], querying frequency converters
about the starting and stopping times of individual engines.

Check FC — 3 programs with very similar structure, executed cyclically every 100 [ms] with
the task of checking relevant bits in the frequency converters status words, detecting warning and
error occurrences, and passing this information to the visualization system. The next task of these
software programs is recording of time parameters in frequency converters, namely, the time interval
necessary for full start and stop of individual engines.
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3.3. Functional blocks

The entire project consists of many smaller functional blocks responsible for individual func-
tions or components of functions in higher level of advance. The breakdown of individual functions
is based upon the recommendations of PN-EN 62061 standard entitled: “Safety of machinery —
Functional safety of safety-related electrical, electronic and programmable electronic control sys-
tems.” Below is the list of the most important functional block along with brief descriptions.

Brush_Cyl friend — a function controlling the position of the brush cylinder in relation to the
closest cylinder of the closest cutting head. Its position must fall within certain limits in relation to
the cylinders of the cutting head.

Factor reg — a function calculating the ratio from 0.1 to 2.0 for the current of the engine re-
sponsible for the movement of the machine on the basis of the current status of currents from the en-
gine responsible for the movement of the machine, oscillation and rotation of the cutting head. This
ratio is not calculated in the manual mode of operation, as in such a case the operator decides about
the speed of the machine.

FU Check — one of the most important functions within the entire program, generating the
control word for the frequency converter. The status of individual bits of the control word depends
not only on multiple input parameters, but also on the relations between these parameters.

FU ready — a function checking a relevant bit of the frequency converters status word in or-
der to determine their readiness to operation.

FU Temperature — a function converting using an appropriate scale the temperatures re-
ceived from frequency converters into degrees centigrade. Additionally, this function controls the
cooling water valves. If the maximum temperature of an individual converter is exceeded, a relevant
variable signals such an instance.

Gear QOil — a function converting the indications of the transmission oil level gauge and
checking whether the nominal or the maximum level are exceeded.

Time Refresh — this function reads the value of current at given time intervals.

Miner_move — a function fully controlling the movement of the special mining machine in
individual modes of operation along with full control of its position, direction of movement, the de-
tection of the control point and the conversion of the gauge indications into minimetres of machine
displacement.

Miner OK — a function deciding whether the position of the special mining machine has been
confirmed since its last status.

MO Temp Conversion and MO _Temperature — functions converting the temperatures
transmitted from the engines into centigrade and checking the limits of the engine temperatures.

Motor reg current_ska — conversion of the values of engine current into a percentage.

Motor RPM — a function calculating the number of revolutions per minute and the current
number of engine revolutions as a percentage of the maximum value.

Rota_Oszilla_Factor _act act Rota_Oszilla_factor want — a function calculating the current
and the required ratio of revolutions to oscillation.

Visu Current — a function converting the indications of the current levels into Amperes and
controlling the instances of exceeding of the minimum and the maximum levels for each engine
separately.

Water Umr — a function controlling the high pressure pump. If any of the solenoid valves is
turned on, the pump is stopped.

Cyl_Pressure — a function controlling the pressure in the cylinders of the machine through
the conversion of the current pressure and the control of the instances of exceeding of the maximum
and the minimum statuses.

Cylinder control — a function controlling the operation of the cylinders in individual machine
operation modes and correcting their indications.

Cylinder friend — a function controlling the current positions of the cylinder in relation to the
coupled cylinder.
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Cylinder_min_max — a function controlling the current position of the cylinder, checking
whether it goes beyond the maximum or the minimum area.

Speed Regulation — a function controlling the speed of movement of the special mining ma-
chine in individual modes of its operation.

4. SIMULATION

Individual components of the simulation project were developed along with the creation of
relevant modules and functions for programmable logic controllers. Individual macros simulated the
following components:

Cylinders and solenoid valves:
— position,

— pressure,

— currents.

Frequency converter:

— accepting instructions and sending responses to the controller,
— overcharging,

— temperature,

— warnings/errors.

Engines:

—temperature,

— behavior in given situations.

5. VISUALISATION

The visualization of the special mining machine was developed using ProVislIT software by
KW-Software®. Individual visualization screens can be divided into 3 groups: main screens, infor-
mation screens and step chains. For editing purposes, the color scheme of the screens was changed in
this paper into a very bright one. Actual colors are relatively dark in order not to dazzle the operators
working under the ground.

6. SUMMARY

The developed software was applied in special mining machine, the ADS Hardrockminer
2006 by Bucyrus-DBT during the exploitation in a platinum mine in the Republic of South Africa,
and met the expectations. The structure of the algorithm and the parameterization of the adjustment
system were adapted to the dynamic properties of the special mining machine’s working compo-
nents.

In similar solutions with application of a remotely controlled special mining machine interest
the Jastrzgbie Coal Company coal mines where there appears the problem of exploitation of deposits
parts of irregular shapes with a use of short main walls [8] [9].

The direct extension of the issues discussed in this paper may be the concept of adaptive con-
trol utilizing the phenomenon of learning by artificial neural networks [15]. This issue would require
extensive recording and analyses of operation of identical special mining machines in various mining
conditions in order to obtain sufficiently large amount of representative data that could form grounds
for learning by fuzzy neural networks [4].
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MOJAEJIIOBAHHS ITPOHECY ®OPMYBAHHA AIPA BA’JKKUX METAJIIB
Y TEXHOI'EHHUX PO3CHUITAX

VY naniéi pobOTI MpuBEEHI PiBHAHHS, IO JAaIOTh 3MOTY PO3B’SA3aTH 3aaadi 3 (popMyBaHHS
TEXHOTEHHOTO PO3CHUITy Ha TOPU3OHTAJIbHY IUIOIIMHY 1 HAa cOPMOBaHUH BiAKic B Oankax, sipax Ta
HU3WHAX.

B nanHoO# paboTte nprBeCHBI ypaBHEHUsI, KOTOPBIC IAI0T BO3MOXHOCTh Pa3Bs3aTh 3aauH 110
(OPMHUPOBAHUIO TEXHOT'CHHOH POCCHITM HAa TOPU3OHTAJBHYIO IUIOCKOCTh U Ha CHOPMHPOBAHHBII
OTKOC B 0aJIKax, OBparax M HU3WHaXx.

Equalizations, which enable to untie tasks on forming of technogenic mineral deposit on a
horizontal plane and on the formed slope in beams, ravines and low-laying areas, are resulted in this
work.

[Iponiec popMyBaHHS TEXHOTEHHOTO PO3CHILY SIBJI€ COOOI0 OPraHi30BaHE OCA/KEHHS TBEp-
701 Macu 3 MOTOKY Ha BiJBeIEHY JJIS IbOTO IUIOIIy. 3a paxyHOK TBEPJOr0 KOMIIOHEHTY, IO Oca-
JDKY€EThCs, (POpMy€eThCsl IesKe TUIO0 HaMuBY. BonHuil moTik, mo Hece maTepiall, BUJIMBAIOUHCH 13
TpyO ab0 JIOTKIB, PO3TIKAETHCS IO MOBEPXHI TLJIa HAMUBY Ta BIJKJIATAETHCS HA 11 mMoBepxHi. Yact-
KOBO BOJHHI MOTIK 32 paxXyHOK iH(}iIbTparii iiae B (opMOBaHE TiJIO, @ YACTKOBO CTIKA€ MO MOBEPX-
Hi, HECy4H 13 c000r0 JpiOHI YaCTUHKU KOPUCHOTO Matepiany. [Iporec moToky rigpocymiilii 1Mo moBe-
PXHI YTBOPEHOTO HACUITy € Ha3BUYAHHO CKJIAJHUM PyXOM HEOJHOPIAHOT PIIMHH MO HENOCTIHHOMY
IOPCTKOMY TOXWJTY, TIPU IIbOMY BHUTpaTa MOCTIHHO 3MEHINYETHCS 1 KOHIIEHTPAIlisl TBEPJIOTO B PiJl-
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KOMY Ta KPYITHICTh HECY4Or0 MaTepialy TaKOK 3HUKYETHCS.

[To Mipi po3TiKaHHS TiAPOCYMIII 1O MOBEPXHI BXXKE€ HAMHUTOIO TiJla IIBUAKICTH 11 pyXy 3MeH-
IIYETHCS 32 PaXyHOK CAMOTO PO3TIKaHHS 1 B pe3yJIbTaTi BTPATH YaCTHHH BOJH 3 IMOTOKY 32 PaxXyHOK
¢binpTpalii yepe3 yTBOpeHy MOBEPXHIO. [3 3MEHIIEHHAM MIBUIKOCTI PYXY TiIpOCyMillll TPaHCIOPTY-
109a 3/IaTHICTh TOTOKY 3MEHIIYETHCS MPOIMOPLINHHO, MPUOIN3HO, KyOy CepeaHbOl MBUIKOCTI MOTO-
KY, 1110 BUKJIMKA€E OCA/XKEHHS YACTUHOK Y MIPY PYXY T'APOCYMIIIIi.

MoxHa TpHITycKaTd, IO HPU ile€albHO IJIABHOMY DPO3LIMPEHHI MOTOKY U IMOCTYHOBOMY
3HIDKEHH1 MIBUAKOCTEH MOTOKY Ha IOCUTh BENUKIiM BiJcTaHl BC1 TBEPAl YACTKU OYIyTh BiJIKJIagaTHCS
Ha JTHO 10 ()PAKIIisiX, TOYMHAIOYHN 3 BEJIMKHX 1 3aKiHUYIOUM CAMUMU JIPIOHUMH.

SIKII0 K MIBUAKOCTI MOTOKY 3MIHIOIOTHCS, TO HAMHUB Oy/i€ CKIaJHUM 1 mapu OyIyTh BiJIpi3-
HATHCS 33 KPYIHICTIO IXHIX YaCTHHOK. [Ipu 3MiHaX MIBHIKOCTI i KOHCHCTEHII1 MOTOKY HAMHUB BHXO-
JUTH PI3HOIIAPOBUM.

Amnamnizytoui npami A.IL. FOdina, . JI. Menamyta, C.1. Kpins, b.O. birocca, B.A. Menentne-
Ba, H. A. [llneepa, A.Il. TuxomupoBa Ta MPOBIBIIM MEBHI y3arajJbHEHHS MPUXOIUMO /10 BUCHOBKY,
II0 OJTHE 3 OCHOBHUX PIBHSAHb ()OPMYBaHHS TEXHOT'CHHOTO PO3CHILY — II€ PiBHSHHS OajaHcy TBepAOi
PEYOBUHU IIPH MPOXOHKEHHI OTOKY TAPOCYMIIII TI0 MMOBEPXHi, GOpMYI0Uili MOBEPXHIO BiJIKOCY.

OcCKiTbKH peXUMHU pOOOTH TiPOTPAHCIIOPTHOI CUCTEMH, a TAKOXK MapaMeTPH TiApOCyMilli Je-
TajabHO 00TpyHTOBaHI B poboTax bitocca b.O., Cemenenka €.B., bapanosa 0. /1., lllypurina B.J] [1],
TO B TMOJAJIBIINX HAIIUX JOCTIHKSHHSIX MH PO3IJISIAEMO TUTBKU BUTIK T1POCYMIII 13 MyJIBIIOIPOBOLY
Ta GOpPMYBaHHS PO3CHUITY 3 APOM B IKOMY 1 30CEPEIKYETHCS OCHOBHA Maca Ba)KKUX METAaJIiB.

[Ipu BuBenEHH] PIBHSAHHS, K XapaKTEPU3y€e PO3MOJLI TBEPAOrO KOMIIOHEHTY TiApOCyMili,
HaMu B35TO 3a ocHOBY mparti A.Il. FOdina, Ta I1.51. Kounnoi, 30kpemMa 3 gaHux mpaips Mojeii Gop-
MYBaHHSI HAMUBHHX IUIOTHH. [IpOBiBIIM MEBHI aHAJIOTIT 1 y3araJbHUBIINA OCHOBHI MOHSTTS, MU MIPH-
WILTK 10 BUPILIEHHS HACTYITHUX 3a/1a4 PO3MOJILITY TBEPAOr0 KOMIIOHEHTY ITyJIbIIN:

— (opMyBaHHS PO3CUITY HA TOPU3OHTAIBHY IIOLIHHY;

— ¢opMyBaHHS pO3CHUITY B A]Ipax, OajgKax Ta HU3UHAX.

Po3rnsHeMo BHIAJOK KOJHM 3 TPyOONpPOBOIY BHJIMBAETHCS TiApOCyMiml 00’€MHa, BHUTpara
TBEPJOr0 KOMIIOHEHTY SKOI — ¢, , (puc. 1).

qrs 4

Puc. 1. Po3nooin meéep0oco KoMnoHenmy 2iopocymiuti 8 npocmopo8omy 8UNAOKY

Jlnist BUBOAY PIBHSHHS PO3MOILUTY TiAPOCYMIII y PO3CHUIIL PO3IIITHEMO JIBa MEPEpi3n CTiKaro-
YOro MOTOKY Tigpocymimli (OJUHUYHOT IIMPUHM) Ha BiACTaHAX X 1 X+ Ax Big Micug ii BUMycKy. 3a
BIZIPI30K 4yacy Af Ha JUISHKY MDK OOpaHUMU IepepizaMu BBiiie KUJIbKICTh TBEPIOrO KOMIIOHEHTY
IyJIbIU ¢, -Af, a Buiiie BIANOBIAHO Af — TBEPIOr0 KOMIIOHEHTY IyJbnu (puc. 2). OTxe, MOXeMO

3armcaTru, mo:

. +8g”* Ax |At, (1)
X

A€ qrp — 00'emHa BUTpPATA TBCPAOTrO KOMIIOHCHTA ITYJIBIIHN.
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q 7B

Puc. 2. Po3nodin meepooeo komnonenmy 2iopocymiuii 8 niouuni

PosrinsHemo miouuny ( ¢,, 0x ). Bpaxysasuu (1), 06'eM TBepAOro KOMIIOHEHTY IyJIbIIM Ha
PO3TIISHYTIH TUISIHIN TOPIBHIOBATHME:

0 0
Gt =] gy + 2918 Ax |Ar = — X8 Axar 2)
ox ox
0q 5 . )
Sxmio — <0, T0 BinOyBa€TLCA BiIK/IaAE€HHs TBEPAOrO KOMIOHEHTY IYJILIIHM HA PO3IIISHY-
X
o : 045 :
TIN AUIAHIIL, a AKIIO0 8— >0 , TO CIIOCTEPIra€ThCA 3MHUB TBEPAOI'0O KOMIIOHCHTY ITYJIBIIH.
X

Binknanenus myasnu abo po3MUB BiJIKIIaiB CIIPUYMHSE 3MiHA OI[IHKM MOBEPXHI BIIKOCY 10
BeprHkaii. [lepeHeceMo po3risiHyTHI 00'eKT (eneMeHT) popMyBaHHS 710 AESKOI OPTOrOHAIBHOI CHC-
TEMH KOOPJIMHAT 1 MpUKMEMO BiCh aOCIIUC X IO JHI MOTOKY, a BiCh OPJMHAT z — NEPIECHANKYIAPHOI
wronyHi AHa. Toi 06'eM TBepOTro KOMIIOHEHTA ITyJIbIIH, 1[0 YTBOPUTHCS 32 PaXyHOK 3MiHH OLIIHKA
JTHA, MOXKHA MIPEJCTABUTH HACTYITHUM BHPA30M:

0 0z
—(zAX)At = — AxAt
ot (zA0) Ot ' )

N 0 0z . . :
3HaiiieH1 3MIHU 00'eMy %Axm Ta a—AxAt, OUYEBHUJIHO PIBHI SK TaKi, IO BiIOYBaIOTHCS
X t

3a TOM camuil BiApI30K yacy Af Ha OfAHIH 1 Tiil ke momli Bigkocy Ax-1. OTxe, NpUPIBHSIBIIN Bif-
MOB1/IHI 3MiHU 00’€My, CKOPOTUBIIM HAa AxAf Ta mMepeHicUIM Bce B OJHY YacTUHY, OTPUMAEMO Ha-
CTYIIHE PiBHSIHHS:

0z Oy
E Y g 4
ot Ox @

Lle piBHsiHHS OanaHcy TBepaAOi peuoBHHH Oyiio otpuMmano Exkcaepom y 1920 p.
PiBHsiHHS (4) MOKHA BUPa3UTU B MacoBiil Butpati M. [IoMHOXUBIIHM HOr0 HA TYCTHHY TBEp-

) 0 M .
JI0TO KOMITOHEHTY MYJIBIIA P, 1 BPaXyBaBIlH, O P, % == TOJIi OJEPIKUMO:
X X
0z oM )
Pr—="""=%_-
ot ox
SIkwio B piBHSAHHI ¢,, — 00'€MHa BUTpaTa TBEPJAOr0 KOMIIOHEHTY MYJbIU HE B IyXKOMY, & B
. . Drs. 1101 .. .
WnLHOMY Tili § Gy pyy =17 (me P — xoedillieHT HOPUCTOCTI TBEPAOTO KOMIIOHEHTY ITyJIBITH),

TO PIBHSIHHS HaOy/1€ BUTJISTY:

0z 1 .aqTB.lHHI ~0.

ot 1-P Ox

(6)
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SIK1I0 BiCh OpJMHAT MPHUIHATH BEPTUKAIBHOIO, A BiCh a0CIMC TOPU30HTAIBHOIO, TO TIIMOMHA
HOTOKY /4 OyJie TOpiBHIOBATH z cos ¢ . To/Il pIBHAHHS 3alUIIEThCS B HACTYITHOMY BUIJISLIL:

1 O
%COS(X N Y _ 0

ot 1-P ox ’

(7

e o¢ — KyT HaxwiIy JIHA TIOTOKY.

VY ocTaHHBOMY pPIBHSAHHI JBI HeBimoMi — grpup 1 z. 11106 3HalTH LI BeNWYMHU, HEOOXITHO
CKJIACTH JIOAATKOB1 PIBHSHHS, 11O 3B'S3YIOTh Tl K BEJIMYUHH, HANPUKIIA] PIBHSIHHS HEPO3PUBHOCTI
JUTSI TIOTOKY TiAPOCYMIIII TIO BiAKOCY, SIKUW HAMUBAEThCS, 400 IPUUHATH JCSKUAN JOCBIJI ONMCAHUIA B
npausx [2...7].

Tak sk, B 33729y HAIIUX JOCIIKEHb BXOUTH JOCIIDKEHHS (DOPMYBaHHS PO3CHITY SIK HA T'O-
PU3OHTAJIbHY IUIOMIMHY TakK 1 cOpMOBaHHH BiAKiC B OalikaX, sipaxX 1 HU3MHAX, TO B MOJMAJBIINX J0-
CJIIJDKEHHSIX PO3TIISTHEMO 111 JB1 33724l 3 TEOPETUIHOT TOYKHU 30Dy .

3MiHa OpJIMHATH Z TI0 JIOBXKHHI BIIKOCY piBHA:

0z
—=1iga
ox
1 sABJISIE COOOI0 TOXMJI BIAKOCY /, IO Yy 3arajJbHOMY BHUIIAJKY 3MIHIOETBCS TIO JIOBXKHHI BIAKOCY, 1 3

4acoM y BCiX TOYKaX BIAKOCY, TO MOKHA 3alUCaTH, I110:

% =—1(x.1). ®)

X
3 piBasaHb (5) 1 (8) mudepeHIitOBaHHSAM MEpPUIOTO MO X 1 APYroro Mo ¢ 3HAXOJIUMO:

0’z _82M 0’z ol

= , = ——, 3BIJIKM OTPUMY€EMO BUPa3:
Pr oo~ o i PHMYEND BHp
OM , ol ©)
ox* ot
Ha ocHOBI A0CHIIHUX TaHUX OPIEHTOBHO MOXHA MPUIHSATH:
M =al’, (10)

e a=@q (g —IUuTOMa MacoBa BUTpATa TiApOCyMilli);
(@ — nesikuii 0e3po3MipHHIA apaMeTp, 10 3aJIeKUTh BiJl XapaKTepy Ta KPYMHOCTI MYJIbITH.
[TincraBnsroun B piBHsHHA (9) 3HaueHHs [ 3 piBHsHHSA (10) oTpumaemo:

M _py 1 M .
o' 2a M o (D
2aM

Baminsroun M nesxum cepenHiM 3HaueHHAM M i mepeno3HaunBmy ———— = C , IpH-
Prs
BezieMo piBHSAHHA (11) 10 BUIy piBHAHHS TEIUIONPOBIIHOCTI (METOIM PO3B’sI3aHHS SIKOTO BiIOMi):
oM _ o*M 12)
Ot ox’

BukopucToByouHM oTpUMaHi piBHSHHS, MOXXEMO PO3B’s3aTH HACTYIHI JBi 3a1a4i, TOOTO (o-
PMyBaHHSI TEXHOT€HHOTO PO3CHUITy Ha TOPU3OHTAIIbHY TIOMIMHY 1 Ha chOPMOBaHMI BiJIKIC B OanKax,
sipax HU3HWHAX.

PosrasiHeMo BIUIMB OKpeMHUX YMHHHKIB Ha (JOPMYBaHHS sJIpa B TEXHOTCHHOMY PO3CHII KOHi-
YHOTO TUITY.

KinbKicHO OIIHUTH BUTpATy €HEPTii OKPEMO ISl KOJKHOI B3a€MOJIii TBEPAUX YACTUHOK B TIa-
JAI0YOMY TIOTOIII MYJIBITH, & TAKOK Y BOPOHII PO3MUBY HE MPEICTABISETHCS MOXIMBUM, TOMY HAMH
NPUAHATHIA METOJ cyMapHOi OLiHKKA poOoTh moToky. CymapHa poOOTa BUPAKAETHCS MaKCHMAallb-
HOIO TPAHCIOPTYIOYOIO 3aTHICTIO NaIal04Y0r0 MOTOKY B TUIO PO3CHUITY.
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B Hammx 1oCTiKEeHHSIX MH 3aCTOCOBYBAJIM MOJICTIOBAHHS Ty(Yy IO TiIpaBIiyHiA KPYITHUCTI,
sIKe OUTBIII 00OYMOBIICHO, Hi’K T€OMETPHYHE MO/JICIIFOBAHHS 110 JiaMETPy YaCTUHOK, TaK SIK BOHO Bpa-
XOBYE€ JiI0 CHJI TSDKIHHS Ta 1HEPIIii Ha OCiAarouy Mopo Iy MpH HAMHUBI.

[TpoBonsiYM €KCIIEPUMEHT IO BCTAHOBJICHHI sIIpa B PO3CHUILY BaXUIMBO OYJIO MIiATBEPIUTH Ha-
YKOBI 111 Ta rimore3u 0aratboX JAOCTI/DKEHB 1HIIUX aBTOPIB MPO iCHYBAaHHS CaMOTO S/Apa, a TaKOXK
BCTAHOBHUTH 3aKOHOMIPHICTh PO3MOLTY BaXKKHUX METAlliB K B IJIOLIUHI TaK 1 MO BUCOTI pO3CHUIY, 3
BU3HAYEHHSM ITapaMeTpiB sIpa, 10 MOXKIIMBO JIUIIE eKCIIEPUMEHTATBHUM HIISTXOM.

[Iporniec popMyBaHHS TEXHOTEHHOTO PO3CUITY 3 YTBOPSHHSM SIpa 3aJIC)KHO BiJl KOHIICHTpAIiT
NUTOMOI Bard IMyJIbIH, JOCTIKYBaIH y TPHOXMETPOBOMY JIOTKY TpbOMa CepisiMu 1o 27 JOCIHiIiB
koxHa. [ToB310BXkHIM podias O 0ci chOPMOBAHOTO B MPOLEC] EKCIIEPUMEHTY spa PO3CUITY HaBe-
JIEHO Ha puc. 3.

Puc. 3. I1o6300621cHitl po3piz no oci popmysanns aopa pozcuny: 1 — ipynm kapmu HAMusy,
2, 8 — bypm tpynmy; 3 — mexnoceHHutl poscun, 4 —a0po pozcuny; 5 — nadaouuti Cmpyminb nyibnu;
6 — nybnonposio; 7 — gikcamop nynsnonpogooy

3a pe3ysbTaTaMu JA0CIIHKEHb M00Y10BaH1 rpad)iku 3MiHU BUCOTH PO3CHITY Bl JOBXKHHH HO-
IO OCHOBH JJISI TOCIII)KYBAaHUX KOHCUCTCHIIIM MyJIbIN 3 BU3HAYCHHSIM KUTLKOCTI METay SK B IOIIe-
peYHOMY PO3pi3i TakK i MO BUCOTI B TiJIi PO3CHILY, III0 HaBeJICHA HA puC. 4.

B nawiit p6oTi mpuBeaeHi AaHi JOCTIHKEHb Uil KOHCUCTEHIT Tixpocyminti P:T=85:15. Ana-
JIOT1YHI €KCTICPUMEHTIIbHI JIaHI OTPUMaH1 HaMU 1 JJIs 1HIINUX JOCTiIiB.

AHani3yro4n JaHi eKCIIePUMEHTAILHUX JOCHTIKEHb, HAaBEJICHNX Ha Tpadikax, MOXKEMO YJI0-
CTOBIPUTHUCH, IO PO3MOJIITI METATy B TEXHOTCHHOMY PO3CHIII HEPIBHOMIPHUH, SIK 110 BUCOTI TakK 1 MO
JIoBXHHI po3cuiry. OCHOBHA Maca METaly CKOHIIGHTPOBAaHA B IICHTPAIBbHIN YaCTHHI PO3CHILY, IO
MiATBEPIKYE HAIll MPUITYIIIEHHS TTPo (opMyBaHHS 00J1aCTI BAXKKUX METAIIB.

JIJisi BCTaHOBJICHHS 3aKOHOMIPHOCTEH PO3MOLUTY BaXXKUX METAIB Ta MapaMeTpiB sSapa po3-
cuny B Tabn. 1 HaBeieHI cepeiHl 3HAYSHHSI BMICTY METally B AJpl TEXHOTEHHOTO PO3CHUITY SIK IO BH-
COTI TaK 1 MO JOBKMHI PO3CHILy B 3aJIC)KHOCTI BiJl JOCIII)KyBaHOI KOHCUCTEHLII TiIpocyMimni Ta
IPOLEHTHOI'O BMICTY METaly.

H, M
* |
S

: 0.21/%5.96 10.061.17\9

2
0 k7 1.79 2.84 22.882.46 127D

! 0 )/‘1.1 2.7 4.88 15.7 27.962.75 1.45 0.74 T
i !
0 3 6 9 12 15 18 21 24 27 30 33 L.,m

Puc. 4. I'paghix 3minu sucomu pozcuny 8io 1020 008HCUHU MA PO3ZNOOLTY BANCKUX MEMATIB
6 mini poscuny 0ns koncucmenyii nyaonu P:T / 85:15 npu emicmi memany 1%
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Ha puc. 5 HaBeneni ocepeaneHi rpadiku BU3SHAYCHHS OCHOBHUX ITapaMeTpiB SIK TEXHOTEHHO-
r'O PO3CHITY TaK 1 BMICTY METaly B SApI.

H, M m, Tp
; 1 180
) 1 160
1 140
5 1 120
4 100
3 = 1 50
5 // /% :\-\.\ \\ T
1 Y /RN N
0 / } } \ k 0

0 3 6 9 12 15 18 19,5 21 24 27 30 33 36 L.m
2

Puc. 5. I'paghix 3anescnocmi sminu emicmy memany 8 mexHo2eHHOMY pO3Cuni ma gopmyeanus a0pa
poscuny 05 Koncucmenyii 2iopocymiwi myghy P:T = 85:15, npu maci memany 6 nynoni: = — 1%,
m—0.75%, a—0.5%, @« —mexnocenna pozcun

CriBcTaBiIeHHS! €KCIIEPUMEHTAIBHUX JaHUX O BMICTY METally B SIApPI PO3CHITY AJISL JOCHi-
JOUKYBaHUX KOHCHCTEHIIN T1APOCYMIlIi Ta BIAOBITHOTO MPOIIEHTHOTO BMICTYy METally B HhOMY HaBe-
JICHO B y3araipHIO04ii Tabmuii. [loxubka ekciepuMeHTy He niepeBuirye 8,72%.

Ta0auis

VY3arajapHIOI04i eKCIIEPUMEHTAJIbHI JaHi 110 BU3HAYCHHIO MIPOIICHTHOTO BMICTY METaITy
B S7Jpi TEXHOT€HHUX PO3CHUIIIB KOHIYHOTO THITY

Koncucren- | JloBxuHa Bucora [Ipouentauit | BmicT metainy .
Ne 1is rigpo- OCHOBHU HaMUBY BMICT METally B A1pi Buicr I.VIeTimy
n/n cymimii, P:T L,m H, m B nociigax, % my, Tp B A1, B %o
45,0 2,9 0,50 34,11 68,22
1 90:10 45,2 3,1 0,75 59,82 79,76
44,7 3,0 1,00 73,55 73,55
37,3 3,7 0,50 44,6 59,46
2 85:15 37,0 3,9 0,75 78,2 69,51
37,9 3,9 1,00 120,34 80,22
31,8 5,5 0,50 75,46 75,46
3 80:20 32,1 5,4 0,75 128,03 85,35
33,0 5,5 1,00 164,1 82,05
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NCCIEJOBAHME HAIIPA)KEHHO-JE®OPMHUPOBAHHOI'O COCTOAHUA
BMEIIAIOIHUX IIVIACTOBYIO BBIPABOTKY CJIABBIX IIOPO /]

Buknazneno pesynsratu gocuimpkenus HJC cuctemu «mmopoaa-KpirnjieHHs» 3 BUKOPUCTAHHSAM
K MaTeMAaTUYHOI OCHOBU OOYHCIIIOBAJILHOIO €KCIIEPUMEHTY METOly KIHLIEBUX €JIEMEHTIB.

Wznoxens! pe3ynbTaTthl uccnenoBanuss HIAC cuctembl «oposa-Kpemnb» ¢ UCIOJIb30BAHUEM B
KayeCTBE MAaTEMATUYECKON OCHOBBI BBIUMCIUTEIBLHOIO SKCIIEPUMEHTA METO/1a KOHEUHBIX 3JIEMEHTOB.

Results of research of the VAT of system «rock-support» with use are stated as a mathematical
basis of computing experiment of a method of final elements.

CTabuiabHOCTD (PYHKIIMOHUPOBAHHS YTOJIBHOW IIAXTHl BO MHOTOM OTPEAEISAETCS COCTOSTHUEM
IIOJ3€MHBIX FOPHBIX BBIPAOOTOK, CPEM KOTOPBIX B HANOOJIEE CI0KHBIX YCIOBUAX IKCIUTYaTUPYIOTCS
HOJTrOTOBUTENbHBIE BBIPAOOTKH, OCOOCHHO MPOBOJUMBIE IO CIOMCTOMY MAaCCHBY CIIa0OBIX TOPOJ,
Hanpumep, Ha maxrtax 3anaaHoro JlonOacca. 3aeck He0OOXOAMMOCTb B PEMOHTE IO OTOBUTEIIBHBIX
BbIpaboTOK nocturaet 50%, a 3aTpaThl Ha MOJIEp)KaHUE COCTaBIAIOT 15% B cebecTOMMOCTH JOOBI-
yn yriis. [loatomy oGecrieueHre HaJuIekKalero KCIyaTalliOHHOI'O COCTOSIHUS OATOTOBUTEIbHbBIX
BeIpaboTOK mmIaxt 3amagHoro Jlonbacca siBisieTcs BaXKHOM TEXHWYECKOH 3a1adeil. B moHsTHE «9KC-
IUTyaTallMOHHOE COCTOSHHE BBIPAOOTKM» CHELMATMCThl BKJIAJbIBAIOT KOMIUIEKC BOIIPOCOB, CBSA3aH-
HBIX B IIEPBYIO OYEpelb C YCTOMYMBOCTBIO KPEIH, 0€30MacHOCThIO MEPEIBUKCHNUS JIIOJCH U TpaHc-
IIOPTHBIX CPENCTB, HAJCKHOCTBIO CXEM IPOBETPUBAHMS YYaCTKOB LIaXTHOro nojsi. Ha ocHoBaHun
ydeTa JaHHBIX (JaKTOPOB MPOEKTUPOBIIMKAMU MPUHUMAETCS pPElIeHrne O BbIOOpe Hanbojee paunuo-
HaJIbHOT'O TUIIOBOI'O CEYEHMsI BBIPAOOTKH, I 4ero He0OXOAMMO JOCTATOYHO HAJEKHO CIPOTHO3U-
pOBaTh SIIOPY MEepeMeNIeHU B JTI000i TOUKE ee KOHTYpa U OICHUTh COOJI0IeHHE KOMIUIEKCA KOH-
CTPYKTMBHO-TEXHOJIOTHYECKUX HOPM U TpeOOBaHUI IpaBUl O€30M1aCHOCTH.

B Hacrosiee jxe BpeMsi Ipu BBIOOpPE THUIOBOTO CEYEHHUSI BHIPAOOTKH B HOPMATHUBHBIX JIOKY-
MEHTaX IEPEMEILEHUsI €€ KOHTypa NPUHUMAIOTCS YCPEAHEHHBIMU M IOCTOSSHHBIMH OTAEIBHO II0
BCEHl JJIMHE KPOBJIM, MOYBBI U OOKOB 0€3 yuyeTa pealibHO CYIIECTBYIOLIEH HEPaBHOMEPHOW SIIOPHI
HepeMEeIeHNH Ha Ka)KJJOM U3 3TUX YYaCTKOB, YTO YCJIOKHAET SKCIUTyaTaLlUIO BEIPAOOTKH.

[TosToMy, pa3zpaboTka METOJMKH MPOTHO3a SMIOPHI MEepEeMENCHUI B JI000H TOUYKEe KOHTYypa
BBIPAOOTKH /17151 KOMIJIEKCHOM OLIEHKH €€ HKCIUTyaTallMOHHOI'O COCTOSIHMS U OLIEHKA Ha 3TOW OCHOBE
TUTIOBOTO CEUCHUS SIBIISIETCS, 0€3YCIOBHO, aKTyaJIbHOH 3a/1adyeit moBblieHus 3¢(HEeKTUBHOCTH pabo-
Thl YTOJIBHBIX IIaxT 3anaaHoro Jlonbacca. Takass KOMIIJIEKCHAs IOCTAHOBKA 3aJjauu TpeOyeT MaKCH-
MAaJIbHO aJIEKBaTHOT'O OTPa)KEHUsI MPOLIECCOB CABMIKEHUSI CIIOUCTOr0 MAacCHBa CIa0bIX OPOJ B OKpe-
CTHOCTH IIOJrOTOBUTEJILHON BBIPAOOTKU. A UMEHHO: Y4€T COBMECTHOCTH Je(OPMHUPOBAHUSA MacCHUBa
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U Kpelu pealbHOW MPOCTPAHCTBEHHOW I'€OMETPUN C MEXPAMHBIM OTpaXI€HUEM M 3a0yTOBaHHBIM
3aKpEMHbIM MPOCTPAHCTBOM; MOJECIUPOBAHME MAaKCHMAJbHO TNPUOIMKEHHOW K CYIIECTBYIOIICH
CTPYKTYPBbI CJIOUCTOM yIiIeBMEIIAIOIIEH TOIIN C HEOJHOPOAHBIMU MEXaHUUYECKUMH XapaKTepPUCTH-
KaM{d U HapylICHHbIMH KOHTaKTaMU MEXJY CJIOSMU B OKPECTHOCTH BBIPaOOTKH; Y4YEeT MapaMeTpoB
IOJIHOM JMarpamMmbl A€(pOPMUPOBAHUS KaXJA0I0 U3 AJIEMEHTOB CHUCTEMBI «CIIOMCTBI MacCUB-KpEIlb
MOJITOTOBUTENLHOM BBIPAOOTKNY.

Ucxonst u3 u3n0keHHOT0 chOpMyIUpOBaHA KOHEYHAS 11€Tb pabOThl — 000CHOBATH METOIUKY
POrHO3a MPOSBICHUI TOPHOTO JaBIEHUSI B CUCTEME «CIIOMCTBIA MAaCCHUB-KpEIb MOArOTOBUTEIHHON
BBIPA0OTKI» Ha OCHOBE BBIABIICHUS 3aKOHOMEPHOCTEW CMEIIEHUsI 000 TOUKM KOHTYpa IOJAr0To-
BUTEJIbHON BBIPAOOTKH.

Ha nepBoM 3Tane uccieoBaHuil OIy4eHO peLICHUE IBYX OCHOBHBIX 3a]1a4:

® BBIIOJIHEHO T'€OMEXaHNYECKOE 0OOCHOBAHUE MOJIEIH CIBHKEHUSI TOHKOCIOMCTOIO MacCH-
Ba CJ1a0BIX TIOPOJI B OKPECTHOCTH ILTACTOBOM BBIpabOTKH (puc. 1);

® [IPOBEACHO KOMIUJIEKCHOE HCCIEA0BAaHUE HAIPSKEHHO-1e()OPMUPOBAHHOIO COCTOSIHUS
(HAC) cucteMbl «CIOUCTBII MacCUB-KpeNb MOATOTOBUTEILHON BRIPAOOTKU» IO MOJHOW AUarpaMMe
ne(OpMHUPOBAHUS KaXKIOTO U3 COCTABIISAIOLINX €€ IJIEMEHTOB.

FeomexaHu4yeckoe o60cHoBaHue Mmoaenu AecopMMpoBaHUsA cucTeMbl
«CITOMCTbIA MacCcUB-Kpenb NOAroTOBUTENbHON BbIPa6oTKn»

0O6ocHOBaHMe AUanasoHoB OGoCcHOBaHUe CTPYKTYpPbI
N3MEHEHUA reomMexaHN4ecknx u O6ocHoBaHWe pa3mepoB yrneBMeLLaioLLei Tonwm
FOPHOTEXHMYECKUX NapaMeTpoB reoMexaHM4ecKkon moaenu YronbHbIX NNacToB
moaenv 3anagHoro [loH6acca

N ! /

—|— TectupoBaHue nonsa HOC moaenu
Bnusaxune
BnusiHue MOLWHOCTHN
MeCTOPacnonoXeHus Bnusxue yrna
— HAOC mopenu B |- YrofibHOro nnacram |—
BbIpaboTkn B nageHus
pavoHe rpaHuy ero MexaHu4yeckmx
OTHOCUTEJIbHO yronbHoro nnacrta
XapakTepucTuk
YronbsHoro nnacra
Ananus HOC no
BnusiHne mowHocTn
NOCKOCTAM
BnusHue pasmepos MuHUManbHbIe NOPOAHbIX CIIOEB U UX
. - — e HannacroBaHuA (-
BblpaGOTKVI pa3mepbl Mogenu MeXaHU4YeCKux "
XapaKTepuCTUK yrnesmeuatotuen
P P TONWM

Puc. 1. Cmpyxmypnas cxema ceomexanuieckoco 0060CHOBAHUSL MOOeNU 0epOPMUPOBAHUS CUCTEMbL
«CIIOUCBILL MACCUB-KPENb NOO20MOBUMENbHOU 8bIPAOOMKU Y

CtpykTypa pemieHus: mepBoi M3 MOCTABICHHBIX 3a/lad COCTOUT M3 TPEX OCHOBHBIX JTaIlOB
(puc. 1). Ha nepBoM 3Tare BBIIIOJIHEHO OOOCHOBAHME HAYAbHBIX U TPAHUYHBIX YCIIOBUH, XapakTep-
HBIX IS MOJIENIA «CJIOMCTBIN MACCHUB-KpEIb MOJTOTOBUTEILHON BBHIPAOOTKM»; HA BTOPOM — MPOBE-
JIEHUE MAacCHUBa TECTOBBIX PACUETOB, ONPEACISAIONINX BEIMUYMHY BIMSAHMS Ha Pe3yJbTaT Pa3IudyHbIX
XapaKTEPUCTUK CUCTEMBI; U Ha TPETHEM — BBITIOJIHEH MOA00P KOMOMHAIIUN N3MEHSEMBIX XapaKTepu-
CTUK CHCTEMBbI, UCIIOJIb3yEMBIX IIPU pacueTax Ha BTOPOM 3Talle peuIeHusl TeKyleH 3a1auu.

Takum 00pa3om, 000CHOBaH BECh KOMILIEKC MCXOJTHBIX TOPHO-T€OJIOTHUECKUX U TOPHOTEX-
HUYECKUX IMapaMeTPOB [JIi MAaKCUMaJbHO JIOCTOBEPHOTO MOJICIUPOBAHUS MPOLIECCOB CIBUKEHUS
CJIOUCTOM YTIICBMEIIAIOINIEH TOJIIN B OKPECTHOCTH ITOJATOTOBUTEIIBHON BBIPAOOTKH.

[IpoBeneHHsIN aHaIM3 CyLIECTBYIOMUX MOAX0A0B K pacuety HJIC Takoil cioXHON CUCTEMBI
Y METOJIOB OIICHKU YCTOMYMBOCTH BBIPAOOTKH MO3BOJIMII ClI€TIaTh BHIOOP B IMOJIb3Y UCIOJIB30BAHUS B
Ka4yeCTBE MaTEMAaTHYE€CKOW OCHOBBI MPOBEACHHUS BHIYUCIUTEILHOTO SKCIIEPUMEHTA METO/T KOHEUHBIX
anemenToB (MKD).

C yuerom ocobenHocteit MKD u CTpyKTypHOM CIOXKHOCTH MOCTaBICHHON 3aauu pa3pado-
TaHa OJOK-CXeMa BBIYMCIUTEIBHOTO AKCIEpUMEHTa (pucC. 2), pacueTHas CXemMa KOTOpPOoro chopmu-
pOBaHa TaKUM CHEIU(UIESCKUM 00pa30M, YTO OHA TIPOXOJUT HECKOIBKO ITAINOB aKTyaIH3allid — OT
pa3pabOTKK OCHOBHBIX PACUYETHBIX AJIEMEHTOB MOJIETHU J0 aJI€KBATHOTO MPEACTABICHUS O MPUPOJIE
BBITIOJIHAEMBIX PACUETOB.

78



lixona nia3emHoi po3pobKu

AKTyanusanusi pac4eTHON CXEMbl NIPUBENA K CO3JJaHHI0 00bEMHON MOJIENIN, HA OCHOBE KOTO-
pO¥ BBINOJIHSJIMCH BCE MOCIEAYIOIINE ucciaeaoBanus. /s CHuKeHNs BIUSHUS TPAHUYHBIX YCIOBUHA
Ha KOJIMYECTBEHHBIC PE3yJIbTaThl BBIYMCIUTEIHHOTO AKCIEPUMEHTA MO0 OCH BBIPAOOTKH MOJEIHPO-
BAJIOCh LIECTh paM, pacrojararouiuxcs Ha paccrosHuu 0,5 meTpa Ipyr ot apyra. Pazmepsl moaenu
BbIOpaHbl ¢ Y4ETOM MUHUMH3ALMU B3aMMHOI'O BIUSHUS BbIPaOOTKH M T'PAHUYHBIX YCIOBUN Ha pe-
3yJbTUPYIOIINE SMIOPbI HANPsDKEHUH 1 nepemenieHuid. [Ipyu 3ToM Ha rpaHMIIax MOJEIN COXPaHSIOT-
Csl UCXOAHbIE HErHIPOCTATUUECKHUE YCJIOBUS PAaCHpEENICHUs BEPTHKAIbHBIX M TOPU30HTAJIBHBIX
KOMITOHEHT HalpsiKeHUH.

AKTYANU3ALUA PACYETHON CXEMbI BbIYUCTIUTENIBHOIO 3KCMNEPUMEHTA |
v

Co3paHune reoMeTpU4eCcKmx 06beKToB |

AneMeHTLI Kpenu "J—* Mopenu nopoAHbIX cnoes |

v
l C6opka ropHoro maccusa |

YcraHoBKa kpenu v
B BblpaboTky | ®opmMupoBaHue KOHTypa BbIpaboTku |

MpuBA3ka hnanyecknx xapakTepuCTUK MaTepnanoB K anemMmeHTaM Moaenun |
v

OnNTUMU3aLUA PacyYeTHOW CXEMbI |
v

Bb160p BHeLWHWX pa3MepoB pacyeTHOW MoAenu |‘—|
l—’ N3mMeHeHMe BHeWHUX pa3mepoB
Bb160p cxeMbl HarpyxeHus |'—|
l—* N3MeHeHMe rpaHNyYHbIX U HaYanbHbIX YCNOBUIA
Bb160p ycrnoBuii KOHTaKTa 3/IieMEHTOB MOAENU |'—| W

Onpeneneﬂue ycnoauﬁ KOHTaKTa Mexay BbIGPaHHbIMM noBepxHoOCTAMU |

BhinonHeHne BbIMUCAUTENLHOIO 3KCNEPUMEHTa Ha OCHOBe nonyquHoﬁ pacqe‘rHoﬁ cXeMbl |

Puc. 2. Brox-cxema nocmanosku u npoeedeHu}z BbIHUCIUMETIBHOCO IKCnepumenma

st yenoBuii 3amannoro Jlonbacca mo crparurpaduyeckuM KOJOHKaM pabOuMX yroJbHBIX
IJ1acTOB OBLIO BHIOpAHBI, MOCTPOCHBI U MPOAHATU3UPOBAHBI PE3YJIbTATHI BEIUMCICHHI 0 TPEM Hau-
0oJjiee XapakTepHbIM CTPYKTYypaMm yriieBMelarouiei Tonmu (puc. 3), ¢ Lebio MOKCKa ONTUMATbHOTO
MIPeICTaBICHMS] TOHKOCIOUCTOTO TOPHOI'O MAacCHBa B PACUETHOM CXeMe BBIYMCIUTEIBHOTO IKCIIEPH-
MeHTa. BpiOop npous3BoaniIcs O OLEHKE BIUSHUS FT€OMETPUUECKUX XapaKTEPUCTHK MOPOJHBIX CIIO-
eB Ha HJIC pamoii kpenu.

B xoJze pacyeToB yCTaHOBJIEHO, UTO MPHU CIA0BIX CBSI3AX MEXKIY COCETHUMU CIIOSIMHU JIEUCT-
BYIOIIIME KacaTelbHbIC HANIPSDKEHUS MX PAa3pyIIAIOT B OKPECTHOCTH BBHIPAOOTKU M CMEXKHBIE TIOPO/I-
HbIe cJIoU J1e(hOPMHUPYIOTCSI C MPOCKAIb3bIBAHUEM JIPYI OTHOCHUTENBHO Jipyra. JToT (pakTop, Kak
BHUJIHO U3 MPEACTABICHHBIX JM0p (puc. 4), CYyIECTBEHHO M3MEHSET I0JIe HANPSIKCHUH U y4TEH B

Ppe3yJIbTUPYIOLIENH MOJIETN BBIYHUCIUTEIBHOTO YKCIIEPUMEHTA
a) Y 6) Y B) v

2'mi>llm -

m'z'al;\
\ .

Puc. 3. Mooenu cmpyxmypul yeneemewaroweti moawu nopoo 3anaonozo [Jonbacca
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TaulZ (N2 (P))
3.0002+000

28676400
23354000
200064000
1 867e 4000
1 3334000
+.000e+000
6.657¢-001
3.33%-001
0.000¢+000

3333001
8567001

1.000e+000
13334000
18674000
20004000

233384000
28674000
30004000
33334000
25674000
40004000

-4.3330+000

486724000

-5.000e+000

Puc. 4. Dnropwi kacamenvubix HANPANHCEHULL C YYEemMOM NPOCKAIb3bIBAHUSA (08e N1e6blX) u be3 yuema
NPOCKANb3bI8AHUSL (DOILUUASL NPABASL) NOPOOHBIX CILOEE

AHanu3 nojis NpUBEACHHBIX HANPSDKEHUH (pUC. 5) MO3BOJIMI € JOCTaTOYHOM Ui TOPHOTEX-
HUYECKUX PacyeTOB TOUYHOCTHIO 00OCHOBATh €UHYIO YCPEIHEHHYIO CTPYKTYPY pacueTHoOi 00sacTH,
Hanbosee MOJHO OTpaXkarollell Bce OCHOBHBIE OCOOEHHOCTU PEabHOTO FOPHOTO MACCHBA B 3HAUU-
TEJIbHOW CTENEHH, BJIUAIOLIME HA MOIPEIIHOCTh MPOBOAUMBIX PacyeToB. DTOT BbIOOp o0ecrieynBaeT
BEJIMYMHY NPUBHOCUMON norpemHocTy B npeaenax 10% Bo BceM Auana3oHe M3MEHEHHUs reoMexa-
HUYECKUX MapaMeTpoB BMELIAIONIEro Maccupa. Pacuer, mpon3BeA€HHbIN Ul IPYIIbI TECTOBBIX MO-
Jie7iel 10 BapHaHTaM pa3MELICHUS] BBIPAOOTKH OTHOCHTENBHO YTOJBHOTO ILIAcTa Tak )K€ Jall BO3-
MOYKHOCTb BBIOPATh Il paCUETHOM MOJENN ycpeIHeHHbIH BapuaHT, Gpopmupyromux HJIC cucrembl
B IIpezieTiax JOIMYCTUMOM IMOTPEITHOCTH

Hecmotps Ha pasnuuHble coueTaHus NePOPMALMOHHBIX XapakTepUCTUK (Tabia. 1) ycTaHoB-
JICHO, 4TO B KPOBJIC M TIOYBE MOJTOTOBUTEIBHOW BBIPAOOTKH pa3Mephl 30H MPEACTHHOTO COCTOSHHSA
JIOCTaTOYHO CTAOMJIBHBI M OXBAThIBAIOT JIBAa MOPOJHBIX CJIOS B KPOBJE U OJUH — B 1ouse. B Ookax
BBIPAOOTKHM HAOIIOMAETCs SPKO BBIPAKEHHAs 00JIACTh OMOPHOTO JIABJICHUS OT ACWUCTBUS CXKMMAIO-
IIMX HANpPsDKEHUH, pa3Mepbl KOTOPOH ONpeaesstoTcs rIyOuHONW pa3pabOTKU U MPOYHOCTHBIMU Xa-
pPaKTepUCTHKaMU OJM3IICKALINX MOPOTHBIX CIIOEB. B paMHOI Kpernu CHW)KEHHE NMPUBEICHHBIX Ha-
NpsHKEHUH TPOMCXOJUT B ClIydae 3ajleraHusl B HEMOCPEICTBEHHOM KpOBJie XOTs Obl OHOTO MOPOJI-
HOT'O CJIOSI TIOBBIIEHHOM KECTKOCTH.

Urencne
1.400es001
130200001
128304001
122500001
11676001
110800001
1 0508001
as17es000

333304000
875064000
8167e:000
75836000

70006000
sat7es000
58330000

| 525004000
45676000

408364000
35006000
29176000
233304000
175080000
116764000
e W 58330001
00006000

Puc. 5. Oniopel npusedennvix Hanpscenuil 05l pa3IULHbIX MoOeell
BLIYUCTUMENTLHO20 IKCNEPUMEHMA
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Tabnuua 1

BapuanTsl cooTHOIIEHUS MOAYyIIel aedopMaliy OJIN3IIeKAIINUX TOPOIHBIX CIIOEB
9 4
yraesmeniaromet Tommu, 10° MIla

i cnoit BA cnow f‘\ crow
P MOYBA cBoa HAL P MOYBA cBoa HAL P NMOYBA cBoa HAL
] BbIPA- BbIPA- |CBOOOM n BbIPA- BbIPA- |CBOOOM n BbIPA- BbIPA- |CBOOOM
f | sotkn | sotkm | BePA- | A | BoTkM | BOTKM | BbIPA- | £ | BOTKM | BOTKM | BbIPA-
T BoTkM | T BOTKM | T BOTKM
1 0,3 0,3 03 | 10| o3 0,3 1 19 | 0,3 1 0,6
2 0,3 0,6 0,3 1 0,6 0,3 1 20 0,6 1 0,6
3| 03 1 03 | 12| o6 0,6 1 21 1 1 0,6
4 0,6 0,6 0,3 13 0,3 0,6 1 22 0,3 0,3 0,6
5 1 0,6 0,3 14 0,3 1 1 23 0,6 0,3 0,6
6 | 06 1 03 | 15| o6 1 1 24 1 0,3 0,6
7 1 1 0,3 16 1 0,3 1 25 0,3 0,6 0,6
8 1 0,3 03 | 17 1 0,6 1 26 | 0,6 0,6 0,6
9 0,6 0,3 0,3 18 1 1 1 27 1 0,6 0,6

Bropas 3anaua uccnenoBanuii — pacuetr HJC cucteMbl «CI0UCTBI MAaCCUB-KpPEIb MOJAr0TO-
BUTEJILHOMN BBIPAOOTKW» (pUC. 6) — BBHINOJHEHA TIPU YCIOBHH HAPYIIEHHBIX KOHTAKTOB MEXIY CIIOS-
MU U MOJCIUPOBAHMS TOTHBIX JUarpamMm AeGOPMHUPOBAHUS BCEX COCTABISIONIIMX DJIEMEHTOB: IS
KQKJIOTO M3 TOPOJHBIX CJIIOEB W YTOJIBHOTO IJIACTa MOJICTH MCIOJb30BaHa OOIICTIPUHSTAs B TeéOMe-
XaHUYECKUX 3a/layax IoJIHAsg Jauarpamma, COCTOsIIas M3 TpeX JMHEWHBIX Yy4acTKOB (Yympyro-
IJIACTUYECKas CTaaus C MoayseM AedhopMaliii, pa3ynpoyHeHHE ¢ MOAYJIEM CIajia, pa3phIXJecHUE Ha
CTaJUU «PYUHHOI'0» pPa3pylLIECHUs C OCTATOUYHON MPOYHOCTHIO); JUJISi paMHOM KpENu HMCHOJIb30BaHa
peasibHas quarpamMma HarpyxeHusi ctaiau CTS, yuyuThIBaromas IUIOMAAKY TEKyYeCTH U CTAIHIO YII-
pOUYHEHUS; TIOJHAs JuarpaMMa MOpOJHON 3a0yTOBKM B 3aKpEIHOM IMPOCTPAHCTBE OMpesiesieHa Ha
OCHOBE CYIIECTBYIOIIMX MIAXTHBIX 3KCIIEPUMEHTOB.

Pacuyet HOAC mogenu ‘

l l

BnuvsiHne TMNOBOro ceueHusi BbIPaboTkM ‘ — 3aKOHOMEPHOCTL BINSAHMA FNyGUHbI
l l pa3paboTku

3akoHOMepHOCTH 3akoHOMepHOCTU

C kpenbto C kpenbio BNUAHNA Moayneit BNUsIHUA conpoTn- |
KMMN-A3 KLuny [ pedopmaummn BNEHUs1 CXKATMIO
NopoAHbIX crnoes nopoAHbLIX crioeB
3aKOHOMEpPHOCTHU BRUSAHUA nnowagm || 3aKoHOMepHOCTN 3akoHOMepHOCTU
nonepe4vyHoro ce4eHust BbipaboTku BAUAHUAIMOOYIION EICEGTS) CEEUE
cnaga nopoaHbIX HOM NPOYHOCTU
| cnoes NopoAHbIX Croes

3aKoOHOMEpHOCTY pa3BUTUA NepeMeLLeHUIn nepuMeTpa NacToBow BbIpaboTkn

Puc. 6. Cxema nposedenus uccnedogsanusn HJC moodenu

B xozxe pemienust BTOpO# 3a/1a4¥ BHITIOJIHEH OOIIMPHBIA KOMILJIEKC pacueToB 1o 27 BapHaH-
TaM COYeTaHUH Moy JepopMaluy Oau3Iexalux NopoIHbIX cioeB (Tadn. 1) u 27 BapuaHTam co-
YETaHWI PACUETHOTO CONPOTHBIICHHS MTOPOJI CXKATHIO (Ta0I. 2).

JUId IUPOKOro aHajau3a BIMSHUSA COUYETAaHUM NIapaMeTPOB 3aIIPENEIbHOIO COCTOSHUS MOPO-
HBIX CJI0€B, OBLTH BBHITIOJHEHBI 64 BapraHTa pacueTOB HA OCHOBAHUH JTAHHBIX W3 Tabmuubl 3. B urore
BBITNIOJIHEHHBIX UCCIIEI0BAHUH MOTYUYEHBI CIEIYIOIINE PE3YIIbTATHI.
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Tabmuna 2
BapI/IaHTBI pacd€THOrO Mpeaciia MpOYHOCTH Ha OJHOOCHOC CIKATHUC
6JII/I3JIG)K21HII/IX IMOPOAHBIX CJIOCB erICBMeHIaIOHIeﬁ TOJIITHU
B B B
A A A
PRGN CHMNICHANE! IAR (AN CANINCARMEI AN CHNIN (A (Ce 3
ﬁ Mha Mha Mha ﬁ Mha Mha Mha ﬁ MI,'Ia Mha Mha
T T T
1 5 5 5 10 5 5 20 19 5 20 10
2 5 10 5 1 10 5 20 20 10 20 10
3 5 20 5 12 10 10 20 21 20 20 10
4 10 10 5 13 5 10 20 22 5 5 10
5 20 10 5 14 5 20 20 23 10 5 10
6 10 20 5 15 10 20 20 24 20 5 10
7 20 20 5 16 20 5 20 25 5 10 10
8 20 5 5 17 20 10 20 26 10 10 10
9 10 5 5 18 20 20 20 27 20 10 10
Tab6muna 3

BapI/IaHTI)I COOTHOLICHUA ITapaMETPOB 3alPEACIILHOI0 COCTOAHHA
6J'II/13J'IC)KaIJ_[I/IX MOPOAHBIX CIIOCB YT JIEBMEIIAIOIIEH TOJIIIH

BAPUAHT 1 2 3 4 5 6 7 8
(052"
o 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2
conc2
(O'gm)o
ok 0,1 0,1 0,2 0,2 0,1 0,1 0,2 0,2
(O'gm)o
o 0,1 0,2 0,1 0,2 0,1 0,2 0,1 0,2
el
BAPUAHT 1 2 3 4 5 6 7 8
My
i 0,5 0,5 0,5 0,5 3 3 3 3
M
EF 0,5 0,5 3 3 0,5 0,5 3 3
Ml
B 0,5 3 0,5 3 0,5 3 0,5 3

Paznuynble codeTaHusi MPOYHOCTHBIX U JIE(POPMAIIIOHHBIX XapaKTEPHCTHK I10 KaXIOMy W3
ONMu3JIeKAIUX TOPOJHBIX CIOEB OOYCIIaBIUBAIOT Pa3HYIO CTETECHb WX BIMSHUS HA W3MEHEHHE TOJIS
HaNpPsDKEHUH W TIEPEMEIICHH C POCTOM TITyOWHBI PacIioNiOXEeHHUs BEIpaOoTKH. OnpeaessironymM hax-
TOPOM SIBJISIETCSL BUJ COCTOSIHHS OJIM3IICKAIINX MOPOJHBIX CIIOEB U YTOJBHOTO TUIACTA MPU KOHKPET-
HOU TyOmHe 3aneraHus. [Ipy MOBBIIEHHBIX MPOYHOCTHBIX XapaKTEPUCTUKAX OJU3IICKANIUX ITOPOI-
HBIX CJIOEB X YaCTUYHO JOTPEACTHHOE COCTOSHUE TPEAONPEeIIsIeT CBsI3b HANPSHKCHUN U TIepeMelie-
HUA ¢ TayOuMHOM, OJM3KYyI0 K JMHEHHOW; Bapuanus MOAyJs nedopMalid B HWHTEpBaJie
(0,3...1)-10" MIla usmensier Hanpspkenus 10 55%, a nepemerienus 10 131%.

bnaronapst mpocKalib3bIBAHHIO COCEAHUX MOPOTHBIX CIIOEB OTHOCHTENIBHO APYT JIPYTa BBISB-
JIeHa JIOCTaTOYHAsl HE3aBUCUMOCTD IOJISI HAMPSIKEHHUM MOPOJHOTO CIOSI OT BUJA COCTOSHUS COCEI-
HUX CJIOCB.

C HacTymieHHeM MPEaeIbHOTO COCTOSIHUSL XOTSI ObI OJTHOTO U3 OMU3JIEkKAIINUX MOPOTHBIX CIIOEB
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IpY MOHWKEHHBIX MIPOYHOCTHBIX XapakTepucTukax 3aBucumoctb HJIC maccuBa OT IiyOMHBI CTaHO-
BUTCSl CYIIECTBEHHO HEIMHEWHON. B 3ampenenbHOM COCTOSIHMM POCT NEPEMELICHUI yCUIIMBAEeTCs, a
HaNpsOKEHUH YMEHBILACTCS; IPU 3TOM JePOPMALMOHHBIE XapaKTEPUCTUKU CIIOEB HECYLIECTBEHHO
BJIMSIIOT Ha TOJI€ HAMPSDKEHUM, a CMEIeHNs KOHTYpa BbIpaOOTKH, OCOOEHHO B €€ MOYBE, MOTYT H3Me-
HATBCS 710 2,5 pa3 U B HEKOTOPBIX BapraHTax Ha riryounax H =500...600 M npoucxoauT 3aroyiHeHHe
Pa3ynpoOYHEHHOMN TIOPOJION MPAKTUIECKH BCEH MOJIOCTH BHIPAOOTKH.

B cnosix ¢ 6onee BEICOKMME MPOYHOCTHBIMU XapaKTEPUCTUKAMU TI0JI€ HAPSHKEHUI B MaloOi
CTENEHM 3aBUCUT OT IEpexXo/la COCEAHEro CJIOS B IPENEIbHOE COCTOSHHE, a CJIOM NOHMKEHHOU
HPOYHOCTHU C YBEJIMUEHHEM ITTyOMHBI EPEXOJAT B MpPEeAeIbHOE COCTOSHUE MPAKTUUYECKU HE3aBHCU-
MO OT MPOYHOCTHBIX XapaKTEPUCTHK COCEAHUX 00JIee KPEIKUX IMOPOIHBIX CIIOEB.

B oranuue ot moss HanpsHKEHUH, MoJie MepeMeleHni, 0COOEHHO 3MI0pa CMEIICHUs MOPOI-
HOT'0 KOHTYpa, TECHO CBSI3aHbI C MEXAaHUYECKUMU XapaKTEPUCTUKAMU HE TOJBKO UCCIEAyeMOro Io-
POIHOTO CJI05, HO U coceTHUX ciioeB. B (hopMupoBanuu nepemMerieHuil yuactka KOHTypa BbIpaOOTKU
y4acTBYIOT, BCE MEXaHUYECKUE XapaKTEPUCTUKHU MOTHON JUarpaMMbl Je(pOpMUPOBAaHUS TOPOIHOTO
CJIOs1, MPUMBIKAIOIIETO K pacCMaTpUBaEMOMY YUYacTKy — JAe(pOpMaIlOHHBIE XapaKTEPUCTUKHU OKa3bl-
BaroT BiusgHKUE 10 100...150%, a mpoyHOCTHBIE — A0 6...8 pa3 B HCCIEIOBAHHOM JUAMAa30HE UX H3-
MeHEeHMs. 13 MEXaHNYECKUX XapaKTEPUCTUK COCEIHUX CIIOEB, CYIIECTBEHHOE BIMSHHME OKa3bIBaIOT
IPEUMYIIIECTBEHHO IIpe/iesbl MPOYHOCTU Ha C)KAaThe U MOAYJb nedopMalluu, a rnmapameTpsl 3arpe-
JIEJIBHOTO COCTOSIHMSL BIIMSIOT B MEHBLIEH CTENEHMU.

Oco0eHHOCTH pa3BUTUS NIEpeMEILEHUI B O0KaxX U MOYBE BHIPAOOTKHU, OXapaKTEPU30BaHbl KaK
neiictue «a¢dekra mrammna», Koraa 0oee )KeCTKUe U MEHee Pa3ylnpOYHEHHbIE BhILIENEKAIHE 110-
POJIHBIE CJIOU B COBOKYIHOCTU C YTOJIbHBIM IUIACTOM HMHTEHCU(PHUIMPYIOT MpOLECcC NepeMelIeHHM
OOKOB M TOYBBI B MOJIOCTh BBIPAOOTKU; 3TOT IPGEKT ClenuanucTaMyd OTMedascs paHee B KayecT-
BEHHOM IJIaHEe, TENePhb MOJIy4eHbl KOHKPETHBIE KOJMUYECTBEHHbIE 3aKOHOMEPHOCTH.

HJIC paMHO#i Kpenu ¥ 3aKOHOMEPHOCTH €r0 U3MEHEHHsI C POCTOM IIyOHHBI SBJISIFOTCS HENHU-
HEHHBIMU, OCOOEHHO INPH Nepexoe OaU3IexaluX HOPOAHbIX CJIOEB B 3alpeeIbHOE COCTOSIHUE; 00-
pa30BaHUE CHUCTEMBI IIACTUYECKUX LIAPHUPOB MO KOHTYPY PaMHOM Kpemu crocoOCTBYeT (B psje Ba-
PUAHTOB) Pa3BUTHIO TAKUX €€ MEPEMEIICHUH, KOTOPbIE MCKITIOYAIOT BOZMOKHOCTh JaJIbHEHIIICH KC-
IUTyaTaluu BeIPAOOTKH.

BriBoaBI

1. OGocHOBaHME TeOMEXaHWYECKOW MOJENH BBIEMOYHBIX BBIPAOOTOK, PACIOJIOKEHHBIX B
CJIONCTOM MacCHBE CIa0bIX MOPOJ, MPOBEICHO MO KOMIUIEKCY OCHOBHBIX TOPHO-T€OJIOTHYCCKHX H
TOPHOTEXHUUYECKHUX (PAaKTOPOB, YTO MO3BOJIMIO MAKCUMAIbHO a/IeKBATHO peajbHBbIM YCIOBHSIM CMO-
JIeTUPOBATh MPOIECC MEePEMEIIECHUsI HEOJHOPOAHONW CIIOMCTOM YTIJIeBMEIIAIONIEH TOIIN B TOJIOCTh
BBIPA0OTKH C TOMOIIBIO COBPEMEHHBIX KOMIBIOTEPHBIX porpaMmm MKD.

2. Bo BMemarorieil BeIeMOUHYIO BBIPAOOTKY CIIOMCTOM TOJINE CJIA0BIX MOPO/] MEPEXo]] B mpe-
JeNbHOE U 3alpeieIbHOE COCTOSIHUS HACTYMAET B PA3IMYHBIX 00JIACTAX U DJIEMEHTAX CUCTEMBI «CIIOU-
CTBId MaCCUB-KPENb BHIEMOYHON BhIPAOOTKM». [109TOMY 11 MOBBIIIEHUST aIEKBATHOCTH T€OMEXaHU-
yeckoit mozenu HJIC kaxxaoro ee sjeMeHTa JOJDKHO PAaCCUUTBIBATHCS MO MOJIHOM uarpamme nedop-
MHUPOBAHUA C YUYETOM OCOOEHHOCTEW KOHKPETHOTO MaTepHalia, YTO BIEPBBIE BBHIMOIHEHO JJII TOPHO-
Te0JIOrMYeCKNX M TOPHOTEXHUYECKUX ycloBuii 3anaaHoro /fonbacca U mo3BosieT rIy0kKe pacKphbITh
MEXaHHU3M Pa3BUTHsI T€OMEXaHUYECKUX MPOIIECCOB B OKPECTHOCTH BHIEMOYHON BBIPAOOTKH.

3. YcTaHOBIEHBI pa3/iesibHbIE 3aKOHOMEPHOCTH BIUSHUS MPOYHOCTHBIX U Je(hOPMAIIMOHHBIX
XapaKTEPUCTUK KAKIOTO U3 ONM3JISKAIIUX MOPOAHBIX CJIOEB HAa M3MEHEHHUE TOJIA HAIpPSHKEHUN U
HepeMenIeHU ¢ pOCTOM TITyOUHBI PACTIONOKEHHS TTOJITOTOBUTENBLHOM BbIpaboTku. Onpeaensomum
(hakTOpOM SIBIIICTCS BHJI COCTOSIHUS M pa3Mephbl €ro o0JacTH B OJIM3JICKAIIUX MOPOJHBIX CIIOSX H
YTOJIBHOM IuIacTe (IOompenenbHoe, MpeAelbHOe, 3ampeelibHOe) NP KOHKPETHOM riiyOuHe paspa-
0o0Tku. JlokazaHo, YTO AJIA TOBBIIICHUS JOCTOBEPHOCTH MPOTHO3a MPOSBIECHUN TOPHOTO JABJICHUS
HEOOXOJMMO YUYUTHIBATh KOMIUIEKC MEXaHUYECKUX XapaKTePUCTHK KakK JIOMPEIeNIbHOTO, TaK U 3a-
MPEICIBHOTO COCTOSIHUSI MAaCCUBA.

4. BbISIBICHO, YTO OTHOCHUTENbHAS HE3aBUCHUMOCTH Je(OPMUPOBAHUS MOPOIHBIX CIOEB MPHU
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UX MPOCKAJIb3bIBAHUU JPYI OTHOCUTEIBHO JIpyra B OKPECTHOCTHU BBIPAOOTKU MOPOXKJIAET BBICOKYIO
CTEIEHb HE3aBUCHMOCTH IIOJI HANPSDHKEHUM OTAEIBHOIO IOPOJHOIO CJIOS OT BHAA COCTOSIHMS CO-
CE/IHUX CJIOEB, YTO HHTEHCU(PUIUPYET pa3BUTHE NEPEMELIEHUI KOHTYpa KpenH BbIPaOOTKU.

APPOINTING KEY VARIABLES, REGULATING AND OUTSIDE BELOVED
DESCRIBING OBJECTS ON THE EXAMPLE OF MINES OF THE HARD COAL

Andrzej Krowiak

Central Mining Institute, Katowice, Poland

Abstract: In the article a method of appointing the poignancy of variables describing the ob-
ject with the division was presented on: key variables being characterised by the greatest poignancy,
autonomous variables having the smallest influence on behaving of object and support and regulat-
ing variables having indirect influence. At this target was used zero and of higher classes correlation
analysis. Applying the method was shown on the example of beloved of data describing three mines
of the hard coal.

Keywords: Economics — Mining — Enterprise — Examination — Method of Examination

Introduction

Functioning of every object can describe for help with numbers many variables. The
technical or technological, social, organizational (on example the enterprise) or the economy of
given country object can be arrangement with complex in this meaning, Variables describing object
can have the character of technical parameters or usable, economic, or possible to measuring social
phenomena.

The possibility of description of given object is the creature of introduced method the
variables about different character, passing the size in any individuals of measure. It appears
however the problem of qualification of strength interaction among these variables as well as the
influence of individual variables on behaviour oneself the whole object.

The analysis of course of individual variables in time does not give the synthetic answer on
this question. It the analytic permitting on enumerating method of influence among describing vari-
ables in article was introduced the given object as well as strength of their influence on behavior
oneself the whole object. It calculations on example of archival data with years 1998 — 2002 were
illustrated the introduced in article method relating three chosen of hard coals mines. It was used
from archival data, because current data are inaccessible. This has not however the principal influ-
ence on show practical use of this method.

Method of analysis

In dependence from size of influence of given variable on different describing the object it
distinguishes oneself [2]:

e key variables to characterize with the largest strength of influence on different;

¢ autonomic variables possessing small strength of influence on different;

o the regulating variables and auxiliary situated in nearby of centre of interval.
Their influence on of behaviour the whole object is the relatively small, though near specific ar-
rangement of variables first and second kind they can have on his behaviour essential influence.

It they in analysis were used arbitrarily chosen variables attributing following indices:

1 — annual output [t];

2 —underground output per men-shift[kg/day/men];

3 — the payment with overheads brought back to 1 tones of obtained carbon [zl/t];

4 — the costs of materials brought back to 1 tones of obtained carbon [zl/t];
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5 — the costs of energy brought back to 1 tones of obtained carbon [zl/t];

6 — the different costs brought back to 1 tones of obtained carbon [zl/t]

In first step of method the correlations among variables were counted.

Correlations among two variables, called further correlations 0 - classes, calculated in pairs it
enumerates from utilization different typical statistical functions contained on example in pro-
gramme EXCELL.

The applied in analysis tool of correlation permits to affirm, or they two ranges of data
change simultaneously and in what stage — this is or large values in one collection answer large val-
ues with second collection ( positive correlation) or large values answer with one collection small
values with second collection (negative correlation). It the coefficient of correlation was defined was
as quotient of covariance two collections of data as well as the product of standard yaws for these
collections.

We in article for correlation 0-classes will comply the sign the r; understanding by then the
correlation among i and j this collections of data. The coefficient of correlation can accept with range
value (-1) to (+ 1). They higher ruthless value of this coefficient, this stronger relationship among
collections of data. Value zero marks the lack of correlation.

It were marked the coefficients of partial correlations I, II and III classes showing interaction
among many variables [1].

Partial correlation I classes are enumerated with formula:

oy = (ry ~(ra ) * ()
: (\/(1‘(”ik)2))*(\/(I-(rjk)z))
where:

— rijx — the coefficient of correlation I - classes defining the relationships among collections i
and j by regard the influence of collection k on collections 7 as well as j;

— r;j — the coefficient of correlation 0 - classes defining relationships among collections the i
as well as j;

— i — the coefficient of correlation 0 - classes defining relationships among collections the i
as well as &;

— rjx - the coefficient of correlation 0 - classes defining relationships among collections the j
as well as £.

The correlation I — classes was interpreted as correlation among variables i as well as j on
regard the influence of variable £ on variables i as well as ;.

Partial correlation II — classes are enumerated with formula:
o = ik - Tk )* (Tjrx )
T (e (o0t
where:

— riji.u — the coefficient of correlation II — classes defining the relationships among collections
i as well as j on regard the influences of collections & as well as / on collections i as well as j;

— rjj.x — the coefficient of correlation I — classes defining the relationships among collections i
as well as j on regard the influences of collections & on collections i as well as j;

— rix — the coefficient of correlation I — classes defining the relationships among collections i
as well as the / on regard the influences of collections k& on collections i as well as I;

— rj1x — the coefficient of correlation I — classes defining the relationships among collections j
as well as the / on regard the influences of collections & on collections j as well as /

The correlation of II — classes was interpreted as correlation among variables i as well as j on
regard the influence of variables & as well as the / on variables i as well as ;.

Partial correlation III — classes are enumerated with formula:
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_ Tkl = Oima ) * Vjra )

e (-t o (-0 7))
where:

— riium — the coefficient of correlation III — classes defining the relationships among collections i
as well as the j on regard the influences of collections &, / as well as m on collections i as well as J;

— rijn — the coefficient of correlation II — classes defining the relationships among collections i
as well as the j on regard the influences of collections & as well as m on collections i as well as j;

— rimi — the coefficient of correlation II — classes defining the relationships among collections i
as well as m on regard the influences of collections & as well as / on collections i as well as m;

— rjmi — the coefficient of correlation II — classes defining the relationships among collections j
as well as m on regard the influences of collections & as well as / on collections j as well as m.

The correlation of III — classes was interpreted as correlation among variables i as well as the
j on regard the influence of variables the £,/ as well as the m on variables i as well as ;.

Similarly we can to define the correlations of higher classes.

In this case was limited only to calculation of correlation 0 and I classes. The source data
were passed in Table 1. Enumeration of value the relative correlations 0 — classes are contained in
Table 2, and their ruthless values in Table 3. Relative values of the correlation I — classes be passed
in Table 4, and their ruthless values in Table 5.

In second step the enumerated relative values of correlation were recalculate on ruthless val-
ues (only positive). This essential foundation with point of sight of introduced method is, because the
size of strength of influence among variables interests us - indifferently, or correlations have nega-
tive sign or positive. Obviously, for we enumerating of correlation of higher classes we use still rela-
tive values (positive and negative) from tables of correlation of lower classes.

In third step we enumerate sum of all coefficients of correlation for individual variables sepa-
rately and for obtainments of the comparability of analyses for correlation of different classes we
enumerate average arithmetical these coefficients.

In fourth step we define interval of changeability for individual variables accepting conven-
tionally, that the minimum value of arithmetical average of coefficients has attributed value 0%, and
maximum 100%. We were permitted on enumeration this in percentages of strength of influence
given variable on behavior the object. Of these numbers indeed higher values since 50% have per-
mitted to include to key variables given variable, indeed lower values to autonomic variables, and
approximate to 50% to regulating variables values and auxiliary.

Conclusions

In analysis of concrete data it was accepted, that every mine makes up independent from dif-
ferent object. In frames of individual categories of variables the order of notation answers the dimin-
ishing strength of influence.

On the basis of analyses of correlation 0 - classes it can affirm that:

= {0 key variables for mine — 1 it can include variables 3 of (payment with overheads), 6
(different costs), 1 (annual output) and 2 (the efficiency of work), for mine — 2 variables 2 (under-
ground output per man — shift) and 4 (the costs of materials), and for mine — 3 variables 1 (the vol-
ume of getting out the carbon), 4 (the costs of materials), 5 (the costs of energy) and 3 (the payment
with overheads);

» to autonomic variables for mine — 1 it was allowed to include variable 4 (the costs of ma-
terials), for mine — 2 variables 3 of (the payment with overheads), 5 (the costs of energy) and 1 (an-
nual output), and for mine — 3 variable 2 (underground output per men — shift);

= fo regulating variables and auxiliary for mine -1 it can include variable 2 (underground
output per men — shift), for mine -2 variables 1 (the volume of getting out the carbon) and 6 (differ-
ent costs), and for mine -3 variable 6 (different costs);

For different mines attributing variables to individual categories is different. On example the
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key variable about the largest strength of influence in mine -1 is variable 3 (the payment with
overheads), for mine -2 variable 2 (underground output per men — shift) and for mine -3 variable 1
(annual output). Accordingly the autonomic variable about the smallest strength of influence of for
mine -1 is variable 4 (the costs of materials), for mine -2 variable 3 of (the payment with overheads)
and for mine -3 variable 2 (underground output per men — shift).

On the basis of analyses of correlation I - classes it can affirm that:

» to key variables for mine -1 it can include variable 5 (the costs of energy), for mine -2
variables 2 (underground output per men — shift) and 6 (different costs), and for mine -3 variables 4 (
the costs of materials) and 1 (annual output);

= fo autonomic variables for mine -1 it can include variables 4 (the costs of materials) and 6
(different costs), for mine -2 variables 3 of (the payment with overheads), 5 (the costs of energy) and
4 (the costs of materials), and for mine -3 variables 2 (underground output per men — shift), 6 (dif-
ferent costs) and 5 (the costs of energy);

= fo regulating variables and auxiliary for mine -1 was can include variables 3 of (the pay-
ment with overheads), 1 (annual output) and 2 (underground output per men — shift), for mine -2
variable 1 (annual output), and for mine -3 variable 3 of (the payment with overheads);

Regard influence of third variable on correlations among two variables (the comparison of re-
sults of calculations leaning on correlations O - classes and I classes) it causes the following move-
ments and strength of their influence on object among categories of variables:

. of the predominant variable about the largest strength influence for mine -1 is vari-
able 5 (the costs of energy). For mine -2 is still then variable 2 (underground output per men — shift),
and for mine -3 follows with variable 4 the leader's change (the costs of materials) on variable 1
((annual output).

= for autonomic variables does not step out the change of position for all objects;

= for mine -1 variable 1 ((annual output it be promotes with category of auxiliary variables
and regulating to category of key variables, and variable 6 (different costs) it be promotes with cate-
gory of autonomic variables to category of key variables;

= for mine - 2 the the most spectacular phenomenon is passage variable 1 ((annual output)
with category of auxiliary variables and regulating to autonomic variables;

= for mine -3 variables 5 (the costs of energy) and 3 (the payment with overheads) pass
through with category of auxiliary variables and regulating to category of key variables, and variable
6 (different costs) with category of autonomic variables to key variables;

Closure

The introduced method is suitable to analyzing the described the different type of objects the
technical data, technical and economic or the measurable sizes describing the social phenomena. The
variables were defined in individuals of measure characteristic for them.

Such analysis is particularly useful for destinations management. The managerial personnel
should pay back special attention on key variables and control it, because they have the largest influ-
ence on behavior of object as the whole.

Division on categories of variables appointed in support about correlations 0 - classes is the
first approximation. In case of large spreads among minimum values and maximum the average of
correlation it gives this enough unambiguous vision of division on categories of variables. The enu-
merating the next correlations of higher classes causes then only displacement in of variables pre-
dominant categories and autonomic in order of strength the influence. Auxiliary variables and regu-
lating they can then alter their position more or less in frames their category or aspire in direction of
variables predominant or autonomic.

In case of small spreads among average maximum values and minimum the correlation, in
peculiarity, when we have to the deal with positive correlations and negative, you should enumerate
the correlations of higher classes because of these are calculations more credible results than the cal-
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culation in support only about correlations 0 — the line. We in introduced in article example have to
deal with from this with second situation.
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Table 1
Primary data
Id. Description | 1998 | 1999 | 2000 | 2001 | 2002
MINE -1
1 |wydobycie wegla [t] 3174000 3217000|3472000|3454300| 3345000
2 | wydajnos¢ pracy dotowa 5177 7251 6 454 6 854 7201
[kg/pdn]
3 | wynagrodzenia z narzutami 72,44 69,92 62,88 63,62 65,89
[zV/t]
4 | koszty materialow [z}/t] 13,3 14,92 12,42 13,92 13,16
5 |koszty energii [zV/t] 7,21 7,96 8,16 8,89 8,85
6 |inne koszty [zl/t] 31,7 31,42 30,58 29,85 29,44
17 MINE -2
1 |wydobycie wegla [t] 3515000 3900000|4920000|6 120000| 5 800 000
2 | wydajnosc pracy dotowa 3771 5433 5755 6376 6 026
3 | wynagrodzenia z narzutami 73,58 62,25 62,08 65,2 69,14
[zV/t]
4 | koszty materialow [zl/t] 8,79 9,29 10,36 11,76 9,1
5 | koszty energii [zt/t] 4,57 4,59 6 6,94 4,3
6 |inne koszty [z/t] 34,81 24,59 26,53 25,12 26,28
MINE -3
1 | wydobycie wegla [t] 3484120 2933 600|2946 500|2 693 600| 2455900
2 | wydajno$c pracy dotowa 4780 5861 5505 5252 5205
3 | wynagrodzenia z narzutami 87,87 91,83 83,35 94,72 104,79
[Z1/t]
4 | koszty materialow [z}/t] 18,07 13,72 12,44 17,81 20,41
5 | koszty energii [zV/t] 9,75 10,3 10,43 10,9 11,06
6 | inne koszty [zV/t] 36,3 32,77 28,46 32,84 32,97

Source: [3]
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Table 2
Correlation O classes — value relative
i/j 1 2 | 3 | 4 | 5 | 6
MINE -1
1 1,0000 0,3666 -0,9898 -0,4669 0,7217 -0,7184
2 0,3666 1,0000 -0,4833 0,3993 0,7708 -0,5785
3 -0,9898 -0,4833 1,0000 0,4203 -0,7833 0,7665
4 -0,4669 0,3993 0,4203 1,0000 -0,0130 0,2869
5 0,7217 0,7708 -0,7833 -0,0130 1,0000 -0,9434
6 -0,7184 -0,5785 0,7665 0,2869 -0,9434 1,0000
MINE -2
1 1,0000 0,8664 -0,2173 0,6665 0,5434 -0,5891
2 0,8664 1,0000 -0,6461 0,6666 0,5183 -0,9105
3 -0,2173 -0,6461 1,0000 -0,4962 -0,4471 0,8313
4 0,6665 0,6666 -0,4962 1,0000 0,9751 -0,5037
5 0,5434 0,5183 -0,4471 09751 1,0000 -0,3473
6 -0,5891 -0,9105 0,8313 -0,5037 -0,3473 1,0000
MINE -3
1 1,0000 -0,3666 -0,7336 -0,2715 -0,9807 0,4133
2 -0,3666 1,0000 -0,0868 -0,6907 0,2319 -0,6146
3 -0,7336 -0,0868 1,0000 0,7737 0,7149 0,2854
4 -0,2715 -0,6907 0,7737 1,0000 0,3458 0,6494
5 -0,9807 0,2319 0,7149 0,3458 1,0000 -0,3820
6 0,4133 -0,6146 0,2854 0,6494 -0,3820 1,0000
Source: own elaboration
Table 3
Correlations 0 — classes — value ruthless
i/j| 1 2 3 4 5 6 Total | Average| °°f
scale
1 Mine -1
1 1,0000 0,3666 0,9898 0,4669 0,7217 0,7184 3,2635 0,6527 90%
2 0,3666 1,0000 0,4833 0,3993 0,7708 0,5785 2,5984 0,5197 55%
3 0,9898 0,4833 1,0000 0,4203 0,7833 0,7665 3,4432 0,6886 100%
4 0,4669 0,3993 0,4203 1,0000 0,0130 0,2869 1,5864 0,3173 0%
5 0,7217 0,7708 0,7833 0,0130 1,0000 0,9434 3,2321 0,6464 89%
6 0,7184 0,5785 0,7665 0,2869 0,9434 1,0000 3,2937 0,6587 92%
11 Mine -2
1 1,0000 0,8664 0,2173 0,6665 0,5434 0,5891 2,8827 0,5765 25%
2 0,8664 1,0000 0,6461 0,6666 0,5183 0,9105 3,6079 0,7216 100%
3 0,2173 0,6461 1,0000 0,4962 0,4471 0,8313 2,6379 0,5276 0%
4 0,6665 0,6666 0,4962 1,0000 0,9751 0,5037 3,3081 0,6616 69%
5 0,5434 0,5183 0,4471 0,9751 1,0000 0,3473 2,8311 0,5662 20%
6 0,5891 0,9105 0,8313 0,5037 0,3473 1,0000 3,1820 0,6364 56%
1l Mine -3
1 1,0000 0,3666 0,7336 0,2715 0,9807 0,4133 2,7657 0,5531 100%
2 0,3666 1,0000 0,0868 0,6907 0,2319 0,6146 1,9906 0,3981 0%
3 0,7336 0,0868 1,0000 0,7737 0,7149 0,2854 2,5944 0,5189 78%
4 0,2715 0,6907 0,7737 1,0000 0,3458 0,6494 2,7313 0,5463 96%
5 0,9807 0,2319 0,7149 0,3458 1,0000 0,3820 2,6555 0,5311 86%
6 0,4133| 0,6146| 0,2854| 0,6494| 0,3820| 1,0000| 2,3447| 0,4689 46%

Source: own elaboration
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Table 4
Correlation I classes — value relative
Mine -1
i/j.k 2.3 2.4 2.5 2.6 3.2 34 3.5 3.6 4.2 4.3
1= -0,8973 | 0,6821 |-0,4301 | -0,0863 | -0,9977 | -0,9890 | -0,9865 | -0,9830 | -0,7190 | -0,3942
1.3 1.4 1.5 1.6 3.1 34 3.5 3.6 4.1 4.3
1=2 -0,8973 | 0,6821 |-0,4301 | -0,0863 | -0,9097 | -0,7826 | 0,3041 |-0,0761 | 0,6080 | 0,7583
1.2 1.4 1.5 1.6 2.1 24 2.5 2.6 4.1 4.2
1=3 -0,9977 | -0,9890 | -0,9865 | -0,9830 | -0,9097 | -0,7826 | 0,3041 |-0,0761|-0,3328 | 0,7640
1.2 1.3 1.5 1.6 2.1 2.3 2.5 2.6 3.1 32
1=4 -0,7190 | -0,3942 | -0,6611 | -0,3914 | 0,6080 | 0,7583 | 0,6424 | 0,7233 |-0,3328| 0,7640
1.2 1.3 14 1.6 2.1 2.3 24 2.6 3.1 3.2
i=5 0,7409 | -0,6059 | 0,8094 | 0,1906 | 0,7860 | 0,7207 | 0,8464 | 0,8318 | -0,6996 | -0,7364
1.2 1.3 1.4 1.5 2.1 2.3 24 2.5 3.1 32
1=6 -0,6672| 0,4411 |-0,6899 | -0,1635 | -0,4869 | -0,3700 | -0,7891 | 0,7036 | 0,5599 | 0,6819
Mine -2
i/j.k 2.3 24 2.5 2.6 3.2 34 3.5 3.6 4.2 4.3
i=1 0,9745 | 0,7596 | 0,8146 | 0,9878 | 0,8986 | 0,1753 | 0,0341 | 0,6065 | 0,2390 | 0,6593
1.3 1.4 1.5 1.6 3.1 34 3.5 3.6 4.1 4.3
1i=2 0,9745 | 0,7596 | 0,8146 | 0,9878 |-0,9393|-0,4872 | -0,5416 | 0,4824 | 0,1496 | 0,5222
1.2 14 1.5 1.6 2.1 24 2.5 2.6 4.1 4.2
1=3 0,8986 | 0,1753 | 0,0341 | 0,6065 |-0,9393|-0,4872 | -0,5416 | 0,4824 |-0,4829| -0,1152
1.2 1.3 1.5 1.6 2.1 2.3 2.5 2.6 3.1 32
i=4 0,2390 | 0,6593 | 0,7337 | 0,5297 | 0,1496 | 0,5222 | 0,8498 | 0,5822 |-0,4829 | -0,1152
1.2 1.3 14 1.6 2.1 2.3 2.4 2.6 3.1 3.2
1=5 0,2210 | 0,5111 |-0,6438 | 0,4471 | 0,1132 | 0,3360 |-0,7964 | 0,5210 |-0,4015| -0,1719
1.2 1.3 1.4 1.5 2.1 2.3 24 2.5 3.1 32
1i=6 0,9678 | -0,7528 | -0,3934 | -0,5085 | -0,9917 | -0,8803 | -0,8925 | -0,9109| 0,8916 | 0,7701
Mine -3
i/j.k 2.3 24 2.5 2.6 3.2 34 3.5 3.6 4.2 4.3
1i=1 -0,6355|-0,7963 | -0,7322 | -0,1568 | -0,8258 | -0,8585 | -0,2373 | -0,9757 | -0,7800| 0,6876
1.3 1.4 1.5 1.6 3.1 34 3.5 3.6 4.1 4.3
i=2 -0,63551-0,7963 | -0,7322 | -0,1568 | -0,5625 | 0,9772 | -0,3713 | 0,1172 |-0,8471 | -0,9880
1.2 1.4 1.5 1.6 2.1 24 2.5 2.6 4.1 4.2
1=3 -0,8258 | -0,85851-0,2373 | -0,9757 | -0,5625 | 0,9772 | -0,3713| 0,1172 | 0,8784 | 0,9908
1.2 1.3 1.5 1.6 2.1 2.3 2.5 2.6 3.1 3.2
i=4 -0,7800| 0,6876 | 0,3689 |-0,7797|-0,8471 | -0,9880 | -0,8446 |-0,4861 | 0,8784 | 0,9908
1.2 1.3 1.4 1.6 2.1 2.3 24 2.6 3.1 32
i=5 -0,9897 | -0,9602 | -0,9820 | -0,9778 | -0,7021 | 0,4220 | 0,6939 |-0,0040 | -0,0338 | 0,7585
1.2 1.3 14 1.5 2.1 2.3 24 2.5 3.1 3.2
1=6 0,2561 | 0,9559 | 0,8057 | 0,2137 |-0,5466 | -0,6178 | -0,3019 | -0,5851 | 0,9510 | 0,2953
Mine -1
i/j.k 4.5 4.6 52 53 54 5.6 6.2 6.3 6.4 6.5
i=1 -0,6611|-0,3914 | 0,7409 | -0,6059 | 0,8094 | 0,1906 |-0,6672 | 0,4411 |-0,6899 | -0,1635
4.5 4.6 5.1 53 54 5.6 6.1 6.3 6.4 6.5
1i=2 0,6424 | 0,7233 | 0,7860 | 0,7207 | 0,8464 | 0,8318 |-0,4869 |-0,3700 |-0,7891 | 0,7036
4.5 4.6 5.1 52 54 5.6 6.1 6.2 6.4 6.5
1i=3 0,6598 | 0,3258 | -0,6996 | -0,7364 | -0,8573 | -0,2824 | 0,5599 | 0,6819 | 0,7431 | 0,1337
35 3.6 5.1 52 53 5.6 6.1 6.2 6.3 6.5
1=4 0,6598 | 0,3258 | 0,5293 |-0,5491 | 0,5606 | 0,8110 |-0,0789 | 0,6925 |-0,0667 | 0,8282
34 3.6 4.1 4.2 4.3 4.6 6.1 6.2 6.3 6.4
i=5 -0,8573|-0,2824 | 0,5293 |-0,5491 | 0,5606 | 0,8110 | -0,8825 | -0,9574|-0,8591 | -0,9810
34 35 4.1 4.2 4.3 4.5 5.1 52 53 54
1=6 0,7431 | 0,1337 | -0,0789 | 0,6925 | -0,0667 | 0,8282 |-0,8825 | -0,95741-0,8591 | -0,9810
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Mine -2
i/j.k 4.5 4.6 5.2 5.3 5.4 5.6 6.2 6.3 6.4 6.5
i= 0,7337 | 0,5297 | 0,2210 | 0,5111 | -0,6438 | 0,4471 | 0,9678 |-0,7528 | -0,3934 | -0,5085
4.5 4.6 5.1 5.3 5.4 5.6 6.1 6.3 6.4 6.5
i=2 0,8498 | 0,5822 | 0,1132 | 0,3360 | -0,7964 | 0,5210 |-0,9917 | -0,8803 | -0,8925 | -0,9109
4.5 4.6 5.1 5.2 5.4 5.6 6.1 6.2 6.4 6.5
i=3 |[-0,3037|-0,1613|-0,4015|-0,1719| 0,1908 |-0,3037| 0,8916 | 0,7701 | 0,7751 | 0,8059
3.5 3.6 5.1 5.2 5.3 5.6 6.1 6.2 6.3 6.5
i=4 |-0,3037(-0,1613| 0,9793 | 0,9876 | 0,9699 | 0,9877 |-0,1844 | 0,3350 |-0,2178 | -0,7931
34 3.6 4.1 4.2 4.3 4.6 6.1 6.2 6.3 6.4
i=5 0,1908 | -0,3037| 0,9793 | 0,9876 | 0,9699 | 0,9877 | -0,0402 | 0,3522 | 0,0489 | 0,7502
34 3.5 4.1 4.2 4.3 4.5 5.1 5.2 5.3 5.4
1=6 0,7751 | 0,8059 |-0,1844 | 0,3350 | -0,2178 | -0,7931 | -0,0402 | 0,3522 | 0,0489 | 0,7502
Mine -3
i/j.k 4.5 4.6 5.2 5.3 5.4 5.6 6.2 6.3 6.4 6.5
i=1 0,3689 | -0,7797|-0,9897 | -0,9602 | -0,9820 | -0,9778 | 0,2561 | 0,9559 | 0,8057 | 0,2137
4.5 4.6 5.1 5.3 5.4 5.6 6.1 6.3 6.4 6.5
i=2 |[-0,8446-0,4861|-0,7021 | 0,4220 | 0,6939 |-0,0040 | -0,5466 | -0,6178 | -0,3019 | -0,5851
4.5 4.6 5.1 5.2 5.4 5.6 6.1 6.2 6.4 6.5
i=3 0,8025 | 0,8073 |-0,0338 | 0,7585 | 0,7526 | 0,9303 | 0,9510 | 0,2953 |-0,4506| 0,8644
35 3.6 5.1 5.2 5.3 5.6 6.1 6.2 6.3 6.5
i=4 0,8025 | 0,8073 | 0,4229 | 0,7194 | -0,4680 | 0,8452 | 0,8691 | 0,3943 | 1,1143 | 0,9013
34 3.6 4.1 4.2 4.3 4.6 6.1 6.2 6.3 6.4
i=5 0,7526 | 0,9303 | 0,4229 | 0,7194 | -0,4680 | 0,8452 | 0,1307 |-0,3121|-0,8746 | -0,8502
34 3.5 4.1 4.2 4.3 4.5 5.1 5.2 5.3 5.4
i=6 |[-0,4506| 0,8644 | 0,8691 | 0,3943 | 1,1143 | 0,9013 | 0,1307 |-0,3121 |-0,8746 | -0,8502

Source: own elaboration
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VK 622.083 © A.B. CaBOCTBSIHOB,
B.U. by3suno,
B.II. Ceparok,
A.T'. Komika

3AKOHOMEPHOCTHU UBMEHEHUSA COCTOAHUSA
I'OPHOI'O MACCHUBA ITPH OTPABOTKE IHOJIOTHUX IIVIACTOB

HaBeneHno 3akOHOMIPHOCTI 3MiHM CTaHy, IO BMIIAIOTh MOJIOTHH IUIACT, TIPCHKUX MOPiA 3a-
JISKHO BiJI 3MIHU TEXHOJIOTIYHUX TTApaMETPIiB.

HpI/IBGIIeHI)I 3aKOHOMCPHOCTH U3MCHCHUA COCTOSHUA, BMCIIAOINX IIOJIOTHI IJ1acT, rOPHBIX
mopoa B 3aBUCMMOCTH OT USMCHCHUS TCXHOJOITHYCCKHUX ITapaMCTPOB.

The regularities of changing condition of rocks enclosing flat seam depending on changing
technological parameters are given.

Kak u3BecTHO, BHIEMOUHBIN Y4aCTOK SIBJISIETCS OCHOBHBIM 3BEHOM, OT KOTOPOI'O 3aBUCHUT PEH-
TabeabHOCTh pabOoThI maxThl. OCHOBHBIE TPYIHOCTH, BOSHUKAIOLIUE IIPH BEACHUU padoT B Ipeenax
BBIEMOYHOI'O Y4aCTKa, CBA3aHbl C NOJAEPKAHUEM BBIEMOYHOTI'O IITPEKA HA CONPSHDKEHUN C OUMCTHBIM
3a00€M M COXpaHEHHE CIUIOIIHOCTH TOPHBIX HOPOJ B IPHU3a00MHOM MPOCTPAHCTBE ABMXKYLIETOCS
32004 NaBbl. YKa3aHHbIE TPYJHOCTH, B CBOIO OUYEpPEb, CBA3aHBI C TEXHOJIOTUYECKUMHU NTapaMeTpaMH,
K YHCIy KOTOPBIX OTHOCATCA JJIMHA JIaBbl, CKOPOCTh IOJABHIaHUS OYMCTHOIO 320051, INMPUHA
3axBaTa Kom0aiiHa, CKOPOCTb BbIEMKH YISl KOMOAiHOM, CONPOTHBJICHHE W NMOAATIMBOCTH
KpenH OYMCTHOI BHIPAOOTKHM U BbIEMOYHOI'0 IITPeKa. DTH MapaMeTphl, Kak I10Ka3al OnbIT pabo-
Thl 1IAXT, B 3HAYUTEJIPHOM CTENEHU OKa3bIBAIOT BJIMSHHE HAa COCTOSIHUE TOPHOI'O MAaccUBa, BEPOST-
HOCTb €r0 pa3pylleHUs, U, KaK CJIEACTBUE, BbI3bIBAIOIIUE JUIUTEIbHbIE IPOCTON pabOThl y4acTKa U
HEOIIPaBJaHHO BBICOKHUE PACXO/bl. YCTAHOBJIEHO, YTO YBEJIIMYEHHE CKOPOCTH IOABUIaHUS 3a00s
YMEHBUIAET OIlyCKaHUE MOPOJ KPOBIHM B MPHU3a00HHOM IPOCTPAHCTBE JIABbI U HA COIPSKEHUU €€ C
BBICMOYHBIM IITPeKOM [1, 2] . JIis MOCTHXKEHUSI 3TOr0 HEOOXOAMMO UMETh BBICOKHE CKOPOCTH BBI-
€MKH yIJIl KOMOaltHOM, a 3TO, B CBOIO OY€PE/lb, IOBBILIAET BEPOSTHOCTh pa3pyllIEHUs OPO KPOBIU
B IIpoliecce BhIeMKH yriisi. Kpome Toro, kak mokasai onsIT pabotsl maxt 3anagHoro Jlonbacca, npu
BBICOKMX CKOPOCTSIX IOJBUIAHUS OYMCTHOrO 3a00s1 JlaBbl MMEIM MECTO BHE3alHble OOpYyIIEHUS
KPOBJIM B JIaBE M, KAK CJICICTBHUE, 3TO BBI3BIBAIO IIOJHOE Pa3pyLICHUE MEXaHU3UPOBAHHOIO KOM-
wiekca. OnpIT paboThl MIAXT TAKXKe MOKa3al, 4YTO U3MEHEHUE COCTOSIHME TOPHBIX MOPOA, BMEIa0-
IIMX BBIPAOOTKH, BO MHOTOM 3aBUCUT OT MEXAHUYECKHX CBOMCTB 3THX IOPOJ, UX CTPOCHMSI, BIIaXK-
HOCTH U TPEUIMHOBATOCTH, Hainuuus 30H I1I'JI, BBIpaOOTaHHOIO MPOCTPAHCTBA, MPUMBIKAIOLIETO K
oTpabaThIBAEMOMY CTOJIOY.

VY4uThIBasg M3JI0)KEHHBIE BBIIIE MOJIO0KEHUS, B Pa0OTE MOCTABJIECHbI U PEILEHB! CIEAYIOIINe
3a/1a4ul.

1. YcraHOBIEHBI 3aKOHOMEPHOCTH M3MEHEHHs COCTOSIHMS TOPHBIX IOPOJ KPOBJIM B IIpHU3a-
OOIHOM MPOCTPAHCTBE JIaBbI B 3aBUCUMOCTHU OT: JJIMHBI JIaBbl, CKOPOCTHU MOJBUTaHUA 32005 JaBbI U
CKOpOCTH MOAAYN KoMOaiiHa.

2. YcTaHOBIEHBl 3aKOHOMEPHOCTH W3MEHEHHUSl COCTOSIHMS IOPOJ KpPOBJIM W HAarpy3Kud Ha
KpeIb BBIEMOYHOTO INTPEKA HA COIPSKEHUU C JIABOW, B 3aBUCUMOCTU OT CKOPOCTH IIOJBUTaHMs 3a-
0051 J1aBbl U IOAATIMBOCTH KpPEIH.

JUid peleHns MOCTAaBJICHHBIX 3aa4 MPUHAT METOA MAaTeMaTH4eCKOr0 MOJAEIUPOBAHUSA IOp-
HOT0 MaccuBa, pa3zpaboranubsiii B HI'Y, B KOTOpOM CIBM)KEHHE TOPHOTO MAacCHBa MPHUHATO B BUJE
IIOCJIOMHOIrO M3ruba JIMTOJOTMUYECKUX Pa3HOCTEH € paccilioeHHeM, OOpa3oBaHUEM IOJIOCTEH pac-
CJIOEHUS U NOJIBUKKAMHU CJIOEB MapajuleibHO HariacToBaHuto [3, 4, 5]. IIpu 3Tom kaxabli cioi mo-
OBl TIPEJICTABIICH HE JKECTKO 3aIIeMJICHHON OaJIKOM-TIOJIOCKOM, 3arpy>KeHHOW HEPAaBHOMEPHO pac-
MpeesIeHHOH HOPMaJIbHOW HAarpy3Koil OT Macchl MoApaOOTaHHBIX MOPOA, 3aKOH pacHpeieieHHs
9TOM HAarpy3KH 3aBHCHUT OT XKECTKOCTH CJIOs IOPOJIbl, €r0 PacIOI0KEHUs 10 OTHOIIEHUIO K pa3pada-
ThIBAEMOMY IUIAacTy. I'eomeTpruyeckue napameTpsl 3MI0p HArpy30K YCTaHABIMBAJIUCh B COOTBETCT-
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BHM C «30JIOTOM MPOMOPLHEI». YCTAaHOBJIEHHBIE MTAPAMETPhI S0P HOPMAJIbHBIX HArPYy30K aIpOK-
cUMHpOBaIKCh psagoM Dypbe 10 CUHycaM AJIs MOJIyYeHHs BBIPaXKEHUS MONEPEUHbIX CUII, H3rubaro-
IIMX MOMEHTOB, YIJIOB HAaKJIOHA IONEPEYHbIX CUJI U KPUBOM U3ruda cios.

IIpu MoneIMpOBaHUM pacyeThl BHIIOIHIUCH B TPH FTara.

Bnauane B HampaBJIeHUU CHU3Y BBEPX OT pa3padaTbIBa€MOro ILlacTa /10 JHEBHOW MOBEPXHO-
CTH METOJIOM IPUOIMKEHUS JUI KaXKAO0T0 CJIOSI C y4€TOM MEXaHUYECKUX CBOMCTB, CKOPOCTH MOJIBU-
TaHWsI OYUCTHOTO 320051, BIAXKHOCTH, TPEIIMHOBATOCTH M BPEMEHH, OTIPEIEISINCH UTUHBI ITPOJIETOB.
I'paHMYHBIM yCIIOBHEM B JIaHHOM CJIy4ae sIBJISETCS BEJIMYMHA CBOOOIHOIrO MpOJeTa, MPU KOTOPOM
UMEIOT MECTO CBOOOJIHOE OITyCKaHUE CJIOS TOPO/Ibl, 3aBUCSIIEE OT BBIHUMAaEMOM MOIIHOCTH ILIacTa
U crocoba ynpaBieHHs KpOBJIEH, KOTOPOE, COIVIACHO SKCHEPUMEHTAIbHBIM HCCIEIOBAHUAM, IPU
yIpaBJICHUN KPOBIIEH MOJTHBIM 0OpylIeHneM, it ycinoBuil maxt Jlonbacca, cocrasiser 0,6 OT BbI-
HMMaeMOM MOIIHOCTH Iu1acTa. B mporecce omnpeneneHust 3TUX MPOJETOB BBIYUCISUIUCH MTapaMeTphbl
OIOPHOI'0 JIABJICHUS U I'PAaHUIbl COBMECTHBIX OIIyCKaHUM CMEKHBIX CJI0€B HaJ BbIPaOOTaHHBIM IIPO-
CTPAaHCTBOM, KOTOpPbIE B CBOIO OYEpE/b SIBJIAIOTCS I'PaHULIEH MOJOCTH MEXIY CMEXHBIMH CIIOSIMH.
[Ipu 3TOM OCyIIECTBIIAETCS TPOBEPKA KAKIOTO CJIOSI HA PacCIOEHUE U Pa3pylIEHUE €ro HaJl Cepeau-
HOH mpouteta. [Ipy yciioBHMM pacciOoeHUs! IaHHOIO CJIOSl YKa3aHHbIE MapaMeTpbl ONPEesuIuCh I
Kaxa0i nadku. [lapaMerpsl omOpHOIro JaBi€HMsI, pACIOI0KEHUE TPAHUIbI OIIOPHON 30HBI CO CTO-
POHBI BBIPAaOOTAHHOI'O MPOCTPAHCTBA U JUIMHBI IPOJIETOB, MPU KOTOPBIX HUMEET MECTO CBOOOAHOE
OIyCKaHUE CJIOSl NOPOJIbl, Ha3bIBAIOTCS I€OMETPUUECKUMM IapaMeTpaMu 3MI0p Harpy3ok. J[IuHbI
IpeeNbHBIX IIPOJIETOB B CBOKO OYEpE/lb ONPENENIAI0T Maccy NOAPaOOTAHHBIX MOPOI.

Pacrnonarast reoMeTpuu4ecKMMU NapaMeTpaMu, B HallpaBJIEHUU CBEPXY BHM3 OT JIHEBHOMH IO-
BEPXHOCTH K pa3pabaTbIBa€MOMY IUIACTY Ul CJIOS MOPOJBI, IS 3aJJaHHOM JJIMHBI JIaBbl, ONIpeIesis-
JUCh HOpMAaJIbHBIE HArpy3kHd B XapaKTEpHbIX TOUKax. PacmpezeneHue HOpMajibHBIX Harpys3ok OT
Macchl OAPAOOTAHHBIX OPOJ MEKAY XapaKTepHbIMU TOUKaMH IPUHUMAIIOCh JIMHEHHO. B kauecTBe
IPaHUYHBIX YCIOBHUI B JaHHOM Cllydyae IPUHUMAJIaCh BEJIMYMHA IMOJIHBIX OITYCKaHUM, 3aBUCSILUX OT
BBIHUMAeMOM MOIIHOCTHU IJIaCTa U criocoba ynpasiieHus kposiei. [Ipu ynpaBneHun Kpoiei 1mos-
HBIM O0pyIIeHneM, B ycnoBusax 3amaanoro /lonbacca, ona npuaumanacek B npeaenax 0,85...0,8 or
BBIHHUMAeMOM MOLIHOCTH IU1acTa. B pe3ynbraTe pacuera Juist KaKI0ro CJIOsl IOPOAbI YCTaHABIUBAET-
Csl 3aKOHOMEPHOCTb PacHpeeIeHUs HOPMAJIbHBIX Harpy30K M peakluy IPH 3aJaHHbIX TEXHOJIOIH-
YEeCKMX MapameTpax, BKIIOYAIOUIMX JJIMHY JIaBbl, CPEJHECYTOUYHYIO CKOPOCTh MOABMraHMs 32004,
HaJIM4Ke BBIPAOOTAHHOTO MPOCTPAHCTBA, MPUMBIKAIOLUIETO K OTpabaThIBAEMOMY IUIACTY, HAJTUYWE
30H I1I'Jl min 30HBI pa3rpy3ku, a Takke BPEMEHU ¢ MOMEHTa OCTaHOBKM 3a00s JaBbl. B pesynbrare
pacueTa ycTaHaBJIHMBaJach OOIIasi KapTHHA OOJIACTH CIBM)KEHHUS TOPHOTO MAacCHMBa IpPHU €ro mojpa-
60TKe. DTO, B YaCTHOCTH, [TO3BOJISIET ONPEAEIATh pa3Mephl MOJIOCTEH paccaoeHus 1o Beeil miomanm
1o pabaTbIBa€MOro cTojoa

Jlns Gosee OeTaabHOIO aHallu3a COCTOSIHMSA FOPHOIO MaccuBa pa3paboTaH ammapar, M03BO-
JISTFOINME JJIS1 KXKJIOTO CIIOS ITOPOJIBI B JIFOOOH €ro TOYKE B IpezesiaX 30Hbl BIUSHHUS BHIPAOOTKU BbI-
YUCIIATh HAIPSDKEHUsT OT U3rMOAIOIIEro MOMEHTA, MONEPEUYHbIX CHJI, HOPMAJIbHBIX HAarpy30K U CHUJI
TpeHus. OnpenensaTh OIMyCKaHUs CJIOS MOPOJbl, B 3aJaHHBIX YCJIOBMSIX M TE€XHOJOIMYECKHX Iapa-
METPOB, CMELIEHHUs CJIOSI TOPOJ] 110 HAIUIACTOBAHUIO U AedopManuu. ITO AaeT BO3MOXKHOCTb OIIpe-
JIeNISATh BEPOSITHOCTh 00pa30BaHUsl HOPMAJIBHBIX K HAIJIACTOBAHMIO TPEIUH, BHICOTY MOJIOCTH, KOTO-
past 0Opa3yercsi MeKAy CMEXKHBIMU CIIOSMHU.

Jlis MOIETTMPOBAHUS TPUHSTHI YCIOBUS, XapaKTEPU3YIOLIMECs CTpaTurpapuueckuM paspe-
30M pa3BeIOYHON CKBaXHMHBI Nel4876, pacmoyioeHHON B mpenenax BbleMOYHOro ctoida 800-oit
JaBbI IUI. C3 — HIDKHUM, oTpabaTeiBaeMoro Ha maxte «3amnaaHo-/lonbacckasy. [yOuna 3aneranus
mwiacta 450 M, momHocTh ero 1,2 M, yron magenust 3 rpaa. Cuctema pa3pabOTKu — CTOJIOOBas,
yIpaBiIeHUE KPOBJIEH — MONHOe oOpymeHue. s MoaenupoBaHus HaayrojbHas TOJIIA pa3jeeHa
Ha 23 cJ10s 110 JTUTOJIOTHYECKUM Pa3HOCTSM, BKJIFOYAOLINE aJ€BPOIUTHI, aprHJUIMThI U MECYAHUKH.
MoOIIHOCTH Cl10eB — U3MeHsIach B npeaenax 4...40 M. BeieMka yriis B 04uCTHOM 3a00€ OCYyIIECTB-
nsiack kKoMmOaliHOM ¢ mupuHO# 3axBara 0,8 M. IIpegycmarpuBaiiock 3 cMeHbI 10 q00bI4e, OOIIeH
npoaospkuTenbHocThio 18 uac. Koadduuuent mammunoro Bpemenu npunsat 0,3. JlnuHa naBbl u3-
MeHsu1achk B npenesax ot 120 go 200 m ¢ uaTepBaioM 20 M. CpegHECyTOYHOE MTOJBUTaHUE U3MEHSI-
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J0ck B mpezenax ot 2 g0 10 M/cyT ¢ mHTEpBaIoM 2 M/CyT, T.€. 00IIee KOJTUIECTBO COCTABHIIO 25 Ba-
PHAHTOB.

Jnist Toro, 4To0bI 00ECIeYnTh 33JaHHYI0 CKOPOCThH IOJIBUTAHUSI OYMCTHOTO 320051 BHAYaje,
COIJIaCHO MPHUBEJICHHOMY HUXE BBIPa’KEHHIO, OblJIa yCTaHOBJIEHA TpeOyeMasi CKOpPOCTh 110/1a4l KOM-
OaifHa V, B 3aBUCUMOCTH OT IPUHUMAEMOW JUIMHBI JaBbl L,, IMHUPUHBI 3aXBaTa KoMOaiiHa 7, U Ma-
IIMHHOT'O BPEMEHHU B TEYEHHE CYTOK 7.

V,L

1 M/MuH.
T

V="
K

B npouecce MozienupoBaHUs U3MEHSIACh CKOPOCTh MOJBUTAHUS OYHUCTHOTO 3a00s, U, IpU
3TOM, (PUKCHPOBAIOCH U3MEHEHUE MapaMeTPOB OYMCTHOIO 3a00s1 U COCTOSIHME MOPOJ HEIOCPECT-
BEHHOM KpOBJIM (OIMyCKaHUE HEMOCPEJCTBEHHON KPOBIM HaJ 3a00eM M Yy IpaHHIl Npu3aboiiHOro
IIPOCTPAHCTBA, a TAK)KE BEIMYMHA SKBUBAJICHTHBIX HanpsikeHuH (SPR) u MakcumanbHbIX KacaTenb-
HBIX HANPSHKCHUH (Tjpgey)). [IpOYHOCTH MOPOJ HEMOCPENCTBEHHOW KPOBIM HAa OJIHOOCHOE C)KaTHe
(Rcxe) 1 Ha ckanbiBaHue (R.) NepneHIuKyIsIpHO HarulacToBaHuio coctasisiio 30 u 18 MIla coot-
BETCTBEHHO.

[Ipu MoaenupoBaHUM YCTaHOBJIEHO, YTO B pACCMATPUBAEMBIX YCIOBUSAX T'€OMETPUUYECKUE T1a-
paMeTphl MIOP OMOPHOTO JaBJICHUS MPAKTUYECKU HE 3aBUCAT OT JJUHBI J1aBbl. Ho mpocnexuBaeTcs
YEeTKasi 3aBUCHMOCTb 3TUX [1apaMETPOB OT CKOPOCTH MOABUTAHUS.

Ha puc. 1 npuBenens! rpaduky U3MEHEHHs MapaMEeTPOB ONOPHOTO JaBJICHMS Ui HauboJsee
XapaKTepHBIX CJIOEB MOPOJ B 3aBUCUMOCTH OT CKOPOCTH mojBuranus. M3 rpaduka MOKHO KOHCTa-
TUPOBATh, YTO C YBEJIMYEHHUEM CKOPOCTH IOIBUTAHUSA 30HA OMOPHOTO JaBJICHUS CYy>KaeTcs, HOp-
MaJlbHbIE HArpy3Ku B 3TOH 30HE Bo3pacTaroT. [Ipy Hamuuuu €108 MOILHOCTBIO 25 M, 3aJIEerarollero
BOJIM3M pa3pabaThIBaEMOro IjlacTa, HIKE KOTOPOTO 3aJIeral0T CPAaBHUTEIBHO TOHKHUE CJIIOU MOPOIbI
MOIIIHOCTBIO 5...8 M, B OMIOpPHOM 30HE GopmupyeTcs ABa Makcumyma (puc. la). OnuH, OT OCHOBHOM
U HEMOCPEACTBEHHON KPOBJIM, PACIOJIOKEH Ha PACCTOSHUU 7...8 M, BTOPOM — MaKCUMYM OT CJIOA
HOpPOJIbl MOUIHOCTBIO 25 M, pacHojio’KeH Ha paccTossHUM 14...18 M, B 3aBHCHUMOCTH OT CKOpPOCTH
HOJIBUraHMs 320041

JUist OLIEHKH COCTOSIHUS TOPO/I, BIUSIOIIETO HA YCIOBUE BEACHUS OYUCTHBIX PadOT B OYUCT-
HOM 3a00€ JIaBbl, ClleJlaH pacyeT ONMYCKaHWW M HaIPSHKEHUW MOPOJI HEMOCPEICTBEHHONW KPOBIIH, B
3aBHCUMOCTH OT JUIMHBI JIaBbl M CKOPOCTH MOJBUTAHUS OYHCTHOTO 3a004. IIpu 3TOM CKOpOCTH BBI-
€MKH YIJIsI KOMOAitHOM MPUHHUMAJIAaCh B COOTBETCTBHUH C 33/IaHOW JUTMHOW JIaBBI M CPEIHECYTOUYHOM
CKOPOCTBIO IOJJBUTAHUS 32005 JIaBBI.

a)

MIla 0)
40 MIla
40 /
1 /
30 ,\ 30
\ 3
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20 20 i
/ \\\\\ \\ \2&
10 ] 10
J

0 10 20 30 40 50 60 M 0 2 4 6 8 10 m/cyT

Puc. 1. I'pagpuxu usmenenus napamempos onopHo2o 0asieHus 8 3a8UCUMOCMU
om cKkopocmu noosu2anusl 340051 1a6bl: a — Xapakmep M0pvl ONOPHO20 OABIEHUSL
HA YpOBHe Y20lbH020 NAACMA Npu CKOpoCcmu noosuzanus 4 m, cym; 6 — epaguxu uzmeHnenus
napamempos onopHo2o 0asieHus; 1 — maxcumyma onopHo2o 0aeieHus;
2, 3 — ceomempuyeckux napamempos dy u a coomeemcmeeHHo
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Puc. 2. I'pagpuxu uzmenenuss HJC nopoo kposiu. a — 6 3a8ucumocmu om cKOpoCcmu n008USAHU,
0 — 6 3aucumocmu om OnuHbvlL 1aevl, 1 — onyckanue Kpoeuu,; 2 — skgusaieHmuule Hanpsxicenus SPR;
3 — MakcumanvHble Kacamenbhble HANPAACEHUS — Tyay, 4 — SPAHUYA NPEOETbHBIX HANPSAHCEHUL,
8bluLe KOMOPBIX CIO0U NOPOObL KPOBIU OYOem paspyulamscsl

W3 ananuza puc. 2 clieyer, YTo C yBEIMYEHUEM CKOPOCTH MOABUTAHUS — OIyCKaHUS MOPOL
HETNOCPEJICTBEHHON KpoBiU yMeHbInaroTes (kpuBas 1). [Ipu sTom Hanbomnblias 3aBUCUMOCTh 3THX
OITyCKaHWW UMEET MECTO MPU U3MEHEHHH CKOPOCTHU MOJBUTAHUS 10 6 M/CYT U MOATBEPKAACTCS IKC-
HNepUMEHTaIbHBIMU HM3MepeHusIMH. COCTOSIHHE TIOPOJI KPOBIIM MPHU BBIEMKE YIJIi B OYUCTHOM 3a00e
MOKHO OLICHUTb 3KBUBAJICHTHBIMH HANPSDKEHUSMU U MaKCUMAaJIbHBIMU KacaTeIbHBIMU HaIpsiKe-
HUSIMH, COIIOCTABIISAA UX C IMPOYHOCTBIO MOPOJBI HA OJHOOCHOE C)KATHE M CKAJIBIBAHUE COOTBETCT-
BEHHO. PaspyleHus nopoa HEMOCPEACTBEHHOM KPOBJIM OT SKBUBAJICHTHBIX HANPSKCHUM B paccMar-
PUBaEMBIX yCIOBUSX MOXET UMETh MECTO B JIaBaX JUIMHOI Oosee 160 M mpu CKOPOCTAX MOJBUTAHUS
32005 Oosiee 6 M/CyT.

JIns1 yCcTaHOBIIEHHSI 3aKOHOMEPHOCTH U3MEHEHUSI COCTOSIHUS MOPOJI B BHIEMOYHOM KOHBEHEp-
HOM IITpeKe BhImosHeHb! pacueTsl HJIC Ha compspkeHUH 3TOTO IMTPEKa ¢ OYUCTHBIM 3a00€M JIaBBlI.
[Ipunsara apounast ¢popma mrpeka ¢ pazmepamu: mupuHa — 4,5 m, Beicota — 3,5 M. llITpek mpoxo-
JWIICS C TIOJIPBIBKOM MOYBBI U Kpoiu. Beicora noapeiBku kpoBiu — 1,0 M. Kpens Metamindeckas us3
cnennpoduis, Hecyias CrocoOHOCTh O/IHOM paMbl npuHsATa — 16 tc. [Ipu MogenupoBanuu uiMHa
naBel puHUManack 180 M, Bpems, mpole/iiee ¢ MOMEHTa OKOHYAHUS IIPOXOJKU BbIPAaOOTKH INpU-
HuMaiock 150 cyt. B nponecce MoaenupoBaHust U3MEHSJIACh CKOPOCTh MOABUTIaHUS OUYMCTHOTO 3a-
60st ot 2 10 10 M/cyT ¢ uHTEpBaIoM 2 M/CyT. Pe3ynbpTarhel pacyera NpuBEACHBI HAa PUC. 3.

W3 ananu3za puc 3 cienyer, 4To OMyCKaHHUE MOPOJ KPOBIM IPU U3MEHEHUH CKOPOCTH IOJIBUTa-
Hus ¢ 2 1o 10 M/cyt ymenbmaercs ¢ 315 go 150 MM, nmpakTudecku B iBa pa3a. B 30He onopHOro jaBs-
JICHUS CJIOW IMIMHHUCTOTO CJIaHIA PacCIanuBaeTCsl U MOIIHOCTh PACCIOUBIIMXCS MAaYeK, U UX KOJIUYECT-
BO 3aBHUCHUT OT CKOPOCTH TOJIBUTAHHSI OUMCTHOTO 3a0051. BricoTa 00pyIeHus mopoj KpOBIH BEIPAOOT-
KH, B 3aBUCUMOCTH OT CKOPOCTH IIOJIBUTaHUS B 33JJaHHBIX YCIIOBUSX, U3MEHsUIach ot 2,7 110 0.

MIla MM
200 | 400
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150 | 300 \

50 100

3 \\
0 0 2 4 6 8 10 m/cex

Puc. 3. I'paghuxu usmenenus napamempos H/{C nopoo kpoeiu evipabomku.
1 — onyckanus; 2 — cocumarowue HanpsdiceHus,; 3 — pacmsaeusaroujue HanpsHCeHus
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[Ipu 3apannoil mogatnuBocTu kpenu 300 MM, Harpy3ka Ha Kpelb CO CTOPOHBI KPOBJIH, IIPU
CKOpPOCTH MOABHUraHus 32005 jaBbl 2 M/cyT, gocturaet 550 ¢ Ha .M. [Ipu nopatnuBocTu kpenu 60-
Jiee MaKCUMAJIbHBIX OITyCKaHWH (B TaHHOM cirydae O6onee 315 MM), Harpy3ka Ha Kperb He TPEeBbIIIa-
7a Obl Maccy MopoJi pa3pylleHHbIX CJI0eB, T.e. 0kojo 20 Tc Ha 1m.M. IIpu ckopocTu noJgBUraHus OUuu-
cTHOro 32005 Oojiee 6 M/CyT, KOT/Ia TTOJIATIIMBOCTh KPEMH OOJIbIIE OMyCKaHWH IMOPOA 10 UX paspy-
IIEHUs, Harpy3Ka Ha Kpelb B JAHHBIX YCJIOBUAX He MpeBbimaeT 11 Tc Ha m.M.

AHanmm3 HanpspKEHWH HaJl CepeAMHON BBIPAOOTKH OT M3rHOAIONIET0 MOMEHTA IMOKa3all, YTo
IpU YBEJIIMYEHUU CKOPOCTHU IMOJBUIAHUS OYMCTHOTO 320051 HaNpshHKeHUs yMeHbluaroTcs. M3BecTHo,
YTO NPHU U3rMOe 3alleMIICHHON Oajaku oOpa3oBaHME TUIACTMYECKOTO MIAPHUPA U pa3pylLICHUE ITOMN
OaJKu NPOMCXOTUT IPH YCIOBUM, KOIJla HANpsOKEHHUs OT M3TrMOAOLIEro MOMEHTa IPEBBIIAIOT
IIPOYHOCTH IIOPOJI Ha CKAaTHE B JIBa pa3a. B paccMaTpuBaeMbIX yCIOBHSIX IIPU CKOPOCTH MOABUTaHUS
32004 6osiee 6 M/CYT OPOBI KPOBIIM PACCIAUBAIOTCS, HO HE pa3pyLIAtOTCS.

Ha ocHOBE BBINOHEHHBIX UCCIIEI0OBAaHUH ClIETaHbI CIIEAYIOIINE BHIBOIBL.

1. C yBenuyeHueM JUIMHBI JIaBbl B 33/IaHHOM JIHANa3oHe, IPH OJMHAKOBOM IOJABUIAHUU OYUCT-
HOTO 320041 32 CYET MACCHI MMOIPA0OTAHHBIX MTOPOJI, YBEIUIUBACTCS MAKCUMYM OIOPHOTO JABJICHUSI.

2. Ilpy HaJIM4MM MOILHOTO CJIOS, 3aJleraroliero BOJIU3M pa3pabaThiBA€MOro IUIacTa, HOP-
MaJibHasl Harpy3Ka B OMOPHON 30HE MMEET JIBa MAaKCHUMyMa, OJMH M3 KOTOPBIX (POPMHUPYETCS OT OC-
HOBHOM KpOBIJIH, BTOPOM — OT MOILHOTO CJIOSI.

3. C yBenMYEHUEM CKOPOCTH IOJBUTaHUS OYHUCTHOIO 3a00sl T€OMETPUYECKUE IapaMeTphl
OIOPHOTO JIaBJICHUS YMEHBLIAIOTCA, MAaKCUMYM INpHOIMXKaeTcs K 320010 OTpabaThiBA€MON JIaBBbI,
HOpMaJlbHAasl Harpy3Ka B OIIOPHOM 30HE YBEINYUBAETCS.

4. C yBenu4yeHHUeM JUIMHBI JIaBbl, IPU OAMHAKOBOW CKOPOCTH IOJIBUT'AHUS, OITyCKAHHE KPOB-
JM YMEHBILIAIOTCS, HANIPSDKEHUS B HEH, 32 CUET MOBBIIICHUS CKOPOCTH M0JIaui KOMOaiiHa, BO3pacTa-
0T, BEPOATHOCTh pa3pyLICHUs IOPO] KPOBJIU IPU BbIEMKE MOBBIILIAETCS.

5. C yBenuueHHEeM CKOPOCTH MOJBUTAHUS OYUCTHOTO 320051 CMEIIECHHUS TTOPO KPOBJIH B BbI-
€MOYHOM ILITPEKE Ha CONPSHKEHUU C JTaBOM YMEHbIIAKOTCS.

6. IIpu HE COOTBETCTBUHU MOJATIMBOCTU KpPENHU BBIPAOOTKU Harpy3ka Ha KpeIb CO CTOPOHBI
BMEILAIOUINX MIOPOJ PE3KO BO3PACTACT U Kpelb AehopMupyercs.
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YK 622.831.322 © B.U. bonnapenko,
A.I1. Moccyp

OU3UKO-XUMHNYECKHUE NPOLECCHI TNIPATOOBPA30OBAHUSA
B METAHOOBWIBHBIX YI'VIEHOCHBIX OTJIOKEHUAX
N UX BBIBPOCOOITACHOCTbD

HaBeneno ananiz TepMoOapuYHHX yMOB JUISl TiAPATOYTBOPEHHS MPHU BIUIMBI MPUPOIHUX 1
TEXHOTEHHHX (hakTopiB. OOTPYHTOBAHO HEOOXITHICTH YpaxyBaHHS MOXKJIMBOCTI YTBOPEHHS TiJpaTiB
11X BILUTUBY HAa BUKHIOHEOE3MEUHICTh BYTUUIS 1 BMIIIYIOUHX TOPi.

[IpuBenen ananu3 TepMoOapUUECKUX yCIOBUM Ui TUAPAaTOO0pa30BaHUs MPU BIUSHUU €CTe-
CTBEHHBIX U TEXHOT€HHbIX (pakTopoB. OOOCHOBaHBI HEOOXOIUMOCTh yUeTa BO3MOXKHOCTH 00pa3oBa-
HUSI THIPATOB M UX BIMSHHUE Ha BHIOPOCOOMACHOCTH YTJIeH U BMEIIAIOIINX MTOPO/I.

The analysis thermobaric conditions for gidratocreating is reduced at effect natural and man-
caused factors. Necessity of the account of a possibility of formation of hydratabilities and their ef-
fect on outburst hazard of carbons and adjacent strata are justified.

[Tpobnema ruppaTooOpa3oBaHysl B YIIIEHOCHBIX OTJIOKEHHUSAX B CBETE MOCIEIHUX HCCIIEI0BA-
HUU B YTOJIbHOM, HETSHOM U ra30BOM MPOMBIIUICHHOCTH SIBJISETCS BeChbMa akTyalibHOM. CBA3aHO
3TO C LENBIM PSIOM OCOOEHHOCTEH, KaK caMOoro-mporecca THapaTooO0pa3oBaHus, TaK U CBOWCTB
TUAPATOB MPUPOJHBIX a30B.

I'uapatel — 3TO IBAONOAOOHBIE CyOCTaHIIMU, B KOTOPBIX KPHCTAIMUECKAs! PEIIETKA BOJbI
pacimupeHa 1 BKI0YaeT MOJIEKYJIbl Fa30B U JIETKOKUIIALIUX KUAKOCcTel. TepMobapuieckue ycioBUs
(hopMUpOBaHHS THIPATOB MPUPOIHBIX Ta30B 3aBUCAT OT COCTaBa ra3oB U MeHsroTcs ot 1 10 200 at-
Mocdep u remneparyp ot — 30°C go + 40°C.

OnHuM U3 CBOMCTB TUAPATOB SBISETCA TO, UTO 1 cM’ ruapara coaepxur 175 cM® Tasa. Kpo-
M€ 3TOT0, ISl TUPATOHACHIIICHHBIX [TOPOJ XapaKTepHa HU3Kas ra30MpOHUIIAEMOCTb.

Emte onHO# 0COOEHHOCTHIO THIPATOB SIBISETCS YBEIMUEHUE o0beMa ruapara Ha 26-32% 1o
CPaBHEHHUIO C ITOPOBOM BOJIOM, U3 KOTOPOI OHU 00pa3yIOTCS.

B nporecce GpopmMupoBaHus rHAPATOB B OPraHOHACKHIIIEHHBIX TOPOAAX MPOUCXOAUT Jlerasa-
U OTUX MOPOJ U MOTEPS UMU JIETKUX HEPTIHBIX (PpaKIIMid.

Jns runparoB xapaktepeH 3¢dexr bpumkmdHa — ux B3phIBONOAOOHOE pa3pylIeHHE HpU
CABHUTOBBIX AeQopMalsIX WIH pa3HOHANPABICHHBIX 3HAKOTIEPEMEHHBIX IMHAMUYECKUX HArpy3Kax.

Amnanu3 pacrnpeneneHus 3HAaUCHUH TeMIIepaTyp W JABJICHUH MO pa3pe3y YroJbHBIX MECTOPO-
XKJACHUN MOKA3bIBAET, YTO UMEETCS LI psii OacceiHOB, e €CTeCTBEHHAs! 30Ha rUApaTo00pazo-
BaHMs MOXeT fgocturaTth riryoun 1800-2000 M, a B OTACTBHBIX COy4asx U MeHblIe. K HUM B niepByIo
ouepesib MOXHO oTHeCTH BopkyTunckuii Oacceitn (Poccus), rie BO BMEIAIOMUX YIJIH OTI0XKEHHIX
HaOJII0/1al0TCSl TOPOBBIE JABJICHHUS BOJBI M Ta3a ONM3KUE K THAPOCTATHUYECKUM, a TEMIIEpPaTypHbIC
PEXHUMBI, COCTaB PYAHUYHBIX Ta30B U COJIEHOCTH BOJBI TaKOBHI [1, 2, 3], 4yTo rumparooOpa3zoBaHue
BO3MOXKHO B HHTepBasie rinyouH 250-1200 m. biauskue mapameTpsl 30HBI THAPATOOOPA30BAHUS MOXK-
HO OXKHUJaTh B pailoHe pyaHUKOB «bapeHoypr» (o. [lnuoepren) u «byxrta YronsHass» (modepexne
Bbepunrosa mops), rie UMEOTCS CXOAHble ¢ BOPKYTHMHCKMM pailoHOM TepMOOapUyeCcKue YCIOBUSA
[4, 5, 6]. s yrieit uaTEepBai 30HBI THIPAaTOOOpa3oBaHus OyJeT MEHBIIE, TaK KaK, MOKa3bIBAIOT Jia-
OopaTopHBIE HCCIEI0BAHUS, PABHOBECHOE JABICHHE Nepexo/ia ra3-rujapar B yrisx Ha 2-5% Bsimie,
YeM B IIeCYaHUKaX, YTO CBA3AHO C COPOLIMOHHBIMU CBOMCTBAMH YTJICH.

B Jlonbacce B HeHapylIEHHOM MaccHBe T€pMOOapHUYECKHe YCIOBHS IS THApaTooOpa3oBa-
HUSI UMEIOT MECTO TOJILKO JJIS CEPOBOAOPO/A, JIJIs YIIIEBOJOPOIHBIX I'a30B, YIJIEKUCIOTO0 OHU OTCYT-
CTBYIOT. OOHaKO npu pa3pabomke y20abHbIX MECMOPOICOCHUN 3HAYEHUSL MeMNepamyp U 0asieHull
BOKpY2 8bIpAOOMOK CYWECMBEHHO OMIUYAIOMCS OM HAONI00AeMblX 8 eCMeCmEEeHHbIX YCI08USX.
[Ipuyem — 3TO CyIIECTBEHHO YBEIUYHMBACTCS ¢ TIyOMHOM pa3paboTku. Kak mpaBuio, 3a c4eT BEeHTH-
JUPOBaHUS BBIPAOOTOK, nMuddy3un Bo3ayxa B 00pyIIaeMoe MPOCTPAHCTBO, MOCTYIICHUE BOIHBIX
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Macc C MOBEPXHOCTHU B OoJiee IiyOOKHME TOPU30HTHI, HArHETAHWE BOJABI B YTOJIbHBIE IJIACTBI IPU
POBEJICHUH MTPOTUBOBBIOPOCHBIX MEPONPUATHUH, AecOopOLUN MeTaHa, aquabaTUYecKOro ero paciim-
pPEHUS U T.II. — MOXKET IPOUCXOUTh CHUKEHUE TEMIIEPATYphl B IPOCTPAHCTBE BOKPYT BHIPAOOTOK J10
10-15°C mo cpaBHeHMIO CO 3HaueHUsMU in situ [7]. Ha »Tu 3HaueHus temmeparyp HakIaJbIBaeTCs
U3MEHEHUE TEMIIEPATypPHOIO peXHMa, CBSI3aHHOE C BBIJEJIEHUEM TEIUIa 3a cyeT paboThl MAIlUH U
MEXaHHU3MOB B BbIpaOOTKe. MakcuManbHbIE 3HAYEHUS TeMIepaTtyp (UKCUPYIOTCS, KaK MPaBUio, B
30He OKHCiIeHus yriei 0,5 M oT 320051 BEIpaOOTKH, TJ€ MOBBIIICHUE TEMIIEPATYP CBI3aHO C (PUUKO-
XUMHUYeCKUMH Tporieccamu [8]. Kpome 3Toro kpaTkoBpeMeHHbIE MOBBIIICHUS 3HAYCHUI TeMIlepaTyp
(UKCUPYIOTCS TIPH MPOXOXKIECHHUH 30H MAKCHMYMOB OIIOPHOTO JaBJICHUS. DTO CBSI3aHO C MAaKCH-
MaJbHBIMU SHEPro3aTparaMu Mpu OypEeHUU STUX 30H U MAKCUMAJIbHBIMU OTINYHSIMH OT €CTECTBEH-
HBIX TEMIIEPATyPHBIX PEKUMOB.

Kak mpaBuiio, BoccTaHOBJIEHHE TEMIIEPATYPHOTrO PEXHMMa B MPOCTPAHCTBE BOKPYT BBIpabo-
TOK HE MPEBBIIIACT 4-8 YacoB, a MPOLECC CTAOMIN3AINH TEMIIEPATYPHOTO PEXKIMa CBS3aH B IIEPBYIO
ouepelib C MHTEHCUBHOCTBIO BEJICHHSI TOPII0 JOOBIYHBIX padoT.

[IposiBiieHUs1 TOPHOrO AaBJIEHUS B MHTEpBajax MOPOJ MacCHBa, NPUJIETAIOIUX K BbIpabOT-
KaM, HocAT nuddepeHmpoBanHblii xapakrep. Kak B mpocTpaHcTBe BOKPYT BBIpaOOTOK, TaK U IO
[aJICHUIO YTOJIBHBIX IIACTOB UMEET MECTO YEpPEA0BaHNE UHTEPBAJIOB HAPYILIEHHBIX (30HBI AE3UHTE-
rpamyu) ¥ HeHapYIIEHHBIX opoa u yriei [9, 10]. IlepBbiM 0TBEUarOT 30HBI MAKCMYMOB OTIOPHOTO
JTaBJICHUS, T /1€ 3HAYEHUsI IaBJI€HUI MOTYT IPEBbIIIATh I'MApocTaTuueckue B 2-4 pasza [11, 12].

B yronpHbIX miuactax o01mas IpoTsHKEHHOCTh 30H, I/ie GUKCUPYIOTCS OTKJIOHEHHS 3HaYCHHM
JABJICHUH OT THIPOCTaTUYECKUX He mpesbimaet 20% ot riryounsl pa3paboTku [12], n MakcuMaib-
HbIC 1eopMaluy yIiIed UMEIOT MeCTO Ha pacctossHuu 1,5-4,0 M ot 32005 1aB. MI3MeHeHue rpaaueH-
TOB JABJICHUN PETUCTPHUPYIOTCS B YTOIBHBIX TUIacTax Ha yaaneHuu 10 100 M ot BeipaboTok. CTpyK-
TypHBIC U3MEHEHUS yriei ¢pukcupyrores B uHTepBasie 0-20,0 m [13].

Bo BMmemaronmx yrojiabHbl€ IJ1acThl OPOax 30Ha ONIOPHOTO JaBJIEHUS UMEET MEHbIIUE pa3-
MEpbI ¥ 3aBUCUT OT UX (PU3UKO-MEXaHUYECKUX CBOUCTB.

Hanuune B nHTEpBaJIax CTPYKTYPHBIX U3MEHEHUN YIJIEH 30H JE3UHTErpalMy IIOpOJ, B IIpeje-
JaxX KOTOPBIX T'a3 HAXOJUTCSI B CBOOOAHOM COCTOSIHUH, MIPUBOAUT K (DOPMUPOBAHUIO 3/I€CH TEIIIOU30-
JUPYIOIIUX PKPAHOB 3a CUET TOTO, YTO Ia30HACHILICHHBIE 30Hbl XapaKTEPU3YIOTCS IOHMKEHHON TeM-
NepaTypOIPOBOIHOCTHIO IO CPABHEHHIO C 30HAMH, TJI€ a3 B CBOOOJIHOM COCTOSIHUU OTCYTCTBYET.

[TonoOHbIE KapTUHBI UMENM MECTO B YaCTHOCTU IPU TEPMOMETPUUYECKUX MCCIICOBAHUAX HA
ra3oBbIX MeCTOpOXaeHUsIX Tromenu [14].

pyzou eadcroti 0cobeHHOCmbI0 2a30HACHIWEHHBIX 30H ABNIAEMCA MO, YUMo 8 Npoyecce bloe-
JIeHUsl €20 8 MPeUwUHO8amble 30Hbl, NPOUCX00UM aduabamuieckoe pacuiupenue 2azda, npuoosuee K
NOHUNCEHUIO MEeMNePamyp 8 IMux 30Hax.

Takum o0pa3oM, BBUAY OTIHUUS TEPMOOAPHUUECKHUX YCIOBUN OT HOPMAJIbHBIX, HAUYWHAS, C
riIyOuH 3aeranus yrojipHbIX mactoB 6onee 200 M B 30HaX MaKCUMYMOB OIIOPHOTO JABJICHUS MOX-
HO OKHJATh Mepexojia CBOOOIHOro ra3a B rujipaTHyio (azy. B kauecTBe npumepa npuBe/ieHbl JaH-
Heie 1o [{enTpansHomy paiiony Jlonbacca (puc. 1).

IIpoyecc e2uopamoobpaszosanus Hocum nasunoodpasuulill xapakmep. CeazaHo 3mo ¢ mem,
ymo 8 2udpam nepexooum He mMoabKo c80O0OHDII 2a3, HO U COPOUPOBAHHBIU, A MAKI’Ce 23, X005~
wuti 8 xumuyeckuti cocmae yeneu. IlonodHas kapTuHa HabMI01aeTCA B HE(PTIHBIX MECTOPOKICHUSX,
HaXOJSIIMXCS B 30HaX ruapatoodpaszoBanus [15].

Kpome smoeo npu euopamoobpaszosanuu obvem euopama na 26-32% npesviuiaem obvem
80001, U3 KOMOPOIU OH hopMuUpyemcs, ymo eedem K NOSbIUEeHUIO NIACMOBbIX 0ANeHUl U YCKOpsem
npoyecc 2uopamooopazo8aHusl.

Bo Bcsikom cityyae B ApKTHKE MpHU HEMOJATOTOBJICHHBIX IUIACTOUCIIBITAHUSAX B TEUEHUU He-
CKOJIbKMX YacOB B 3aTpyOHOM NpoCTpaHCTBE (POPUMHUPOBAINUCH THAPATHBIE TPOOKH MOILIHOCTBHIO 10
5-10 M, TpensATCTBYIONIME A00BIYE Ta3a U YacTO MPUBOJAIIME K AedopManuu ¥ CMSATHIO HAa ITHX
y4acTKax TpyO 0OCaaHBIX KOJIOHH.
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Puc. 1. Conocmaenenue usmenenuii 3Ha4eHull memnepamyp ¢ 21yOuHoll ¢ padHOBECHOU KPUBOLL eU0-
pamoobpaszosanus (Llenmpanvholil pation Jonbacca)

Yenosnvie obosnauenus:

1. Pasnosecnas kpusas euopamoobpazosa-
nus CHy 6 necuanuxax.

2. Pasnogecnas xpueas eudpamoobpazosa-
nust CHy 6 yensax.

3. Pasnosecnas kpusas eudpamoobpazosa-
HUSL C YUemomM MAKCUMANbHBIX 0ABNIeHUll 8 30-
He MAKCUMYMa ONOPHO20 OABIeHUSL.
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4. Pacnpedenenue memnepamyp ¢ 21YOUHOU
8 HEHAPYUIEHHOM MACCUBe.

5. Munumanvhvlie 3HaueHus memnepamyp,
3ape2ucmpupoBanHvle 8 npoyecce 6edeHus
000bIYHbIX pabom.

6. Paenogecnas kpueas euopamoodpazosa-
nus C3Hg 6 necuanukax.

7. Pasnosecnas xpusas eudpamoobpazosa-
Hus H,S 6 necuanuxax.



Pa3pyiienne rupaTOHACKIIIEHHBIX TTOPOJT 3aBUCUT OT TEPMOOAPUICCKUX YCIIOBUM, B KOTO-
PBIX HaXOAATCsS MOpoJbl. B ciydyae cOpoca naBieHUS W MOBBILICHUS TEMIEPATYp MPOUCXOJUT IO-
CTENEHHOE pa3pyIIeHUE TUAPATOB C BBIJIEICHUEM CBOOOTHOTO ra3a u Bojbl. [Ipu 3ToM mpoucxoaut
pacciioeHue mopoJ 0o BAOJIb HAIUIACTOBAHUS, JINOO BAOJIb Pa3phIBHBIX HAPYIICHUN U I€CTPYKLIUS
THIPATOB, COMPOBOXKAAEMasl CIIeU(PUISCKUM TOTPECKUBAHUEM.

[Ipn paspymieHuu TUAPATOB B 30HE THIpaTooOpa3oBaHUs 4YacTo HaOmomaerca 3hdext
Bpmxmanaa — B3pBIBOIIOI00HOE HX paspymieHue. CBsI3aHO 3TO ¢ TEM, YTO MPHU CIABUTOBEIX jedopma-
USIX, TMOO pa3HOHANPABIECHHBIX 3HAKOIIEPEMEHHBIX JUHAMUUYECKUX HArPy3Kax, B YCIOBUAX TOCTH-
KEHUSI KPUTHUYSCKUX JIaBIICHUH (ha30BOTO Tepexoja JieJ — BOJa HAUYMHACTCS BBIJICIICHHE ra3a U3
ruapaTa B cBOOOJIHOI (haze. ITOT mpoiiecc 4eM-TO HAIIOMUHAET MPOLIECC BBIACIEHUS ra30B MPU KH-
NICHUH JKUJKOCTH M B TCUCHUE HECKOJIBLKUX MUHYT 3aXBaThIBACT BECh 00BbEM rujpata. bombiime 00b-
€MBI BBIICIISIONIETOCS Ta3a cOPAChIBAIOTCS B OCIA0IEHHBIEC 30HBI.

Takum 00pazom, MOKHO CEJIaTh BEIBOJI O BO3MOXHOMW CBSI3U BBIOPOCOB C B3PBIBOIIOA00HBIM
paspylleHHeM TUAPATOB BBUAY OIU30CTH (PU3UKU ITHX MPOIECCOB — TMHAMUKU U DHEPIeTUUYECKUX
apaMeTpoB.

[ToaTBepkeHnEM 3TOrO MPEANONIOKEHUS MOXKET CIIY>)KUTh TO, YTO Ha IJIacTax KPyToro ma-
JIEHUs TOJIOCTU BBIOPOCOB PACIOIaraloTcsi B OCHOBHOM MapalIesibHO 320010 Ha paccTossHuu 3-4 M
OT HEro Cpasy ke HEeMOCPEICTBEHHO 32 30HOM MaKCUMYMOB OIOPHOTO AaBiieHus [3].

B monb3y 310 rumoTe3sl TOBOPST CISAYIONIUE N3BECTHBIE OCOOEHHOCTH MPOTEKAHHUS BEIOPO-
coB[1,3,7]:

— BBIOPOCOOIIACHOCTD YTOJIBHBIX MJIACTOB BO3PACTACT C YBEIUYCHUEM JABJICHUS Ta3a;

— Ha0JI0/1aeTCs MPUYPOUYECHHOCTh BHIOPOCOB K 30HAM PE3KOr0 YMEHBIICHHsI Ha4allbHOM CKO-
POCTH Ta30BbIJICTICHUS;

— (huKcanys MOHMKEHHBIX 3HAUCHUN TeMIIepaTyp Ha BHIOPOCOOMACHBIX yYacTKax MO cpaBHe-
HUIO C HEBBIOPOCOMACHBIMU;

— MPEBBIICHUE KOJIUYECTBA ra3a, BeIAEstomerocs npu Beiopoce B 20-30 pa3 npupo1HOH ra-
30HOCHOCTH;

— ommeuenvl ¢hakxmsl mpancpopmayuy 8blOPOCOONACHBIMU NAACMAMU CHEKMpd Yacmom
83PbIBHO20 UMNYILCA 8 BbICOKOUACTNOMHYIO 001ACMb, YMO He XapaKkmepHo Oisl 2a30HACLIUYEHHBIX
nOpoo, HO HAONIVOAIOMCA 8 2UOPAMAX, UMEIOWUX BbICOKUE 3HAUEHUs CKOPOCMeU PACHPOCMPAHEeHUs
YApY2ux KoaeoOanuil u Hu3Kue Kodghouyuenmsl no21oujeHus 6biCOKOUACHOMHBIX COCMABIAIOWUX KO-
JnebaHul.

Kpome 3toro, mpu AeCTpyKIMH THAPATOB B TOPOJIAX MMEIOT MECTO Crenu(uueckoe moTpe-
CKHBaHHUE U CIIOCHHUE MOPOJI.

BBuny yBenuueHUs: TUAPATOB MPUPOTHBIX Ta30B B 00hEME IO CPABHEHUIO C BOJIOH, U3 KOTO-
poii oHM 00pa3ylOTCs, Ha y4acTKax UX 0Opa30BaHUsI MOXKET HAaOIIOAAThCA MyYeHHUe MOpoJ, KaK 3TO
UMeEeT MECTO B APKTHKE MPU CE30HHOM MIPOMEP3aHUU TATHKOB.

[To-BuauMOMY, C 3TUM MOXKET OBITh CBSI3aHO «BBITUPaHUE» 32004 [16] mepea BHIOpocoM.

Kpome storo, nmpu paspyuieHud ruipaTtoB BO3MOXKHO YXY/IIIICHUE MEXaHUYECKUX XapaKTepH-
CTHK HOPOJI, KaK 3TO, HalpUMep, UMEJIO MECTO Ha KOHTUHEHTAJIIbHOM CKJIOHE ATIAHTHYECKOIO IO-
Oepexbsi AMEpUKH, Iie ASCTPYKLUS THAPATOB IPUBEIa K KPYITHOMY OIOJI3aHHIO WIOB U IuH [17].

CnenoBarenbHO, IPU BEIEHUH MOJATOTOBUTENIBHBIX U JOOBIYHBIX pabOT HEOOXOIUMO YUUTHI-
BaTh BO3MOXXHOCTh OOpa30BaHMs THAPATOB M3 MPHUPOJIHBIX Ta30B, KaK B YIIISAX, TAK M BO BMEIIAIO-
mux nopoaax. [loaromy npu HarHeTaHuu BOBI B IUIACTHI B MPOLIECCE MPOTUBOBBIOPOCHBIX MEPO-
NPUATHIA ee TeMmIeparypa JOKHA OBITh BHIINIE TEMIEpaTyphl TUapaTtooOpasoBanus. bonee onTu-
MaJIbHBIM OBLJIO OBI UCITOJIB30BaHKE IS ATUX 1eneld BoaHbIX pactBopoB NaCl u CaCl, ¢ koH1eHTpa-
nusMu He Hrke 3%.

Crnenyer oTMETUTh, 4TO 3((HEKT NHTEHCUBHOTO BBIJIEJICHHSI Ta3a B MPOLIECCE AECTPYKIUH TH-
paTOB MOXHO MCIOJIB30BATh JJIsi CO3/IaHUS HOBBIX BUOB PAKETHOTO UJIM ABUAILIMOHHOT'O TOILUIMBA.

Ha nam B3riisi 3aTpOHyThIE BOIPOCHI B 3TOW CTAThe JAal0T OCHOBAHUS ISl CEPhE3HBIX J1allb-
HEHWIINX UCCIIeIOBAaHMI BHE3AIMHBIX BEIOPOCOB YISl ¥ Ta3a HA YTOJbHBIX IIAXTaX.
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BBIITYCK PYJIbl U3 OUNCTHBLIX KAMEP C IPUMEHEHUEM CAMOXOTHOM
TEXHUKH HA 3A0 3ATIOPOKCKHM KEJE3OPYJHbIA KOMBUHAT»
ITPU OTPABOTKE ITPEJOXPAHUTEJIBHOT'O HEJIUKA

Po3rnsiHyTO OCBIf 1 €PEKTHBHICTH 3aCTOCYBAaHHS PI3HOBHY KAMEPHOI CHCTEMH PO3POOKH 13
3aKJIaJIKOIO, 110 TBEPIi€, BUPOOIEHOTO MpocTopy mpH po3podii IliBaenHo-bino3epcbkoro 3amiszopy-
JTHOTO POJIOBHILA.

PaccMoTtpeH onbIT ¥ 3 PEKTUBHOCTh NPUMEHEHHS Pa3HOBUAHOCTH KAMEPHOW CHCTEMBI pa3-
paboTKK ¢ TBEpACIOLICH 3aKIaAKONW BBIPAOOTAaHHOTO TPOCTPAHCTBA MNpH pa3paborke HxkHO-
beno3épckoro xene3opyIHOro MECTOPOKACHHS.

Experience and efficiency of usage of variety of room mining with a hardening backfilling of
goaf is considered in mining of Southern-Bilozirsk ore deposits.

HOxHo-beno3épckoe MecTopokaeHne 60raThiX Kene3HbixX pya ¢ 1969 rona paspabdarsiBaercst
3anopokKCKUM KeJNe30pyIHbIM KOMOMHATOM. MecTOopoKIeHHuEe pa3BeaHO M0 MPOMBIIUICHHBIM Ka-
teropusim 70 riryounsl 1200 m. ITo cocrostauio Ha 01.01.2008 r. 6anaHcoBble 3amackl M0 CyMMe Ka-
teropuii A+B+C, cocrasisitor 164,2 MIH. TOHH €O CpeaHUM cojeprkaHueM xeinesa 61,45%. 3a Bpe-
Ms SKCIUTyaTallud MECTOPOXKACHUs noramieHo 124,3 MIIH. TOHH 3a1acoB PYJbl C COJACPKAHUEM XKe-
ne3a 61,59%, B Tom unciie B 2007 rogy — 4,6 MIIH. TOHH C coJiepKaHueM xenesa 62,68%.

OxHO-beno3epckoe MecTOpOXkIeHHE MPEJCTAaBIseT COOOW TOJIOCY >KeIe30-KPEeMHHUEBBIX
MOPOJT HWKHETO MPOTEPO30si, BRITAHYTHIX B CEBEPHOM U CEBEPO-BOCTOYHOM HAIPABJICHUU HA IPO-
TshKeHuu 2640 M, Tipu cpenHeil MOIHOCTH Kene3opynHor Tomu| — 182 m. KOxubIit prnanr mecrto-
POKJIEHUS CKIIOHSETCSA K CEBEPY IOJ YIJIOM 65°, CEBEPHBIN — UMEET KPYTOE TaJCHUE HKEIEZUCTHIX
KBAapIUTOB U PY/I, YTOJI MaJeHHs MX YBEINYMBACTCS C fora Ha ceBep ¢ 60-65° 1o 80-85°. MecTopox-
JIEHUE MEPEKPHITO TOPU30HTAIBHO 3aJIerarollel TOoNIed CUIbHO OOBOJAHEHHBIX OCAJOYHBIX MOPOJ]
MOIIHOCTBIO 240+260 M.

[To Mopdornorun U ycioBHsIM 3ajieraHHs PYJIHBIX 3aliekeil, MECTOPOKICHHE IEJIUTCS Ha
2 4acTu — I0KHYIO U ceBepHYyr0. OCHOBHBIE 3amachl OOTaTBIX KEJIE3HBIX PYJl COCPEIOTOUYCHBI B €r0
I0’KHOM 4acTH U OOBEIUHSIOTCS B 3aJIekKb «l JTaBHAsS», MPEACTaBIEHHYIO MOIIHBIM IIaCTOO0pa3HbIM
PYIHBIM TEJIOM MPOTHKEHHOCTBI0 1200 M, OCIOKHEHHBIM B BHCSYEM OOKY PSAOM MEIKUX CTOJI00-
00pa3HbIX PYJIHBIX TeJ. 3aJeXb MPEICTaBISIET COOOW eInHOe PyAHOE TeI0 MOUIHOCTHI0 OT 80 10
120 M. CeBepHas 4acTh MECTOPOXKACHUS TpeAcTaBieHa 15 000COOICHHBIMU CTOIO000pA3HBIMHU U
JMH3000pa3HBIMU KPYTO MaJAIOMIMMU PYAHBIMH TEJIaMU NPOTSHKEHHOCTHIO B OCHOBHOM 30-100 M 1
MOIIHOCTHIO OT 5-10 M 110 40 M.

Pyna reMatuTo-MapTUTOBOTO M MApTUTOBOI'O COCTaBOB € KOA((PUIIMEHTOM KpenocTu oT 2+3
1o 12+14 mo mkane npod. M.M. IIpoToapsikoHOBa U CpeIHEH KPETOCTH PYIbl 0 MECTOPOKICHUIO
— 5,2. BMmemaroniye nopojsl Jiexxadero 0oka rnpeacTaBieHbl B OCHOBHOM CJIaHIIAMH KBapll-XJIOPUT-
CEpULIUTOBOTO COCTaBa, TOHKOCIOMCTBIMH, KPENOCTbIO 7+9; BHcAYero OOka: Ha IOre — CiaHLaMu
KBapIl-XJIOPUTOBOI'O COCTaBa KpemocTthio oT 5+6 no 8+10, Ha ceBepe — KBapUUTaMH T'€MATHUT-
MapTUTOBOI'O COCTaBa, MPEUMYIIECTBEHHO CPEIHEI0I0CUAaTON TEKCTYpbl, C COIEP)KaHUEM >Kelle3a
39,9%. Cpennee conepkaHue Keje3a B CJIaHI[aX BUCSIYEro M JIeKayero O0ka MpakTUYECKU HE OTJIU-
YaAEeTCsl U COCTABIISIET B cpesiHeM 29,8%.

B 1983 r. mpu npoeKTUPOBAHUK OYMUCTHBIX pabOT Ha HUKEJICKAITUX TOPU30HTAX B ATa)Kax
480+640 M ObLIM UCIIONB30BaHbI HAYYHBIE Pa3pabOTKu U TexHonornyeckue pemenus HUI'PU, onbit
POJICTBEHHBIX MPEANPUATHII U COOCTBEHHBIN OMBIT OTPAOOTKH ABYX BEPXHHUX STaKeW KaMepamu
IPSIMOYTOJIBHOM (POPMBI:

— COBMECTHAasi 0TpaboTKa KaMep B JIBYX dTaxax;
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— BOCXO/A111asi OTpabOTKa C pacHOI0KEHUEM JIHUIL KaMEP B HCKYCCTBEHHOM MaCCHUBE;

— 0TpaboTKa HUXKENeKAIIUX KaMep ¢ YYETOM H3PEe3aHHOCTH MCKYCCTBEHHOTO MacCuBa 3aJ1o0-
KEHHOT'O0 BEPXHETO 3TaXa.

Texnonorus orpadotku HOxHO-beno3épckoro MecTopoxeH!sI COBEPILICHCTBOBANIACH B Ha-
IIPABJICHUU!

— yBEJIMUYEHHUS BBICOTHI KaMep ¢ 35 M Ha HavalnbHOU cTaauu otpaboTtku a0 140 m mpu otpa-
0oTke ceBepHOro (hiaHra B Mapkimehaepckux ocsx 8c-10c oObenuHeHHBIX dTaxei 340400 M u
400+480 m;

— YBEJIMYEHHUS LIMPUHBI Kamep ¢ 15 m 10 22,5-30 m;

— CHIDKEHUS yJIeIbHBIX 3aTPaT Ha KalUTaIbHO-TIOATOTOBUTENIbHBIE PA0OTHI.

Hecmotps Ha TO, yTO cucTeMa pa3padOTKH HA KOMOMHATE IOCTOSIHHO COBEPIIEHCTBOBAIACH,
OHa BCE K€ UMEET PsiJi HEAOCTATKOB:

— CTPOUTENBCTBO JHUII KaMep IpU Ucnoiab3oBaHuu BuOponurareneid I[IIIB — ouens Tpyno-
eMKas orepanus;

— 3aMOpaXHMBAaHHUE 3HAYMTEIBHBIX 3aIacOB PYJbI, TPAHUYANIUX C OTPAOATHIBAEMBIMH KaMe-
pamu, clIep>KMBaroIlee HHTEHCUBHOCTh OTPAOOTKU MECTOPOKICHHUS.

YuurteiBas 3TH (HaKTOPHI I COXPAaHEHUS Ha JOCTUTHYTOM YPOBHE IMOKa3aTeeii N3BICUCHUS
pynsl (motepu — 8%, 3acopenue — 1,26 %), a Takke HEOOXOJUMOCTb CHUKEHUS TPYAOEMKOCTH O~
TOTOBKH JIHUII U MOBBIMIEHUS Y3PPEKTUBHOCTH OTPAOOTKH, Oblila pa3paboTaHa TEXHOJOTHS IOATO-
TOBKHM OTPaOOTKH 3aIacoB CIBOCHHBIX dTaxkei 480+640 M kamepamMu MIECTUYTOIBHOU (HOPMBI ceue-
Hust, BbicoTor 92-100 M 1 30 M mIMpUHOM.

B ocHoBy »TOl TexHonoruu Obla TOJOXKEHA pa3leibHas oTpaboTKa 3amacoB B ATa)kax
480+548 ™, 548+640 M u momTaxe 465+518 M pPOMOOBHIHBIMH KamepaMH IPH KaMEpHO-
LEIUKOBOM CXeMe UX BHIEMKHU B TPU CTAJMHU IO BBICOTE.

OTtpaboTka MEPBUYHBIX KaMep TPEThel odepenu B momdTaxe 465+518 M mpousBoamiiachk ¢
HEPENyCKOM Pyl IO PyIONEePEnyCKHBIM BOCCTAIOIINM Jiexkauero 0oka. Bropuunbsie kaMepsl TPEeThb-
el ouepeau oTpadaThIBAINCHh C OPraHM3allMel TOPU30HTA BBIITYCKA U JJOCTaBKH Ha oTMeTke 510 M,
CBSI3aHHOTO YKJIIOHaMH ¢ TOpu30HTOM 518 M. Ilopsimok oTpaOOTKH BTOPUUYHBIX KaMep TPEThei oue-
penu B aTaxke 465+518 M, B MapKIIeiaepckux ocsix 210+510 oKa3aH Ha puc. 1.

[Ipu moaroToBke K ouMcTHOM BbIeMKe Top. 508-510 M ObL1 3a1elCTBOBAH MPOXOTUECKUNA
KOMILJIEKC, cocTosIuid u3 OypoBoi ycranoBku YBIII-221 u morpy304HO-I10CTaBOYHOW MAaIlIUHBI
PNE-1700. 3a sTo Bpems Obuto mpoiiaeHo 396 nm.m BeIpaboOTOK u oTOUTO 2973 M TOPHOW MaccChl.
[Ipon3BoauTeNLHOCT MalIMHBI B CMEHY coctaBisuia ot 10,5 mo 11,2 M3, a MOpOXOJYHMKa —
5,2-5,58 M>/gen.cwm.

IIpoxoaka OTpe3HbIX BOCCTAIOLIMX HA JAHHOM y4aCTKE IIAXTHOT'O IOJISl OCYLIECTBIISATIACh Me-
TOJIOM CEKIIMOHHOTO B3pbIBaHMS CKBaXUH. [IpoiiileHHBI KOMIUIEKC TOPHO-IOATOTOBUTEIBHBIX U
rOpHO-Hape3HbIX padot Ha rop. 480 M, 508+510 M u rop. 518 M MO3BOJISIIM MOATOTOBUTH K OTPabOT-
Ke OJIOK BTOpPUYHBIX KaMmMep TPeThel ouepeau, COCTOSIMHA U3 4-X KaMmep, C 3amacaMu pyzbl
289 THIC.TOHH IO YEUICKOMY BAapUaHTy TOPLIOBOIO BBHINYCKA PYyJAbl U3 OYMCTHBIX Kamep B KOHIIE
1995 rona. Y nenpHbIC 3aTpaThl HAPE3HBIX PAOOT MO TAHHOMY TOABAPHAHTY KaMEPHOU CHCTEMBI pa3-
pabotku coctaBuiu 4,48 M Ha 1000 TOHH pyAbI.

OunctHbie paboTsl B kKamepe 2/0 31.465+518 M ObITH HAYATHI C MOJACEYKH KOMITCHCAIITHOHHON
nienu. PaspesHble Beepa M 4acTHU IOJCEYHBIX BOPOHOK OCYLIECTBIISIIMCH CKBaKMHaMu @ 105 mm,
npoOyperabiMu cTankaMu HKP-100MIIA u3 cnenumansHbix OypoBbIX Kamep Ha rop. S08 M, maib-
HeHIIas Mo/Iceyka KaMepHBIX 3aracoB OblIa TpaHIICHHAs ¢ pa30ypruBaHUEM BEEPOB CKBAYKUH C BbI-
€MOYHOTr'0 OpTa B OTCTYHAIOIIEM MOPSIIKE OT OUUCTHOTO MPOCTpaHCTBA. B naHHOM cityuyae ocyiiect-
BJIEHA OPTOBO-ILITPEKOBASI pa3/iesika OTPE3HON KOMIIEHCALIMOHHOM 11IEIH.

[Ipu sTOM cHavayia ObUIa pas3zeiiaHa OTpe3Has IIeNb Ha JJIWHY 12 M MpU MOMOIIU BEPTH-
KaJIbHBIX PSAJIOB CKBAXKHUH, B3PbIBAEMBIX Ha OTPE3HOW BOCCTAIOLIEH, a 3aT€M, B3pPbIBAasl Ha OTPE3KY
BEEpHbIE KOMIUIEKTHI ITyOOKMX CKBa)KHMH, MPOOYpPEHHbIE M3 OTPE3HBIX ILITPEKOB, 00pa30BBIBAIU
KOMIIEHCAIIMOHHYIO MOJOCTh Ha BCIO HIIUPHUHY KaMEPBI.

104



Paspes no ocu Lro+15

R ,
— 2 , . lop 4654
TT711711T :
“‘H‘Y\!i (N
RN M A
Pt P [0p 480y
IR -400
ftrt it
| ohddohel
i A 4 fop 508 M

.
_A’,‘Kz// / B R
s el T
SRR LA
N2
A” ?m et

Puc. 1. Cxema pazdoypusanus u nopsiook ompabomku emopuunou kamepwt 2/0) mpemoeti ouepeou
6 amaoice 465+518 m 6 mapxwetioepckux ocsax 210 +5i0

105



OTt6o0iiKa KaMEPHBIX 3aI1aCOB OCYIIECTBIISIACH BEEPHBIMU KOMIUIEKTaMHU CKBaXXUH ) 105 MM,
Ha paHee 00pa30BaHHYIO KOMIIEHCAIMOHHYIO IIeJb, C OMEPEKEHUEM TOJICEUHBIX BEEPOB Ha TPU Bee-
pa ¢ Lenblo Jyudlleil BIEMKH KaMEpHBIX 3alacoB IPU TOPLOBOM BBIINYCKE PyZbl. Beixon pyasl ¢
1 .M CKBa)KUHBI ITPU JOHHOM TOJIBApHAHTE KAMEPHOU CUCTEMBI cocTaBui 13,4 TOHH/TL.M.

B 1996 rony, npu miaHOBOM KOJIMYECTBE CMEH — 834, MOrpy304HO-J0CTaBOYHASI MalIMHA
PNE-2500 ¢aktuuecku otpaborana Ha n1o0brae 430 cmeH. 3a 3To BpeMs ObUI0 100bITO 49545 ToHH
pyZibl, TO €CTh B pa3Hble MecCsAla rojfja MalllMHOW BBIBO3UJIOCH OT 4 110 6 ThIC. TOHH pPYJbl B MECHIL.
Nwmes Huzkue nmokazarenu mo npousBogutenbHocTH Mamud PNE-2500, Gonbine notepu pyas! (10
10%) u BbIcOKOE 3acopenue (10 5,2%), nanpHeimune padboTsl O MPUMEHEHUIO JAHHBIX ITOIPY304YHO-
JIOCTaBOYHBIX MAaIlWH OBUIM MpekparieHsl 10 npuodperenus [1/IM c 6onpmimM 06beMOM KOBIIA U
JOpabOTKH AJIEMEHTOB CHCTEMBI Pa3pabOTKH.

B konne 2000 roga Osu1a nmpuobpeTeHa norpy3ouHo-gocraBounas MmamuHa TORO-400E.

B Teuenune Hos0psa 2000 r. — aBrycra 2001 r. npoBeaens! ucnbitanust [IIM TORO-400E na
OYMCTHOM BhIeMKe U3 Kamep 2/310 u 1/1c Ha rop. 715 M. B TedeHne 3Toro BpeMeHH ObLIN Ompeiee-
Hbl pa3Mepbl KOHCTPYKTUBHBIX 3JIEMEHTOB JIHUIIA KaMep IPHU TOPLOBOM BBIITYCKE PYJbl Ha camo-
XOJHYI0 T€XHHUKY M MX YCTOMYMBOCTH; PACCUUTAHO ONTHUMAIbHOE CEYEHHE OPTOB-3a€370B M OTKa-
TOYHBIX OPTOB U IITPEKOB Ipu npumeHeHuu Ha Boltycke [1JIM TORO-400E, kotopoe paBHseTCs HE
menee 14,3 v°. [IpakTHYECKHM MyTeM OMpEAeieHa HEOOXOMMMAs JUIMHA OPTOB-3a€370B, KOTOPAs
npu ganHoMm tune [IJIM nomkna coctaBisath 12+15 M. YuuThiBasgs KHHEMATHUKY ABUKEHUN KOBIIIA
I[IIM TORO-400E mpu ero 3arpyske, 0OBOJJHEHHOCTb pa3pabaThiBaeMOr0 MECTOPOXKIACHUS, C Iie-
JBI0 MCKITIOYEHUSI 0OBOJHEHHOCTH PYABl HEIIOCPEACTBEHHO B TOYKAaX IMOTPYy3KH €€, 1enecoo0pa3Ho
OPTHI-32€3/1bI IPOXOJIUTH C YIJIOM HAKJIOHA 3+5° B CTOPOHY TPAHCIIOPTUPOBKH PY/IbL.

Take mapaienbHO C PEIIEHUEM BBIILIEYKa3aHHBIX 3ajjad B CBS3M C JAJbHEHIINM HOBBILIE-
HUEM YPOBHS JOOBIYM PYJbI 10 BBOJA B SKCIUTyaTalM0 HOBBIX ropu3oHTOB B 2004-2007 rr. ObLI1O
npunaro pemenue B 2000 rogy o BOBJI€YEHHH B OTPabOTKY 3aracoB py/ibl, HAXOASAIIMXCS MO IIpe-
JOXPAHUTEIBHBIM LEIUKOM B KOJIHUYecTBE 18 MIIH. TOHH.

['opHonpoxogueckre pabOTHl MO MOATOTOBKE JAHHOTO y4YacTKa MECTOPOXKICHHS Hadaiu C
MIPOXOJIKU TPAHCTIOPTHOTO YKJIOHA B MapKIeiiepckoi ocu 1410 B pepasie mecsiiie 2001 rona.

TeopeTrnueckoil OCHOBOI IJisi MPOBENEHHS ATHX paboT sBisieTcs «IIpoeKT Ha MOATOTOBKY U
0oTpabOTKy 4YacTH 3amacoB pyabl Beime Top. 340 M moa NpeaoXpaHUTENbHBIM IIETMKOM B OCSX
11c-2310 (IIOT-81)», paspadorannsiii [IKO 3A0 3KPK, a takxke «TexHHKO-IKOHOMHUYECKOE 000C-
HOBaHHE MPUMEHEHUS! HOBBIX TEXHOJIOTHI C UCIOJIb30BAHUEM UMIIOPTHOTO 00OpYyIOBaHUS Ha 3amo-
POXKCKOM >kese30pyaHoM komOuHate» (1994 r.), paspaborannoe mnctutytoM YkpHHWUnpoekr, u
«HayuHble pekOMeHJAIMKM M0 MPUMEHEHUI0 TEXHOJOTUH OTpabOTKU 3ajekel ¢ HCIOJIb30BaHHEM
caMoOX0JTHOTO 000pyAOBaHUs HA 3aMOpPOKCKOM JKene30pyaHoM koMmOuHate» (1994 r.), cocraBieH-
HbIE€ Ha OCHOBAHWM Hay4yHbIX uccieaopanuii HUI'PU.

K 2005 rongy Oblna moAroToBiieHa K OYMCTHOHN BhieMKke kamepa 1/2¢ B staxe 301+330 M ¢
IJIOCKUM JIHUIIEM M TEPENyCKOM pyAbl Mo pynonepenyckHbiM BocctaronmMm PII 4¢c u PIT 1ro Ha
rop. 640 m.

['opHONpOXOMIUECKHT KOMITJIEKC, KOTOPBIN MPUMEHSIJICS B JJAHHOM CIIy4ae, COCTOsUT U3 Oypo-
Boil kapeTku CBbY-312 n norpysouno-gocraBounbix mamnH PNE-2500 nu PNE-1700. ncnonbs3oBa-
HUE BBICOKOIIPOU3BOJUTEIBHOIO CAMOXOJHOTO0 00OpYAOBaHUS MO3BOJWIO YBEIUUUTH TEMIIbI MIPO-
XOJIKHA TOPHBIX BBIPAOOTOK 110 125 MeTpoB B Mecsl] npu MATHIHEBHON paboucii Henene mpoxoIdu-
KOB, MPOU3BOAUTEILHOCTh KOTOPBIX Bo3pocia a0 9,7-11,2 M°/der.cum. Beero MpY TOJATOTOBKE KaMe-
pot 1/2¢ B ataxe 301+330 M B sKcIuTyaTanuio ObLUIo MpoiaeHO 429 1.M Hape3HBIX BHIPAOOTOK U OT-
GUTO CBBIMIE 5,8 THIC.M’ ropHoit Mmaccel. Ce6ecTOMMOCTh TPOXOJKH 1 M’ TOPHOM Macchl C UCIIOIB30-
BAHHEM CAMOXOIHON TEXHHMKH COCTABIsieT 254 TpH/M’. Y aenbHbIe 3aTPaThl FOPHO-HAPE3HBIX PaboT
IIpU OATOTOBKE Kamepsl 1/2¢ coctaBumnu 7,78 .M Ha 1000 TOHH MOATOTOBICHHBIX KAMEPHBIX 3ara-
COB py/IbI.

JlHuIIle KaMepbl CO3/1aHO B PYJHOM MacCHBE, BBITYCK py.bl pousBoautcs 11/IM u3 norpy-
309HBIX 3aX0JIOK, COUTBIX ¢ MOJCEYHBIM opToM 2¢+15. Tloaceuka maccuBa — Tpaneiinas. O6pa3zo-
BBIBACTCs OHA IyTEM B3pBIBaHUSI BEEPOB CKBAXHH, IPOOYPEHHBIX U3 MOJCECYHOTO OpTa.
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Otbolika pyabl B KaMepe MOoA3TaxHasl, BEPTUKAIBHBIMH CJIOSIMU B OJTHOM TUTIOCKOCTH, ITPOU3-
BOJUTCS HAa MPEIBAPUTENILHO pa3/IeaHHYI0 OTPE3HYIO IIejib, PACHOJIOKEHHYIO MOIMEpPeK KaMephl.
OO6ypuBaHue pPyIHOTO MacCHBa Kamepbl MPOU3BOIUTCS BOCXOIAIIMMH M HUCXOJSAIIMMU BEEpaMH
CKB)KUH, MPOOYPEHHBIMU M3 MOJSTAXXHOTO U mojcedyHoro oproB crankamu HKP-100 MIIA, nua-
MetrpoMm 85 mm. IlapameTpbl pa3OypuBaHUs Ha OCHOBAaHUM PACUETOB W OIBITA OTPAOOTKH Kamep
NPUHATHL: PaCCTOSIHUE MEXIY BeepaMH U B Beepe MEXIy mnapamu ckBaxuH — 2,5 m. [Ipu Oypenun
BCTPEYHO-HAIIPABICHHBIX BEEPOB MPEIYCMOTPEH Nepedyp cKBakuH Ha 1,5-2 M B mensx obdecriede-
HUSl KAUECTBEHHOH OTOONKM PYJbl B Cllydae OCeaHUs KOJIOHKOBOTO 3apsjia B CKBaXHHaX. Brixon
pyasl ¢ 1 m.m no kamepe coctasui 14,01 1/m.m

Boimyck pyasl  ocymecTBisics Ha rop.330 M HOrpy304HO-IOCTaBOYHOM —MAaIIMHOM
TORO-400D ¢ noctaBkoil pyJsl K PyJIONEPEYCKHOMY BOCCTAIOIIEMY 4C C MOCJIEAYIONINM Meperyc-
KOM PYyZbl Ha KOHIEHTPAMOHHBINA TOPU30HT 640M MpH MOMOIIU CUCTEM PYAOINEPEIYyCKOB. IPOU3-
BonuTensHOCTE TORO-400D Ha BhIycke pyabl u3 KaMmepsl kojebanack ot 15 mo 30 TeIC. TOHH /Mec.

Bcero u3 xamepsn! 1/2¢ 1006wiTO 32 niepuo dkcruryaTaruu 50,2 ThIC. TOHH PyAbI ¢ TIOTEPSIMHU
7,36% u 3acopenueM pybl 0,99%.

Cxema pa3OypuBanus kamepsl 1/2¢ 1 mopsaoK 0TpabOTKH e€ MpeIcTaBiIeHbl Ha puc. 2.

Ha ceroans u3 npeoXpaHUTEIbHOTO 1erKa 100bITo cBbime 1 MiH. 300 ThIC. TOHH PY/IBL.

[Ipu BeIMycKe pyabl U3 OYUCTHBIX Kamep Ha rop. 330 M Oosbllioe BHUMaHUE yIEIsUIOCh JHC-
TaHIIMOHHOMY ympaBieHuio MamuH TORO-400E nnst oGecrnieueHus: MOTHOTHI BRIEMKHA OTOUTHIX Ka-
MEpPHBIX 3amacoB. 11 Hal0 OTMETHUTD, YTO MO OTIEIbHBIM BHIEMOYHBIM €IMHULIAM (haKTUYECKUE TO-
TEpU PyIHOW Macchl B KaMepax ObLIM yMEHbLICHBI 0ojiee YeM B JIBa pa3a MO CPaBHEHHUIO ¢ HOpMa-
TUBHBIMHU T1pH Hcnonb3zoBaHuu HBC-radiomatic — cucteMbl TUCTaHIIMOHHOTO PaAHOyIPaBICHUS.

JIy1st TOJTHOTHI 3aKJIaIKM KYIIOJIEHOM YacTH OYMCTHBIX KaMep MpeycMaTpuBaIOCh odopmiie-
HHUE ee MAaTPOBOM (OPMBI C YIIIOM HAKJIOHA BEpPXHEro OypoBOIro opTa C jJexayero 0oka Ha BUCSUUN
00K 1o yriiom 5+8°.

Hcxoas u3 BelllIeyKa3aHHOT0, MOKHO C/IENaTh CIEAYIOIIUE BBIBOIbI:

1. 115 CHI>KEHUSI HOPMATHUBHBIX IMOTEPh PYAbl B OYMCTHBIX KaMepax HE0OXOIUMO IHUPE TPUMEHSTh
CUCTEeMY AMCTaHLUMOHHOTO panuoympasienus HBC-radiomatic.

2. lnst obecrieuyeHUs] TOTHOTHI 3aKJIQJKH KYMOJIBHONW YacTH OYMCTHBIX Kamep MpeaycMaTpuUBaTh
POXOJKy OypoBoii BEIpaboTku rop. 301 M mox yriaom 5+8° ¢ nexauero 6oka Ha BUCIYHI GOK.
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TEXHUKO-3KOHOMHWYECKHUM AHAJIM3 YIJIEJOBbIYHM HA IIIAXTAX
I'lT KAHTPALILUT» U IEPCIHEKTUBBI UX PA3SBUTUSA

BukoHaHO TeXHIKO-€KOHOMIYHI AOCTIIKEHHS BUI0OYTKY Byriuwis Ha maxtax Il «AHtpa-
IIUT» Ta IPOAaHaIi30BaHI NEPCIEKTUBHI HAIPSIMKH iX PO3BHUTKY.

BrinonHeHbl TEXHUKO-9KOHOMUYECKHUE HCCIICOOBaAHUA ,Z[O6LI‘II/I YIJId Ha axTax I'TI ((AHTpa—
OUT» U NpOoaHaJIM3UPOBAHBI IICPCIICKTUBHLIC HAIIPABJICHWA €T0 Pa3BUTHUA.

Technical and economic researches of mining are executed on the mines of SE «Anthracite»
and perspective directions of his development are analysed.

Ha panee yOBITOYHOM rocyJapCTBEHHOM MpennpusITHH «AHTpanut» HauuHas ¢ 2003 roma
ObLTa CTAOMITM3UPOBAHA CUTYAIUS 110 JOObIUe yrisi. JIOCTOMHCTBOM TOPHBIX KOMaHIUPOB M KOJUIEK-
tuBa I'Tl «AHTpamuTy SBISETCS YEeTKas OpraHU3alMs TPyJa, COONIOJCHUE TEXHOJIOTHH BEICHHS
TOPHBIX padOT, TOCTOSIHHOE BHEAPEHUE HOBOM TEXHUKHU.

3a nepuoa padotel ¢ 2003 mo 2008 rr. B I'Tl «AHTpanuT» HamMeTHIach YeTKas JTUHAMHKA
pa3BHUTHUSA YTIIEOO0BIYHU. 32 MPOIIEIINE YETHIPE TOAA MPOU3OILIO MOYTH B 4 pa3a yBelnueHue oone-
Ma JOOBITOTO aHTPALUTA U CHUKEHHUE €ro Ce0ECTOMMOCTH, YTO NMPUBEICHO Ha puc. 1.

C, rpu/T ‘ QT !
2000 4
D
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3504 1684 TrIC.T
300 | 1500 |
1426,9 tBIC.T )
258
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1000 |
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100 |
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2003 2004 2005 2006 2007 T, rox

Puc. 1. Obvem yeneoobdviuu u cebecmoumocmu yens no I'll « Anmpayum»

OTH JaHHBIE CBUJIETENBCTBYIOT O BHICOKOM TEXHUYECKOM M KaJpOBOM IOTEHIMAIE IPEATIPU-
ATHUSA, O IEPCIIEKTUBHOCTHU €T0 Pa3BUTHSI U HHTEHCUPUKALUU yriieqo0sruu [1].

Pemenne nmpobneM AajabHENIIEro yIydleHHUs YIieA00blud U SKOHOMHUYECKUX IOKa3aTenen
paboThl IPeanpUATHS HE IPEJICTABISIETCS BO3MOKHBIM 0€3 JIOJKHOTO MOBBIIIEHHS] YPOBHS KOHIIEH-
TpaLUy TOPHBIX PadoT.

M3BecTHBI OCHOBHBIE HAPaBJIEHUS MOBBIIICHNUS KOHIEHTPALUU TOPHBIX padoT:

— YBEJIMYEHUE HArpy3KU Ha OYMCTHOW 3a00H € 1IeJIbI0 CHM)KEHUS MX OOLIEro KOJIM4YecTBa Ha
IAXTE;

— COBEPUICHCTBOBAHUE IJIAHUPOBKH TOPHBIX paboT, MpeaycMaTpUBaroIlee CHUKECHUE YAETb-
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HOM MPOTSKEHHOCTU MPOBOJMMBIX U HOJAEPKUBAEMBIX T'OPHBIX BBIPAOOTOK, U OOEcreunBaroliee
BO3MOYKHOCTb JOCTHKEHHUS JIJaBaMU BBICOKMX YCTOMYUBBIX HArpy30K;

— YCTAHOBJICHHUS U1l KOHKPETHBIX TOPHO-T€0JIOTMYECKUX U TOPHOTEXHUYECKUX YCIOBHUM OII-
TUMAaJIbHBIX [TAPAMETPOB pa3pabOTKH yrojJpHOro IuiacTa [2].

[loBbIlIEHNE YPOBHS KOHLEHTPALMU TOPHBIX pabOoT, B TOM 4YKCJIE MOBBILICHUE HArpy3Ku Ha
OYHUCTHOM 3a00M, MOCTOSTHHO pacCMaTPUBAETCS CIIELUATUCTaMU OOBEAMHEHUS U IIaXT KaK OJHO U3
OCHOBHBIX MEPOINPUATHI YJIy4lIeHUs] KOHEUHBIX 3KOHOMMUYECKHUX DPE3YyJbTaTOB padOThl HpEeanpHu-
ATUS. YBEJIMYEHNE HArpy3KU Ha OYMCTHOM 3a00# ompezesnseT TeXHUYeCcKast U TeXHOJOTru4ecKas Io-
JUTHKA Ha IIaXTaX, 3TO MO3BOJIWJIO 3a TPU MOCIEIHUX T0/la YBEIUYUTh CPEAHECYTOUHYIO JAOOBIUY
YT, KaK 10 OTAEJIbHBIM LIaXTaM, TaK U 110 NPEANPUATHUIO B LIEJIOM, UYTO NPUBEIECHO Ha pHUC. 2.

Q Q 4194 T

413 1

361 T

SR

2005 2006 2007 T, rog

2005

2007 T. ro
OIT waxra “ITaprusanckas” » TOAL OIT . “Komcomorbckas™
Q Q 52431
105 4131 3912 T '\‘ -y
3617 oo
i
A A\
A A
MR M AR
2005 2006 2007 T, Ton 2005 2006 2007 T, ron
OIT m. “Kpenenckas”™ I'TI “AnTpanur”

Puc. 2. Cpeonecymounas 0obwiua yensa no waxmam I'Tl «Aumpayumy ¢ 2005-2007 2o0ax

AHain3 1oka3blBaeT, YTO JaJIbHEHIIee MOBBIIEHUE YPOBHS KOHIEHTPALUU TOPHBIX PaboT Ha
JeMCTBYIOIUX MIaxTax 00beInHEHHs OyIeT OCYLIECTBIATHCA, B IEPBYIO OYEPElb, 3a CUET POCTa Ha-
Ipy3KU Ha OYMCTHOM 3a00M. [Ipeanocsuiky 3ToMy €cTh: B 00beAMHEHNE Hayallu IOCTYIaTh MEXaHU-
3UpOBaHHbIE KOMIUIEKCHI HOBOTrO TexHuueckoro ypoBHs — KJI80, KJI90. JlaHHbIE KOMILIEKCHI, IO
CPaBHEHMIO C IIPUMEHIEMbIMH paHee, UMEIOT HOBBIIIEHHYIO HECYIIYIO CIIOCOOHOCTh KPEIH, SHEPro-
BOOPYKEHHOCTb, HAaJIS)KHOCTh JIOCTaBKH YIJIS BIOJb JaBbl, KOAPGHUIMEHT 3aTSXKKU KPOBIH, IpyTrue
IPEUMYLIECTBA.

Vike ceifuac Harpys3ka Ha jaBy, 00OPYZOBaHHYIO KOMIUIEKCOM HOBOT'O TEXHHUYECKOTO ypPOB-
Hs, HA TOHKHUX aHTPAIMTOBBIX Tu1acTax mianupyercs B 1000 u Gonee TOHH B CyTKU. Takasi BBICOKast
N00BIYa M3 OYMCTHOTO 320051 CTAHOBUTCS HOPMOM, a HEe pyOeKOM, KOTOPBIA CTPEMHINUCH JOCTHYb
paHee OoT/eNbHbIE OpUrabl TOpHOPAOOYNX OYHCTHOTO 3a004.

JUisl TOBBIIIEHUST HATPY3KU HA OYUCTHOM 32001 MH)KEHEPHBIN KOPITYC MPEANPUSATHS Ipeasia-
raeT ¥ BHEAPSCT B MPOMU3BOJCTBO HOBBbIE TEXHUUYECKUE PELICHMs A WaxT r. AHTpanura. Tak B
2006 roxy Ha maxre «KoMcomoibckas», OHOM U3 CaMbIX COBPEMEHHBIX M YCIIEUIHBIX IPEIIpH-
atuii YKpauHsbl, B J1aBe Ne325 1o miacty /419 MpUMEHWINA IBYXKOMOAWHOBYIO BBIEMKY YIJISI, YTO T10-
3BOJIMJIO JOOBITH U3 OJIHOM JaBbl 790 ThIC. yIiisl U IOBECTH CPEAHECYTOUHYIO HArpy3Ky Ha OYMCTHOM
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3a00i1 10 2500 TOHH aHTpanuTa.

[Ipopomxarorcst pabOTHI 110 BBOJY B AKCIUIyaTaIMIO B TEKYIIEM IOJly 5-TH OYHUCTHBIX 3200€B
Ha maxte «KoMcomolbekas» u oqHou Ha maxrte «llapTtuzanckas».

[TepBas u3 nmatu Hamedaembix JiaB 1o OIT m. «Komcomonbckas» 318-s naBa miacra 4y BBe-
neHa B akcruryaranuio B ¢epane 2008 rona. Ee narpyska mianupoBanacek Ha ypoBHe 1500 T yriis B
CYTKH, B ampesie 3TOro rojia ropHopadoyue OUMCTHOrO 32005 32 CUET BHEAPEHHSI HOBOI'O KOMILIEKC-
HO-MEXaHU3UPOBAHHOTO 000PY0BaHUs, YSTKOW OPraHU3alliy TPY/a U MMOCTABKH MaTEPHAIIOB JOBE-
JIM CpelHECYTOUHY0 Harpy3Ky A0 2000 TOHH aHTpanuTa B CyTKH, a B Mae — 110 2700 T.

BenyTcst paboThI 0 CO3IaHUIO HA TAHHOM IaXTe Ha Iutacte /o JiaBbl Ne323 ¢ 3amacamu yriist
oxoio 430 Teic. TOHH aHTpanuTa. B HOs10pe 2008 roga roroBUTCS K cliaye B SKCILTyaTalldi0 HOBas
MexaHu3upoBaHHas JiaBa Ne326 Ha ruiacte hjo. 3amachl yriis Il 3TOW JIaBbl COCTaBIISIIOT
700 ThIC. TOHH aHTpALMTA U CyTOYHAs Harpy3kKa Iuianupyercs Ha ypoBHe 1500 TOHH.

B cBs3u ¢ pabotamu 110 3aKpeITHIO «IaxThl UM. 50-etusi CoBeTCKON YKpauHbI», TaKKe Be-
IyTCsl paboTHI MO 3ammycKy B yeTBepToM KBaptajie 2008 roga 16-oi BocTOUHO# JaBhI muiacta /7. Ha
paboTy B 3Ty JIaBy IUIAHUPYETCS NIEPEBECTHU IIAXTEPOB C ATOU MIAXTHI, TAK KaK 3TOT IJIaCT HauboJsee
COOTBETCTBYET FOPHO-TECOJIOTUYECKUM YCIOBUSAM YTIeA00bIYM Ha ATOM 1IaXTe, U TOpHOPaAOoYnM Oy-
JIeT Jierde ¥ ObICTpee OCBOMTCS HA HOBOM pabovYeM MecCTe.

Baxxnoe mecto B pabdote 'l «AHTpamuT» OTBOAMTCS 3KOHOMHUYECKOW ciyxkOe. ExkeromHo
NPOBOJMUTCS aHAJIN3 MPOU3BOJCTBEHHOW (YHKIUU TPEANPUATHS, OTPAKAIOMICH 3aBUCUMOCTH
«3aTpatel-ipoaykius». [Ipu 3ToM BecbMa Ba)KHO ONTUMU3HUPOBATH NMPOU3BOACTBEHHYIO (DYHKIIHUIO,
YTO MO3BOJISIET CACPKUBATH POCT cebectommocTtu yris. s nmpumepa B Tabi. | mpuBeneHbI TaHHBIC
«3aTpaTel-MpoayKIus» 1 AByX maxT [T « AnTpauuty. M3 Tabnuiel BUAHO BO3pacTaHue 3aTpaT 3a
CYET TEXHUYECKOTO MEPEBOOPYKEHUS U KAMMUTAIILHOTO CTPOUTEIHCTBRA.

Taobmuma 1
DKOHOMHUYECKHE TIOKa3aTea padoThl IIaXT
n [MTaxTta «KomMcoMonbckas» [ITaxTa «Kpenenckas»
epuo,
rox 3aTpartsl, O0Bem pou3B., 3aTpartsl, O0Bem pou3B.,
TBIC. TPH. TBIC. TPH. TBIC. TPH. TBIC. TPH.

I kB. 40355,0 220,5 11995,0 35,1
11 kB. 42512,0 190,4 12149.,0 32,0
111 kB. 46168.,0 277,9 11533,0 28,5
IV kB. 54282,0 229,6 13290,0 30,9
Htoro 3a 2006 1.: 183317,0 918,44 48967,0 126,5
I kB. 61155,0 289.,5 14104,0 32,1
11 kB. 62355,0 216,9 15412,0 32,4
111 kB. 69510,0 271,0 14720,0 30,1
IV kB. 89910,0 319,7 18380,0 32,9
Htoro 3a 2007 r.: 282930,0 1097,1 62616,0 127,5

Cepbe3noe BHuMaHue Ha maxtax [T « AHTpanuT» ynensercs IpoBeAECHUIO FTOPHBIX BbIPA0O-
TOK, B TOM YHCJI€ BCKPBIBAIOIIUX U [TOArOTABIMBAIOIIUX, YTO OTPAXKEHO HA pHC. 3.

C 510i1 1enblo B 00bEIUHEHUN HE TOJIBKO PEMOHTUPYIOT CTapoe MpOoXoaueckoe 00opy10Ba-
HHUE U TEXHUKY, HO M 3aKynaioT HOBYI0. B 2007 roay M3bICKaHBI CPEeICTBA M IPHOOPETEHBI IS IIaX-
Thl «KoMcoMouibCKas» 1B€ MOPOAOIOrpy30YHbIE MALIMHbI U OJHA I maxThl «IlapTuzanckasy.

[IpuueM 111 yCKOpeHuUs IPOBEIEHUS BBIPA0OOTOK UCIOJIB3YIOT HE TOJIBKO HOBYIO TEXHHKY, HO
U U3MEHSIOT TEXHOJIOTHIO IIPOBEACHUS IMOArOTOBUTENBHBIX BbIPaOOTOK. B HacTosiiee Bpems Ha
maxte «llapTuzanckas» rpoMo3fikas cxeMa KOHBEHEPHOI'O TPaHCIOPTa, KOTrJa yrojb IMPUXOAUTCS
710 JOCTaBKH Ha MOBEPXHOCTb HECKOJBKO pa3 Meperpyxarb. Tak uis yCKOPEHUs IPOBEAECHUS KOH-
BeliepHOro KBepuuiara Iul. fig-hjp OpraHu3yloT JBa BCTpEYHBIX 3a00s. IIpoBeneHne HaKIOHHOTO
KBepIlIara MO3BOJIUT OOECHEeUUTh MOJHYK KOHBEMEpH3alMio IaXThl, YBEJINYUTh HArpy3Ky Ha HO-
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By10 J1aBy 710 1500 TOHH aHTpanuTa B CYyTKH, a B JaJIbHEHIIIEM AaCT BO3MOKHOCTh BECTH MOATOTOBH-
TeJbHBIE pa0OThI HA MIyOnHAaxX cBbie 1150 MeTpos.

L, M 19120

18250
17583 :

8513 . B ToMm uucne BCKPBIBAOIINX
U IIOATOTaBJIMBAIOIIHUX

2005 2006 2007
T, ron

Puc. 3. I[Iposeoenue copuvix evipabomox no I'll «Anmpayumy

[Ipuanmaemslie pykoBoacTBoM ['Tl «AHTpanuT» pemieHns Mo3BoIuIn JOBECTH Ha HAYaJlo Te-
KYIIEro Tro/ia €KEeMECSIYHYI0 CPEIHIO 3apa0doTHYI0 miaty A0 3045 rpH, BEpHYTh aHTPAIIMTOBCKUX
maxrtepoB ¢ maxr I. PoBenbku B ['T] « AHTpanuT», NOJHOCTHIO YKOMIUIEKTOBATh OYMCTHYIO JINHUIO
pabourMHu, YBETUYUTH MPOU3BOJAUTEILHOCTh TPpyaa pabouunx mo go0krde Ha 4,7% 1O CPaBHEHHIO C
2007 r. n kak pe3ynbrar — nosuyuuts B 2008 rogy cpenHecyrouHyro Harpysky no I'TI « Antpanur»
6omee 6000 T aHTpaLUTa B CYyTKH.

B nacrosiee Bpems B ['TI «AHTpauuT» CKOppEeKTUpOBaHA MporpaMMma pa3BUTHUS TOPHBIX pa-
60t Ha 2008 rox ¢ noBeimenueM yriaenoosrau ¢ 2000 go 2400 TeIC. T, pa3paboTaH HHBECTUIIMOHHBIN
IUIaH Pa3BUTHSA MPEANPUATHUS, IPUPE3AHbI HOBbIE YTOJIbHBIE 3aachl M TOTOBUTCS MPOEKT OTPAOOTKU
9THX 3amnacoB no maxrte «llapTuzaHckas», peopraHU3yrTCsl CTPYKTypHbIE MOApAa3/IEICHUM IMpea-
HPUATHSL.

[IpoBeneHHBIN aHaIN3 [TOKA3bIBAET NEPCIIEKTUBHOCTh Pa3BUTHUS OCYAAPCTBEHHOIO MPEANpU-
ATUS «AHTpPALMT» U pe3epBbl B MOBBIIMIEHUU YTJIeI00bIYM 332 CUET BHEIPEHUS HOBOI'O OYHCTHOTO
000pyI0BaHUs U YETKOM OpraHu3aluy TpyJa.

Cnmcok Jureparypbl

1. TexHonorus MOA3eMHOM pa3paObOTKH IJIACTOBBIX MECTOPOKICHHUM MOJIE3HBIX UCKOMAEMbIX
/ B.H. bonpapenko, A.M. Kyssmenko, FO.b. I'psnymuii u ap. — Auenponerposck: HI'Y, 2003. —
708 c.

2. ®eoktrcoB B.M. IlyTu noBsIleHNs] KOHIIEHTPAIMK FTOPHBIX paboT Ha maxTax Poccuiickoii
gactu [lorbacca. — HoBouepkacck: HITH, 2001. — 66 c.

3. IL.LH. Homxukos, B.JI. Psa6uues, I1.C. 'opoOuioB. AHanu3 3¢GeKTUBHOCTH MPUMEHEHUS

JIBYXKOMOAITHOBOM BBIEMKH YTJISL 1O IUIACTy /119 Ha maxte «Komcomonbckas» / HaykoBuii BicCHUK
HI'Y, 2007. — Nel2. - C. 16-19.

112



VK 622.273:658.012.122.001 © O.M. Ky3bsMmeHko,
O.B. CaBocT’sHOB,
B.JI. PsGiueB

BIL/INB TEXHOJIOTTYHHUX ITAPAMETPIB BUMMMAHHSA BYT' LIS
HA CTPYKTYPHI 3MIHU I'TPCBKOT'O MACUBY

Po3risiHyTO BIUIMB LIBHIKOCTI IMOCYBAaHHS JaBU Ha PO3IICIUICHHS MMOPIIHUX IIapiB MOKPIBI
Ta BU3HAYCHHI MapaMeTPH CTPYKTYPHHX IEPETBOPEHB TiPCHKOT0 MAaCHUBY IPH PO3pOOII BYTUJILHOTO
IUIaCTa Ha BEJIUKUX TIIMOMHAX.

PaCCMOTpeHO BJIMAHUC CKOPOCTU ABMIKCHUS JIaBbl HAa PaCCIOCHUA ITOPOJHBIX CJIOCB KPOBJIN U
OIIPEJICIICHBI MapaMeTPhbl CTPYKTYPHBIX MPEeoOpa30BaHUil TOPHOTO MAacCHBa MpPU Pa3pabOTKE YroJib-
HOTO TUTacTa Ha OOJIBIINX TITyOMHAX.

Influence of speed of movement of lava on stratifications of rocky layers of a roof is consid-
ered and parameters of structural transformations of a hill are determined by development of a coal
layer on the big depths.

[TocyBaHHS 04MCHUX POOIT MPOBOKYE YTBOPEHHS B FEOJIOTTYHOMY CEpPEIOBHILI 30H ITi/IBUIIIE-
HOT'O Ta 3HMXKEHOT'O T1PCHKOr0 THUCKY HABKOJIO TIPHUYMX BUPOOOK. PO3MOBCIOMKEHHS LIUX 30H 3alie-
KHTb BiJl TOBKUHHU (DPOHTY TIpHHUUYUX POOIT, 110 MA€ MICIe HA IIAXTi; & TAKOXK Ha CYMDKHHX IIaX-
tax. [llapu mopin, 1o 3aBuUcarOTh HaJ BUPOOJICHUM MPOCTOPOM JIaBHU, MEPEIaloTh YaCTUHY CBOEI Ba-
I'Ml Ha TIPCHKHUI MACUB, 110 3HAXOJUTHCS Ionepeny GpoHTY MOCyBaHHA TipHUYHX poOiT. B Hacmigok
UX J1d BYTUIbHUH ITUTACT U MOpoaAU Oe3MocepeIHbOl MOKPIBIIl CTUCKAIOTHCS 3 YaCTKOBUM BUTHCKAH-
HAM B 01k BUpoOseHoro npocropy. [Ipyu npomy O1bIIICTS HOPOJHHUX IIAPIB MOCTIHHO MPOTUHAETHCS
3 YaCTKOBUM PYWHYBAaHHSIM 1 OOBaJICHHSAM B TipHUYI BUPOOKH Ta BUPOOJIeHUH mpoctip. Takum 4u-
HOM, B pe3yJIbTaTi BUMMAaHHS BYTUIA Y TIpHUUYOMY CEPEOBHUII BYTUIBHUX POJIOBHIL BiIOYBAIOTHCS
CTPYKTYpHI NepeTBOpeHHs. [HTEHCUBHICTD X YTBOPEHb 3aJICKUThH BiJ] IIBUAKOCTI MOCYBaHHS TipHU-
YUX pOOIT Ta PEONIOTIYHUX BIACTUBOCTEU TipchKuX mopif. [1oTyXHICTh MOPOJHMX MIapiB Ta IX Mill-
HICTh BU3HAYAIOTh [IUKJIIYHICTh CTPYKTYPHHUX MIEPETBOPEHB I'€OJIOTTYHOTO CepeIOBHUIIA. Y OLIBIIOCTI
BUIIAJIKaX PO3MIpH CTPYKTYPHHX YTBOPEHb CITiBIIAJAI0Th 3 pO3MipaMH IeoJIOTiYHUX 3MiH, a came, 3
BIJICTAHHIO MIDK 30HAMH IHTCHCHBHOI TPIIIMHYBATOCTi. ABTOpaMH 06araTb0X HAyKOBHUX Ipallh eKCIle-
PUMEHTAJIBHO BCTAHOBIICHO, 110 B MacCHBi BYT'JILHOTO IUIaCTa MONEpeay BUOOKO JaBH B 30HI OTIOPHO-
0 THCKY MOYTh yTBOPIOBATHCh OONACTI MifBUIEHUX Ta 3HIKEHHUX HAIPYKeHb. IX PO3MOAiN Bij-
OyBaeThCcsi HaCTymHUM 4nHOM. [loOmm3y Buboro Ha Biacrani Bix 1,5-2,0 mo 10 M po3TamoByeThCs
3HIKEH1 HAIPY KEeHHsI, 38 HUMU 00J1aCTh TPAaHUYHO-HAIIPYKEHOTO CTaHy, /e Halpy>KEeHHs 3pOCTAI0Th
y 2,5 pa3u B MOPIBHSHHI 3 T€OCTATUYHUMH, 1 Jajii — 00JacTh MPUPOJHUX HANPYKEHb, IO € MPUTA-
MaHHHUMH JTAaHOMY TEKTOHIYHOMY OJIOII].

B o6nacTi 3HIKEHHUX HAmpyXeHb OMip BYTUIBHOTO IUIACTA MOHMKYETHCS 10 TIPCHKOTO THUCKY,
BUHUKAIOTh TIEPEIYMOBHU JI0 BIJICIOHCHHS MacuBYy B Oik BHpoOku. B macuBi (opMy€eThCsl pO3BUHYTA
cHCTeMa TPIIIKH 3 BUCOKUMH (DIIBTPALITHIMHI MOKIMBOCTSIMH J0 BUTIKAHHS Ta3y Ta PiIMHH.

3MiHA CTaHy Ta CTPYKTYpH T'€OJOTIYHOTO CEepelOBHINA CIIOTBOPIOE YMOBHU JIO MEpETIKAHHS
Mi3€MHUX BOJ 3 BHIIE PO3TANIOBAHMX TOPH3OHTIB JI0 TOPH30HTY, NI€ BEAYThCS TipHUYI POOOTH.
BinOyBaeTbest pO3KPUTTS €HIOTEHHUX Ta €K30T€HHUH TPIIIHH, X PO3IOBCIOKCHHS Ha TJIMOMHY Ma-
CHBY, TOPKAaIO4X yCi JITOJOT1YHI YTBOPEHHS IipChbKOro MacuBy. [10 po3KpUTUM TpillIMHAM a3 METaH
MIPOHMKAE 3 MPONIAPKIB BYT1IJILHUX IUIACTIB 0 TIpHUYUX BUPOOOK. ['ipHMYa BUpOOKA € TUM KOJIEKTO-
POM J10 SIKOTO CTIKalOTh €HEPreTHYHI I'PaIi€HTH PI3HOMAHITHUX IOJIiB, 110 MAalOTh MICLIE B T'€0JIOT1Y-
HOMY CEepEeIOBUIIII.

[TocTiiftHuii TeMIT MOCYBaHHS JaBU B OJHOPITHUX MOPOAAX HAJAA€ MOKIUBICTH A0 OUIBII 4H
MEHII PIBHOMIPHOTO MPOTIKaHHS IpolieciB ra3000MiHy. [Ipyn HEOJHOPITHUX MOPOAX BiIOYBAIOTHCS
CTpUOKOIOII0HI 3MIHHU B Mpoliecax Aedopmartii Ta BUTIKAaHHS PiAMHY 1 rasy.

O061acTh rpaHUYHO-HANIPY>KEHOTO CTaHY MOP1 XapaKTePU3YETHCS BEIIMKUMU JehopMaIlisiMu,
SAKi BiOyBarOTHCA CTPUOKOMOMIOHO 3 Pi3KUM IepecyBaHHAM B iHIIY 06IacThb. [i po3MipH 3alesKkaTh
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BiJl TTMOWHU TipHUYHMX POOIT, BIACTAaHI HA SIKIA 3HAXOIUTHCS OYMCHHUN BUOIM BiJ PO3pI3HOI medi,
croco0y KepyBaHHS TIPCHKUM THCKOM, KyTa 3aJiTaHHS IJ1acTa, MO0 MOTYXHOCTI Ta CTPYKTYPHOI
OyZOBH TipCHKOTO MAaCHBY, a TAKOXK BiJ BJIACTUBOCTEH MOPOAHUX IIAPIB, IO 3HAXOIATHCS B OTOUYCH-
Hi TJIacTa.

Ha Bincrani 40-70 M, a inkonu i Ginbiie, Bil BUOOIO JIaBH HANPYXEHHS TIPCHKOTO MAacHBY
MaloTh 3HAUYHY BEIUYMHY, aie Aedopmarlii € MopiBHIHO HEBEIMKUMH. 3MiHU B JedopMaliisix Bi0y-
BAIOTHCS TPH TONAIaHHI B IF0 00JIACTH CBEPAJIOBUHH YU MIATOTOBYOT BUPOOKH, 1€ HABKOJIO HUX (o-
PMYIOThCSI 30HU TPaHUYHO-HAMNPY>KEHOTO CTaHy MOPi.

BB ouncHoro Bu0o0 Ha Hampy)eHo-1e()OpMOBAHUI CTaH MacHBY IMOYMHAE BiAUyBATUCS
Ha BifcTani 30-50 M 1 B okpemux Bumajakax a0 70 M momepeny faBu. 30Ha BIUIMBY BHOOIO HE TO-
CTiifHa 1 Ma€ TEeHCHLIIO 0 30UTBLICHHS NP BiAXOMi Bia po3pisHoi medi. KpiM Toro, Mexa 30HU
BIUIMBY JIaBU PO3MOBCIO/IXKY€ETHCSA B IIIMOWHY MacHBY HE MOHOTOHHO 3 IIBHJIKICTIO NOCYBaHHS BU-
0010, a CTPUOKOMOAIOHO 31 3MIHHOIO aMILTITY1010. Po3TanryBaHHs 30HH ONOPHOTO THUCKY 3MiHIOETh-
Cs TIepel YeproBUM OOBAJICHHSM IOPiJ 1 XapaKTepU3y€eThCs 30UIBIICHHSIM aMIUTITYIH, IO YTBOPIOE
BUHUKHCHHS 30HM YaCTKOBOTO PO3BAaHTAXCHHS MacHBY. B CBOIO uepry oOBajeHHS TOpiA MOKPIBIi
OPU3BOJIUTH A0 HIBUAKOTO MEPEPO3NOALTY OMOPHOTO THUCKY, IO MPOSBISETHCS B 3HUKCHHI HAIpy-
EHb B 30H1 BUOOIO.

3MiHa BJACTUBOCTEH 1 CTPYKTYpPHOI OYI0BH BUKOJOHEOE3MEYHUX IUIACTIB 1 MOPITHUX MIAPIB €
OCHOBHOIO ITPUYMHOIO HEPIBHOMIPHOTO J1e(hOpMYBaHHS KOHTYpPY IpU 3a001HOT 30HHU 1 CTPUOKOIIO/Ii-
OHO1 3MIHM HaIPYKEHb MOIEPEAY OYHCHOTO BUOOIO.

B ripcekomMy MacHBi BYTiJIbBHUX POJIOBHUII IIOCYBAaHHS JIABU CIPUYMHSE 3CYB MMOPOIHUX IIAPiB
13 3STUHAHHAM 1 YTBOPEHHSIM MOPOKHUH PO3LIapyBaHHSA. B OCHOBHOMY, po3IlIapyBaHHS MacuBY Bij-
OyBa€eTbCsS Ha KOHTAKTaX MEXKYIOIOYHX MK COOOI0 MOPOJHUX IIApiB MOKPIBII BYT'UIBHUX IJIACTIB,
K1 MalOTh Pi3HY )KOPCTKICTh. A came, KOJIM HIDKHIN 11ap Ma€ MEHIIY Yd PiBHY KOPCTKICTh 3 BUIIIUM
mapoM mnopia Bix 3eMHOro TSOKiHHS MOPOJIHI IIAPH MAIOTh Pi3HE MPHUCKOPEHHS Ha TPAEKTOPIl 3MiHU
nedopmartii. [TopoxkHUHN pO3IIapyBaHHS PO3IMOBCIOKYIOTHCS MO MIAPOOJICHIN TUIONIKHI, a 1X po3-
MipH 3ajeXarthb K BiJl MIPUPOTHUX (PaKTOPIB, TaK 1 BiJl TEXHOJOTIYHHUX IapamMeTpiB BUWMaHHS BYTi-
JBHUX IUIACTIB.

Jlnist BCTAaHOBJIGHHS 3aKOHOMIpHOCTEH (OpMYBaHHS MOPOKHUH BHKOHYBAJIOCS MaTeMaTHYHE
MO/JIETIOBAaHHS HANpy>KeHO-/1e()OPMOBAHOTO CTaHY TIPCHKOI0 MacHBY B MPYXKHiil MOCTaHOBLI 3 PO3-
HOJIJIOM Ha J1Ba MOPOJIHI IIApH 3a iX JITOJOTIYHOI PI3HHUII Ta MOTYXHOCTI. IIpu MoxentoBaHHI 3Mi-
HIOBAJIaCh MOTYXKHICTh IIApPiB, L0 3AJIATal0Th 0e3M0cepeIHhO Ha/l BYTUIbHUM Iu1acToM. [IoTykHICTh
NepIIOro HIapy 3ajuiiaiach HE3MIHHOIO IIPU BCiX BapiaHTax i piBHanacs 10 M. Bumuii map 3MiHio-
BaB CBOO NOTYXHIcTh Bix 10 10 40 M 3 iHTepBagom B 10 M.

Ha nmepromy erami MOJeNtOBaHHS BH3HAYaJUCS T€OMETPUYHI MapaMeTpH emiop HaBaHTa-
KEHb JIJIS1 KO’KHOTO 1Iapy. 3a TpaHUYHI YMOBU MPHUMHSTO BUIbHE OMYCKAaHHS MMOPOAHOIO IIApy, SKE
IpY pIBHUX YMOBAX 3aJIe)KUTh BiJl BHIMKOBOI MOTY>KHOCTI BYT'UJIBHOTO TJIACTa 1 croco0y KepyBaHHS
TIPCbKUM THUCKOM, a TaKOK BiJ MIIIHOCTI MOPOJHUX IIapiB Ha PO3TATYBaHHS MEPHEHAUKYJSIPHO Ha-
IIapYBaHHIO Ta CTUCKAHHIO MapayielbHO HamapyBaHHIO. /i1 KOXKHOTO IIapy BCTAHOBIIOBAJIACS TIIH-
OuHa MOTro 3aJIsTaHHs BiJ 36MHOI MOBEPXHI Ta BU3HAYAIUCA (I3UYHI TapaMeTPH HABAHTAKCHHS TIPH
3aJJaHUX TEXHOJIOTTYHUX po3Mipax JaBu. BpaxoByBanacs JOBKMHA JaBH, MIBUJKICTH 11 IOCYBaHHS Ta
KYT, III0 YTBOPIOETHCS MK BICCIO IITPEKY Ta JIIHIEID OYUCHOTO BHOOK. KepyBaHHS TpPChKUM THCKOM
NPUKAHATO MOBHUM OOBAJICHHSM IOPiA PU SIKOMY OITyCKaHHA Mopix ckiaanae 0,8 Bi BUIMKOBOI IO-
TY>KHOCTI IIJTIacTa.

[Ipu BinmpairoBaHHi BYTiIBHOTO IJIACTa BiOYAETHCSA PO3LIApYBAHHS MOPIA MOKPIBII 1 MK
HIapaMu yTBOPIOIOTHCS MOPOKHUHU. Hasl BUpoOIEHNM MPOCTOPOM MOPOAHI IIapU PO3BAHTAXKYIOTh-
Csl BiI HABAaHTAXKECHHS. HOPMAJIBHOTO 1O HUX. PO3KPHUBAIOTHCS MOPH Ta TPIIIMHYU 1 METaH 3aIIOBHIOE 111
TIOPOXKHUHU. [X po3Mipy 3amexkaTh Bifl HOPMaIbHOI TIOTYKHOCTI IIAPiB, IO MEXYIOTh MiK COOOIO.
YumMm Oinbla pi3HULS MK NOTYKHOCTSAMH IIapiB, TUM Oibllla MaKCUMallbHa BUCOTA NOPOXKHUHU. B
TUIONIMHI TPO3TATAHHS MOPIJ PO3MIpHU MOPOKHUHU 3aJI€KaTh BiJ JOBXHHU JIABH Ta 11 MIBUIAKOCTI
MOCYBaHHS.

Jlisg omHOKOT J1aBH, 110 3HAXOAUTHCA B OTOYEHHI BYTUIBHOI'O MAaCHUBY, IIUPHUHA OMOPHOI 30-
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HHY BU3HAYAETHCS BIZICTAHHIO MIXK TPAHUIISIMUA OMOPHHUX 30H BiJIKATHOTO 1 BEHTHJIAIIMHOTO IITPEKIB.
[Tpu HasgBHOCTI y [it040i J1aBU 3 OJJHOTO OOKY BHPOOJIECHOTO IMPOCTOPY PO3MIp MOPOKHUHU CKJIagae
BIJICTaHb MiX TPAaHUIICIO ONIOPHOI 30HH 1 TOYKHM 3MUKAHHS TIOPiJ Y BUPOOICHOMY MPOCTOPi. 3 IBOTO
cliye, o 00’€M MOPOKHIHU 3aJI€KHUTh BiJl BANMAIIBHOI MOTYXKHOCTI IUTACTa, HIBUKOCTI IIOCYBaH-
HSl OYMCHOTO BUOOIO, IOTO TOBXXKHUHU Ta TEPMiHY, 32 SIKHH BiTOYBAETHCS YyTBOPEHHS.

B pe3ynbTaTti MOJIeNIIOBaHHS BCTaHOBJICHI 3aJIC)KHOCTI 3MiHU BUCOTH YTBOPEHOI MOPOKHUHH
B MOPOJTHOMY MAaCHBI BiJl IOTY>KHOCTI MOPOJHUX MIAPIB Ta i 0COOIMBOCTI, M0 BiAOYBAIOTHCS MPHU
MoCyBaHH1 04uncHOTro BHOOIO (puc. 1).
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PisHuusa B onyckaHHi CyMixKHUX
NMOpPOOHMX LIapiB, MM

o
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o

—&=1pun goexeHi nasn 100 m; =2=npu goexeHi nasm 150 w;

=& npu goexeHi nasn 200 m

Puc. 1. 3anescnocmi 3minu ucomu ymeopeHoi nopo*CHUHU 8 NOPOOHIM MACUBE
8I0 NOMYAHCHOCHE NOPOOHUX ULAPIB | O0BIHCUHU JIABU

AHami3 OTpIMaHUX Pe3yJbTaTiB CBITYUTH PO TE, 110 MAKCUMAJIbHA PI3HUIS MK OITyCKaHHS-
MU JIBOX CYMDKHHX IIApiB 3aJI€KUTh SK BiJl JOBXXHUHU JIaBH, TAK 1 Bi/I MOTY>KHOCTI CYMIXKHHX IIaPiB.

[Ipu 36inbIIeH] TOBXHUHHU JIABU BUCOTA TIOPOKHUHU PO3IIApyBaHHSA 3MEHINyeThesl. Haiibinb-
113 PI3HUIISL Ma€ Miclle IPH HE3HAYHUX PO30DKHOCTAX B MOTYXKHOCTI CyMbKHUX IiapiB. [Ipu HeBenu-
Kiif JIOBXKWHI JIaBU IMMOPOXXKHUHA PO3MIAPYBaHHS 30epirae cBOi po3Mipu B Oik BUPOOJICHOTO MPOCTOPY
B Mipy [OCYBaHHS BHOOIO Ha J0BXkUHY croBna He Oinbine 1000 m. [Tpu 306inblneH] TOBKUHY JIaBU
NOPOXXHUHA 3MEHIIYEThCA B OiK BUPOOJIEHOTO MPOCTOPY 1 IpH BiANOBITHUX MapaMeTpax BigOyBa-
€ThCSI 3MUKAHHS IAPIB.

BriB mBUAKOCTI TTOCYBAaHHS JIaBU Ha 3MiHY BHCOTH IOPOKHWHH PO3IIAPYBAaHHS MOJEIIO-
BAaBCs TIPH JIOBXKHHI J1aBu 150 M i moTyxHOCTI BepxHbOro 1mapy 40 M. BcraHOBIICHO, 1110 3MiHA BUCO-
TH TIOPOXXKHMHHU TPU PO3MIAPYBaHHI MOPOJHUX IIApPIB 3aJICKHUTH BiJl MIBHIKOCTI IMOCYBaHHS JIaBU
(puc. 2).

Amnanizyroun rpadik MOXKHA CTBEpAXKYBaTH, 1[0 HAHOLIBIIOI IHTEHCUBHOCTI 3MiHM BHCOTA I10-
PO’KHUHHU TIOPOJTHOTO MAcUBY JIOCATAE TIPH IIBUAKOCTI MOCYyBaHHS JaBu 5 M/100. Ha rpadiky Bumins-
FOTBCS JIBA BIIPI3KH 3 PI3HOIO TUHAMIKOIO IHTEHCUBHOCTI OITyCKaHb MOPOAHUX LIAPIB, 110 IPU3BOIUTH
710 30UTBIIIEHHST BUCOTH MTOPO>KHUHU. Ha BiApI3Ky Bij IIBUAKOCTI MOCyBaHHS jJaBu 1 10 3 M/m00 3poc-
TaHHS BUCOTH NMOPOKHUHM 30UIBIIYETHCS B TPU pa3dl MIBUALIC HDK HPU MOJANBLIOMY 301UIbIICHHI
HIBAIKOCTI. 3 IHOTO MOYKHA 3pOOUTH BUCHOBOK, IIIO IPH HEBEITMKKX IIBUAKOCTSX IMOCYBAHHS JIABH ra3
MeTaH Mae€ OiTbIle MOXKIIMBOCTI HAKONMMYYBATHCh B YTBOPEHUX MOPOKHMHAX MOPIJ MOKPIBIi BYT1Ib-
HUX IJIACTIB, BUILISIOYUCH 3 PO3IYIICHUX T1PHUYUM THCKOM BYT1UIPHHX MPOILIACTKIB.

KinpkicTh MeTaHy, 10 MOKE€ HAKOMMYYBAaTUCS B YTBOPEHIN MOPOXXHHHI, 3aJEKUTh Bif il
00’eMy, SIKH B CBOIO UEpry 3aJIC)KHUTh BiJl TEXHOJIOTIYHHUX MMAapaMEeTpPiB BUMMAHHS BYTUIBHOTO IIJIac-
ta. Ha puc. 3 npuBesieHa 3aj1eXHICTh AUHAMIKY 3MiHH 00’ €My TOPOKHUHHU PO3IIAPYBAaHHS IiPCHKOTO
MacHBY BiJl TOTY>KHOCTI TOPOJHUX IIAPiB MOKPIBIIi Ta JOBKHHH JIABH.
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Puc. 3. 3anesxcnicmo ounamixu 3miHu 00’emMy NOPOICHUHU POUAPYBAHHSA 2IPCLKO20 MACUBY
810 NOMYHCHOCMI NOPOOHUX WAPIE NOKPIGIL MA O0BIHCUHU JIABU

Amnanizyioun oTpuMaHi rpadiki cTae 3p03yMUIMM HACKUIBKH BIUTMBOBHM (DAKTOPOM € JIOB-
»kuHa jaBu. HaitOuemoro 06’ eMy ra3y MeTaHy MOK€ HAKOIMUYUTHUCH TIpH A0BXHHI J1aBu 100 M 1 mo-
TY>KHOCTI HIDKHBOTO mapy 10 M 1 BepxHboro — 40 M. 3 1poro ciiaye, mio JUHaMiKa 3MiH IPHUPOJIHO-
r'0 CTaHy T'€0JIOTIYHOTIO CEpPEeIOBHUINA € IPUTAMAHHOIO KOPOTKUM JIaBaM, € TipChbKHI MacuB HE BCTH-
ra€ IpoMTH mpolec perakcaii 3a KOPOTKHM TepMiH 3MiHH TEXHOJIOTIYHUX MPOLECIB.

Bucuosku

B pe3ynbpTari MO/I€IIOBaHHS BILUTUBY TEXHOJIOTIYHUX MapaMeTpiB BUIIMAHHS BYT1JIbHUX ILJIac-
TiB Ha 3MIHY CTPYKTYpPH T€0JOTIYHOTO CEPEOBUIIA BCTAHOBIICHO, 0 MIBUAKICTh TOCYBaHHS JIaBH 1
MOTY>KHICTh MOPOJHUX HIAPIB MOKPIBII € JOMIHYIOUMMHU (paKTOpamMH 1 BOHM B 3HA4HIi Mipi BU3HA-
Yal0Th TUHAMIKY CTPYKTYpHHX IIEPETBOPEHB iPCHKOTO MACHUBY.

[lepeTBOpEHHS T€OJIOTIYHOTO CEPEOBHUIIA B TIPHUYMNA MACUB Bi10YBA€THCS 3 PI3HOIO 1HTEH-
CHBHICTIO 1 Ma€ YiTKO BUIIJICHI IHTEPBAJIH, 0 BIAPI3HAIOTHCSA OJWH BiJl OJJHOTO 33 JIMHAMIKOIO B Jie-
KIJIbKa pasiB.

116



3HAOYN MOXKIIMBUN XapaKTep PO3BHTKY JedopMaIliiHUX MPOIECiB, MOXHA TPOTHO3YBAaTH
CTaH T1PChKOr0 MAaCHBY Ta MPHUIMATH BIAMOBIIHI TEXHOJOTIYHI TapaMeTpH AJisl YHUKHEHHS Hebaxa-
HUX SIBHIII, 110 YCKJIQJHIOIOTh BEJACHHS TiPHUYUX POOIT.

THE SZYK2/MRPP HARD COAL MINES PRODUCTION PROCESSES
MONITORING AND REPORTING SYSTEM

Mariusz Bryk
COIG S.A w Katowicach

SUMMARY:

The article presents the functional overview of the SZYK2/MRPP system, the range of the
data collected, its presentation techniques and the type of reports and analyses available.

KEY TERMS:

Production process monitoring, mine work clearing, mine dispatch centre, OHS, failure and
failure-proneness analysis for machinery and equipment.

1. INTRODUCTION

There has been no harmonised system of collecting production process data at dispatch cen-
tres, survey and geology department (acceptance of mining works), Safety departments (accident
rate) and of data concerning machinery and equipment failure-proneness. The data gathered at dis-
patch centres of mines was passed to the mine management usually as manually completed sheets or
in form of computer printouts from MS Excel, MS Word, etc. The data presentation technique and
scope was basically specific and unique for each mine. Mines transmitted daily reports to superior
bodies (mining centres and coal companies) electronically, generally as a MS Excel sheet. Data for
such reports was entered by hand by relevant mine departments.

Different versions of dispatch system solutions were introduced for the majority of mines to
eliminate this drawback. One of the systems is a ZEFIR system [1] supporting mine dispatch service
and widely is use at mines. There was no comprehensive system, however, addressing mine produc-
tion process monitoring apart from issues related to dispatching.

It is not only possible to support any mine’s dispatch service by applying the SZYK2/MRPP
system solutions but also to provide on-going production process reporting in the harmonised form
and within full range without having to employ other tools and re-enter data [2].

2. SZYK2/MRPP SYSTEM FUNCTIONS

The SZYK2/MRPP system is an integral component of the Complex Company Management
Aiding System — SZYK System, created by COIG S.A.[3].

The SZYK2 / MRPP system is closely linked to the following modules of other generic sys-
tems forming part of the SZYK2 system:

Production scheduling (SZYK2/HPR)

Tasks Management Module (SZYK2/MZZ)

Production Resources Management Module (SZYK2/MASZYNY 2)
Work Time Recording (SZYK/RCP)

Structural Objects File (SZYK2/KSO-2)

YVYVVYV
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The SZYK2/MRPP system may be used as a single version for one or multi-operation mine
structure, or in a version for coal companies. The system is available with a web browser at a Cytrix
platform. The SZY2/MRPP system users, depending on the rights granted by the System Adminis-
trator, have access to appropriately selected functions managed by the system.

The SZYK2/MRPP system comprises the following modules:

» Dispatcher module
» Failures module

>
>

OHS module
TMG module

2.1 Dispatcher Module
The Dispatcher Module supports the following functions:

1.
>

On-going production and auxiliary process monitoring including, in particular:

longwalls — output [tonnes/shift], progress [meters/shift], employees working “with coal”

and in total with highlighted supervisors, combined cutter loader travel cycles and flitting,
» preparatory works — output [tonnes/shift], progress [meters/shift], employees working
with highlighted supervisors,

>

longwall reinforcement — sections and gutters reinforced per shift, employees working

with highlighted supervisors,

>

longwall stripping down — sections and gutters stripped down per shift, employees work-

ing with highlighted supervisors,

S U kA P DN YVYVYVVVVYVYVYYVY

work.
7.

other work (e.g. reconstruction, takings, etc.) — meters per shift, employment, efficiency,
shafts — skips and tonnes of output extracted per each hour,

tanks — output in tanks at shift end,

filling,

smoke box dust management,

shot fire work registration,

welding work registration.

A register of employees by employment structure and work performed.
A register of work carried out by a rescue team.

A register of failures and downtimes due to natural hazards.

A register of higher supervision’s trips underground.

Keeping a calendar with the initiation of the next days considering the status of extraction

Generating reports on the current status of preparatory, mining, securing, strip down and

other work.

8.
9.

Generating summary lists for a selected period according to the different stages of work.

Creating graphical diagrams illustrating a longwall duty cycle.

10. Generating daily dispatch reports for mine management.

11. Generating daily dispatch reports for a superior body (coal company management board).
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Fig. 1. Chart showing combined cutter loader duty cycle
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Fig. 2. Analysis of preparatory work advancement
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2.2 Failures Module
The Failures Module manages the following functions:

1. Collection of data on failures entered into the “Dispatcher” module.
2. “Description” of failures and downtimes as defined by a user.
3. Hierarchical failure structure enabling an effective failure cause analysis.

Figure 3 shows an image of a SZYK2/MRPP system window with an example of hierarchical
failure structures.
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Fig. 3. SZYK2/MRPP system window with example of hierarchical failure structure

4. Registration of machine and equipment damage causing failure (the data is used in the
SZYK2/Maszyny module for analysing the failure-proneness of specific machines and equipment
and their assemblies, subassemblies, parts, etc.).

5. Failure analysis acc. to the following criteria:

failure period (from — to),

failure type (mining-related, electrical, mechanical, hydraulic, etc.),
failure duration,

failure area,

working team in the failure area,

working team responsible for failure,

chosen items of the hierarchical structure given in paragraph 3.

VVVVVVY
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6. Graphical failure analyses on two- and three-dimensional diagrams showing daily output,
number of failures and failure duration by days, weeks and months.

The examples of a graphical failure analysis are shown in figures 4, 5 and 6.
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Tygodniowe wskaZniki czasu awarii [min.] w rozbiciu na rodzaje - zakres dostepnych danych od 23-02-2007 do 11-04-2008 (414 dni)
Zakres prezentowanych danych od 30-12-2007 do 11-04-2008 (61 tygodnie)
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Fig. 4. An example of a quarterly failure graphical analysis by weekdays

Legend (failure class):

B G — Mining-related
E — Electrical
M — Mechanical
H — Hydraulic
GOG — Geological
W —Ventilation

Met  — Methane danger
S — Shaft-related
TJ — Modification
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Fig. 5. An example of a failure graphical analysis for any selected period

Legend:

- Failures

B cEailure duration

- Output
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Fig. 6. An example of a failure graphical analysis by any month

Legend (failure class):

- G — Mining-related
- E — Electrical
| Y — Mechanical

H — Hydraulic
- GOG - Geological

W —Ventilation
Bl Mct  — Methane danger
B s — Shaft-related
- TJ — Modification

2.3 OHS Module

The OHS module helps to keep the the Safety department records concerning the inspection
of the areas by the department’s staff and helps to register the events and accidents occurring at the
mine and to generate relevant statements, reports and analyses.

2.4 TMG (Mining and Geology Department) Module

The TMG module supports the Mining and Geology Department’s activities at the mine and
is intended for inputting the data acquired after the acceptance of mining works (mine face and
longwall advance measurement). The data is next used for comparative analyses with the data intro-
duced from shift reports and is transferred to the SZY2/HPR Production Scheduling System.
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WKona nia3eMHOI PO3POOKK
3. SZYK2/MRPP system implementation status

The SZYK2/MRPP system has been implemented and operated at one of the West Mining
Centre’s mines in a bi-operational model and at five mines being part of the North Mining Centre
where it is used in a coal company model.

The next implementations of the SZYK2/MRPP system at the mines belonging to Kompania
Weglowa S.A. are scheduled for 2008.

4. Conclusions

1. The experience gathered to date from deploying the SZYK2/MRPP system solutions at
hard coal mines shows multiple effects of the system’s practical use.

2. The SZYK2/MRPP system’s deployment is greatly streamlining the progress of works
related to the collection of key data concerning coal company operations and improves and harmo-
nises reports (shift, daily and periodical reports) submitted to mine management and superior bodies.
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HCCJEIOBAHUE 3AKOHOMEPHOCTEM CBA3U KOOOPUIIUEHTA
OBBEMHOI'O PACHIUPEHMUS, COCTABA U CBOUCTB 3AIIOJIHUTEJIA
TPYBUYATOI'O AHKEPA TA2

HageneHno pe3ynbpTat eKCriEpUMEHTAIBHUX JIOCHITKEeHb AeQopMaIliiiHiX 1 MIIHICHUX Hapa-
METpIiB 3allOBHIOBAYa, IO PO3MIMPIOETHCSA MPHU TBEPIiHHI BHYTPIIIHBOI MOPOKHUHH TPYOUACTOTO
ankepa TA2 3 ypaxyBaHHSIM (akTOpa 4acy.

[IpuBeneHs! pe3ybTaThl SKCIEPHUMEHTABHBIX HCCIIETOBAHUHN 1e(hOpMAIIMOHHBIX U TPOYHO-
CTHBIX IIapaMETPOB PACLIMPSIOLIETOCs IPU TBEPACHUU 3aIlOJHUTENs BHYTPEHHEH mosioctu TpyOya-
toro ankepa TA2 ¢ yaeroMm ¢akTopa BpeMEHH.

Results of experimental researches deformation and strengthen parameters extending are re-
sulted at hardening a filler of an internal cavity of tubular anchor TA2 in view of the factor of time.

Jlnist pa3paboTKU METOMKH pacyeTa paldoOHAIbHBIX TapaMEeTPOB YIIPOUHEHUS CIIAa0bIX OO
TpyOuaThiMu ankepamu TA?2 uccienoBaHbl MEXaHHYECKUE XapaKTEPUCTHUKU M COCTAB PACHIMPSIONIE-
rocsi pU TBEPAECHUM 3aMI0JIHUTEIS.

[Ipu BBIOOpE MaTepualia 3aMOJHUTENST PYKOBOACTBOBAIUCH JIByMsI OCHOBHBIMH (pakTOpamu.
Bo-nepBbIxX, 10CTYIHOCTh IPUOOPETEHUST MaTepHaia U TEXHOJIOIMYHOCTh €r0 MPUMEHEHHUS B KOHCT-
pykuuu tpyouaroro ankepa TA2. Illupoko pacrpoctpanens! [1, 2] B CTpouTeNbHOM OTpaciu pas-
JUYHBIE MapKH pacumpstomierocs nopmianauementa (PIIL), koTopslil moxy4aroT Ha OCHOBE 00bIY-
HOTO MOPTJIAHALIEMEHTa M PACIIUPSIONINX J00aBOK (HAIpuUMeEp, AITIOMHUHATHO-CYJIb()ATHBIX MU
QIIOMOOKCUHBIX). [IprdyeM TeXHOJIOTHs MPUrOTOBIIEHHS PACIIMPSIOIIEHCS IPU TBEPACHUM Iecya-
HO-IIEMEHTHOH CMECH IpeayCMaTpPHBAET CMEUIMBAHUE B OIMPECIICHHBIX MPOMOPLUSIX OOBIYHOTO U
paclgpsounerocs MnopTiaHALeMeHTa (A MosydyeHus TpeOyeMoro ko3¢¢uipeHra 00beMHOIro
pacmpenuss K, ) HENOCPEICTBEHHO B pacTBopocMecutesne. Takxke oTpaOoTaHbl CpefcTBa Maloi

MeXaHHU3aIMK1 BBEJCHHS MECUYaHO-IIEMEHTHOTO PACTBOPA BO BHYTPEHHIOKO MOJIOCTh TPyOUYaTOTroO aH-
Kepa 110 aHAJIOTHH C U3TOTOBJICHUEM KeJIe300€TOHHBIX aHKepoB [3].

Bo-BrophIix, Tpebyemoe 3HaueHue Kod(h(uIMeHTa 00BEMHOTO PACIIUPEHUS 3aNOTHHUTEIS
npunaro K, =0...0,4%. Takoii nuana3oH ero U3MEHEHHs IIPU TBEPACHUHN CMECH BIIOJHE 00ecIeyn-

BalOT MECYAHO-IIEMEHTHbIE KAMHH Ha OCHOBE PACIIUPSIOIIETOCs MOPTIaHILIEMEHTA.

3amava 1ab0opaTOPHBIX UCIBITAHUN 00pPA3IIOB MMECYaHO-IIEMEHTHOTO KaMHS C PaCHIHPSIOIIH-
MU A00aBKaMM BBIIIOJIHEHA B J[Ba dTala: Ha MEPBOM — ompejaeneHue KodPuimeHra 00beMHOTro
pacupenus K, B 3aBUCUMOCTH OT IPOLEHTHOIO COJAEPKAHUS PaCIIUPSAIOLIErocs U 0OObIKHOBEHHO-

IO MOPTJIAHALEMEHTA; Ha BTOPOM — OMPEJIEIEHNE IPOYHOCTHBIX O 5« ¥ JeOpMALMOHHBIX E, U U,
XAapaKTEPUCTHK 3aIIOJIHUTENS U3 IIECYAHO-LIEMEHTHOIO KaMHs B Auana3one usMenenus K, no 0,4 %.

Ha o06oux sTamnax uccieqoBaHuii c/ieiaHbl CIeIyOININe OrpaHUYeHHs KOJIMYeCTBa BapbUPyEeMbIX Ma-
paMeTpoB, MNOUIEKAIIMNX YUETY:

— HUCIOJIb30BaHa HamOoJjee IIMPOKO pacHpOoCTpaHEHHash MapKa MOpTiIaHIleMeHTa oOrie-
crpourensroro HazHauenus [11[ 11/b-111-400 (mo ACTY-b-B.2.7-46-96) u pacmupsromierocst Hopt-
naganementa PII1-400;

— BOJIOIIEMEHTHOE OoTHoueHue (B/1]) npunsto nocrossuubM B/ I] =0,7...0,8 1m0 pekoMeH-

nanusM [3, 5] nns obGecriedyeHuss HEOOXOAMMOW TOJBM)KHOCTH TIECYAHO-IIEMEHTHOT'O PAacTBOpa B
CpEICTBAaX MEXaHU3AIUU M TPAHCIIOPTHPYIOIIUX TPYyOOIPOBOIaX.
Takum oOpa3oMm, Ha TIEPBOM dTale UCCICIOBAHHMI BBITIOJHEHA 3a/1a4a IO OMPEICICHUIO 3a-
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BUCUMOCTH K03 duirieHTa 00beMHOr0 pacmiuperus K, oT mapaMeTpoB: IPOLEHTHOIO COAEPKaHUs

pactmpsitorierocs nopriaananementa PIIL (B mporienTax oT cymMmmapHOro Beca OOBIYHOTO U PACIIU-
psIOIIerocs IeMEHTa), BpeMEeHU [ TBEPACHMS MEeCYaHO-IIEMEHTHOTO KaMHs (B CyTKaxX), BECOBOTO
cooTtHomeHus /7//1] KOMIOHEHTOB Cyxoi cMecH (L] — neMeHT, /1 — ecok).

[IpouentHoe conepxkaHue pacmupstonierocs nopraanauementa npussato PIIL = 10%, 20%
u 30%; uccnenoBaNuCh TpU cocTaBa cyxoit cmecu [1/1] =1,3 u 5, KOTOpbIe MEPEKPHIBAIOT MPAKTH-

YECKH BCIO FaMMy PEIENTyp MeCYaHO-IIEMEHTHBIX PAacTBOPOB, NPHUMEHSEMBIX B IAXTHOM CTPOH-
TCIIBCTBCE. HO BpeMeHI/I t TBepI[eHI/IH IICCHAaHO-ICMCHTHOI'O KaMHs Ha6HIOI[eHI/I$I HpOI/I3BOIII/IJII/ICb qe-
pe3: 1,3,7, 14 u 28 cyr.

MeToiuKa MPOBEICHUs SKCIIEPUMEHTOB 3aKJII0Yaiach B cieayromieM. belio u3rotosieHo 9
000#M I OTHOBPEMEHHOTO UCHBITAaHUS 9 MEeCYaHO-IIEMEHTHBIX 00pPa3IoB C MOCTOSHHBIM COJIEP-
YKaHUEM PacCIIHPSIONIETOCs HopTIaHAeMeHTa (1o Tpu odpasua ¢ coctaBamu 11/ 1] =1,3 u 5).

[IpoBens Tpu rpynmbl UCOBITAHUH MECUaHO-LIEMEHTHBIX 00pa3nos rpu PIIL = 10%, 20% u
30% nocie 06paboTKU pe3ysIbTaTOB METOAAMHU KOPPEISALMOHHO- TUCIIEPCHOHHOIO aHaJIM3a yCTa-
HaBIMBanack cBsa3b K, ¢ mapamerpamu: PIILL, I7/1] u t.

Ha BTopoM stare ucciienoBaHui ONpeaessuIuCh Mexa-

K,, %

HHYECKHE XapaKTepucTuKku oy, K,

U [, [ecyaHo-
LEMEHTHOTO KaMHS C J00aBKOW pacIIMpPSIOMIETOCs IIEeMEHTa
Ha oOpasmax KyOumdeckoi ¢GopMbl ¢ pasmepoMm rpanu 50 mMm
0 CTaHAApTHOMN MeTouKe [6].

B kaxIoM HUCHIBITAHUW Harpykajioch mo 3 oOpasia,
4T0 oOecneunBano KOAX(QQHUIMEHT BapHalluu, HE MPEBbIIIAIO-

it 20%. Takum oOpazom, ObLTO MPoBeACHO 36 TPy UCIIbI-

0,4

0,3

TaHWH IS ONpEJENieHusl G5 W 36 IPYII MCIBITAHUM JUIs

02 ompenenenus £, u u, .

[To pe3ynpTaTaM UCHBITAHUN TOCTPOCHBI rpaduku 3a-
BUCHMOCTH KO3 duuueHTta o0beMHOro pacimupenus K, oT

BPEMEHHU TBEPJACHUS ! MECYaHO-IIEMEHTHOTO KaMHs C pacllu-
pstomieit no6askoit (puc. 1). U3 rpadukoB BuaHO, 4TO HAOIIO-
naercst pocT K, mo mepe TBepAEHHsI 00pa3IoB U3 IECYaHO-

0.1

OEMCHTHOT'O KaMH:. VYBenuuenue K3 Han0oJIee MHTEHCHBHO

b 20 T, oy

MPOUCXOIUT B mepBbie 7 cyTok TBepaeHus (oT 50...55% 1o

—I/0=1;---11/10=3; 75...80% OT BeNMUYMHBI MOKa3aTess npu ¢ =28 CyT.), najuee ¢
-=J1/1] =5 yBEJIMYEHUEM BO3pacTa 00pas3IoB KpPHUBBIC K3(t) BBITIOJIAXKH-
Puc. 1. 3asucumocmso ko3¢hghu- BAIOTCS W IIPH ¢ > 28 CyT. poliecc yBEeIU4YeHUsT o0beMa Tec-

yuenma 06vemHo20 pacwupenuss  4aHO-LEMEHTHOIO KaMHsS NPAKTHYECKH IPEKpaIlaercs. OTH
K3 necuaHo-yemMeHmHo20 KaMHs PE3YJIbTATBI HAXOAATCA B IMOJHOM COOTBCTCTBHUMU C JaHHBIMH
om epemenu t e20 meepdenus [1], rae yka3pIBaeTCsl, 4TO pACIIMPEHUE MECUAHO-LEMEHTHOIO

[ — PITL[=10%; 2 — PITI[=20%,  XaMH C PacCIIMpsIOLIUMHCS no0aBKaMH TPOUCXOAMT, B OC-
3— PITI=30% HOBHOM, B II€pPBbI€ 7 CYTOK TBEpJEHHUS 00pa3LoB; HHOTAA 3TOT

nepuona ysenuuuBaercs a0 10..14 cyT. B 3aBUCHUMOCTH OT

BIUSIOMMX (AKTOPOB W YCIOBUH TBepaeHus oOpasmnoB. Crenuanuctbl 3TOT 3P(EKT OOBACHSAIOT
[1, 2] Hanbosee UHTEHCUBHBIM 00pa30BaHUEM B MEPBBIE 7 CYTOK CTPYKTYPHBIX CBSI3€H THMIIPOCYIIb-
(hoaJIFOMMHATOB KaJbIUS UT0JIbYATON (POPMBI, KOTOPBIE JOMOIHUTEIBHO CBSI3BIBAIOT MEXIY COOOMH
YaCTHIIBI IEMEHTa. B cBeTe TakuX MpeICTaBICHUN OOBSICHIIOTCS MOJIYYCHHBIE Pe3yJIbTaThl B YACTH:
— mpu yBenmmueHuu copepkanus PIIL[ yckopsiercss mpoiecc yBenudeHHsi B 00bEME IIECHaHO-
LIEMEHTHOTO KaMHs B IepBble 7 CyTOK (Hampumep, npu [//1] =1 oTHocuTenbHOe 3HaueHne K,

Bo3pacraet ot 63,6% npu PIIL = 10% no 80,2% npu PIIL = 30%); — npu yBeJIWYEHUN OTHOIICHUS
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I1/1] 3amemiseTcs UHTEHCUBHOCTb pocTa K, B IEpBbIE

K, %

7 cytok tBepaeHus (Hanpumep, npu PIIL = 30% otHocu-
TenbHOEe 3HaueHue K, cHmkaercs or 80,2% mpu
11/ =1 no61,3%mupu I1/1] =5). o

BiusiHue mporeHTHOro COAEp:KaHUs PaCHIUPSIIO-
nierocst noptiananementa PIIL] B oOmiem o0beme BKY-
IIEro Ha BeNMYMHY K, 4eTKO MPOCIEKUBAETCS Ha rpadu-

0,3
kax puc. 2. C ysenuuenuem PIIL] Bo3pacraer BenmunHa v
ko3 durmenta  00BEMHOTO  pacCHIUPEHHS  IeCYaHO-
IIEMEHTHOTO KaMHS, 4YTO OOBSICHSICTCS IMOBBIIMICHHBIM CO-
Jep>KaHUEM CTPYKTYPHBIX CBA3EH THIpocyib(oarroMuHa-
TOB KaJbLIUsl B €IMHHUIIE 00bEeMa UCIBITHIBAEMOTIO 00pa3-
na. M3 xapakrepa NOJY4YEHHBIX 3aBUCHMOCTEH MOXKHO
clenaTh J1Ba BBIBOJA, TMOATBEPXKIAIOIIUX HMX JIOCTOBEp-
HOCTh. Bo-nepBrix, B untepsane PIIL = 10...30% wnabto-

0,2

0,1

JlaeTCsl 3aKOHOMEPHOCTb (XOTs U HE CUIIBHO BBIPAXKEHHAs) ” /f - ’_( ’
CHIWJKCHHA HMHTEHCHBHOCTM pocra K, ¢ YBEIMYCHHEM // // ~ 1
PIIL], kotopast JIOTHYHO OOBSACHAETCS TEM, 4YTO TIPH ’

— 0 o
PIIL = 100% mnpekpamaercs poct K,, KOTOPBIA JOCTUra- m = AT

€T CBOCTO MAaKCUMyMa, HEC MPCBLIIAIOIICTO, KaK IIPaBUIIO,

2...2,5% [1]. Bo-BTOpBIX, €ciau 3KCTPaAIOIMpPOBATh 3aBU- I—t=3cym;2—t=Tcym.;

cumoctu K, (PIIL) na wmutepsan PIIL <10%, To npu — 71/ 131—_1‘1: 2_8_ fy]n;/ 1] =3;
PIII{ = O (oTCyTCTBYeT pacWIMpSsIOMMHCS MOpPTIaHine- 11 ; =5 |

MeHT), TO0 Ko3dpduuuert K. umeeT HEOOJIBLIOE OTPHUILIA-
), bdun 3 pun Puc. 2. 3asucumocms

tesnbHOE 3HadeHue (K, =-0,01...-0,05), To ects mnpu

TBEPACHUU 00pa3lioB U3 OOIIECTPOUTEIBHBIX MapoK
MOPTJIAHIIIEMEHTAa TMPOUCXOTUT WX HeOOoNIbIIas ycaka,

K03 puyuenma 0b6vemMHo20 pacuiu-
penusi K, necuano-yemeHmHozo

KamHs om npoyerHniHo2co CO@@pf)fCCl-

YTO MOBCEMECTHO HAOIIOAAETCA HA MPAKTHKE.
Nzydenne 3aBucUMOCTH KO3PPUITUEHTA 0OBEMHO-
ro pacmupenus K, ot orHouieHust [//I] KOMIIOHEHTOB

HUSL PACUUPAIOUe20CSE NOPMIAHOYe-
menma PITI]

CyXOil mecuaHo-IIeMeHTHOU cMecH (puc. 3) mokasaino, uto ¢ poctoM [1/[] Habm0gaeTCsl CHIKEHUE
BenuuuHbl K, (Hanpumep, npu ¢ =28 cyT. u yBenudenuu [//I] or 1 no 5 xkoadpduuuent K,

ymenbinaercs B 1,45 pasza npu PIlII]=30%, B 1,48 pa3a npu PIII] = 20% u B 1,78 pa3za npu
PIII] = 10%), uTO, Ha HAII B3I/, OOBICHICTCS YMEHBILIIEHUEM JI0JIU CTPYKTYPHBIX CBSI3eH TUIpPO-
CyJb(OATIOMUHATOB KaJIbIMA B €AMHUIE 00BeMa 00pasiia, COAePKAIIETo MOBBIIICHHYIO 103y HecKa.

B 1ieniom, BhISIBIIEHHBIE 3aKOHOMEPHOCTH MO3BOJISIFOT OJI0MPATh TpeOyemble COCTaBbI Mecya-
HO-IIEMEHTHOT'O PacTBOpa JJsi 00pa30BaHMA 3arOJIHUTENS BHYTpEeHHEH mosnoctu ankepa TA2 ¢ He-
00x01uMbIM K03 (urmeHToM 00beMHoro pacumpenus K, 1o 0,4%.

Pe3ynprarel MCHBITaHUS NECYaHO-IIEMEHTHBIX O0pa3loB Ha OIHOOCHOE CXKaTHe MPHUBEICHBI
Ha puc. 4. AHaU3 U3MEPEHHbIX 3HAYCHUI Mpeiesia IPOYHOCTH O Ha OJHOOCHOE CYKATHE TI03BO-

JIWJT CIIENaTh CJICTYFOIIUE BHIBOIBI:

— IIPH BBEACHUHU B COCTAB MECUAHO-IIEMEHTHON CMECH PacCIIMPSIOMIETOCs MOPTIaHIEMEHTa
(PI1L]) nabnronaetcs NMOBBIIIEHHAsE MHTCHCUBHOCTh POCTA MPOYHOCTH 00PA3IOB B MEPBbIE 7 CYTOK.
Tak, oTHOCHTENIbHAsI MPOYHOCTH 00pa3loB (MO OTHOIICHHWIO K BO3pAcTy ¢ =28 CyT.) COCTaBIISIET
49..51 % npu ¢t =3 cyt. u 70...74 % npu ¢ =7 cyT. B T0 ke Bpems [yisi 0OOBIYHOTO MOPTIIaHIIEMEH-
Ta OOLIECTPOUTEIHHOTO Ha3HAYCHUS 110 JAHHBIM [7] HHTEHCUBHOCTh HapacTaHUs MPOYHOCTH PaBHA
30...35% npu ¢t =3 cyt. u 50...60% npu ¢t =28 cyr. C yBenuuenuem coxaepxanus PIIL or 10 mo
30% B cocTaBe 0OBIYHOTO LIEMEHTA MHTEHCHUBHOCTh HApPACTAaHHsI MPOYHOCTH HE3HAUYUTEIFHO YBEIH-
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guBaeTcs (He Oonee, yeM Ha 5%). Takas 0COOEHHOCTH HAOOpa MPOYHOCTH OOPA3IOB C PACHIUPSIO-
IMMCSI TOPTIIAHALEMEHTOM BIIOJIHE COTIIACYETCs C pe3ybTaTaMy uccienoBanui [1];

— B Bo3pacte 28 cyT. 00pa3ibl MecYaHo-IEMEHTHOTO KaMHs ¢ 100aBkoil PIIL] uMeroT mpenen
IPOYHOCTH Ha OHOOCHOE C)KaThe HecKonbko BhilIe (Ha 10...25%), yeM coOoTBETCTBYIOIINE 00PA3IIbI
6e3 nobasku PIII]. 3nech ciaenyer OTMETUTH JaHHbIe [1] 0 TOM, YTO IpH TBEpAECHUMU OOpa3lOB Ha
OCHOBE PaCUIMPSIONIETOCS MOPTIAHALIEMEHTA B CTECHEHHBIX YCIOBHSAX (2 MMEHHO TaKHE YCIIOBHS
BO3HHKAIOT MPH OTBEPJCBAHUM 3AIIOJHUTENS B TPYOUaTOM aHKEpEe, KOHTAKTUPYIOIIEM C IMTOPOTHBIMHU
CTEHKaMU LIIypa) UX IpOYHOCTh Bo3pacTaeT A0 50%. DToT 3¢pekT MoKHO paccMaTrpuBaTh Kak He-

KOTOPBIH 3a1ac NPOYHOCTH MPH MOAO00pEe MECYaHO-IEMEHTHON cMecH 1o kputepuio P, <o ™, e

P} — HavanpHOE JAaBICHNUE HA KOHTAKTE «3aIlOHUTEIb-METaUINYECKas TPyOay;
— HaOoaeTcsd HECKOJIbKO MEHbLIee BIMSHHE OTHOWIeHus [//I] Ha mpoyHOCTH MecYaHo-

nemeHTHOro kamus ¢ PIIL] B cpaBHeHHU ¢ OOBIYHBIM MOpTIIAHAIIEeMeHTOM. Hanpumep, npu yBenude-
vuu I1/1] c 1 no 3 mpounocts obpasnos ¢ PIIL] camkaercs B 1,37...1,43 paza, a ¢ 0OBIYHBIM TTOPT-
nanauementom — B 1,5...1,7 paza.

YcTaHOBJICHHBIE 3aKOHOMEPHOCTH HCIIOJB30BAHBI MPU BHIOOPE COCTaBa 3aMOJIHUTEINS JUIS W3-
roToBJieHus Tpyouatoro ankepa TA2.

%
. MITa

K
3

v

0.4

60

0.3

40

01— :_____ 20

0

1 2 3 4 i

= 0 10 20 t, cyT.
1 = PIIL=10%, 2 — PIII{=20%, 1—PII=10%, 2 — PIIL]=20%;
3 — PII]=30%;, 3 — PIIL=30%;
—1t=28 cyr; --- t =T cyT; —/g=1; ---I/I]=3;
_____ t=3CyT. -'-'_H/u=5

Puc. 3. 3asucumocmo ko3¢ppuyuen-

Puc. 4. 3aeucumocms napacmanus npedena
ma obvemnoz2o pacwupenus K, nec-

npouHOCMU O3 HA Colcamue necuano-
YAHO-YEMEHMHO20 KAMHSL O COCMA-

8a H/ll nyoﬁ cmecu YeMeHmMHOoc0 KAMHS 60 8peMeHU
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Hanee mo Meromuke [6] OBLIM MPOBEICHBI M3ME-
peHust e(OPMALMOHHBIX XapaKTEPUCTUK (MOIYJIS Jie-
dopmanuu E, u xoaddunuenta u, Ilyaccona) necua-

/ HO-IIEMEHTHBIX O00pa3loB C NpPUMEHEHHEM JT00aBOK
pacmmmpsrorierocs noprianaiementa (PIIL). [Tpu atom

/ 00pa3iiel Harpyxanuck ycuwnusimu ot 20 1o 60% ot pas-
. -
L e

,10% MITa

[¥5}
K\
o

pylIaomux, a BEIWYMHbl £, U 1, ONPENEeNsUIUChH 110

pasHune MoKa3aHUi HHAUKATOPOB MCKIAY KOHEYHOM

(0 =0,60:") u Havansol (0 =0,205") cramusamu
HarpyKeHus.

[To pesynbraram m3amepeHuil momyis nedopma-
UMM Iecya”o-uemeHtHoro kamHs ¢ PIIL[ mocTpoensl
rpaduku Ha puc. 5. HabmromaeTcs HHTEHCHBHOE YBEIH-
yeHue Moxyna aedopmaruu E, mpu TBepAeHHU 00pa3-

LIOB B MepBbIE 7 CYTOK, KOTJa MO0 CPaBHEHUIO C 00pa3-
1aMu 28 CyTOYHOTO BO3pacTa MOAY/b JehopMaluud CO-

0 10 20 ot craeuger ot 60,1 mo 72,2%. YBenuueHue copepiKaHUs
pacumpsitoierocs nopmianauementa (PIIL) ot 10% no
1 — PI11]=10%; 2 — PI11]=20%; 30% B cocTaBe LIEMEHTHOTO BSDKYIIET0 MHTEHCU(UIIN-
3 — PII=30%; pyer mponecc pocta £, Bcero Ha 3...6% B nepsbie 7
/=1, ---1111 =3; cyrok. Onnako abconmoTHas Benuunna £, Gonee cyiie-
—- I =5 CTBEHHO 3aBH-
Puc. 5. 3asucumocms modyna doeop- oyt or copep- |
mayuu E, necuano-yemenmnoeo kam-  sapus  PIIL,
HSl OM 8peMeHU | e20 MmeepoeHs. YTO, Ha Hall

B3DISAA, OOB- o3s
SCHSIETCS TOSBICHUEM [OMOJHUTEIBHBIX 00Jiee KECTKUX
CTPYKTYPHBIX CBsI3€l CKeJieTa MEeCYaHO-LIEMEHTHOTO KaM-
Hs1. Hanpumep, nipu Bo3pactanuu PIIL ot 10 no 30% mo-
nyne nedopmanmu E, yBenuuuBaeTrcs Ha 34,6...64,7% 030

npu t=1 cyr. u Ha 23,6...27,9% npu t =28 cyrt. Taxxe
MMEeT MECTO CYIIECTBEHHOE CHIDKEHHE MOAY/s Aedopma-

JRR%0%¢ E3 pu YBCIIMYCHUHN ICCUAHO-IEMCHTHOT'O OTHOIIC- e

Hus [1/1], 9to, Ha HAI B3NS, OOBSICHICTCS CHI)KEHHUEM

. LI
IIPOLIEHTHOIO COJNEPIKAHUSA KECTKUX CTPYKTYPHBIX CBSI3€U \\\
B 0011eM 00beMe MecyaHo-IeMEeHTHOro obpasua. Tak, npu ——
yBenuuenun I7/1] or 1 mo 5 momynp nedopmanuu cHu- &2 E

xaerca B 1,83...2,15 pa3za npu ¢=1 cyr. u B 1,93..2,05
pazanpu t =28 cyT.
OIHOBPEMEHHO € MCCIIE0BAHUEM E, BBIIOIHSINCH

o 1

1 — PII[]=10%, 2 — PII[]=20%,

t, cyT.

3aMepsl 10 omnpezneneHuto koddduuuenta Ilyaccona p,

necyaHo-ieMeHTHOro kamus ¢ PIILI, pe3ynsrarsl KOTOPBIX

3 — PIII=30%;
eICcTaBJIC a rpaduka c. 6. Be a 3aBU- ;
MPE/CTABNICHEI Ha rpaduKax pu JHAMHA H; B Sapu —/g=1; ---[I/[]=3;
CHUMOCTH OT BJIMAIOIINX IIapaMETPOB U3MCHAJIACH B IIPEAC- . H/U =5

nax 0,14..0,40. HaubGonee cymiecTBeHHast CBA3b KOdPPu-

muenTa [lyaccona p, HaOmromaeTcst O BpeMEHEM ! TBep- Puc. 6. 3asucumocms xosppuyuenma

HyCZCCOHCl M, neCHano-yemernmHoco
JACHUA O6p33HOB. 0611[35[ 3aKOHOMCPHOCTb TaKOBad, 4YTO C

KAMHs Om 8pemeHu t e2o meepoeHus
YBEIIMYEHUEM BPEMEHU TBEpACHHMsA ! Kodduuuent [I,
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CHIKAETCSl M NpH ¢ > 7 crabuimusupyercsa co 3HaueHusMu u, = 0,14...0,24 . Ha nam B3msn, 3Tor

(akT 00BsACHSAETCS HAOOPOM MPOYHOCTH U JKECTKOCTH CKEJICTHBIX CBS3CH IMeCUaHO-IIEMEHTHOTO KaM-
HSI ¥ CHIDKEHUEM €TO IJIaCTHYCCKHX CBOMCTB. Bimsinue comeprxkanus PIIL] B cocraBe BsOKyIEro ot-
HOCUTEIBHO HEBEIIMKO U cOCTaBIsIeT 7,5...29,4% c oOLel TeHAeHUUEH CHIKEHUS (1, IIPU yBeIUde-

Hun PIII[, 4ro mnpeponpenensercs IOBBILICHUEM JKECTKOCTH CKEJETHBIX CBSA3€H IE€CYaHO-
LEMEHTHOI'O KaMHS.

[IoBbIIEHNE TIECYAHO-LIEMEHTHOIO OTHOLIEHUS CYXOM CMECH CHUYKAET KOJIUYECTBO CTPYKTYpP-
HBIX CBsi3ell B euHuIE 00beMa oOpasiia ¥ MOBBIIIAET €ro MJIaCTUYECKUE CBOMCTBA, YTO OTPAKaeTCs

Ha yBeJIMYEHUH [l B uHTepBaie 5,3...51,7% npu pocre ornomenus I1/1] or 1 go 5.

B 11e710M, BBISBJICHHBIE 3aKOHOMEPHOCTH CBsI3U mapamerpoB K., 657, E, u p, ¢ napamer-
pamu I1/I], PIII] u t sABASAIOTCS OCHOBOHM JUIsl BBIOOpAa pAalMOHAIBHOTO COCTaBa IE€CYAHO-
LEMEHTHOI'O pacTBOPA 3aMlOJIHUTEINS TPYOHO! 3aroToBKM aHkepa TA2.
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VK 622.272 © HO.I1. Kamenko,
E.N. Jloraues,
H.U. Ctynnauk

INPUMEHEHHUE CAMOXOJHOI'O IOI'PY304YHO-TOCTABOYHOI'O
OBOPYJAOBAHMUSA ITPU OTPABOTKE 3AJIEZXKEU BOI'ATBIX ) KEJIE3HBIX PY /|

HageneHo pe3ynbTaTu MpOTrHO3YBaHHS MOXKIIMBOCTI 3aCTOCYBaHHSI Ha OYHMCHUX POOOTax ca-
MOXIJTHOTO HaBaHTa)XyBaJIbHO-TOCTABOYHOT'O 00JIaTHAHHS.

[TpexncraBieHsbl pe3yabTaThl IPOrHO3UPOBAHMS BOZMOXKHOCTH MTPUMEHEHHS Ha OYUCTHBIX pa-
00Tax caMOXOJHOI'0 OTPY304HO-T0CTABOUYHOTO 000PY10BaHHUSL.

Forecast results of possibility of using self-propelled loader-delivery equipment for stope
work are presented in the article.

B nacrosmiee BpCMA JIA YCJ'IOBI/II‘/'I pAada maxT KpI/IBOpO)KCKOFO OacceliHa BBIIOIHAIOTCS IIpo-
CKTHBbIC pa6OTI)I C HCIIOJIb30BAHHMCM Ha BBIIIYCKE M AOCTABKEC pPYyJAbl CaAMOXOAHOI'O ITIOIPYy304YHO-
JOCTaBO4YHOI'O O60py,ZLOBaHI/I$I. B Oacceline uMeeTcs OIBIT OTpa6OTKI/I 3aJIe)Ke MarHETUTOBBIX KBap-
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LIUTOB C MPUMEHEHUEM MOrPYy304HO-I0CTABOYHOrO0 00OpynoBaHUs Ha IaxTe «Cakcaranb» pyzao-
ynpasieHuss uM. [[3epxunckoro B 80-x rr. XX B. [1]. YyacTok 3anexu JUIMHOW MO MPOCTHUPAHUIO
200-250 M oTpabaThIBaJICS ITAXKHO-KAMEPHBIMU CUCTEMAMHU B YCJIOBHSIX OTCYTCTBUS JIEKTPOBO3HOM
oTKaTku. Kpenocts U ycTOMYMBOCTh PYAHOTO MAaCCHBA MO3BOJIUIM MPOXOJIUTh M 3KCIUTyaTHPOBAThH
J0CTAaBOYHBIC BHIPaOOTKH cedennem 10...12 mM* mpakTuduecky 6e3 KpemieHus. Brimyckaemas pyzna
CaMOXOJHBIM O0OPYZIOBaHUEM JOCTABISIACh K PYAOCIIyCKaM U IepelycKajlach Ha HIDKeIexarui
OTKAaTOYHBIA TOPH30HT. OTHAKO BO3MOXKHOCTH 3((PEKTUBHOTO MPHUMEHEHHSI CAMOXOJIHOTO 000py/10-
BaHMS ISl 10OBIUM OOraThIX >KEJIEe3HBIX Py HPU MOJIITAXKHBIX CUCTEMAax pa3pabOTKH C MaCCOBBIM
0oOpYILIEHUEM U MOCIEAYIONIEH 3JIEKTPOBO3HON OTKATKON TpeOyeT MpeiBapUTENIbHOM OLIEHKH.

3ajaua uCCle0BaHUM COCTOsUIa B YCTAHOBJIEHUM 3aKOHOMEPHOCTEH M3MEHEHUsI CTOUMOCT-
HBIX [IaPaMETPOB OT OCHOBHBIX BIUSIOMIMX (PAKTOPOB MPHU TPAIUIMOHHONW TEXHOJIOTHU M MPH MPH-
MEHEHUHU Ha BBIIYCKE U JOCTaBKE CaMOXOJHOro obopynoBanus. [lyTeMm comocTaBiieHUs] NOJIYy4eH-
HBIX PEe3yJITATOB OMPEACIIUIN [EIeCO00pPa3HOCTh UCTIONB30BaHUS PACCMATPUBAEMBIX TEXHOJIOTHH B
KOHKPETHBIX TOPHO-T€0JIOTMYECKUX U TOPHOTEXHUYECKHUX YCIOBUSX.

CymHOCTh TPaJUIIMOHHONW TEXHOJOTHUECKOW CXEeMbI JOOBIYHM PYIbl, MPEACTaBICHHOW Ha
puc. 1, ceonutcs k cienyromemy. Ha nmopsraxxe B npegenax MUpUHBI OJ0Ka 1O MPOCTUPaHUIO B
(OpPMHUPYIOT TOPU30HT CKPENEPOBAHUS C BHICOTOM NHUIIA /,. MOIIHOCTB 3anexu M oObrdHO 0bec-

[IEYMBACT BO3MOXKHOCTb BBIIYCKa PyAbl Ha OJMH-ABA IUTpEKa CKpernepoBaHus. Brilie ropmsoHra
CKpeTiepoBaHMs B Jie)kauyeM OOKY MPOXOAMT MOACEYHON OypOoBOM MITPEK 5, M3 KOTOPOTO OOpYyIIAIOT
CJION pyzibl BBICOTOU /1, -h,, TO€ h, — 