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OBOCHOBAHUE TEXHOJIOTUIN
TTOOIEPKAHUSI BBIEMOYHBIX BBIPABOTOK
[IPU OTPABOTKE ITOJIOTMX YT'OJIbHBIX IIJIACTOB
HA BOJIBIINX ITTYBUHAX

0.U. KasanuH', A.A. Cupopenko’, A.A. EsciokoBa’, /lio Li3biny'

! CaHkT-leTepbyprckuit ropHbin yHuBepcuteT, CaHkT-leTepbypr, Poccus,
e-mail: Kazanin_Ol@pers.spmi.ru

Annomauus: TlpuBemeH aHaM3 OTEUECTBEHHOTO 1 3apYOEsKHOTO OIbITa 06eCIeueHust yCTou-
YMBOCTM BbIPAGOTOK, OKOHTYPUBAIOIIMX BbIEMOUYHbIE YYACTKIM HA YrOJIbHBIX Iaxrax. [Tokasa-
HO, UTO TIPM OXpaHe BbIPaOOTOK LIeJIMKAMM C YBEIMUEHMEM [JTyOVHbI BEIEHMSI TOPHBIX paboT
BO3HMKaeT HeOOXOAMMOCTb TOBBIIIEHNMST pasMePOB OCTaB/ISIEMBIX I[EJIMKOB, UTO BEIET K POCTY
9KCIUTyaTalMOHHBIX TIOoTeph Y. OcTaBiisieMble 1eJMKY (GOPMUPYIOT 30HBI MOBBIIIEHHOTO
TOPHOTO JIaBJIeHMsI, UYTO OCJIOKHSIET OTPabOTKY COMMKEHHbIX IIACTOB, a TaKyKe MOXKET Mpe[-
CTaBJISITh OMACHOCTh C TOUKM 3PEHNsSI TOPHBIX YIapOB. PacCMOTpeHbI TEXHOJIOI MM TTO/IePyKaHusT
BBIPaBOTOK IIPM GECIEIMKOBBIX CXeMaX MOATOTOBKM BhIEMOUHBIX YUACTKOB, BKIIIOYAsl BHIGOD
(bopMBbI 1 pasMepoB MOMEPEUHOTO CeUeH s BbIpaboTOK, ITapaMeTPOB MMacropTa KperyieHns, Kpe-
M YCUJIEHNSI B 30HE OITOPHOT'O IaBJIeHNsI JIaBbl, [IapaMeTPOB OXPAHHBIX COOPY’KEHMI Ha TPaHM-
1€ C BhIPabOTaHHBIM IPOCTPaHCTBOM. OT/IEIbHO [TPUBENEHO OMMCAHME OIbITA YTOMbHBIX IHIAXT
Kwurast o 6ecIiemmKoBOi MOArOTOBKE BHIEMOYHBIX YYaCTKOB IPHM OTPabOTKe MOIIHBIX MJIACTOB
cUCTeMaMy C OOpYIIeHMEM 1 BbITyCcKoM yriist. OTmeueHa 3 (heKTMBHOCTD IIPYMEHEHNS B Kaue-
CTBE OXpaHHBIX COOPYKEHMIT Ha IPaHMIle C BbIPAGOTaHHBIM MPOCTPAHCTBOM CTaJIbHBIX TPYO,
3aII0JTHEHHBIX GeTOHOM. IIpMMEHNTENIHO K TOPHO-TEOJIOTMIECKUM Y TOPHOTEXHMIECKUM YC-
JIoBUAM I1axT BocTtounoro JloH6acca pacCMOTPEHbI BO3MOKHOCTHM MPUMEHEHMsT Pas3/JIMuHbIX
OXPaHHbBIX COOPYIKEHMIT IS TIOAAepsKaHusT BhIpabOTOK 3a JiaBoi. [TokasaHo, UTO st TOHKUX
IIJIACTOB, TZe BhIPAOOTKM IIPOBOIATCS C IPUCEUYKON GOKOBBIX IMOPOJ, B KAUeCTBE IePCIIeKTUB-
HBIX CIIOCOBOB OXPaHbl BO3SMOYKHO IIPMMEHEHMEe OXPAaHHBIX COOPYKEHUI, B KOHCTPYKIIMIO KO-
TOPBIX BXOAMT ITOPOIA OT IPUCEUKN. BhIMOSHEH aHa/IN3 BO3MOKHBIX TEXHOJIOIMI BO3BEIEHMS
OXpaHHbBIX COOPY’KEHMI1, OIpeaeieHbl HallpaB/JIeHMsT COBEPIIIEHCTBOBAHNUS TEXHOJIOTMYECKUX
CXeM IMPOBENEHMS U MOIAepPsKaHysl BhIEMOUHBIX BbIPAGOTOK JIsI YCJIOBMIA IIaxXT BocTouHOoro
Iounbacca.

Kntouessle cnoga: yromb, MoioOrKe IJIACTHI, IIAXTa, TIyOMHA pa3pabOTKY, BIEMOUHBIN yYa-
CTOK, BbIpaGOTaHHOE MPOCTPAHCTBO, MOAAEP>KaHMEe BHIPAOOTOK, OXPAHHbIE COOPYsKeHMs, at-
(bexTUBHOCTD.
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Justification of the longwall panel entries support technology
when mining gently inclined coal seams at large depths

0.1. Kazanin', A.A. Sidorenko', A.A. Evsiukova', Zilu Liu'
! Saint-Petersburg Mining University, Saint-Petersburg, Russia, e-mail: Kazanin_Ol@pers.spmi.ru

Abstract: The analysis of domestic and foreign experience in ensuring stability of the panel
entries, outlining the longwall panels in coal mines is presented. It is shown that with increasing
the depth of mining operations to provide the entries stability by leaving the pillars there is a
need to increase the size of the pillars, thus increasing the operating losses of coal. The pillars
create a stress shadow zones, which complicates the mining of adjacent seams, and may also
create the hazards of rockbursts. The article considers the technologies of panel entries main-
tenance at pillarless longwall mining system, including the choice of the form and sizes of the
cross-section of panel entries, parameters of the support pattern, support reinforcement in the
zone of the longwall face abutment pressure, parameters of the supporting constructions on the
border with the gob area. Separately, the experience of Chinese coal mines in applying pillar-
less mining system for mining thick seams with top coal caving is described. The effectiveness
of using steel pipes filled with concrete as supporting constructions at the border with the gob
area is noted. With regard to the geological and mining-technical conditions of the mines of the
Eastern Donbass, the possibilities of using the various supporting constructions to maintain the
longwall entries behind the longwall are considered. It is shown, that for the thin seams, where
panel entries is developing with the cut-off of the surrounding rock layers, the application of the
supporting constructions, which includes the rock from the cut-off, is the most perspective way
of supporting. The analysis of the possible technologies of erection of the supporting construc-
tions is made, the directions of improvement of technological schemes of entries development
and maintaining the for the conditions of the mines of the Eastern Donbass are defined.

Key words: coal, gently inclined seams, mine, development depth, longwall panel, gob area,
panel entries maintenance, supporting constructions, efficiency.

For citation: Kazanin O. 1., Sidorenko A. A., Evsiukova A. A., Zilu Liu Justification of the
longwall panel entries support technology when mining gently inclined coal seams at large
depths. MIAB. Mining Inf. Anal. Bull. 2023;(9-1):5-21. [In Russ]. DOI: 10.25018/0236 1493
2023 91 _0_5.

BeepeHue

bespeMoHTHOE noaaep>kaHMe BbleMOY-
HbIX BbIpabOTOK SIBNSIETCS OAHMM U3 YCIO-
BUM obecreveHms 3bPekTUBHOCTU 1 Be3o-
MacHOCTM Nnoa3eMHou yrnenobbiuu. Moteps
YCTOMYMBOCTM BbIpabOTOK, OKOHTYpUBa-
FOLLMX BbIEMOYHbIE YYACTKM, MPUBOAMT K
YMeHbLLUEeHUI0 CBOBOAHOro ANs Mpoxoaa
BO34YyXa CEYEHMUs BblpabOTOK, LOMOJIHU-
TeNbHbIM 3aTpaTaM Ha PEMOHT, NMPOCTOAM
BbICOKOMPOU3BOAMTENILHOTO 060PYL0BaHNS

6

O4YMCTHbIX 3a60eB. [Mpn 0BLMX TpeHdax no
YBEJIMYEHUIO Pa3MEPOB BbIEMOYHbIX Y4a-
CTKOB, MOBbILUEHUIO UHTEHCUBHOCTU OYU-
CTHbIX U MPOXOAYECKUX paboT Ha doHe
YBEJIMYEHUS FYyBUHbI BEAEHWS FTOPHbIX pa-
60T pelUeHMe BOMPOCOB GE3PEMOHTHOMO
noaLep>aHus BbipaboTok npuobpeTtaeT
0cobyto aKkTyanbHOCTb. [Moa3emHas yrne-
fobblva Ha waxtax P® cocpepoToueHa
rNaBHbIM 00pa3oM Ha MOJOrMx naacTax.
Mpur 3TOM MOLLIHOCTb OTpabaTbiBaeMbIX Ma-



ctoB konebnetca ot 0,9 go 10,0 M, rnybu-
Ha BedeHust ropHbix pabot — ot 100 mo
1100 m. BeipaboTku npoBoaaTcs, Kak npa-
BWJIO, MpSIMOYroNibHOM (hOpMbl Monepey-
HOrO CEYEHWS C UCMONb30BaHUEM aHKep-
HOM Kpernu B KayeCTBe OCHOBHOW. Takxe
B MOC/IeLHEe BPEMS Ha YrOJIbHbIX LIAXTaX
Poccum n 3a pybexxom LuMpokoe pacnpo-
CTpaHeHWe AN KpenyeHus BblpaboToK
MONy4YUIn KOMBUHMPOBAHHbIE KPenu, Co-
CTOsILLME M3 COYETAHMM aHKEPHOM CTane-
NOSIMMEPHOM, paMHOM MOLAEPXKMBAOLLEN
Kpenu v (Mnn) aHKepHOW CTanenonuMmep-
HOW L,BYXYpOBHEBOW Kpenu. B 3oHe Bnug-
HWSI OMOPHOTO LABMEHMS NaBbl YCTaHABM-
BAeTCs Kpernb YCUJIEHUS, KOTOPasi MOXeT
ObITb MpeLCcTaBMeHa KaHaTHbIMK aHKepamu,
LOMONHUTENbHBIMU CTOMKaMW UK coye-
TaHWEM KaHaTHbIX aHKepoB M cToek. Han-
bonee CNOXHble YCNOBUS MOLAEPXKAHUS
MMEIOT BbleMOYHble BbIpaboTKM B BecLe-
JIMKOBbIX CXeMax MOArOTOBKM MpuW BeAe-
HWM rOpHbIX PaboT Ha 6oNbLUIMX FNyBMHaXx.
B 3Tux cnyvasx ans nopaepykaHvs Bbipa-
6OTOK 3a NaBOM Ha rpaHuLe C BbipaboTaH-
HbIM MPOCTPaHCTBOM BO3BOAATCS pPa3nuy-
Hble OXpaHHble coopyeHus. B kauecTse
OXPaHHbIX COOPYXXEHUW, B 3aBUCMMOCTU
OT FOPHO-TE0NIOrMYECKUX Y TOPHOTEXHUYe-
CKUX YCNOBUM, MPUMEHSIOTCS OpraHHble
psAbl, KOCTPbl, MOAOCHI U3 30/106/10KOB,
6/I0KM U3 >Kene30beTOHHbIX TyMB, MOryT
NMPUMEHSITLCS MOPOAHbIE MONOCHI, NNTbIE
nonocbl U np. YCTOMYMBOCTb BbipaboToK
OnpeaensieTcsl MHOXECTBOM Pas3MYHbIX
(hakTOpOB, B CBSA3U C YeM BbIOOP paLmo-
HasIbHOro coyeTaHust GOpMbl U pa3MepoB
MOMepeyHoOro CeYeHus, TMNa OCHOBHOW
KPEeMnu 1 Kpenwu YCUNEHUSI, OXPaHHbIX CO-
OPYXXEHWM WM WMX MapameTpoB, CrocoboB
yMpaBieHUsl COCTOSIHMEM MacCuBa BOKpPYT
BbIpabOTOK MO-MpeXXHEMY OCTaeTCs akTy-
anbHOM 3afia4en Ang FOPHOM HayKuM U Npak-
TukK. B cTaTbe paccMoTpeHbl pa3nnyHbie
TEXHOMIOrMW NOAAEPIKAHUS BbIEMOYHbIX Bbl-
paboTOK C aHaNM30M MepcrnekTUB UX NpUMe-
HeHWs Ha WaxTtax BoctouHoro Jonbacca.

HawnbonbLuee pacnpocTpaHeHue Ha Luax-
Tax PO vmetoT cuctembl pa3paboTku yronb-
HbIX MJAaCTOB AJIMHHBIMU CTONGaMK C UC-
MoNb30BaHWEM AJi1Si MOLrOTOBKMU BbleMOY-
HbIX Y4YaCTKOB CMapeHHbIX BblpaboToOK,
pazfeneHHbIX HEW3BNEKAEMbIMU LIENIMKAMMU.
C yBenuyeHveM rnybumHbl BeLEHUS TOPHbIX
paboT pasmepsbl LENMKOB MOTYT AOCTUraTh
30 M v bonee, YTO NMPUBOAUT K YBENIUYEHUIO
3KCMyaTaLMOHHbIX noTepb yrns. Ha wax-
Tax, OTpabaTblBalOWMX MAACTbl Ha Gosb-
wnx rnybuHax (BopkyTckoe MecTopoxae-
Hue, BocTouHbin JoHbacc), no-npexHemy
MPUMEHSIIOTCS BeCLLeNIMKOBbIE CXEMbI MOS-
rOTOBKM, MpeAnosaratLllmMe COXpaHeHWe
BbIpabOTOK 3a NaBOW A8 MOBTOPHOMO UC-
nonb3oBaHusi. HecMoTps Ha MacluTabHble
MCCNEefoBaHUS COCTOSIHUS MAacCKBa BOKPYT
BbIpabOTOK M €ro U3MeHeHW B MnpoLecce
0TPabOTKM BbIEMOYHbIX Y4aCTKOB, NpuMe-
HEHWS Pa3/IMYHbIX OXPaHHbIX COOPY>KEHUIA
1 cnocoboB ynpasneHWs COCTOSIHUEM Mac-
CMBA, Ha CErOLHSALLHNUI feHb MPaKTUYECKU
He ypaeTcs obecrneunTb Ge3peMOHTHOE
nopfepykaHue BbIpaboToK Ha MPOTSXKEHUM
BCEro CpoKa Ciy>kbbl npu rnybuHe paspa-
60Tk 6onee 500 M.

AHanu3 nNpuMeHsieMbIX Ha LUaxTax oX-
paHHbIX COOPYXXEHWW ANs MOALepXXaHus
BbIpabOTOK Ha rpaHuLLe C BbIpaboTaHHbIM
npocTtpaHcTBoM [1 — 4] nokasan, 4To Hau-
60NblUMM 0O6bEM MCMONb30BaHWSI MPUXO-
OUTCS Ha AepeBsSIHHbIE OrPaXkAeHUs: KOCT-
pbl, OpraHHyo Kperb. Mx cyLlecTBeHHbIMU
HeAOCTaTKaMMU SIBASKOTCS HECOBEPLUEHCT-
BO MEXaHW4YeCKUX XapaKTEPUCTUK, Mpex-
LEeBPEMEHHas MOJIOMKa CTOEK OpraHHOro
psifa, MeaJIeHHOEe HapacTaHWe COMpoTUB-
neHust U bonbluas BENMYMHA NOAATIUBO-
CTU KOCTPOBOW KPEemnu U 4ypakoBOW CTEH-
k. Kpome Toro, Ha ogMH BbIEMOYHbIN
CTONG AN 3ar0TOBKW LPEBECUHbI A4S U3-
FOTOBNIEHUSI OPraHHOW KPenu MOXeT noTpe-
6oBaTbca bonee 1,5 ra neca. Ha waxrax,
oTpabatbiBatoLmx BopkyTckoe MecTopox-
LEeHUe, NMPUMEHEHWE B KayeCTBE OXpPaH-
HbIX COOPYXXEHWI TPEXPSLHbIX OPraHHbIX
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PSAAOB B COYETAHUU C MEPOMPUSTUSIMU MO
YCU/IEHUIO KPEMW B 30HE B/WSIHUS OMop-
HOrO JaBMEHWs NaBbl OKa3an0Ch Manoad-
(hekTMBHbIM Ha rnybuHax 6onee 500 m.
MoTepn ceueHus BbIpaboTOK AOCTUraNM
65%, a 06beMbl MOAPbIBKM MOYBbI — [0
4 M3/M onvHbI BbIPabOTKM.

OxpaHa BblpabOTOK NUTbIMWU OKOJO-
LUTPEKOBbIMU MONOCaMM MpPeaoaraeT Bo3-
BELEHME Ha rpaHuLe C BblpaboOTaHHbIM
MPOCTPaHCTBOM >XECTKOM MONIOChl U3 Obl-
cTpoTBepaetoLero coctasa [6]. JocTonn-
CTBOM TaKMX MOJOC SBASKOTCS ObICTPbIN
Habop MPOYHOCTM M CO3AaHME Heobxoam-
MOro COMPOTUB/IEHMS CMeLLatoLLeMyCs
MaccwuBy, obecreyeHne Na0THOrO KOHTaK-
Ta MeXZAy MNonoCcoM W NOALEepXKMBAEMOW
KPOB/IEN, @ TaKXKe BO3MOXHOCTb MeXaHM3a-
MM UX BO3BELEHMS.

B kauecTBe HemocTaTka MOXHO OTMe-
TUTb BbICOKYH CTOMMOCTb MaTepyasioB /1S
Bo3BeAeHus nonoc. B pabote [6] npeana-
raeTcs UCMONb30BaTh MOMOCY HE TOMbKO
IS OXpaHbl BbIpabOTKM, HO M AN U30Ns-
UMY BbIpabOTaHHOMO NMPOCTPaHCTBa Npwu

beel MeTannuueckan cetka

OxpaHHoe coopyxeHne |

T

0TpaboTKe NaacToB, CKNOHHbIX K CaMo-
BO3ropaHuio.

3acnyxvuBaeT BHUMAHUS TEXHONOTUS
OXpaHbl BblpaboTok 3a nasow [7 —9], pas-
paboTtaHHas B KHP gns npumeneHus npwm
0TpaboTKe MOLLIHbIX MOMIOMUX CKOHHbIX K
CaMOBO3ropaHuIO NaCTOB CUCTEMAMMU C
06pYyLUEHMEM U BbIMYCKOM MOAKPOBEBHOM
Tonww yrns (puc. 1). TpeboBaHus K 0OXpaH-
HbIM COOPY>XEHUSIM BKJIKOYAIU, MOMUMO
obecreyeHnsi COXPaHHOCTM BbIPabOTKM,
M30M1LMI0 BbIPabOTaHHOMO MPOCTPaHCTBa
IS UCKFOYEHUS yTeuek BO3ayXa M dop-
MMPOBAHMSI 04aroB CaMOBO3rOpaHUs yrs.
OxpaHHOe coopyyeHUue BK/tOUAET B cebs
3amnosiHeHHble BETOHOM CTanbHble TPyobI
(36CT), ycTaHOBNEHHbIE C LWaroM Ao 2 M,
MeXJy KOTOPbIMW HaTsHyTa MeTannuye-
CKas CeTKa C BHELUHEN U MeTalIMyecKuii
CEeTYaTbIN C/ION M TKaHb C BHYTPEHHEN CTO-
POHbI TYMO, Ha KOTOPbIA HAaHOCKUTCS Ha-
6pbi3r-6etoH [10—13].

BHenpeHue TexHonornm Ha waxte BoHr-
Xanr (KHP) nokasano acddektuBHOCTb
npumeHeHus 36CT B KayecTBe OXpaHHbIX

OO

E%(%ﬁ 3scr

Y Y e @4

Habpbi3r-6eToH

MeTtannnyeckan cetka

Puc. 1. OxpaHa BbipaboTK1 Ha rpaHuLe C BbipaboTaHHbIM MPOCTPaHCTBOM C ucrionb3osaHuem 36CT [7]

Fig. 1. Entry retaining on the goaf board with CFST [7]
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HOQRE YOHIOMKO

J
|
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KoHueBas cexums Kpenu ,—‘
|
L

OxpaHHOe coopy>KeHue (CTeHa U3 6/10KOB)

Puc. 2. OxpaHa BblpabOTKM Ha rpaHuue ¢ BblpaboTaHHbIM MPOCTPaHCTBOM C MCMO/b30BaHUEM CTEHbI

n3 6nokos [21]

Fig. 2. Entry retaining on the goaf board with the blocks wall [21]

COOPY>KEHWI A1l BbIPAaOOTOK, COXPaHSEMbIX
[LJ1 TOBTOPHOIO UCMOJ/Ib30BaHMS, MO3BON-
no npakTuyeckun Ha 30% cHM3UTL NoTepu
Yrnsi B OXpaHHbIX Uenukax [14], obecne-
YnTb GE3PEMOHTHOE MOAAepXKaHWe Bblpa-
60TOK U M3bexaTb POPMUPOBAHMUS O4aroB
CaMOBO3ropaHus yris B BbipaboTaHHOM
npoctpaHcTee [15, 16]. BmecTe ¢ TeM Ta-
Kasi TEXHOMOMUS XapaKTepU3yeTcs BbICO-
KOW CTOMMOCTbIO MaTepuanos U TPyLOEM-
KOCTbIO MX TPaHCMOPTUPOBaHMS, a Takxe
BO3BELEHMSI OXPAaHHbIX COOPYXKEHUM.
LLInpokoe pacnpocTpaHeHue Ans OX-
paHbl BbIpaboToK Ha waxtax KuTas nony-
UMAK CTeHbl U3 6eTOHHbIX bnokos [17—
20]. HepocraTkom 3TOro crnocoba sensieTcs
60NbLLIOE KONMYECTBO MCMONb3yeMbIX be-
TOHHbIX B/I0KOB M cnabasi yCTOMYMBOCTb
CTeHbl BCNeacTBME Cnabou CBSA3U Mexay
6nokamu. [1ns 3KoHOMMM MaTepuanos npu
obecneyeHnM LOCTAaTOMHON HECYLLEew Cro-
COBHOCTM 11 COXpaHeHUs BbIpaboTKM Obl-
na MpeaioXeHa Nnonasi KOHCTPYKLUMsS CTe-
Hbl U3 6nokos [21 — 24]. [lns obecnevyeHus

CoeaMHeHUs B10KOB U YCTOMYMBOCTU OX-
paHHOIO COOPYXXEHMsI pa3paboTaHa KOH-
CTPYKUMSA BNOYHON CTeHbI, KOTopast oTBe-
YaeT AaHHbIM TpeboBaHuaM (puc. 2).

MprMeHeHWe B KayecTBE OXPaHHbIX
COOPY>KEHMIA MONOC U3 30/106ETOHHbIX 6/10-
KOB Ha LwaxTax [leyopckoro 6accenHa no-
Ka3aJl0 BO3MOXHOCTb U LIeNIecoobpasHoCTb
WX WCMOMb30BaHUA ans obecrieyeHus yc-
TOMYMBOCTU BbIpabOTOK, MOAAEPIKUBAEMbIX
3a 1aBOM, Npu BeCLLeNIMKOBbLIX CXeMax Nop-
FOTOBKM BbleMOYHbIX y4acTkoB [25, 27, 28].
Mpy 3TOM ON8 M3roToBNEHUS 305106/10-
KOB MCMOJb30Baach 30/1a 13 30/100TBaIOB
mecTHon TILL, T.e. npouecc nponssosa-
CTBa 30/106/T0KOB MOXHO paccMaTpuBaThb
M KaK YTUAM3aLMIO OTX0LO0B NoTpebneHms
yraa.

Lnsa waxt BocTouHoro JoHb6acca npu-
MeHeHMe BeCcLLeIMKOBbLIX CXEM MOArOTOB-
KW BbIEMOYHbIX YYaCTKOB C COXPaHEHUEM
BbIPabOTOK 3a N1aBOM A1 NMOBTOPHOIO UC-
MoJIb30BaHMsl OC/IOXKHSIETCA Heobxoaumo-
CTbHO BbIMOMHEHUS TPYAOEMKMX paboT no
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Fig. 3. Examples of the entries support and retaining patterns [compiled by the authors]
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Fig. 4. Part of the floor cutting pattern for the conveyer entry of the mine «Obukhovskaya» [compiled by the authors]



PEMOHTY BblpaboTok. [pumMepbl npuMeHsie-
MbIX CMOCOBOB KpenneHust 1 oXpaHbl Bbl-
paboToK, COXpaHsieMbIX ANS MOBTOPHOMO
MCMOMb30BaHUs, NMPUBEAEHbI Ha pUC. 3.

Kak B1aHO 13 puc. 3, BbIEMOYHbIE Bbl-
paboTKU NPOBOASATCS, Kak NpaBuo, Tpane-
uMeBUIHOW (GOPMbI MOMEPEYHOMO CEYEHUS!
C nnockon Kpoenen. B kauectse ocHoB-
HOro BMAA KPEnu NMPUMEHSIETCS aHKepHast
LBYXYPOBHEBAs Kperb: CTanenonnuMepHble
aHkepa B kposnto (fo 6 wT.) 1 6opTa BbI-
paboTkn onuHon 1,7 M B COYETaHWUU C
KaHaTHbIMK aHkepamu (4 LUT.) B KPOBMO
anvHon 6,0 M. Takyke NpUMeHSIeTCS Kpenb
YCU/EHUS B BUAE LEPEBSHHbIX MW MeTas-
Nnyeckux ctoek. [lnsg oxpaHbl BbipaboTok
33 /1aBOV MPUMEHSIFOTCS OXpPaHHble COOpY-
YKEHUSI B BMAE TyMb M3 BETOHHbIX G/IOKOB
(6AB) B 0oMH unu aBa psafa B COYETaHUM
C OpraHHoM Kpenbto. Bo3mMoxHbI paznunu-
Hble KOMBMHaLWK C BO3BEAEHUEM OXPaH-
HbIX COOPY>XEHUM He TOMbKO Ha rpaHuLe
C BblpaboOTaHHbIM MPOCTPAHCTBOM, HO U
BHYTPU BblpaboTku 3a nason. OfHako fa-
YKE NMPUMEHEHME BCEro KOMIIEKCA Kpenen
M OXpaHHbIX COOPYXXEHUI He obecrneymBa-
eT 6e3peMOHTHOro NoaAep>KaHus Bbipabo-
TOK.

Kak nokasbiBaeT npakTuka, MUHTEHCUB-
HOe My4YeHWne MoyBbl BbIpabOTOK 33 NaBow
BbI3bIBAET HEOOXOAUMOCTb MOAPbIBKYM MOY-
Bbl. B psage cnyyaes o6bembl NoapbiBKK
MOTYT MpeBbILwaTh 8 M%M 4MHbI BbIpaboT-
ku (puc. 4).

MomrMoO 3aTpaT Ha NMoApbIBKY MOYBbI,
0TOWTYHO MOPOAY HEOBXOAMMO TpaHCMop-
TUPOBAaTb BHYTPU LLAXTbl, MOOHUMATb Ha
MOBEPXHOCTb, TPAHCMOPTMPOBaTb U pas-
MeLaTb B oTBanax. Kpome Toro, npu npo-
XOZKE BbIpabOTOK MO TOHKUM MnacTaMm npu-
Ceyka ropofdpbl MOXET MpeBbiwaTh 6 M3/M
DJIMHbI BbipaboTku. [Mpu npoBeseHn Bbl-
paboTOK BMPUCEYKY UK MpPU NEPEXOe Ha
MOArOTOBKY BbIEMOYHbIX Y4aCTKOB CMapeH-
HbIMM BbIpabOTKaMM C HeusBNeKaeMbIMU
LlefIMKaMU MexKZly HUMUW BO3pacTaeT yaesib-
Hasl NMPOTSAYXEHHOCTb MPOBOAMMBIX Bblpa-
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6OTOK M, COOTBETCTBEHHO, 3aTPaThbl Ha UX
NpOBELEHNME, a TaKKE 0ObEM U3BIEKAEMOW
Ha NOBEPXHOCTb nopozbl. BeipaboTku npo-
BOLSTCS CMOLHbIM 3a60eM, 0TOUTas npu
MPOXOAKe ropHasi Macca CMeLLUBaeTcs C
YFNeM M3 OYMCTHbIX 3a60€B, YTO MPUBOAUT
K MOBbILUEHUIO 30/IbHOCTU U3BNEKAEMOW
Ha MOBEPXHOCTb FOPHOW MacChbl, yBeMYe-
HWIO 3aTpaT Ha oboralleHue.

Takum obpasoMm, C yyeToM Bo3pacTae-
MbIX TPeOOBaHWUM K FOPHbIM TEXHOMOMUSIM
B OTHOLLEHMW BO3LENCTBUS MPOU3BOACTBA
Ha OKpYXXaloLLYtO Cpeay, NPeacTaBnstoT
MHTepec cnocobbl 0XpaHbl BbIpaboToK C
MCMO/b30BaHWEM B KaueCTBe MaTepuasnos
OXPaHHbIX COOPYXXEHMI MOPOAbl OT Mpo-
XOAKM (BOCCTaHOBMIEHWSI CeYeHUs) Bblpa-
60TOK.

[ns NpuHATUS paLMOHaNbHOro peLue-
HWS No BbIGOpY crnocoba noanep>kaHus
BbIpaboOTKM B OMpeAeneHHbIX roOpHO-reo-
NOTMYECKMX YCNOBUSAIX HEOBXOAMM AOCTO-
BEPHbI/ MPOrHO3 HarnpsiKeHHo-AehopMu-
POBAaHHOrO COCTOSIHUSI MaccuBa BOKPYT
FOPHbIX BbIPabOTOK M €ro U3MEHeHWI Npu
BELEHUM FOPHbIX paboT C y4yeToM Henu-
HEeMHbIX MpoueccoB LedhOopMUPOBaHUS U
pa3pyLUEHUS| CTPYKTYPUPOBAHHbIX MOPHbIX
maccueoB [25—27, 29].

PazpaboTaHbl reoMeTpuyeckme BblUMC-
nutenbHble mogenu [30— 33] nna pacyeTa
BNUSIHUS 336051 Ha pacLUMpeHMe 30HbI Han-
PSYKEHHO-Ae(DOPMUPOBAHHOIO COCTOSIHMS,
Haj, 30HOW ODpYLLEHUs, yunUTbIBas Mnepe-
[OBOV OMbIT OTPabOTKM MNACTOB A/IMHHbI-
mu 3abosimu [34, 35].

TexHonormyeckue cxembl MOATrOTOBKM
1 OTPabOoTKM BbIEMOYHbIX Y4aCTKOB C Npu-
MEHEeHMEM CrapeHHbIX BbIpaboToOK, NPOBO-
OUMbIX LUMPOKMM XOAOM, C pa3MeLLeHUEM
MopoAbl OT MPOXOLKM B PacKOCKe MexXay
BblpaboTKaMu, NpeacTaBieHbl B anbbome
TEXHOMOMMYECKUX CXeM pa3paboTku mna-
CTOB Ha yrofibHbix WwaxTtax 1991 r. Tam xe
NpenJioXKeHbl 5 BapuMaHTOB TEXHO/OrMYe-
CKMX CXEM MPOBELEHUSI CMAPEHHbIX Bbl-
paboTok Mo nnactaMm MouHocTbio ot 0,8



1o 2,0 M c BO3BeAEHMEM MOPOAHON Noso-
cbl Komnnekcamu «Tutan-1» unmn 3K-03.
Mpoxoaka BbipaboTOK NpearonaraeTca c
nomolubto BBP npu MowHocTu nnacta oo
1,6 M 1 C NOMOLLbIO NPOXOAYECKMX KOM-
6alHOB Ha MniacTtax 60/blUeN MOLLHOCTU.
BbipaboTku apoyHou hopMbl, ce4eHUEM B
ceety He MeHee 8,5—10,4 M2, ¢ ucnonb-
30BaHMEM AJIs1 KPEMJIEHUS paMHOM MeTa-
nnyeckon kpenu KMIM-A3 unu KMT-A5
M LUMPUHOM MOPOLHOM MONOCHI HE MeHee
8 M. Mpn 3TOM CKOPOCTL NPOXOAKM Bblpa-
6oTok npepnonaraetcs ot 1,6 M/cyT (TOH-
KWe nnacTbl, Npoxogka ¢ nomouubto bBP)
no 5 mM/cyT (nnacTbl cpegHelrt MOLLHOCTH,
MpOXozKa C MOMOLLbH KoMbarHoB). Ha co-
BPEMEHHbIX LLaXTaX Takasi CKOPOCTb Mpo-
XOAKM BblpaboTOK He obecrneynBaeT cBoe-
BPEMEHHOE BOCMPOU3BOLACTBO (hPOHTA OUM-
CTHbIX paboT. KpoMe Toro, kak mokasasn
OMbIT MPUMEHEHUS MOPOAHbIX MOSIOC AN
OXpaHbl BbIpaboTOK, TakMe NoJsIoChkl He 06-
NaJatoT LOCTAaTOMHOM HECYLLEN CMNOCOBHO-
CTblO AN obecrneyeHUss Ge3pPEMOHTHOrO
noaaepyaHus.

A.A. benonenoBbiM npeasioxeH psp
TEXHOMIOrMYECKUX CXEM MPOBEAEHUS Bbl-
paboToK MO TOHKMM MJacTaM C OCTaB/e-
HueM nopogapl B waxte [25]. Mpu aTom ans
pasMeLLeHns nopoapbl npeanaraerca dop-
MWpPOBaHWE MOMOCTeN C MOMOLLbI Bypo-
LLHEKOBbIX YCTAaHOBOK M np. [puMeHeHne
NPeLNOXEHHbIX PELleHMI MO3BONSET pas-
MeLLaTb NMopoay OT NMPOXOAKM BblpaboToK
B LLAXTe, HO, BMECTe C TeM, Nnpearionaraet
CYLLECTBEHHOE YBEIMYEHWNE TPYLOEMKOCTH
paboT, CHWXEHME CKOPOCTM MpPOBEAEHMS
BbIPabOTOK M He rapaHTUPYET UX YCTOMUM-
BOr0 COCTOSIHMSI B TEUEHME CPOKA CIYXKObl.

MpepcTaBnseT MHTEPEC KOMMNEKCHO-
MHTEHCUBHAsi TEXHOMOMUS OTPaboTKK Mna-
CTOB MOLWHOCTbIO 1 —2 M, npesnoxeHHas
crneumanuctammn U0 um. A.A. CkoumH-
ckoro [27]. MoarotoBka BbIEMOYHOO y4a-
CTKa OCYLLIECTB/ISIETCS CNapeHHbIMM LUTpe-
KaMu, pasfaeneHHbIMU NOPOAHOM MOS0COM
WX NONOCOW M3 TBEPAEHOLLEro 3aK1aaou-

Horo Matepuana. Mpoxoaky cnapeHHbIX
LUTPEKOB MO MJ1acTaM MOLLHOCTbIO 1 — 2 M,
pa3gefieHHbIX NMOPOAHOM MONOCOM, OCYy-
LECTBASIOT C MPUMEHEHUEM BbIEMOYHOTO
MPOXOLUECKOro 3aKNafouHOr0 KOMMJIEKCa
BIM3K-1. C nomowpto BI3K-1 ocyuue-
CTBSIETCS NMPOXOAKA ABYX LUTPEKOB Ceye-
Huem 14— 16 m2. Mopoay oT npuceyku
KPOBAM M MOYBbI Mocne ApobneHus Ao
kpynHoctn 60 MM ocTaBnstoT B Bbipabo-
TaHHOM npocTpaHcTBe. [ogobHas TexHo-
Norus NMpU UCMONb30BaHUM COBPEMEHHOW
TEXHWKU ONS NpOBEAEHWS BbIpaboTOK U
obecneyeHns HEOOXOAMMOW HecyLLen cro-
COBHOCTM NOMOChl Mexay BbipaboTkamu
SBNAeTCA Haubonee NepcrieKTUBHOM ANns
MCMOMb30BaHUS NpuU O0TPaboTKe TOHKUX
MONOrMX NIacToB B yCnoBusix waxTt Boc-
TouHoro JloHbacca.

MeToauka 1 MeToabl

O6ocHoBaHme napameTpos

MopoAHbIX MOA0C

LLInpmnHa nonocbl Mexay BbipaboTkamm
onpenensieTcs UCXoasa M3 YC/oBUSI pasMme-
LLIEHMSI B HEW BCEW MOPOAbl, MPUCEKAEMON
npu npoeeaeHUK BbipaboTok. Mpu Wwupm-
He BblpaboTok 5,0 M 1 MowWHOCTM nnacTa
1,0 M WirpuHa nonockbl Mexay BbipaboT-
KaMu MOXET cocTaBnatb 12—16 M B 3a-
BMCMMOCTM OT BbICOTbI BblpaboTok. [ns
obecrneyeHuss YyCTOMYMBOCTU BbIpaboTOK
HeobXoaMMO onpeseNuTb TPeboBaHUS K He-
CyLler cnocobHocTu 1 fechopMaLMOHHbIM
XapaKTEPUCTMKAM MOJOC C TOYKU 3peHUs
hopMMpoBaHUs Hanbonee GnaronpuATHbLIX
ycnosui ana noaaepxxaHus. C aton ue-
NbtO BbIY BbIMONHEHbI YACNEHHbIE UCCTE-
JI0BaHUS Hanpsi>KeHHO-AethopMUPOBAHHO-
ro COCTOSAHMSI MacCMBa BOKPYr BbleMOY-
HbIX BbIPabOTOK, pa3aeNeHHbIX NOPOAHOM
Nnosocoun.

XecTkoCTb M LWMPUHA UCKYCCTBEHHOMO
MEXXCTONBOBOro LieSIMKa OKa3bIBakoT CyLLe-
CTBEHHOE B/MsIHWE Ha pacrpeaeneHune Han-
pSYKEHWIM BOKPYT YYaCTKOBbIX MOArOTOBU-
TeNbHbIX BbIpaboTOK (0COGEHHO B 30He
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Puc. 5. lMone HopManbHbIX BEPTUKA/IbHbIX HAMPSXKEHUNA B OKPECTHOCTU MOArOTOBUTENbHbIX BbIpaboTOK
B 30H€ B/IMSIHUS OYUCTHbIX paboT Mpy OCTaBAEHUN YNPOYHEHHOrO LiE/IMKa, LBETOBAsS 30Ha 3MHOPbl, COOTBET-
CTBYytOLLas AnanasoHy 3HauyeHuii ot -1 go =50 MIa [cocTaBneHo aBTopamu]

Fig. 5. Field of normal vertical stresses in the vicinity of preparatory workings in the zone of influence of clearing
works when leaving of the consolidated pillar, color zone of the epicure corresponding to the range of values

from -1 to =50 MPa [compiled by the authors]

BIUSIHWS| OYUCTHBIX PaboT) U B 3HaUUTENb-
HOM CTEneHW OMnpesensitoT BO3MOXHOCTb
noaAepXKaHus UX 3KCMyaTaUuMOHHOro Co-
CTOSIHUSI B TEYEHME BCErO CPOKa 3KCMya-
Tauuu.

[na npoBeneHUs aHanM3a Hamps>KeH-
HO-Le(hOPMUPOBAHHOIO COCTOSIHUSI Mac-
CU1Ba FOPHbIX MOPOA B OKPECTHOCTSAX Yyuya-
CTKOBbIX BbIpaboTOK 6bina paspaboTaHa
uncneHHaa 2D-Mopenb, BK/KOYAOLWAA B
cebs yroNbHbIN NIacT, BMeLLatoLLe NOpo-
Obl, Y4aCTKOBble BbIpabOTKM, MEXCTONOO-
Bou Lenuk. [Npu nposeseHun uccnenosa-
HWM MopenvpoBanacb 0TpaboTka mnacTa
Ha rnybuHe 800 M. Mcnonb3oBanack Mo-
nenb KynoHa-Mopa ans yyeta usmeHeHus
MEXaHU4YeCKMX CBOMCTB FOPHbIX MOpoL B
3anpenensHoM coctosiHun. Kpome Toro,
L)1 OLEHKM BIINSIHUSI OYUCTHBIX paboT Mo-
LeNMpoBanioCh BbIpabOTaHHOE MPOCTpaH-
CTBO, 3arMoIHeHHOEe OOpPYLLIEHHbIMK MOPO-
JaMun. XKecTKoCTb MeXXCTONBOBOrO LiesinKa
orpeaensinacb ero TUMOM: YrofibHbIN Lie-
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NUK, NOAAT/MBbLIN MOPOLHbLIN LENuK, 1c-
KYCCTBEHHbIW YKECTKUIA MNOPOAHbIV LEENNK
C YNPOYHEHMEM LIEMEHTHbIMU CMECSIMMU,
¥ 3afaBanacb NyTeM M3MeHeHUs fedopma-
LIMOHHbIX U MPOYHOCTHbLIX CBOMCTB Cnara-
FOLLMX ero MaTep1anos.

B kauyecTBe npvMepa pe3ynbTaToB YmC-
NEHHbIX UCCNefoBaHWM Ha puc. 5 npuse-
LEHbI MONSt HANPSXKEHWUM 011 FOPHOTEXHM-
YeCKOM CUTyaLMK, KOrAa OXpaHa y4yacTKo-
BbIX BbIpabOTOK, MPOMAEHHbIX MO NAACTY,
OCYLLECTBNSIETCS C MOMOLLbIO UCKYCCT-
BEHHOTO LIefIMKa, XECTKOCTb KOTOPOro Cy-
LLLEeCTBEHHO MPEBbILLAET XECTKOCTb Yrofb-
HOro nnacTa.

PesynbTatbl

BbInonHeHHble YMCEHHbIE UCCNe0Ba-
HWS MO3BONUIIM CPAaBHUTb HaMpPsHXKEHHOE
COCTOSIHME MaCCMBAa FOPHbIX NMOpPOS, B OK-
PeCcTHOCTM paccMaTpUBaeMbIX BblpaboTok
Ha pa3fIMYHbIX 3Tanax WX MOALEPXKAHUS:
(hopMUMpOBaHMe UCKYCCTBEHHOIO MU Yrosb-



HOMO Lefika Mexay mnapHbIMU BblpaboT-
KaMu, NMpPOBOAMMbIMU B MacCCMBE FOPHbIX
MOPOA, BHE 30Hbl BWSIHUS OYUCTHbIX pa-
60T; nopnepaHue BblpaboTKM, OXpaHsie-
MOWM MCKYCCTBEHHbIM WM YrO/bHbIM Lie-
JIMKOM B 30HE B/IUSIHWSI OYUCTHBIX PaboT.
Pe3ynbTaThbl BbINONHEHHbIX MCCELOBAHNM
DN YKa3aHHbIX FOPHOTEXHUYECKUX CUTY-
aumMn npeacTaeneHbl Ha puc. 6 u 7 coot-
BETCTBEHHO. [1oKa3aHbl LeSIMKK pa3nvyHom
YKECTKOCTU.

Ha ocHoBaHuM aHanuza antop, npea-
CTaBNIEHHbIX Ha puUc. 6, MOXHO cAenaTb
cnesyoLLme BbIBOAbI:

* OCTaB/IEHWE YrOSIbHOrO LeNMKa K-
puHon 15 M B paccMaTpuBaeMbix ycnoBu-
SX He WCK/HOYAEeT B3aUMOBNUSIHUS Bblpa-
60TOK, YUTO MOATBEPIXKAAETCS MOBbILLEHHON
KOHLIeHTpaLMen HanpsiKeHUM B KpaeBbIX
YacTsaX LenmKa no CPaBHEHWIO C YPOBHEM
Hamps>KEHWM B KPaeBblX 4YacTsX MacCu-
Ba — 27,31 25,3 MIa cooTBETCTBEHHO;

* MCMONb30BaHME B KayecTBe 3aKnai-
KW Mopog, MONyYeHHbIX MpyU NpOBEAEHUN
BbIpaboTKM, BE3 UX YNpOYHEHUs (LeMeH-
Taumm) npu GOpMUPOBAHMUM UCKYCCTBEH-
HOMO Lie/IMKa MPUBOAUT K CHUXKEHWIO €ro
YKECTKOCTU U, KaK CNEACTBUE, CHUXKEHUIO
B HEM YPOBHSI HaMpsXXeHWUI C 3aKOHOMep-
HOM MepeHOCKOM Harpysku Ha KpaeBble
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4acTM MacCuBa, KOTOpble CTaHOBATCS OC-
HOBHbIX HECYLUMM 3/1EMEHTOM B CUCTEME
MNacT-BblpabOTKU-LENNK;

* MPUMEHEHUE YKECTKUX LLESIUKOB CHU-
YKaeT ypoBeHb CMELLEHUIN Ha KOHTYpe Bbl-
paboTok 6naropapsi BbICOKOW HecyLluen
CMOCOBHOCTM LenuKa, KOTOpbI BOCHpU-
HMMAaEeT OCHOBHYHO YaCTb Harpysku OT Bbl-
LLe3aNierarLLmMX C/IOEB.

Mockonbky OCHOBHOM yHKLMEN pac-
CMaTpMBAEMOro Lie/IMKa SIBNSIeTC OXpaHa
y4YaCTKOBOM BbIpabOTKM OT BPeAHOro BNUS-
HWS OYMUCTHBIX paboT (onopHoro Aasne-
HWS) CO CTOPOHbI CMEXHOMO BbIEMOYHOIO
cTON6a, a XXeCTKOCTb LieNiMKa npefonpeae-
nseT 3¢EKTUBHOCTb BbIMOMHEHWS TaKoM
(YHKLMK, TO NPeCcTaBnseT 3HaYUTeNbHbIN
MHTepeC OLEHKa BAUSIHUS YKECTKOCTU Lie-
NIMKOB Ha HanpshKeHHOe COCTOsIHWE Mac-
CWBa Ha 3Tane NoAJep KaHUs BbIpaboTKM B
30HE B/IUSIHWSI OUYUCTHbIX paboT.

Ha puc. 7 HarngaaHo AeMOHCTpUpYeTCS
pasnuyve B pacrpeaeneHun Hanps>keHun
B OKPECTHOCTU MEXCTONIBOBOro Lennka,
KOTOPbIM UMEET Paz/IMYHYH YKECTKOCTb.
B cnyuyae Mcnonb3oBaHUs UCKYCCTBEHHO-
ro uenvka 6e3 ynpoyHeHUs LEMEHTUPY-
FOLLMMK COCTaBaMW ero >KecTkoCTb mpe-
BbILLAET )X€CTKOCTb MOPOLHOMO MaccuBa
B BbIpabOTaHHOM MPOCTPaHCTBE, HO HUXeE

YTONBHBIH LETHK
3aKyIajika opoHOi
3aKyIaika ¢ yIpOYHeHHeM

60 70 80 90 100

TTonoxenue B MpOCTPAHCTBE, M

Puc. 6. 2ntopbl BeEpTUKabHBIX HAMPSIXeHWI BHE 30HbI BIUSIHUS OYUCTHBIX paboT rpu UCroIb30BaHUM pas-
JIMYHBIX LEMKOB LmpuHoi 15 m [cocTaBneHo aBTopamu]
Fig. 6. Vertical stresses distribution outside longwall’s abutment pressure zone with different types of 15 meters

pillars [compiled by the authors]
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Puc. 7. 3I'II'Opr BEPTUKAJIbHbIX Haﬂpﬂ)KeHMﬁ B 30H€e B/INSIHNS O4YUCTHbIX pa6OT rnpu MCroJsib30BaHN pasiny-

HbIX LlesMKoB wmpmHou 15 m [cocTasneHo asTopamu]

Fig. 7. Vertical stresses distribution into the longwall’s abutment pressure zone with different types of 15 meters

pillars [compiled by the authors]

YKECTKOCTM MnacTa, YTo npefonpenenser
BO3MOXHOCTb BOCMPUSATUS UM YaCTW Ha-
rpy3Kku, OfHaKO B pacCMaTpMBAeMOM Ciy-
yae WupuHa uenuka 15 m asnsetcs Hepo-
CTaTOYHOM NSl UCK/IFOUYEHUS HEraTUBHOIO
BIUSIHWS| OMOPHOTO A3B/EHUS CO CTOPOHbI
CMEXHOro cTos16a, YTO MNOATBEPXKAAEeTCS
POCTOM YPOBHSI Hamnps>XeHW B BOPTY Bbl-
paboTKM CO CTOPOHbI KPaeBOW YacTU Mac-
cuBa ¢ 28,5 0o 31,2 Mla.

BbinonHeHHble YMCNeHHbIe UCCNEA0Ba-
HWS MOLTBEPAMIN ONpenenstoLLee BAnUs-
HUWE LUMPWHbI U XXECTKOCTM UCKYCCTBEHHbIX
MEXXCTONOOBbLIX LIENIMKOB Ha HampsiXKEHHOE
COCTOSIHME MacCMBa FOPHbIX MOPOA, B OK-
PECTHOCTAX OXPaHSIEMbIX FOPHbIX BbIpabo-
TOK, MOLAEPXXMBAEMbIX B 30HAX BIUSHUS
O4UCTHbIX paboT. MNpu 3TOM cnepyeT oTMe-
TUTb, YTO XXECTKOCTb UCKYCCTBEHHOTO Lie-
JINKA W ero WmpuHa AOMXKHbI NOAOMPaTHCS
NCXOAS U3 KOHKPETHOIO COYETAHUS TOPHO-
reosIorMYeckux U ropHOTEXHUYECKUX YC-
JIOBUW BeLEHMS FOPHbIX paboT Ha y4acTke,
KOTOpble onpenenstoT hakTUYecKun ypo-
BeHb Harpy30K Ha MeXCTON00BbIe LieIMKK
M KpaeBble YaCcTV MaccuBa (C y4eToM mpoy-
HOCTU yrns), HU3NKO-MEXaHUYECKME CBOU-
CTBa NMOpoZ, UCMO/b3YEMbIX MPU 3aKNaLKe,
a TakXe CBOMCTBA Nopog, B BbIpaboTaHHbIX
MpOoCTpaHCTBax.
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O6cyxaeHue pe3ynbTaToB

MNpoBeneHHbIV aHaNU3 NpUMeHsIeMbIX
TEXHOMOMU NMPOBEAEHNS U MOLAEPXKAHMS
BbIpabOTOK MpuU 0TPaboTkKe TOHKMX U Cpes-
HEeM MOLLIHOCTU MOJIOrUX NacToB Ha 60sb-
wux rnybuHax [4, 10, 11] nokasan, 4Tto
YBENNYEHWUEM TNYOUHbI BELEHWUS FOPHbIX
paboT NMpUMEHEHWE LIeNIMKOB [/ OXpaHbl
BbIEMOYHbIX BbIPabOTOK BneYeT 3a cobow
pPOCT MOTEPb YrAs, a NMPUMEHEHME NpU
3TOM CMapeHHbIX BblpabOTOK A/s MOAro-
TOBKM BbIEMOYHbIX Y4YaCTKOB MPUBOAUT K
MOBbILLIEHUIO YAENbHOW MPOTSHXKEHHOCTH
MPOBOAMMBIX BbIPabOTOK MO CpaBHEHUIO
¢ BecLenvKoBbIMU CXEMaMMU, a TakxKe yBe-
NNYeHUI0 06bEMOB MOPOAbI, MPUCEKAEMOM
npu NPOBeAEHUN BbIPabOTOK.

MprMeHeHWe BecLennKoBbIX CXeM MOA-
rOTOBKM C MOAZEepXXaHWeM BblpaboToK Ha
rpaHuLie € BbipabOTaHHbIM MPOCTPAHCT-
BOM C MOMOLLbIO OXPaHHbIX COOPYXKEHWIA
Pa3/fIMYHbIX KOHCTPYKLMIN He obecneynBa-
€T X 6e3peMOHTHOro nopaepxanus. Mpu
0TpaboTKe TOHKMX MIACTOB 3TO TAKXKE Bbl-
3blBaeT HEOOXOAMMOCTb MPUCEYKMU MOpPO-
Obl MPpY NMPOXOAKE U NMPU NOAPbIBKE MOYBbI
npu peMoHTe BbipaboTok. O6beEMbI Nopo-
Obl, BbIAABaEMOWN Ha MOBEPXHOCTb, AN1s YC-
nosum waxt BoctouHoro JoHbacca MoryT
nocturatb 100 Thic. T/ rog v 6onee.



B cBa3u ¢ 3TMM Hanbonee nepcnekTuBs-
HbIMU MPEACTaBNAOTCS CXEMbI MOATOTOB-
KW CrapeHHbIMW BbIpaboTKaMm C UCKYCCT-
BEHHbIM LIE/IMKOM MEXAY HUMU, chopMu-
POBaHHbIM W3 MOPOA, MPUCEKAEMbIX MpU
npoxozke BbipaboToK. Takue TeXHoNorum
Ob1IM NpeLNoXKeHbl B anbboMe TEXHONOrm-
veckmx cxem 1991 r. [12], Ho He npuMeHs-
NNCb BCNEACTBUE BbICOKOW TPYLOEMKOCTM
paboT M HU3KOM CKOPOCTU NPOBEAEHUS Bbl-
paboTok. [1pu npyMeHeHUM KOMMIEKTa KO-
POTKO33aboMHOro 060pyAoBaHNUs AN1si BbIEM-
KM MiacTa B KOHTYpe BbIpaboTOK U Mexay
HMMMU, @ TaKXKe COBPEMEHHOrO 3aK/lafou-
HOro 06OpYAOBaHUS 3TU HEAOCTaTKU MO-
ryT ObITb MPeonONeHbI.

MpoBeAeHHbIMU YMCNEHHBIMW UCCTe-
LOBaHUSIMU YCTaHOBMEHO, YTO HOPMUPO-
BaHWe MOPOAHbIX MOJIOC MEXAY BblpaboT-
KaMM, Hecylias CroCobHOCTb KOTOPbIX
6n113Ka, HO He NMPEeBbILIAET HECYLLYH Cro-
COBHOCTb YronbHOrO LienuKa, CO3LaeT Hau-
bonee GnaronpusTHbIE YCI0BUS ANS MoA-
LEepXXaHWs BbIpabOTKM, MPUMbIKAKOLLEN K
CMEXXHOMY BbIEMOYHOMY Y4acTKy.

BmecTe ¢ TeM npu nonagaHum B 30HY
OMOPHOrO JaBMEHUS NaBbl AOMONHUTENb-
Hble HaMpsXXEHUS1 BO3HWMKAIOT B BOPTY Bbl-
paboTKM CO CTOPOHbI YrOSIbHOMO MNacTa,
YTO MOXET MPUBECTU K MYyYEHUIO MOYBbI.
B 3TOM cnyyae BO3MOXHO MpuMeHeHWe
pa3/fIMYHbIX CMOCOBOB pa3rpy3ku KpaeBow
yacTu nnacta. MNpu 3ToM nopaepskaHue 3a
NaBOW BbIpabOTKM, NPUMbIKAIOLLEN K Bbl-

CIIMCOK JINTEPATYPbI

paboTaHHOMY MPOCTPAHCTBY, He npeayc-
MOTPEHO, YTO ABNSETCS [NIaBHbIM Mpeu-
MYLLEeCTBOM nepes, becLesnMkoBbIMK CXe-
MaMu.

3akntoyeHue

BbinonHeHHble MccnenoBaHWs nokasa-
NV NepCnekTUBHOCTb MPUMEHEHMS 1S MOA-
FOTOBKMW BbIEMOYHbIX Y4aCTKOB Mpu OTpa-
60TKe TOHKMX MJIacToB Ha wWaxTax Boc-
ToyHoro [loHbacca cxeM C MpUMeHeHUeM
CrMapeHHbIX BbIpaboTok ¢ GopMUpPOBaHU-
€M MeXAy HUMU UCKYCCTBEHHOTO LienKa
“3 nopoabl, 06pasyemMor Npu NMpoXoaKe.
Takue cxeMbl COYETAKOT MPEUMYLLECTBA
CMapeHHbIX BbIpabOTOK B MaHE BO3MOX-
HOCTM MoralleHusi BblpaboToK 3a NnaBow
1 BECLENNKOBBIX CXEM C MUHWMMaJbHbIMM
3KCMNyaTauMoHHbIMK noTepsiMu. Kpome
TOro, NpUceKaemas Npu NpoxoLKe Bblipabo-
TOK MOpOAa OCTAeTCs B LUAXTeE, YTO CyLLe-
CTBEHHO CHMUXXaeT BO3LEMCTBME LUAXT Ha
okpyxatowtyto cpepy. OnpesneneHbl Tpe-
60BaHMS K MPOYHOCTHBLIM CBOMCTBaM (op-
MUPYEMbIX UCKYCCTBEHHbIX LLESIMKOB.

(MopmMurpoBaHMe TEXHONOMMUYECKMUX CXEM
npoBefeHMst BbIpabOTOK C UCMO/b30BaHU-
€M KOMMJIeKTa KOpoTKo3abonHoro obopy-
[OBaHUS OIS BblEMKM MnacTa B npejenax
KOHTYpa BblpabOTOK U LieiMKa Mexay Hu-
MW B COYETaHUU C COBPEMEHHbIM 3aKna-
LOYHbIM 0bopynoBaHMeM ans GopMupo-
BaHWSI UCKYCCTBEHHOIO LIESIMKa SBNSIHOTCS
NpesMeTOM JaNbHEeNLLINX UCCNef0BaHUN.
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