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3AKOHOMEPHOCTHU U3BMEHEHUSI MAKCHUMAJIBHBIX
OCEJAHU 1 HAKJIOHOB 3EMHOM MOBEPXHOCTH
HA CTAJIMU ®OPMUPOBAHUS MYJIbJAbI CABUXEHUS

Hazapenko B.A., Kyuun A.C., banadun N.E.
HI'Y, r. IHenponeTpoBCcK, YKpanHa

[IpuBeneHbl pe3yNbTaThl UCCICIOBAHMN MYJIbIbI OCCIAaHMsS Ha
ctaguu (popMUpoBaHUs. YCTAaHOBJICHBI 3aBUCUMOCTH ITOJIOKEHUS |
BEJTMYMH MaKCHMAJIbHBIX OCEAaHUN U HAKJIOHUB 3€MHOM MTOBEPXHOCTH
OT IIOJABUTAHUS OYKNCTHOIO 3a004.

The findings of investigation of a subsidence trough at a forma-
tion stage are explained. Dependences of position and value of maxi-
mum subsidence and tilt from the size of mined-out space are deter-
mined.

OnHolM U3 OCHOBHBIX 3a7a4 MapKIIEHACPCKON CIIyKObl TOPHOIO
OpeAnpUsITUsl SIBIsETCS oOecrieueHue Oe30MmacHor MoapadoTKU Co-
OpY>KEHUU U MPUPOAHBIX OOBEKTOB. Perienne 3Toil 3a/1aun 3aBUCUT OT
OOBEKTUBHOCTH NPOTHO3UPOBAHMS BIMSHUS TOPHBIX pa3pabOTOK Ha
noapadaThiBaeMble 00BEKTHI, UTO, B CBOIO OUEPE/Ib, ONPEIEIICTCS CO-
OTBETCTBHEM MPHUHATHIX UCXOAHBIX MapaMETPOB YCIOBUSIM pa3paldoT-
KM MECTOPOXKACHUSA. 3HAUCHUS MAaKCUMAJIbHBIX CABUXEHUU U nedop-
Malui 3€MHOW TMOBEPXHOCTHU SBJISIOTCS OCHOBHBIMH XapaKTEPUCTH-
KaMU IIpOLEcCa CABMKEHUS 36MHOM ITOBEPXHOCTH HAJ OYHCTHBIMU
paboTamMu YroJIbHBIX IIaXT, & PACCTOSIHUS TOUYEK C MaKCUMalbHBIMHU
nedopMalMsIMU OT TPaHULIBI OYUCTHOM BBIPAOOTKM MPUHUMAIOTCA B
KA4eCTBE MCXOJHBIX NAapaMETPOB BO MHOTMX METOAMKAX pacyera
CABWKEHMI U Aedopmanuid moBepxHocTH [1-3]. B coBokynmHOCTH 3Ha-
YEHUSI MAaKCUMAaJIbHBIX AedopMaliidi U UX MOJOKEHUE B MYJIbJIE TAIOT
HaIUISIIHOE TIPE/ICTABICHUE O pacIpelesieHUH CIABUKEHHU u nedop-
Malllii 3eMHON TOBEPXHOCTH HaJl OYUCTHBIMU BBIPAOOTKAMHU.

AHaN3 pe3yabTaTOB MAPKIIEHAEPCKUX NHCTPYMEHTAIbHBIX Ha-
OJIFOZICHUM 32 36MHOM MOBEPXHOCTHIO HAJl OYMCTHBIMU TOPHBIMHU BbI-
paborkamu maxt 3anagHoro JloHOacca moKas3bIBaeT, YTO MPOLECC
CABUKEHMS Ha CTaJAUMU (POPMUPOBAHUSA MYJIbJIbl CIABUKEHUS UMEET 3a-



KOHOMEPHOCTH, IPOSIBIISIFOIIMECS MPAKTUYECKH BO BCEX HaOIIOJ1ae-
MbIX ciydasx. OnHa U3 3TUX 3aKOHOMEPHOCTEH BBIPAXKAETCS B 3aBU-
CHMOCTH TIOJIOKEHUSI TOYEK, UMEIOIINX MAKCUMAJIbHBIE OCEHaHHUE U
HAaKJIOH Ha MOMEHT BBINIOJIHEHUS WHCTPYMEHTAJIbHBIX HaOJIIOJECHUM,
OT TEKYIIET0 pa3Mepa OUUCTHON BHIPAOOTKH.

HccnenoBanus BHIMOIHSIIMCH TIO TAHHBIM HATYPHBIX U3MEPECHUN
Ha 8 HAOJIOAATENbHBIX CTAaHIUAX. YHCIO CEepUil MHCTPYMEHTAIbHBIX
HaOJII0ICHUN Ha CTAHIMAX pa3IMuyHOE W HU3MeHsiercsa ot 2 ao 15. O6-
M€ TOPHO-T€OJIOTMYECKUE YCIOBUS MOAPAOOTKH 3€MHOM MOBEPXHO-
CTM Ha aHaJU3UPYEeMbIX HAOIIOJATENbHBIX CTAHIUSIX CICAYIOIIUE:
IIYOWHBI 3aJIeTaHMsl pa3padaThIBAEMbIX YTOJIbHBIX IIJIACTOB B pailOHE
pazpe3Hou neun u3MeHsroTes ot 110 1o 250 M, MOIITHOCTh HAHOCOB —
oT 50 go 80 M. Beinumaemass MomiHocTh miactoB 0,65-1,10 M; cko-
pOCTh TOABUTaHUSL O4YUCTHOro 3a00s 30-80 m/mec.; KOA(hPUIUEHT,
XapaKkTEPU3YIOIIUN CTENEeHb MOIPpa00TaHHOCTH 3€MHON MOBEPXHOCTH,
u3mensercs oT 1 mo 0,65; ynpaBieHHe TOPHBIM JABICHUEM — MOJIHOE
oOpyIIeHHUE.

JI1s aHanm3a 1o pe3yJsibTaTaM MepUOoIUYeCKUX HAOIIOAESHUM JIs
Ka)XJ0M CTaHIIMU MOCTPOCHBI IpadUKK OCEAaHUM U HAKJIOHOB 3€MHOM
noBepxHocTH. Ha rpadukax Ha Kax/10i1 KpUBOM OCEaHUS U HAKJIOHOB
(puc. 1) puKCUpyrOTCS TOUYKHU, UMEIOIIME HAMOOIBIINE 3HAYEHHUS OCe-
naHus (1,,,), OJOKUTEIBLHOTO U OTPUIIATEILHOTO HAKIIOHA (i, I.y) U
MEePEXOIHAS TOYKA, B KOTOPOM MEHSETCS 3HAK HAKJIOHA, & CAM HAKJIOH
paBeH Hy:ro0. [TonoxkeHue 3a00s1 Ha JaTy HAOIIOACHUS ¢ ONIPEACIsETCS
paccrosiaueM D, oT pa3pe3Hout neun. Kpome 3toro, Ha pa3pese 3ame-
PAIOTCS TOPU3OHTATIbHBIC PACCTOSHUS Ly, Ly, Ly, OT 32005 10 Xapak-
TEPHBIX TOUYEK KPUBBIX OCEIaHUS U HAKJIOHOB.

TakuM o0pazoM, sl KaXI0d M3 HaOMIOAaTEIbHBIX CTaHIUM
dbopmupyercs 0a3za AaHHBIX, COCTOSIIAS M3 /1-TO YHUCJA PACCTOSIHUMN
Dy, L, L. Lo A BEMUYUH s, Lnsy Lps, TIE N — KOJIIMYECTBO AHAIU3U-
PYEMBIX CEpUl MHCTPYMEHTAILHBIX HAOIIO/ICHUI Ha CTaHIMU. B uTo-
re obmas 6a3za JaHHBIX JJI1 UCCIIETyEMbIX HAOIIOJaTEeIbHBIX CTAaHIIUM
cocTaBmiia 85 cepuil HaOIIOICHUH.
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Puc. 1. I'paduku oceganus u HaAKJIOHOB MO NPOPUIBLHON JTUHUU



[TonyuyeHHbIE JaHHBIE MO KaXXJAOMY U3 aHAJIM3UPYEMBIX CIIy4acB
noApabOTKHU 3€MHON MOBEPXHOCTH MPAKTUYECKU HEBO3MOXKHO COIOC-
TaBUTh MEXIY COOOM M3-3a Pa3HUIIbI TOPHO-T€OJIOTMYECKUX YCIOBUHN
U Pa3IMYHOr0 pasmepa BbIpabOTaHHOrO MpocTpaHcTBa [;, COOTBETCT-
BYIOILIETO JaTe HATYypHOTOo HaOmoAeHus. [103ToMy HamMu BBIIOJIHEHO
NPUBEJICHUE JIMHEWMHBIX MAapaMeTPOB BCEX T'PaUKOB K €IUHUYHOMY
BUy. JJig 3TOr0 JUIMHBI UHTEPBAJIOB MEXAY pernepaMu npodUiIbHbIX
JIMHUN, BEJMYMHBI MOJBUTAHUS OYUCTHBIX 3a00€B [);, TOPU3OHTAIIb-
HBIE PACCTOSIHUS OT Pa3pe3HON MeUu 10 XapakTepHbIX ToueK (L., L
Ly;) 1 BepTUKaJIbHBIE pa3Mepbl T€OJOTMUECKUX Pa3pe30B ObLIN pase-
JIEHbI HA BEJIMYMHY TNIYOMHBI OTPaOOTKH YroJbHOTO Imacta H, coot-
BETCTBYIOIIYIO YCIOBUSM KaX10W HAOII01aTeIbHON CTAHIIUH.

3HAYCHU MAKCUMAJIBHBIX OCEIAHWUM 3€MHOW TMOBEPXHOCTH 3a-
BUCST OT MHOTHX (DaKTOPOB: IIyOMHBI OTPaOOTKM ILIACTa, €r0 MOII-
HOCTM W yrja MaJieHUs,, pa3MepOB OUYMCTHOW BBIPAOOTKH, (PU3UKO-
MEXaHUYECKUX CBOMCTB MOpOJ moapadarbiBaemMoil toimu. s yct-
paHEHHUsI BIUSHAE BHIHUMAEMON MOIIHOCTH YIOJBHOIO IJIACTA U CTE-
NEeHW TOAPa0OTAHHOCTH 3E€MHOM TOBEPXHOCTH [0 HAIMpPaBJICHUIO
BKPECT MOJIBUTAHUS OYUCTHOTO 320051, KOTOpasi, B CBOIO OYepe/ib, 3a-
BUCHUT OT JJIMHBI JIaBbl U TIIyOWHBI pa3pabOTKH, MOJYyYEHHBIE B pe-
3yJbTaTe HAOMIOJCHUI 3HAYEHUS 1],, ObUIM BBIPAXKEHBI B JOJAX OT
MaKCUMAaJIbHOTO OCEJaHMsd Ha MOMEHT OKOHYAHMS Ipoliecca CABUXKE-
HUSA 7,

JI1st npuBeieHUs K €IMHUYHOMY BUAY Tpa)MKOB HAKJIOHOB Clie-
IyeT YYWUTHIBaTh Pa3HUIy B MAaKCUMAaJbHBIX OCEHAHUAX 1], 3EMHOMN
MOBEPXHOCTH HAJl OUMCTHBIMHU BBIPAOOTKAMH U TOT (PaKT, 4TO JIMHEH-
HbIE pa3Mephl CEYEHUN MO NPO(PUIBHBIM JIMHUSIM U, COOTBETCTBEHHO,
rpauKOB pa3feiieHbl HA BEIUYUHY [, 4TO IPUBOJUT K YBEIMYECHUIO
3HAQYEHUN HAKJIOHOB Ha TPAHCHPOPMHUPOBAHHOM rpaduke MponopLumro-
HaJIbHO IrTyOuHe. TakuM o0pa3om, BhIpakKeHUE J1JIsl IPeoOpa30BaHHBIX
3HAYEHUI HAKJIOHA UMEET BUJL
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TAE€ 7], , Mu.; — BEJIWYHHBI OCEAAHHN COOTBETCTBEHHO MEPEIHETO U
3aJHEr0 KOHIIOB MHTEpBajia, MM; /[ — JIJTMHA MHTEpBajla MEX]y perie-
paMH U3 MEPBOTO HAOIIOACHUS, MM.



Ha pucynkax 2 u 3 moka3aHsl pacupeacieHus pacCTOSHUMN L,
L_1, Lo, B 3aBUCUMOCTH OT pa3MEPOB OUHMCTHOM BbIPAOOTKHU D,.
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Puc. 2. Pacnipenenenue L,,/H ot D/H nist ocenanuui 1,
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Pwuc. 3. Pacnpenenenwve L,,;/H, L.,,/H, Ly,/H oT D,/H pns1 HakKmno-
HOB 1,1, Lt Lot

Pacnpenenenus n,,/n,, or D/H (puc. 4) yka3blBaeT Ha HaJIU4UE
JIOBOJILHO T€CHOM B3aMMOCBSI3M MEXIY 3TUMHU MMapamMeTpaMyu MYJIbJbl
CABWKEHMSI. AHAIN3 TpaduKka Ha puC. 4 TMOKA3bIBAET, YTO HA YYACTKE
0,2 < D/H < 0,7 pactipeneneHusi UMEET MPaAKTUYECKU MPSIMOIUHEH-
Hyto ¢hopMy, U HauuHas co 3HadeHuss D/H = 0,7 acUMOTOTHYECKU

IPUOINKACTCS K MPEICTIbHOMY 3HAYCHUIO 1,/ 1, = 1.
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Puc. 4. Pactipenenenue 1,,/n,, ot D/H

I'paduxu 3aBucumocreut L, /H ot D,/H (puc. 2) u 1,,/1n, OT
D/H (puc. 4) umeroT oO0Iiyr0 0Ch aOCIIUCC, YTO MO3BOJISET CBECTU UX
BoenrHO. Eciau cnpoenupoBaTh 3HAYEHUS BEJIMYMH OTHOCUTEIIbHBIX
MaKCHUMaJIbHBbIX OCeJaHui ¢ rpaduka 3aBUCUMOCTH 1,/ 1,, OT D,/H Ha
rpaduk 3aBucuMocTH L,,,/H ot D,/H v Ha xpuBoi L,,/H 0003HaYUTb
UX TIOJIOKEHHWE M BEJIWYWHBI, TO TMOJYYHTCS rpaduK, KOTOPBIH OTO-
OpaxaeT 0o0IIMe 3aKOHOMEPHOCTH M3MEHEHHUSI MAaKCUMAJIbHBIX OcCelia-
HUM B popmMupyrolencs Mmyibe (puc. 5).
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Puc. 5. O0mmii rpadvk OTHOCUTEIBLHBIX MaKCUMAaJIbHBIX OCEaHUN Ha

ctaguu (POPMUPOBAHUS MYJIbIbI

Ha ocHOBaHMM yCTaHOBJICHHBIX PacCIpPEICICHUN IMMOCTPOEH pe-
3YJABTUPYIONIUN TpaduK, XapaKTEPU3YIOIIUN MOJIOKEHUE U BEIIMUUHBI



MaKCUMAaJIbHBIX HAKJIIOHOB 3€MHOM TOBEPXHOCTH HaJa JBHKYIIUMCS
OYHUCTHBIM 3a00€M Ha CcTaguud (HOPMHUPOBAHUS MYJIbIbI CIABHUKESHUS
(puc. 6). 31ech K€ MOKa3aHO pacHpeeICHUe OTHOCUTEIbHBIX MAaKCH-
MaJILHBIX OCEeIaHUM.
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Puc. 6. CBoaHbIi rpaduk pacnpeiesieHus MAaKCUMaIbHbIX HAKJIOHOB U
OTHOCHUTEJIBbHBIX OCEaHUI

AHam3 CBOJHOrO Tpaduka MOKa3bIBAET, YTO MPH OTHOIICHUU
pasMepa BbIpa0OTaHHOIO MPOCTPAHCTBA (10 HAIMIPABIICHUIO JIBUKEHUS
O4YMCTHOro 3a00s1) D,/H<0,5 Touka MakKCUMaJIbHOTO MOJIOKUTEILHOTO
HakJI0Ha (OHa )K€ — TOUKa Iepernda KpuBOM OCe/laHusl) paciojaraeTcs
3a mpeesiaMu MPOEKIMU OYuCcTHOM BbIipaboTku. IIpu D/H=0,5 nomno-
KEHHE MaKCUMyMa TOJO0KUTEIbHBIX HAKJIOHOB COBIAJAET C IIPOCKIIH-
€1 pa3pe3HOM TEYUH.

ITo Mepe yBenuyeHHUs pPa3sMEpPOB OYUCTHOM BHIPAOOTKH TOUKa
MaKCHMYyMa IMOJ0XKUTEIbHBIX HAKJIOHOB MEPEMEIIAETCsS B CTOPOHY 3a-
00s1, a BEIMYMHBI HAKJIOHOB yBenumuuBarotcs. Ilpu D,/H=0,75 nono-
KEHHUE TOYKH IMOJIOKUTEILHOI0 MaKCUMyMa CTaOWJIM3UPYETCS U OHa



octaHaBnuBaercs Ha paccrossuuud 0,07L/H ot pazpesnoi neuu. Ilpe-
JENbHOTO 3HAYEHHMS, PABHOTO 2 MAKCHUMAJIbHBIA HAKJIOH JIOCTUTAET
IPU OTHOLIEHUH pa3Mepa BhIPaOOTKH K TiTyOrHe OJr3KoM 1.

Touku OTpUIIATEIBHBIX MAaKCHUMAaJbHBIX HAKJIOHOB IepeMela-
I0TCS BCJIE 3a 3a00€M MO MPAMOJIMHEWHONW TPACKTOPUU 1O TOCTUMKE-
HUS BBIPAOOTKOM pa3zMepa, paBHOro riayouHe pazpadbotku. J[o 3Toro
MOMEHTA U MaKCHUMaJIbHbIE OCEJIaHMs 36MHOW MOBEPXHOCTU 00pa3yIoT
B MPOCTPAHCTBE NMPSIMYIO JIMHUIO, & BEIUYHUHA 1],/ 1, cocTaBisieT 90%
oT MakcumyMa. [Ipu TOCTHUKEHUHU OTHOIIEHUS pa3Mepa BhIPaOOTKH K
rJIyOMHEe paBHOro 1, MakCUMaJbHBIA OTPUIATEIbHBIN HAKIOH J1OCTHU-
raet Mmakcumyma (i’,,; = -2) u Oonble He u3MeHseTcs. Touka oTpuiia-
TEIBHOTO MaKCHMyMa MPOAOJIKAET MEPEMENIAThCS B IMPOCTPAHCTBE
napajuieJJbHO OUUCTHOMY 3a0010.

[Tocne mocTuKeHHsI HAKJIOHAMH MaKCHUMaJlbHbIX 3HAUEHUN Mak-
CUMaJIbHOE OCEJaHue MPOJOJIKAECT MEIJIEHHO PacTy JI0 MPEAEIbHOTO
3Ha4YEeHUsI, KoToporo aocturaet npu D,/H = 1,45.

OO6muii aHanu3 rpaMKoOB HA pUC 7 MPUBOJAUT K BBIBOAY O TOM,
YTO TIOJIOKHUTEIbHBIE W OTPULATEIbHBIE MAaKCHUMAJIbHbIE HAKJIOHBI
36MHOM MOBEPXHOCTU MPHU OJHOM U TOM XK€ IOJIOKEHUU OUYHCTHOTO
320051 OAMHAKOBBI 110 BEJIUYMHE W PABHOYAAJICHBI OT TOYKH Ieperndoa
KpPUBOM HAKJIIOHOB (TOYKM MAaKCHUMaJbHBIX OCEIaHUi). DTO CBHJE-
TEIbCTBYET O TOM, UTO IMOJOKUTEIbHBIE U OTPULATEIbHBIE HAKIOHBI
Pa3BUBAIOTCA CUMMETPUYHO, & 3TO YKa3bIBAET HA CHMMETPHUIO MYJIbJIbI
CABUKEHHUSI Ha CTaAuu €€ (OpMUPOBAHUS.
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