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Pe3yALTaThl TEOPETUYECKMX U AADOPATOPHBIX MCCAEAOBAHMIA
CracaTeAbLHOTO KOMIMAEKCA AASl YTOABHDIX WAXT

Pyctam lOcycoeuy YPASBAXTUH",
Omutpun AnekceeBuy FOHTMEUCTEP**

CaHkr-lNeTepOyprckuii ropHein yHuBepcuteT, Poccusi, CaHkT-INeTepbypr

AKTYaALHOCTB PaBoTLl OBYCAOBAEHA BO3MOYKHOCTBIO CO3AAHMSI CMACATEALHOTO KOMIAEKCA AASI MPOBEAEHMSI CKOPOCTHBIX MOA3EMHDBIX BLIPAGOTOK MAAOTO
ceyeHust (2,25 m), rAaBHOM 3aaayeit KOTOPOTO SIBASETCS 3BaKyaLMsl WaXTePOoB, 3aCTUTHYTLIX aBapueil.

Lleab pa6oTnr: OGOCHOBAHME CMAOBLIX M KOHCTPYKTMBHBIX MapamMeTPOB MMAPOAOMKPATOB MEPEABMIKKM CrACATEALHOTO KOMITAEKCA MPU MPOXOAKE 3Ba-
KyaUVOHHOM BLIPABOTKM MO MACCMBAM MOPOA MEPEMEHHOM KPEMNOCTH, KPOBASIM PA3AMHHOM YCTOMYMBOCTM HA OCHOBE YCTAHOBAEHHDLIX 3aBUCUMOCTEN
KOHCTPYKTVBHDLIX MAPAMETPOB TAKOTO KOMIMAEKCA OT AQBAEHMS1 KPOBAM Ha MEPEKPLITUS AASl yBEAUYEHMST CKOPOCTU MPOXOAKM KOMMAEKCOM 3BaKyaLMIOHHDLIX
BLIPAGOTOK MAAOTO CEYEHMSI B CAOXKHDBIX FOPHO-TEOAOTMYECKMX YCAOBUSIX.

Meroaororns uccaeaoBaHms. VICMOAL30BaH CUCTEMHDLIA MOAXOA, BKAIOHAIOWNI AHAAUTUYECKME U BLIMUCAUTEALHDLIE METOADLI C MPYMEHEHMEM MaTeMaTh-
YECKOro MOAEAUPOBAaHMS], & TAK)KE KAACCUYECKMX MOAOYKEHNIM TEOPETUYECKON MEXAHMKM.

PesyanTatil M mx npumeHeHyne. TeOpeTNUeCKM YCTAaHOBAGHO YCMAME MEPEABMIKKM CracaTeALHOrO KOMIAEKCA OT MAcChl €€ YacTei, KPernocTi MOpPoA,
BLIPAKAIOILENCS B YCTAHOBUBILEMCS PEXXMME CTEMEHHOM 3aBUCMMOCTLIO OT BDEMEHM M Liara NePeABM>KKM, NMpPUYemM TEOPETMYECKOe 3HaYeHNe BEAMHMHDI
KO3hhuLIMEHTa CONPOTUBAEHMST ABVKEHMIO CMACATEALHOTO KOMIMAEKCA HAXOAMUTCS B MHTEpPBaAe 0,46, 4TO MOATBEPIKAAETCS SKCMIEPUMEHTAALHO C MCMOAL-
30BaHMEM AABOPATOPHOTO CTEHAA.

BLIBOALI. PaccMOTPEHDbI OCOBEHHOCTH PABOTh CNACATEALHOTO KOMIAEKCA MPY PASAMHHLIX KPEMOCTSIX MOPOA B BLIPAOOTKE, MPEAOKEHBI PEKOMEHAALIMM
0 BLIGOPY CMAOBOTO OOOPYAOBAHMSI KOMIAEKCA.

KAloyeBble CAOBA: CracaTeAbHbI KOMIMAEKC, Waraiowas Kperb, CKOPOCTb MPOXOAKM, KOI(PULMEHT COMPOTUMBAEHMSI ABMXKEHMIO, FOPHOCMACATEALHLIE
paborbi.

BEAEHME
VYronp — BayKHEIINIT peCcypc B 9HEpreTUIecKoM baTaHce MHOIMIX CTPaH MUpa, B vactHocty Kuras, Mupnn, CIIIA,
Poccnu [1], HO ero o6bIYa COMPOBOXKAAETCA TSHKEIENIINMI YCIOBUAMY PAOOTHI U PUCKOM JI/IA KUSHU HIAXTEPOB.
Mepbl, IpeAnpyHUMAaEMBbIe /I8 IPeOTBPallieH s aBapUITHBIX CUTYalUil Ha YyTONbHBIX IIAXTaX, 3AMETHO CHUS/IN aBAPUITHOCTD
Ha HIX, HO 3ajjaua CIIaCeHMs TIofiel ITO-ITPeKHEeMY OCTaeTcs aKTyanbHolt [2-8].

JI/Is1 axT aKTyasbHbIM SIB/SIETCST CO3JAHMeE CIIACATENbHOTO KOMITIEKCA, COCTOSIIET0 13 GBICTPOCOOPHBIX Y3/I0B 06/IerdeH-
HOTO TUIIA, IPY YCIOBUM, YTO CKOPOCTh IPOXOAKYU 9BAKYAL[MOHHOI BBIPAOOTKY CIIACATEIBHBIM KOMIUIEKCOM BBIIIIE, YeM P
IIPOBEeHNN BBIPAOOTKYU PYYHBIM CIIOCO60M. VICIonp3oBaHme CracaTe/IbHOr0 KOMIIIEKCA CYIIeCTBEHHO CHM3UT TPABMOOIIAC-
HbIe CUTYaLNH [/ TOPHOCIIacaTesell, HaXOfAIIUXCS B 30He prcKa. KOHCTpPyKINs criacaTeNbHOTO KOMIUIEKCa 3allaTeHToBaHa [9].

MeToAOAOI VISl UCCAEAOBAHMSI

TeopeTuyeckue McceoBaHMA CITACATENBbHOTO KOMIUIEKCA /A ONpefeeHNs PallMOHaIbHBIX TAPaMeTPOB CUIOBOTO 060pYHIO-
BaHIISI IIPY TTePEMEHHOIT KPEIOCTI IIOPOJ;, B 3a00€ OCHOBAHBI HA PEIIeHN YPAaBHEHS GaTaHca CIUJT IIPY TIePEeIBYDKKE HATPY)KEHHOTO
Komiekca [10-13]. V3 puc. 1 BUjHO, YTO TOYHOE OTpe/iefieHyie BeIIHbI CHIbl F| T03BONAET 060CHOBATh CXeMy HArPysKI Iepe-
KPBITIIT KPEIN U ee OTPAXICHNIL, PACCINTATh OCHOBHBIE KOHCTPYKTHMBHbIE IIAPAMETPBI JACTell KPeIll, Ha OCHOBE KOTOPBIX 000CHO-
BaHHO BBIOPATh CUI0BOE 060pPYHOBaHe (TMAPOLVIIMH/PDL, MACTOCTAHIINIO, COSIUHNUTEIbHbIE V1 KPeIlesKHbIe 97IeMEHTbI I TIp.)

PucyHok 1. Cxema npouecca nepemMelleHUsi CEeKLMA cnacaTeribHOro Komnriekca npu ycraHoBUBLUEMCS peXxume paboTbl.
Figure 1. Diagram of the process of moving sections of the rescue complex at steady state operation.

"Pruraz@mail.ru
https://orcid.org/0000-0002-2913-5641

“iungmeister@yandex.com
https://orcid.org/0000-0001-7858-8340

98 CEHTABPb 2019 | BbIMYCK 3(55) M3BECTUA YPAJTbCKOIO rOCYJAPCTBEHHOIO NOPHOIO YHUBEPCUTETA



R Y. Urazbakhtin, D. A. Yungmeister/ News of the Ural State Mining University. 2019. Issue 3(SS), pp. 98-103 ENGINEERING SCIENCES

a 6 B r
////f' P E , XX, : LA A //// 2 FgFrrs

;/////j;;j// e P, ;; ////j;;;//// ,f; B 449

1/ (LLL Y, v/ ik d LLL "/ > .

s/ vl

’ S v , s

7 SRR | | PN PSR | NG LT | B |4
) S ', - . -

. P 7 ey

; S / e ¥ a4 / ///

Vd P P / // v v
¥ s PrEra o iV d ’ 7 . 7 4 g /., 4 ek

PucyHok 2. BapuaHTbl Harpy>eHusi cnacaTenbHOro Komnrekca. a — OTCyTCTBME BHELUHUX Harpy3oKk Ha NepekpbITUsi komnnekca; 6 — Harpy-
YKEHME CO CTOPOHbI KPOBMY BbIPabOTKN; B — HArpy>eHne co CTOPOHbI HOKOB BbIPabOTKU; I — HArpy>KeHue Co CTOPOHbI KPOBMNM 1 BOKOB BbIPabOTKM.
Figure 2. Loading options for the rescue complex. a — lack of external loads on the floors of the complex; 6 — loading from the side of the roof;
B — loading from the side of the working sides; r — loading from the side of the roof and sides of the working.

Ha puc. 2 mpeficTaB/ieHbl BapMaHTbI HATPY)XEHNUSI CIIACATEIBHOTO KOMIUIEKCA [PV Pas3MIHbIX BAPUAHTAX OOPYIIEHNS KPOB-
7 1 6OKOB BBIPAOOTKIL.

O671acTh BIVISTHIS TOPHOI BBIPAOOTKI Ha [IEPEKPBITIIS CEKIMI KOMITIEKCA, BBI3BAHHAsI [Iepepacpeie/ieHyieM HalpsDKeHNUI
B MAacCUBe IOPOJ, 3aBICUT OT (GOPMBI U HaMOO/IBbIIErO IMHETHOTO pasMepa | cedeHrst BBIPAGOTKIL. 30HA TPELMHOBATOCTH IIPU
HATrpy>KeHNN ITePEKPhITUIT CEKINIT KOMIUIEKCA He YIUTBIBA/IACH, [IOCKO/IBKY HAMIPSDKEHNSI B MACCUBE TPELINHOBATHIX IIOPOJ He
IIPEBOCXOMAT HPefieN IPOYHOCTI U He BO3AENCTBYIOT Ha IIEPEKPBITHUS KOMIUIEKCA.

ITpy ABIOKEHVM KOMIUIEKCA B YCTAHOBUBIIEMCS PeXIIME C OCTOSIHHOI CKOPOCTBIO0 (pOpMYy/Ia YCUINst HEePefBIDKKY CIIaca-
TE/IBHOTO KOMIUIEKCA IPUMET BU:

F =G,k (1)

wk i conp’

- KO3 UIIMEHT CONPOTUBIEHNS TIEPEMEIIEHNIO YaCTell KOM-

conp

TIe Gmi — BeC TOJIOBHOII WV KOHLIEBOJ YacTell KOMIUIEKCa; k
unexca, k= 0,4-6.

3HaueHMs1 KO3 uIeHTa COMPOTUBIEHNs EPEMEIeHNI0 VIMeeT IIMPOKNMIT AUAla30H BapbpOBaHNs, 0OYCIOBIEHHBII
BAPMAHTOM Harpy)xeHus Komivtekca (puc. 2). ITo pesynbrataMm TeopeTn4ecKIUX MCCIeFOBAHMI OLpefieieH MHTepBal 3HaYeHNUIT
K03 duIMeHTa COIPOTUBIIEHNS [IePeMeLeHNIO CIIacaTe/IbHOTO KOMIUIEKCa:

1) OTCYTCTBYE BHEIIHMX HATPY3OK Ha IIePeKPbITUsA KOMIIIeKca (puc. 2,a) k= 0,4-0,6, onpegensercs no gpopmyne [14]:

kconp = l’l' > (2)

e | — K03hOULUMEeHT CONPOTUBIEHNS TIEPEMEIeHNI0 CTATBHBIX [TOBEPXHOCTEN OCHOBAHMII CEKLIMM KPENN 110 MOPOfe, | =

0,4-0,6.
2) HaTpY>)KeHMe CO CTOPOHbBI KPOB/HM BbIpaboTky (puc. 2, 6) k = 0,5-3, onpepensercs o popmye [14]:

co!

2 (gp2alb)
Ko =W 1H— ), 3)
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I7ie ¢ — yCKopeHne cBo6ofHOro magenus, g = 9,8 H/Kr; p — m10THOCTD HOPOJ, KI/M?; a — IIONyIpoIeT CBOAA, M; I, b — fnHa, BbI-
coTa CBOfa 00PYIIEHNSI, M.
Bricora cBofa 06pyueHys onpenernsercs o popmyne [14]:

a
b=—, (4)
e f - koaduument kpermoctn mo kraccudukau M. M. ITIpoToibsKoHOBa A/ CBA3HBIX IIOPOJ, U KO3 GUIMIEHT BHY TPEHHe-

TOo Tpe€HMA OJ11 MATKUX ITIOPO[.

3) Harpy’>xeHue co CTOpPOHBI 60KOB BeIpaboTKU (puc. 2, B) k= 0,4-0,85, onpexnensercs mo popmyrne [14]:
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rzie h - BbIcOTa BBIPAOOTKY; O — yros crion3aHmst 60KOBBIX OPOJ; (0 — YLO/I BHYTPEHHETO TPeHs], ¢ = arctg f.
4) HATPy>KeHIE CO CTOPOHBI KPOB/M 1 60KOB BbpaboTku (puc. 2,1) k= 0,5-6, onpegensercs no popmyne [14]:
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Bricora cBoma 06pyuieHus onpenensiercs o Gopmyne [14]

90° + ¢
. (a+h)ctg T )

f tgo
I/le a, — MOMYTIPOJIET CBOJIa €CTECTBEHHOTO PABHOBECUS, M.

Pesynbrarsl 11epBOro UK/Ia SKCIEPYMEHTOB TIO3BO/IV/IN IIOCTPOUTD IMarpaMMy 3aBUCUMOCTH ycums nepensimkkn F , H,
OT BPEeMEeHU £, C, IIPI IIOCTOSHHOM 3Ha4eHMI CKOPOCTH TepeaBInbKK v = 0,1 M/c u mare nepensiokku [ = 0,2 M (puc. 3).

Yeunme nepenBuyKKM CEKIIUY CITACaTeIbHOTO KOMIIIEKCA ITPY NTEPEXO0/ie OT ITapaMeTPOB MOJIeNIN K ITapaMeTpaM OpUTIMHajIa
ompepessieTcs mo Gpopmye

F =Fk, (8)

H

rae km — MacIITaOHbI KOC—)(I)(bI/IIH/IeHT; FM — 9KCIIEPVIMEHTA/IbHOE 3HAYECHME YCUIVIA IIEPENBIDKKI MOIEIN CIIACATEIbHOIO KOMITIEKCA.
MacmrrabHbi1 k09 punyeHT onpepenaeTcs no Gopmyie

k =—" )

Iie m_— Macca CeKIMY CIacaTeNbHOro KOMIUTEKCa (OpUTHMHAT); 71 — MAacCa MOJIENN CEKIIMM CTIACaTelTbHOTO KOMIIIEKCa.

Hanbonbinee sHaueHMe yCUIUA MepefBIDKKA MOJEIN CIIacaTe/IbHOTO KOMITIEKCA IPOSAB/IAETCS IIPU HaTPY>KeHMM G6OKOBBIX
CTEHOK U TIePeKPBITHII MOJIe/ KOMIIIEKCA CO CTOPOHBI KPOB/IM 1 60KOB BhIpaboTKu (puc. 3, 11. 4) u cocrasnser (F = 233,78 H).
C ygerom macmrrabroro koaddurmenta (k = 500) mpu mepexozie OT MApaMeTPOB MOJENN K TApaMeTpaM OPUTVMHA/IA 3HAYEHNIS
YCUVA TePeABVIKKI CEKIIMM CITACaTeTbHOTO KOMIIIEKCa 1 KO3 UIMEeHTa CONPOTUBTIEHNS TIePeMELeHNI0 COCTABANT F =
1169 kHu k= 5,9), 4ro mopTBepXKaeT 3HAUEHMs, IONyYeHHble TeopeTndeckn (F =120 kHu k = 6).

O60ocHOBaHVe BLIGOPA MMAPOAOMKPATA LIAratollei Kpernm

Ha pic. 4 mokasaHa HOMorpaMmMa OIpefielieHysl TUIIOB IMAPOLOMKpaTa Ha OCHOBE OIIpefie/IeHHOTO IHTepBaia U3MEHEeHU A
K09 PuIMeHTa CONPOTUBIICHNA TIepPeMeleHNIO IIaralollell Kpely B 3aBUCYMOCTY 0T K09 uIeHTa KperocTu I0poy € yde-
TOM METOJVIKM BI6OpA OCHOBHBIX XapaKTePUCTUK TUPABINYECKNX IWINHAPOB [15] mpy Mcronp3oBaHny mapaMeTpudecKmx
PALOB OMaMETPOB IOPILHEN U JaBIeHNI IMIPAaBINYeCKO CUCTEMBI.

[l ynpolieHns yKasaHHbIX (OPMYIT 3aBUCUMOCTb K09 dUIMeHTa COIPOTUBIeHNs TepeMelenuio anemenTos IICK mpu
Harpy>XeHMI CO CTOPOHbBI KPOBINU 1 GHOKOB BBIPAOOTKM (pic. 4, 1I. 4) MOXKeT OBITh BhIpa>KeHa CTEIIeHHOI 3aBUCUMOCTbIO BUIA
kconp(f) = 4,3959f %2 mpuyem mapameTpst 4,395 1 —0,802 ycTaHOB/IEHBI METOJAMY ALLIIPOKCYMALIMM Y YIUTBIBAIOT BIIMAHME HA

BEJIVYMH MAacC, JeVICTBYIOMIMX Ha IepeKPBITIA KOMIUIEKCa, IpefCcTaBIeHHbIX B popMyax (1)-(7).

B cooTBeTCTBUM C KPEIIOCTHIO TOPOF, B BoIpaboTke 1o mmkane M. M. IIpoTogpsikoHOBa BEIOMpPAETCs HAMOO/IblIIee SHAYEHE
K03 uIeHTa COIPOTUBIEHNS TIePeMellleHNI0 [IIaraloleli Kpernu, KOTOpPOoe COOTBETCTBYeT HeO/IaronpusTHbIM TOPHO-Ie0JI0-
TMYECKMM YC/IOBUSAM, TIPY KOTOPBIX 3HAYEHMs BEPTUKATIbHOI 1 GOKOBBIX HATPY30K, ENICTBYIOLINX Ha MEePEeKPbITH, HOKOBbIE
CTEHKU KpeIlu CO CTOPOHbI KPOBIIN 11 60KOB BBIPabOTKY, MaKcuManbHbL. Ha ocHoBe k09 pumeHTa CONMpOTUBIIEHN TepeMele-
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PucyHok 3. 3aBMCUMOCTU yCUnUsa NnepeaBUXKA MOAEeNu Kpenu B o6pa3uax U3BECTHAKOBLIX MOPOA OT BpeMeHU. 1 — 6e3 HarpyeHusi Mo-
Oenv; 2 — npy Harpy>eHum GoKOBbIMW Harpy3kamu, AeNCTBYOLMMI Ha BOKOBbIE CTEHKM MOAENMN KPENWU CO CTOPOHbLI 6OKOB BbIpaboTku; 3 — npu
Harpy>xeHuv BepTUKarnbHOW Harpy3koi, AeCTBYIOLWEN Ha NePeKPbITUS MOAENU CO CTOPOHbI KPOBMNM BbIPABOTKM; 4 — NpU Harpy>eHun BepTukarnb-
HOW 1 GOKOBBLIMW Harpy3kamu, ENCTBYOLLUMMW HA NEPEKPbITUS, BOKOBbIE CTEHKM MOAENU KPEnu CO CTOPOHbI KPOBMM 1 GOKOB BbIpaboTKu.

Figure 3. The time dependence of the effort of moving the props model in the samples of limestone rocks. 1 — without loading the model;
2 — when loading with lateral loads acting on the side walls of the props model from the side of the working sides; 3 — when loading with a vertical
load acting on the overlap of the model from the roof of the mine; 4 — when loading with vertical and side loads acting on the overlap, the side walls
of the props model from the roof and side of the mine.
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KoadhdpumumeHT conpoTuBNeHns nepemMeLLeHuno Harpy3aka Ha rugpoumnungp F, kH
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PucyHok 4. Homorpamma onpegeneHusi TUNOB rMAPOAOMKpaTa Ha OCHOBE CUIOBbIX NapamMeTPoB rMAPOLMUIIMHAPOB B 3aBUCUMOCTU OT
koadppuumneHTa KpenocTu nopop B BbipaboTtke no wkane M. M. MpoTtoabsikoHoBa. 1 — rpaduk TeopeTnyeckon 3aBUCUMOCTI KoaddprumneHTa
KpenocTu nopof oT koaduLmeHTa CoNPOTUBNEHUS NEPEMELLEHNIO LLAaratoLLel Kpenu Npy OTCYTCTBUM Harpy3ku Ha NEpPeKpbITUS U CTEHKW Kpenu;
2 — npu Hanu4mMn GOKOBbIX Harpy3ok, AeNCTBYHLWMNX Ha BOKOBbIE CTEHKM KPEMU CO CTOPOHbI BOKOB BbIPAGOTKM; 3 — NpU Hanu4unM BepTUKarbHOW
Harpysku, Oe/CTBYIOLLEN Ha NEPEKPbLITUS KPEMN CO CTOPOHbI KPOBIM BbIPAGOTKM; 4 — NpU Hanu4ynM BepTUKarbHON U GOKOBLIX HArpys3oK, AenCT-
BYIOLLMX Ha NEePeKpbITUSi, BOKOBbLIE CTEHKM KPEnu CO CTOPOHbI KPOBMY U GOKOB BbIpaboTku; 5 — 3aBUCUMOCTb YCUNUS NEPEABIKKM OT AnaMeTpa
NOPLUHSA NpW AaBneHuu B ruapaenuyeckom cetn 63 Mla; 6 — 50 MIMa; 7 — 40 MIMa; 8 — 32 Mla; 9 — 25 MIMa; 10 — 20 Mla.

Figure 4. Graphic chart for determining the types of advancing ram based on the power parameters of hydraulic cylinders depending
on the rock strength coefficient in the mine according to the M. M. Protodyakonov scale. 1 is a graph of the theoretical dependence of the
rock strength coefficient on the resistance coefficient to the movement of walking props in the absence of load on the floors and walls; 2 — in the
presence of lateral loads acting on the side walls of the props from the sides of working; 3 — in the presence of a vertical load acting on the roof
props from the roof of the mine; 4 — in the presence of vertical and lateral loads acting on the overlap, the side walls of the props on the side of the
roof and the sides of the mine; 5 — dependence of the driving force on the diameter of the piston at a pressure in the hydraulic network of 63 MPa;
6 — 50 MPa; 7 to 40 MPa; 8 — 32 MPa; 9 — 25 MPa; 10 to 20 MPa.

HIIIO LIATaolell Kpely BhIOMpaeTcs TUPOJOMKpAT IIePeABIDKKI Kpenn (¢ yueToM KoaddulmeHTa 3amaca), o6ecredyBaolyii
Heo0XOfuMOe yCHIve IIePeABIDKKI B 3aBUCYMOCTY OT AyiaMeTpa MOPLIHA IMAPOLOMKpaTa U JaB/IeHNUA B ITUAPaBIMIeCKON CeTH.

Tak, HanpyuMep, IpK KPEHmoCTH MOPOf B Beipabotke 1o mkane M. M. ITporogpsikoHoBa f = 1 MakcuManpHOe TeOpeTnde-
CKOe 3HadeHue K03 PuijneHTa CONPOTMBIEHNS [TepeMeLIeHIIO IIIarafmleil Kpemn kcmp = 6, KOTOPOe COOTBETCTBYeT Hebaro-
HPYUATHBIM TOPHO-TEOIOTMYIECKUM YCIOBIUSAM, TPV KOTOPBIX 3HAUEHMsI BEPTUKANIbHON U GOKOBBIX HATPY30K, AEMCTBYIOMINX Ha
HePEKPBITIS, 60KOBbIE CTEHKV KPEITy CO CTOPOHBI KPOB/IN ¥ HOKOB BIPAabOTKM, MaKcuManbHbl (Toukn 1.1, 1.2 Ha puc. 4). Ilpu
M3BECTHOM 3HaueHMy KoapuimeHTa CONPOTUBIEHN Kpelu OIpefenseTcs Heobxonumoe pabodee ycunue, pasBuBaeMoe Ii-
IPOSOMKPATOM IIE€PEABVKKI KpeIn (FM =120 xH) (Touka 1.3 Ha puc. 4). [lanbHeiiiee onpepeNeHne YCUIIA HePefBIDKKY KpeIn
OCYIIECTBIAETCA ¢ ydeToM Koadduunenta samaca k, = 3 [15] 1 KomyecTsa rUipOlOMKpPaToB 1 = 2, obecneunBaIINX mepe-
ABIDKKY Kpenu. Takum 06pasoM, ycune TuApoIOMKpaTa fo/DKHO 6bITh He MeHbie 180 kH (Touka 1.4 Ha puc. 4).

B cooTBeTcTBMM € TapaMeTPUUYECKUMU PAJAMU JUaMeTPOB HMOpPIIHEN TUAPONVINHAPOB I HOMMHAIbHBIX JaB/I€HNU B I'M-
IpaBIMYeCKON CeTH 3HaUeHMe YCUIUA TUAPOLOMKpaTa IepeBIDKKI Kpely yTouHseTcs (Touka 1.5 Ha puc. 4, F = 196 xH) npu
IMaMeTpe HOPLIHA rupgponoMkpara d = 100 MM (Touka 1.6 Ha puc. 4) ¥ JaB/IeHUY B I'UApaBANdecKoii cety p = 25 MIla.

Boibop rupooMKpara rmepeBIKKI OCHOBBIBAJICS HA MaKCMMaIbHOM PacueTHOM 3HadeHnn KoadduijmeHTa ConpoTnBie-
HMA NlepeMeleHNI0 HIaraolell Kpennu kmnp = 6, COOTBETCTBYIOI[EM HeOIaronpyATHBIM TOPHO-TeO/IOTMYECKIM YCIOBUAM, IIPU
KOTOPBIX 3HAUEHsI BEPTUKAIBHOI 1 GOKOBBIX HAIPY30K, IEVICTBYIOLNX Ha IE€PeKPBITIs, HOKOBbIE CTEHKM KPEI CO CTOPOHBI
KpOB/N U 6OKOB BbIPAOOTKIM, MAKCUMAa/IbHbL, Y HAMMEHbIIIEM 3HaYeHUY fyiaMeTpa IIOPIIHS 1 JaBIeHNs B TMAPABINIECKON CETI.
Tem cambIM 06ecIIeunBacs BLIOOP MamorabapuTHbIX U OBICTPOCOOPHBIX Y3/I0B KOMITTIEKCA 0O/IerYeHHOTO THIIA.

3akAloyeHne

IIpennoxxeHa KOHCTPYKIMA CIIACATETLHOTO KOMIIIEKCA HA OCHOBE pacyeTa 6a30Boro mapamerpa F , pacCIMTaHHOTO aHa-
JIUTUYIECKY C TIOATBEP)K/IeHNeM Tab0paTOPHBIX IKCIEPUMEHTOB. [JaHbI aJITOPUTMBI I HOMOTPAMMBI I10 OTIpefe/IeHNI0 CUTTOBBIX
IapaMeTpOB KOMIIIEKCA. PacyeThl OKasay, 9TO /1A LIMPOKOTO CIIEKTPa PAa3/IMYHbIX 110 KPEIIOCTHU I APYTUM II0Ka3aTe/IAM Mac-
CUBOB MOXeT ObITh paspabOTaH YHUBEPCAIbHBII KOMIUIEKT 000PYAOBAHNS /st CO3/JaHNs CIIaCaTeIbHOrO KoMirtekca. OCHOB-
HBIMJ JTOCTOMHCTBAMM TaKOTO KOMIUIEKCA SIB/ISIIOTCS BBICOKAsl CKOPOCTD IIPOBEfIEHNs aBapUITHO-CIIAcaTe/IbHbIX BbIPabOTOK,
IpocToTa paboThI M COOPKIL, @ TAK)Ke BO3MOXKHOCTD OBICTPOII JOCTABKY YacTell M Y37I0B KOMITJIEKCa K MeCTY Hadasia IPOBeeH I
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CIIacaTe/IbHOI! OIlepalyiL, HOCKONbKY Macca Hanboree TsDKeNbIX y37I0B He IpesbiinaeT 200 KT, 4TO M03BOJIAET TOPHOCTIACATENAM
HIEPEHOCUTD STH Y3/Ibl BPYYHYIO IO HamboJee TsDKEbIM ydacTKaM BbIpaboTky. OcCHallleHne TOpPHOCIAcaTe/NbHbIX IOApase-
JIEHMII TaKVM KOMIUIEKCOM ITO3BOIUT CHUSUTD BpeMs IPOBeeHs ClIacaTe/IbHBIX paboT, a TaK)Ke CHU3UT TPAaBMATU3M Cpeny
TOpHOCTIacaTeIen.
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The results of theoretical and laboratory studies of the rescue complex
for coal mines

Rustam Yusufovich URAZBAKHTIN*,
Dmitriy Alekseevich YUNGMEISTER**

Saint-Petersburg Mining University, Saint-Petersburg, Russia

Relevance of the work is due to the possibility of creating a rescue complex for conducting high-speed underground workings of small cross section
(2.25 m2), the main task of which is the evacuation of miners met with an accident.

Purpose of the work: substantiation of the power and structural parameters of the advancing ram of the rescue complex while drifting excavation
working along rock masses of variable strength, roofs of various stability based on the determined dependences of the structural parameters of such a
complex on the roof pressure to increase the speed of drifting by the complex evacuation workings of small section in difficult geological conditions.
Research methodology. A systematic approach was used, including analytical and computational methods with mathematical modelling, as well as
the classical principles of theoretical mechanics.

Results and their application. Theoretically, the effort of advancing the rescue complex from the mass of its parts and the rock strength was deter-
mined; it is expressed in the steady state as a power-law dependence on the time and step of the movement, and the theoretical value of the coeffi-
cient of resistance to movement of the rescue complex is in the range 0.4-6, which is confirmed experimentally using laboratory stand.
Conclusions. The features of the work of the rescue complex at various rock thickness in the mine are considered, recommendations are suggested
for choosing the power equipment of the complex.

Keywords: rescue complex, walking props, drifting rate, coefficient of resistance to movement, mine rescue operations.
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