TaOmumna 2
llapamempuol uoenmughuyuposannvix 06paszyos uiiakos Huxononrvcrkoeo gep-
POCNIIABHO20 3A6004

Oopazen | Ilnomaas | Ceerumocts | Ilepumerp M;:;;q‘:;“' (l)lf)([))?wq:,l Pa;zflep Pas;:«ep
H¢pm-8 5772 129 361 110 0,90 59 162
Hdpm-9 5758 150 377 127 0,92 130 152
Hdm-10 4539 125 318 98 0,91 205 166
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JIBH3 «KpuBopi3bKkuii HalllOHAJIbHUIA YHIBEPCUTET»

NCHOJIb30BAHUE HEWMPOHHBIX CETEN NP UCCJIEAOBAHNH
3EMHOUM ITOBEPXHOCTH, IMOAPABOTAHHOMU ITOA3EMHBIMH
I'OPHBIMU PABOTAMU

B cmamve paccmompeHrvl 80npOCHL UCNONb306AHUL MEOPUU HEUPOHHBIX
cemell npu NPOSHO3UPOBAHUU B8bIX00A BOPOHOK HA OHEBHYI0 NOBEPXHOCHb NOO
8030eticmauem no03eMHbIX 20PHbIX pabom.

Y emammi pozenanymi numanns euxopucmanus meopii HeupoHHUX Me-
pedtc npu nPOSHO3Y8aHHI 8UX00Y BOPOHOK HA OEHHY NOBEPXHIO NIO 8NJIUBOM NiO-
3eMHUX 2IPCOKUX pOOim.

The article discusses the use of the theory of neural networks in forecast-
ing output hoppers to the surface under the influence of sub-terrestrial mining.
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IIpoOsiema U €€ cBSI3b ¢ HAYYHBIMHM TAa NPAKTUYECKUMH 32JaYaMHU.
[Ipn no0bIYE TOJIE3HBIX MCKOMAEMBIX MOA3EMHBIM CIOCOOOM MPUMEHSIOTCS
pa3IMYHbIE CHCTEMBI pa3pabOTKH, a TJIaBHBIMU (aKkTopamMu BBIOOpA TOW WU
WHOM CHCTEMBI CIy’KaT TEO0JOTHYecKre, reopu3nueckue W IKOHOMHUYECKHE
dakropsl. B cepenune XX Beka Ha KpuBoposkckoii maxte uM. OpaKOHUKH]I3€
ObLIa IPUHSITA CUCTEMA Pa3padOTKH, PU KOTOPOU MpeaycMaTpPUBAETCS BHIXO]
BOPOHOK Ha JHEBHYIO MmoBepxHOCTh. 18 maprta 2010 roma B ropHOM OTBOAC
maxtbl UM. OpHKOHUKHU/I3€, TTPU BBINOTHEHUH IJIAHOBBIX B3PBIBHBIX padoT, Ha
MOBEPXHOCThH BBINLIA OJ[HA U3 TaKUX BOPOHOK. COOBITHE MPOU3BEI0 OIPOMHBIM
PE30HAHC, TaK KaK 3TO CIY4YWJIOCh B HEMOCPEICTBEHHOM OJU30CTH K KHUIIBIM
NOCTPOIKaM, a MOJ3€MHbIE TOJYKUA ObUIM CIIBIIIHBI TOYTH HA BCEH TEPPUTOPHUHU
CTOKUJIOMETPOBOTO ropojia. B pe3ynbTaTe 3T0r0, paBHUHHASL TEPPUTOPUSI ILJIO0-
mranpio 12 ra B teuennn 10 MUHYT npeBpaTHiIach B BOPOHKY ¢ MUHUMAJIbHOM U
MakCHMaIbHON oT™MeTKaMu +45m u +125m cootBetcTBeHHO (prc. 1). CornacHo
BBINIOJIHEHHBIM pacdeTaM, 00beM 00pa30BaBIICHCS MYyCTOTHI MPUOIUZUTEIHHO

1,8 MutH. M°.

Puc. 1. O6pa3oeaﬂuepom< Puc. 2. I'panuywr 6oponku 6 nenocpeo-

CMBEHHOUOIUZOCU OM NOCENKA

AHaJu3 uccjiel0BaHui U nyOaukanui. Teoprio NporHo3upoBaHust Co-
CTOSIHHSI TEPPUTOPHH, MTOApadaThIBAEMOM TOPHBIMU pabOTaMH, pa3BHBAIOT OTE-
YEeCTBEHHBIC U 3apyOekHbIe yueHble [4, 5]. 3acayxuBaeT BHUMaHUS MCIIOJIB30-
BaHHWC COBPEMCHHBIX KOMITHIOTEPHBIX TEXHOJOTHH M HOBBIX MaTeMaTHYCCKUX
MeTo0B [1, 2, 3]. DddekTHUBHBIM SBIISICTCS TPUMEHEHUE COBPEMEHHBIX BBICO-
KOTOYHBIX MPUOOPOB JIJIs1 BBITIOTHEHUSI MHCTPYMEHTAIBHBIX HAOIIOICHUH.

ITocranoBka 3agaun. HyxxHo ormeruts, uto myisi KpuBOpoxKckoro pe-
TMOHA, BBIXOJ] BOPOHOK Ha JIHCBHYIO TOBEPXHOCTH HE SBJISICTCS HEOOBIYHBIM
sBiieHneM. Hampumep, Tutomianp, 3aHsATas yXe 00pa30BaBITUMHUCS BOPOHKaAMHU
OT BJIMSHUS MMOA3EMHBIX TOPHBIX paboT maxt uM. OpKOHUKKI3E U uM. JIeHu-
Ha, cocTtaBiser 6onee 170 ra. OmHako, 3TOM BOPOHKE, 0Opa30BaBIICHCS B HE-
0e30macHOW OJM30CTH K JKWJIBIM 3JIaHHUSIM W IOJ3EMHBIM TOPHBIM paboTam,
yaensieTcst ocoboe BHUMaHue (puc. 2).

[ToaToMy, Ha TaHHOM OOBEKTE, JUIsl TIOCTOSHHOTO MOHUTOPHWHTA BIIUSHUS
mpoliecca TOPHBIX padboOT Ha KUJIbIE W TTPOMBITIUICHHBIE 3IaHUSI U COOPYKEHUS,
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C MOMEHTa BBIXOJ]a BOPOHKH, BEIyTCS CUCTEMaTHYecKue HabmoaeHus nedop-
Malui penepoB CeTH NPOPUIbHBIX JIUHUM.

N3no0xeHue MaTepuaja U pe3yiabTaTbl. Tak Kak B pe3ysIbTaTe BBIXOa
BOPOHKH «IOTAIICHa» TOJILKO YaCTh MOA3EMHBIX ITyCTOT, TO I 3PPEKTUBHO-
ro MOHUTOPUHTA HEOOXOAMMa CheMKa HEMOCPEACTBEHHO MOBEPXHOCTU BOPOH-
k. HaxoxieHue denmoBeka BHYTPUM BOPOHKM HCKIIIOYEHO, TaK Kak B JIOOOH
MOMEHT MOXET MpPOM30MTH JanbHeilliee oOpylleHue, a B MecTax Teppac u
TpEIMH HaOII0Maf0TCs yrayoieHus 10 3 METpoB U packpeitTreM oT 0,3 M 10 2

M (puc. 3).

Puc. 3. Ilpunecarowyue meppumopuu Puc. 4. Hecmotikue Ko3vipbKu Ha

NOKpblnivl mpewurnamu Kpasix 60POHKU

[ToaToMy, B TaHHOM clilydae pedb MOXKET MJITH TOJBKO O JUCTAHIIMOHHBIX
METOJIaX ChEMKH. BBINMOIHEHNE CheMOYHBIX Pa0OT MTUCTAHIIMOHHBIMU METOMA-
MU Ha JJAHHOM OOBEKTE YCIOXKHSIETCS OOJIBIINM KOJINYECTBOM CIEIU(PUIESCKIX
(akTOpOB, KOTOPHIE HECBONCTBEHHBI IPYTUM OOBEKTAM.

Hampumep, mazepHoe ckaHUpOBaHUE Ha 00beKTe HEIP(HEKTUBHO M3-3a Ha-
aMYrsi OOJBIIOTO KOJMYECTBA «MEPTBBIX 30H». lIpHM TOMBITKE BBIMOJHEHUS
paboT oOKa3zamoch, YTO 30HA IMOKPBITUS CHEMKOH, JMake MPU MaKCUMAIBHO
OO0JIBIIIOM KOJMYECTBE CTaHIMi, He TipeBbiciiia 30% MOBEpXHOCTH, a KAYECTBO
co3/1aHHOM 1M(POBOI MOJETN HU3KOE, W3-3a HAMUYUS Ha OOBEKTE PaCTUTEIb-
HOCTH, IpyTUX npenstcTBuil. Kpome Toro, B MecTax, yA0OHBIX Uil CheMKH (Ha
BO3BBIIICHHOCTSAX BJOJIb KOHTYpa BOPOHKH), HAXOXJCHHUE YeloBeKa Hebe3o-
nacuo (puc. 1, puc. 4), 4To TakKe MPUBOJUT K CYIICCTBEHHOMY CHIIKCHHIO
Ka4ecTBa ChEMKHU.

Broimonnenne aepopoTOChbeMKH C MPUMEHEHUEM MYJIbTUCHIEKTPATbHBIX
KaMmep Jayio Obl HAMITYYIIWA pe3ybTar, HO JUIsl HeOOJbIIKX IIoUaiel, B JaH-
HOM ciydae 25 ra, HeapdextuBHO. OHAKO, Takas ChbeMKa C HEKOTOPOM Iie-
PUOJUYHOCTBIO JIOJDKHA BBITIOJIHATHCS, TaK Kak €€ JaHHbBIE MMO3BOJISIOT TMOJY-
YUTh HAHOOJIeE TOJTHYIO XapaKTepUCTUKY 00bekTa (puc. 5, puc. 6).
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EENNNNS  HaxomOeHue Ye/08eKa KaMezopuUYECKY 3anpeLyeHo

Puc. 5. Hugposoii nnan Puc. 6. ITran 60Hl<u

Coueranne MeToja Ha3eMHOH CTepeo(OTOrpaMMETPUUYECKON CHEMKU U
0e30TpaxkaTeJIbHON TaXEOMETPUHU J1a€T XOPOIIHE PE3yJIbTaThl C TOUKU 3PECHUS
ONEPAaTUBHOCTH M TOYHOCTH, HO MPHU MOCTPOEHUU LU(POBOI MOAenu penbeda
HEOOXOIMMO pelaTh 3aa4y IPU OTCYTCTBUM HEKOTOPBIX UCXOAHBIX JIaHHBIX.

HccnenoBanue MOBEPXHOCTH BOPOHKM MPEMIOKEHO BBINOJIHATH IOCTE
KaXXZI0T0 B3pbIBa C IPUMEHEHUEM HEUPOHHBIX ceTer. TeXHOJIornyeckas cxema
BBITIOJIHEHUSI paOOT BBITJISAUT CIAEAYIOMIMM 00pa3oM.

1. UcxoqHbIMHM TAHHBIMU SIBJISIFOTCS PE3YbTaThl a3pO()OTOCHEMKH, KOTO-
pbI€ UCITOJB3YIOTCA JIsl CO31aHUsI HEUPOHHOW MOJIEIIH.

2. Bca moBepXHOCTh BOPOHKM pa30MBaeTCs Ha MHOXKECTBO Y4YacTKOB, B
npenenax KOTOPBIX BBIMOJIHSIETCS MojieaupoBanue. Pa30uBKa MOBEPXHOCTH Ha
MHO>KECTBO YYaCTKOB HEOOXOAMMa, TaK Kak Ha JaHHBIH MOMEHT, COBPEMEHHOE
COCTOSIHUE KOMIIBIOTEPHOW TEXHUKH HE MO3BOJISIET CO3/1aTh KAYECTBEHHYIO MO-
JIelib Ha BCIO TIOBEPXHOCTh. JTa 3a7ada TpeOyeT OrpPOMHOIO KOJIMYECTBA Bpe-
MEHHU U pecypcoB. UMEHHO MO3TOMY, BaKHOM 3a/1a4€il SIBJISIETCS] ONITUMU3AIUN
KOJIMYECTBA aHATU3UPYEMbIX 3JIEMEHTOB IU(POBOM MOJEIN METOAAMH TeHe-
panu3anuy. B n1aHHOM 3aj1aye IJIaBHBIM KPUTEPUEM T'€HEPAIU3ALUU SBISECTCS
TOYHOCTh 00bEMa, KOTOPBIN ONpenesseTcs OT yCaoBHOU noBepxHocTH. Co3na-
HUE MOJIEJIM Ha BCIO IOBEPXHOCTH, IOJ CHJYy TOJIBKO CIELUHAIU3UPOBAHHBIM
KOMIIBIOTEPAM.

3. st kaxxaoro yyacTka HabupaeTcss MUHUMAJIbHO HE0OX0IUMOE KOJIr4e-
CTBO MHUKETOB METOJIOM 0€30TpakaTeJIbHOW TaXxeOMETpUU WK LU(pPOBOI cTe-
peodoTorpaMMeTpUIECKON ChEMKH.

4. ]I KaKJI0TO y4acTKa T€HEPUPYETCss MOJIETb C YYETOM JIaHHBIX, MOJIY-
YEHHBIX C TOMOIIBI0 HOBOM CHEMKH, BBIIIOJIHEHHOW criocobamMu Oe30Tpaka-
TEJIbHOM TaXeOMETpUU WU HU(POBON cTepeodhOTOrpaMMETPUUYECKON CHEMKHU.
3a 0a3oByl0 mporpammy Jisi pabOTbl C HEHUPOHHBIMH CETSAMH IMPHUHAT IPO-
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rpammubid poaykt StatSoft STATISTICA, Ho aHanu3upyercss BO3MOXKHOCTb
IPUMEHEHUS U IPYTHX IPOTrpamM.

5. Jlyst KaXI0TO y4acTKa pacCUUTBIBACTCS 00bEM OT YCIOBHOH MOBEPXHO-
CTH, YYUTHIBas U3MEHEHUS KOTOPBIX, MOKHO CYIHWTHh O COCTOSIHUU MOBEPXHO-
CTH BOPOHKHU. DTHU JaHHBIE U JIAaHHBIC OMPEJCICHUN MJIAHOBOTO U BBICOTHOTO
MOJIO’KEHUSI perepoB NMPO(GUIbHBIX JMHUNA TMO3BOJISIOT CTPOUTH THUIOTE3BI O
nporeccax, NPOUCXOIAUINX B HEIpax.

JlaHHast METO/IMKA B HACTOAIIEE BPEMS UCCIIEIYETCS U COBEPIICHCTBYETCH.
[TosTomy, emie He MOJTYYSHBI OKOHYATEIbHBIC JAHHBIE O COCTOSSHUHA MAacCHUBa,
HO C JIOCTaTOYHON TOYHOCTBIO PElIeHa 3a/laua BHIOOpa MeCTa ChbeMKHU U y4acT-
Ka, HEOOXOAMMOTO JIJIsl IPOBE/ICHUS JOTIOJIHUTEIILHBIX UCCIIEOBAHUN.

Puc. 7. Uz3onunuu ocaook

Pe3ynbTaTel MccneqoBaHMi MOKA3aJIM, YTO HA JAHHBI MOMEHT, ITOBEPX-
HOCTh BOPOHKHM HAXOJUTCA B CTAIWU JIMHAMUYECKUX W3MeHeHuil. Ha puc. 7
MIPUBEAECHBI U30JIMHUU BEJIMYMUH OCaJOK MOBEPXHOCTHU, MPOBEAECHHBIEC C CEUYCHHU-
eM uepe3 1 metrp. Ha HEKOTOpBIX ydacTKax MpOU3OILIN OCEAaHUsI BEJIMUYUHOU
He 6osee 20 METPOB, YTO MO3BOJISET CEIaTh BEIBOJ O TOM, YTO OOJIBIIIAs YacTh
MyCTOT eIe He moramieHa. Ha o0bekTe HE00X0IMMO BBITIOIHATH JadbHEUIIINE
HCCTIeIOBaHUA 71l oOecriedeHus: 0€30MacHOM SKCIUTyaTallii 3[aHui U COOpy-
YKEHUM, HAXOASIIMXCS B HEMOCPEACTBEHHOM OJIM30CTH K 30HE OOpYILICHHMS, a
TaKKe I 00eCriedeHUsT 0€30IMacHOTO BEJCHUS TOPHBIX paboT.

Jlist penieHus JTaHHOM 3a/1aui, CIoco0 HEMPOHHBIX CeTel BHIOpaH HE CITy-
yaiiHo. MccnenoBanusi mokaszanad, 4TO MPH yCIOBUHU, KOTJAa MMEETCS IMOJHas
uHdopmaiusi 06 00BEKTE, HE CIEAyeT MPUMEHSITh HEHPOHHBIC CETHU, TaK Kak
KJIACCUUECKUE METO/IbI TTOKA3bIBAIOT 00Jiee CTAOUIIbHBIC U TOYHBIE PE3YIIbTATHI.
Ho OOMbIIMHCTBO KIACCHYECKUX METOJOB OKAa3bIBAIOTCS OCCCHIIBHBIMHM TIPH
HaJIMYUU <IIPOIMYIIEHHBIX JTAHHBIX».

B kmaccuueckol Teopur HEUMPOHHBIX CETEN €CTh HECKOJIBKO KJIACCOB 3a-
Jlad, TPAJIUIMOHHO PEIIAeMbIX 3TUM METOJO0M, TAKHUX KaK pPErpeccus, KJiaccu-
(duKkaius, NOHWKEHUE PA3MEPHOCTH, KJIacTepu3anus. DTH 3a/laud, B TOM WU
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MHOM BHJE, peliatoTcs mapkieiaepom. Ho cTpykrypa Mapkienaepckux J1aH-
HBIX JaJieka OT TOM KJIaccHuuecKor (OopMbl, JUIsi KOTOPOW pa3paldaThIBaIKCh
HelpoHHbIe ceTu. KitaccmueckuMu mpuMepaMu MOTYT CIIYXKWTh 3aJlaud C Kyp-
COM BaJIIOThl WJIM KOTUPOBKOM aKIMid, pa3Mephl MSITEH HA COJIHIIE, MIpecKa3a-
HUE TEMIIEPATyPhI 110 Pe3yIbTaTaM MHOTOJICTHUX HAOIIOICHUN U T. 1.

Meto HEMPOHHBIX CETEM C CaMOro Haydajla HaKJIAJIbIBAET CEPbE3HBIE OT-
paHUYEHUs, PE3KO YMEHbIIAOME 00J1aCTh UX TPUMEHEHHS B MAPKILICHIEPUU:

BO-TIEPBBIX, HY’KHO BJIaJI€Th JAHHBIMU O TOM, €CTh JIM MEX/y U3BECTHBIMU
UCXOAHBIMU (HavaabHBIMH) 3HAYCHUSIMH W HEU3BECTHBIMHM BBIXOJHBIMH (KO-
HEYHBIMH) JAHHBIMH CBSI3b;

BO-BTOPBIX, KaK MPAaBUJIO, HEUPOHHBIE CETH MCIIOIL3YETCS TOTJa, KOTaa
HEU3BECTEH TOYHBIN BUJI CBSI3M MEXKIY UCXOJHBIMU M KOHEYHBIMU JIAHHBIMH, -
eciu ObI OH OBIT M3BECTEH, TO MOKHO OBLTO OBl TPUMEHSITh HETIOCPEACTBEHHOE
MO/ICTTUPOBAHME,

B-TPETHUX, JIJI1 00yUEHHUs CETH HEOOXOJMMbI UCXOJIHbIE JaHHBIC B J10CTa-
TOYHOM KOJIMYeCTBE (Tak Ha3bIBaeMasi IPEIBICTOPHS), U TAKUX JTAHHBIX JTOJDKHO
OBITh OT HECKOIBKHX JICCATKOB 10 HECKOJIBLKHUX COTEH.

BbiBOAbI M HATIpaBJIeHUE JAJbHENIINX UCCHAe0BaAHUN. MOXHO yTBEp-
KIaTh, YTO OOJBITMHCTBO 3a/1a4 MapKIIEHIEPCKOTO 00ECIIEYEHUS MOIXOST 110
PACCMOTPEHHBIM KPHUTEPUSIM JIUIITh YACTUYHO. DTO CBSI3aHO C OCOOCHHOCTSIMHU
MpEeACTaBICHUS MAPKILIECHIEPCKUX JaHHBIX, KOTOPbIE HY>KHO MPeoOpa3oBbIBAThH
U CTPYKTYPHPOBATh TAKUM 00pa3oM, 4TOOBI X 00paboTKa Oblia ObI BO3MOXKHA
HEUPOCETEBBIMU METOJIAMMU.
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