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rounding rocks. These changes occur as a result of excava-
tion or its termination, appearance of rheological features of
rocks, etc. A consistent calculation of various combinations
of these properties and characteristics allows determining
the criticality of the certain indices of computational model
that substantially affects the quality of the experiments.

Findings. The characteristics of the influence of the
mining processes and objects description accuracy for the
designing of support structures used for maintenance of
development workings in the Western Donbass mines
have been received.

Originality. An algorithm of the influence of variable
non-linear mechanical and geometrical characteristics on
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the stress-strain state of the ‘support — rock strata’ system
has been obtained. The mathematical description of the
range of possible feasible solutions of problems of the
class has been created.

Practical value. Application of the described approach-
es enhances the adequacy of computer simulation which de-
termines the optimum characteristics of development work-
ings in the Western Donbass mines.
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Ienn. YcTaHoBIEHHE 3aKOHOMEPHOCTEN [T ONPEAEICHUS IPAaHULl BCACBIBAHUS MYJbIBI U CKOPOCTU BCACHIBAIOILEC-
TO IIOTOKA Ha IPaHHMIIE 30HbI BCACKIBAHHS MOABOIHOTO 320051, IPH KOTOPOI YaCTHIIBI TPYHTA HAXOISITCS B PABHOBECHH.

Metoauka. [IpuMeHeHa Teopust mepeHoca eANHUYHBIX YaCTUI] 3ePHUCTOTO MaTepHaia AByX(pa3HbIM reTepOreHHBIM
MTOTOKOM B TIOTPAaHUYHOHN 00JTaCTH MEXAY 3a00eM 0CaIOYHBIX OTIIOXKECHHUN M BOIHOW cpemoil. PaccMOTpeH OTOK MmyIib-
TI6I, HATIPABJICHHBINA OT 320051 K BCACHIBAIOLIEMY MATPyOKy 3€MIJIECOCHOTO CHapsiia, chOpMUPOBAHHBIIN MPU IBHXKEHUN
KHUJKOCTH U3 HEOTPAaHWIEHHOTO MIPOCTPAHCTBA.

PesyabTathl. B pesynsrate paccMOTpeHus! Mpoliecca BCAaChIBAaHUS ITYJIbIIbl €IMHUYHBIM BCACBHIBAIOIINM MATPYyOKOM B
MOJIBOTHOM 3200€, MOJTy4eHa aHAJIMTHYECKasl 3aBUCUMOCTD ISl OIPEAENICHHsI PACCTOSIHYSA OT BCACBIBAOLIETo MaTrpyoka 10
CEYeHMs, B KOTOPOM CKOPOCTh BCACHIBAHMS PaBHA CKOPOCTH, MPU KOTOPOI YacTHIIbl HAXOAATCSA B PABHOBECHOM COCTOSIHUM.
JU1 onpeneneHys TpaHUL] 30HbI BCACHIBAaHHS MOABOIHOTO 32005 COCTABIECHO YCJIOBUE PAaBHOBECHOIO COCTOSIHMS YaCTHUIIBL,
TIOJTy4eH BUJI 3aIMCH JEHCTBYIOIINX HA Hee CHJI, 3armicaHo JuddepeHmaibHoe ypaBHEeHNE, ONMCHIBAIOLIEe IBIKCHUE Yac-
THIIBI, HAXO/SIIEHCS Ha TTOBEPXHOCTH 30HBI BcacklBaHMs. B pesynprare perrenns qudepeHnaIbHOr0 ypaBHeH S OJTyde-
Ha 3aBHCHUMOCTD JUTS OTIpEeiesIeHNs] CKOPOCTH BCACBIBAIOILETO MTOTOKA HA TPAHUIIE 30HBI BCACHIBAHMS MTOBOIHOTO 320051, TIpH
KOTOPOH 4acTHLa, MO/ ACUCTBUEM CHIIBI TSDKECTH, APXUMEA U CKOPOCTHOTO HANOPa, HAXOIUTCS B PABHOBECHH.

Hayunas HoBu3Ha. Pa3zpaboTana maremMaTiuecKas MOZIEb JBMKEHHUS YaCTHUIIBI 1T0 00pa3yroniel 30HbI BCACHIBAHUS
oABOAHOTO 3200s1. [ToBOAHEIH 320011 3eMIECOCHOTO CHapsAa BIEPBBIC pacCMaTPUBACTCS KaK 00JIaCTh, OTpaHUYCHHAS
30HOI BCachIBaHMs B3BEIICHHOT'O TPYHTA.

IIpakTnyeckasi 3HAYMMOCTb. [I0oTyueHb! aHATMTHYECKUE 3aBUCUMOCTH IS OIPEAENICHHs CKOPOCTU BCACHIBAIOLIETO
MOTOKA Ha FPAHMIIE 30HbI BCACBHIBAHMUS TTOABOAHOTO 320051, IPH KOTOPO 00eCIIeYnBACTCSI PABHOBECHOE COCTOSIHUE YaCTHUIIBI,
a TaloKe pafiyca BCachIBaHKA ITyJIbIIbL. 3aBUCUMOCTH TTO3BOJIIOT YCTAHOBUTH TPaHHLIBI 00JIACTH BCACHIBAHKS ITYJIBITBI B IO/
BOZIHOM 3a00€, a 3HAYUT OHPEAETIUTh 00beM JOOBIUM IPYHTA C OHOTO YCTaHOBA MCIIOIHUTENBHOTO OpraHa 3eMCHapsIa.

KitroueBble €JI0Ba: 3eMcHAPs0, NOOBOOHbIL 3a001, pa3mMbls, 6CACLIBANIE, CKOPOCb 6CACLISAHUS, PAOUYC 6CACLISAHU

IMocranoBka mnpoOiaembl. OnpeneneHue TpaHMI] HEWIleMy TPaHCIIOPTHPOBaHUIO. BBIOOp paloHaIBHBIX

BCACHIBAHUS ITYJBIIEI B ITOJBOJHOM 3a00€ 3€MIICCOCHOTO
CHapsiia SBJISICTCA BaXKHOM 3a7ayeid, MO3BOJISIONIEH ycTa-
HOBUTH PAalMOHAIBHBIC MApaMETPhI CHCTEMBI MTOrOTOBKH
TPYHTa ¥ TPUTOTOBJICHHS IYJbITH K BCACBIBAHUIO M TAITh-
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MapaMeTpOB CHUCTEMBI Pa3MbIBa IPYHTA B MOABOJHOM 3a-
6oc 3eMcHapsia MO3BOJISIET PAMOHAIN3UPOBATE MIPOLIECC
JOOBIIM TPYHTA, TO €CTh YBEIMYHUTH MPOU3BOUTEIHHOCTD
BCACBIBAHUS ITyTEM YBEIMYCHHUSI MOIITHOCTH CHCTEMBI Pa3-
MbIBA WJIN MUHHUMHU3HPOBATH NIOTEPU TPYHTA B HEOTPAHU-
YEHHOE MPOCTPAHCTBO IYTEM CHIDKEHHS €€ MOIIHOCTH.
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Pammonanmsamms mporiecca 10ObMMM TPYHTa ITO3BOJISIET
MHUHHMHU3HPOBATh KalUTAIbHbIE M OIKCIUIyaTallMOHHBIC
pacxofpl, YTO MPUBOIUT K CHM)KCHUIO CTOMMOCTH pa3pa-
OOTKM €ANHHUIIBI TOBAPHOU MTPOIYKIHH.

AHanu3 wuccaegoBaHuii. VI3BecTHB TpH pexuMa
BCAaChIBaHHsI HECBSI3HOTO TPYHTa NP IOABOIHON J00BI-
Ye: TOBEpXHOCTHBIW, MIyOMHHBIA W cMemaHHbli [1, 2].
[Ipn pa3paboTke HECBA3HBIX MECKOB C TIyOuH m0 18 M
aKTyaJIbHO TPUMEHEHHE TPaJUIUOHHBIX JIOOBIYHBIX
KOMILUIEKCOB B COCTaBE MIABYYHX 3€MJIECOCHBIX 3EMCHa-
pAmOB M pedynepHsIX Myapnonposonos. IIpu stom mo-
JKeT OBITh O0eCIleYeH ITOBEPXHOCTHBIM ¥ CMEIIaHHBIA
PeXUM BCachIBaHMSI TPYHTAa IPU CpeAHEl OO0BEeMHOI
KOHLEeHTpamu mynsisl 10...30%.

I1py mOBEpXHOCTHOM CIIOCO0E BCachIBaHUS pa3paboTKa
TPYHTa BEJETCS NPU YCTAHOBKE BCACHIBAIOIETO MaTpyOKa
HETIOCPE/ICTBEHHO Ha MOBEPXHOCTh IpyHTa. IIporecc Bca-
CBIBaHUsI IIPOTEKAET ¢ 00pa30BaHUEM M3MEHSIOIIEHCS IeNN
BCAaCBIBaHUS, T.€. U3MEHSIOIIETOCs PACCTOSIHUS MEXIy BCa-
CHIBAIOIIMM HAaKOHEYHHKOM U 3aboeM (puc. 1). [ToBepxHO-
CTHBIII PEXKUM BCACBIBAHUS XapaKTEPHU3yeTcsl, B OCHOBHOM,
CKOPOCTBIO JIBIDKEHHMS TTOTOKA ITyJIbIBI B IIEIM BCAchIBa-
HUS, OIPENENSIONIEeH NHTEHCHBHOCTh Pa3MbIBa M 3aXBaTa
BCACHIBAEMBIM TIOTOKOM YACTHI] TPYHTA.

Puc. 1. Cxema 6cacvl8anuisi HepasMvblmo2o 2pyHma 8 noo-
6800HOM 3a00¢€

CB000/1HOE BCACBHIBAaHUE TIPEIBAPUTENHEHO HEPA3MBITO-
TO IPYHTa HPEACTABIIET COOOH OTAENECHHE YaCTULl TPYHTa
OT MaccHBa U IEPEHOC MX K BCACHIBAIOLIEMY HaKOHEYHH-
Ky, OCYIIECTBISIIOIIMIICS ITOTOKOM BOJBI, IepeMelaro-
MIMMCS TT0 TIOBEPXHOCTH 32005 MO/ AeHCTBHEM Pa3HOCTH
JIaBJIEHWH Ha MOBEPXHOCTH BOJIBI B BOZIOEME M Ha BXOJIE B
pabouee koneco IpyHTOBOro Hacoca. To ecTb, CBOOOAHOE
BCaChIBaHME YaCTHI] TPYHTA B COCTABE ITYJIBITHI B TIO/IBO-
HOM 3a00€, 110 cBoeH (prU3NIeCcKOl IPUpoe, PECTABIISET
TIPOIIeCC PO3MOHHOTO pa3MbiBa M mepeHoca [1, 2]. Oc-
HOBHBIM OTPaHHYMBAIOIIMM (DAKTOPOM TaKoro mporecca
SBIISIETCS PA3MBIBAIOIAst CKOPOCTH FPYHTA.

WNHaue MpoHCXOIUT MPOLECC BCACHIBAHMS MOATOTOB-
JICHHOT'O, TO €CThb Pa3MBITOTO M B3BEIICHHOTO TPYHTA.
CBoOosHOE BCachIBaHUE IPEIBAPUTENBHO Pa3MBITOTO
IpyHTa IpefcTaBisieT coOOH Ipolecc BCACHIBAHUS dac-
THIl TPYHTa U HEPEHOC UX B COCTABE MYJIBIIBI K BCACHI-
BalOIIEMy HaKOHEYHMKY MOJ JEHCTBHEM pa3sHOCTH IaB-
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nernii. OCHOBHBIM OTPaHUYUBAIONIAM (aKTOPOM TaKOTO
mpolecca SIBISETCS] TUAPABINYECKasl KPYITHOCTb Xapak-
TEPHBIX YaCTHUI] TPYHTA.

HW3BecTHO, 4TO BCachIBaroIas TpyOa, Ipu CBOOOJHOM
BCAachIBaHMM YMCTOW BOJbI, TIPEJICTABISIET COOOW B TUJI-
PaBIMYECKOM OTHOUIEHHH CTOK, ITOJIE KOTOPOTO SIBIISIET-
Csl OJHUM W3 BHJOB MOTEHIHAIbHOTO (OE3BUXPEBOrO)
mekenus [1, 2]. OOmacTs, MpHUIIECTAONIYI0 K BCaCHI-
BalOIIEMy HAKOHEYHHKY, Ha3bIBAIOT 30HOH BCACBHIBAHMSI.
30Ha BcacklBaHUS MOXET MMETh (hopMy cepbl Kak npu
BCAChIBAHMH YHCTOH BOJBI M3 HEOTPAHMYEHHOTO IIPO-
CTPaHCTBa BEPTHUKAIBHO PACIOJIOKCHHOW TPYOOH, TaK |
GoJiee CIIOKHOE MPOCTPAHCTBEHHOE OYEpPTaHHE BO BCEX
JPYTHX CIy4asX.

[Tonb3ysick pe3ynbTaTaMu paHee BBINOJIHEHHBIX pa-
00T, a TaKxke, 0a3UPyACh Ha COOCTBEHHBIX HAOIIOICHUSAX,
MpOILIECC BCAaChIBaHUsI TPYHTA B MOJBOAHOM 3200€ MOXHO
NPE/ICTaBUTh B BUJIE cXeMbl (puc. 2) [2, 3].

Puc. 2. Cxema npoyecca scacvisanus epynma 8 no0goo-
Hom 3aboe: 1 — scacwisarowuii nampybok; 2 — o6-
JACmb 0CadNCOeHUst 30Hbl pasmuleéd, 3 — 30HA pas-
Mbl8a NpU 6CacvblBaHuu epywma, 4 — epanuya 30Hsl
pazmvlea; 5 — 061acmo 0caxicOeHust 30Hbl 6CACHIBA-
HUSL 636EULEHH020 2pYHMA; 6 — 30HA 6CACLIGAHUS
636EULEHHO020 2pYHMA, 7 — 2PAHUYA 30HbL 6CACHIEA-
HUSL 836CULEHHO20 2PYHMA

IIpomecc BcackiBaHUS MOATOTOBICHHOTO M HEMOIIO-
TOBJICHHOTO TPYHTa paslelicH Ha Takue OOJacTH: 00-
JaCTh OCAXKICHHUS 30HBI pa3MbIBa, 30Ha pa3MblBa MPHU
BCACBhIBAaHMM TPYHTA, TPAHUIA 30HBI Pa3MbIBa, 00JACTh
OCQKJCHUS 30HbI BCACBIBAHMS B3BEUIEHHOI'O TPYHTA, 30-
Ha BCAaChIBaHMs B3BELIEHHOIO TPYyHTAa, TPaHMIIA 30HBI
BCaChIBaHUsI B3BELLIEHHOTO FPyHTA.

IocTanoBka 3agaun ucciaenoBanmii. OnpeneneHue
TpaHUI] 30HBI BCACHIBAHUS B3BEUICHHOTO TPYHTA SIBIISCT-
Cs1 BOKHOM HAay4HO-TEXHUYECKOW 3alayeil, peleHne Ko-
TOpPOW TIO3BOJIUT PALMOHATIM3HPOBATH IPOLECCHI MMOJATO-
TOBKH TPYHTa B MOJBOAHOM 3200€ K HX pa3paboTKe.
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Paccrosinue OT cedeHHs BCachIBAIOIIEro narpyoka a0
IpaHUIbl 30HBI BCACHIBAHUS PACCMATPUBACMBIX YaCTHII,
TEPEMCIAIONIMXCS CO CKOPOCTBIO U, B MOIBOXHOM 3a-

00e, n3MEepEeHHOE BOJIb 00pa3yIolieii 30HbI BCACBIBAHMSI,
XapaKTepHU3yeMoi YIIOM HakJIOHa l/, Ha30BEM pajuy-

COM BCacCbhIBaHUs YaCTHIIbI B IIOABOJHOM 3a00¢€.
OHPCI[CJ'IGHI/IG 3HA4YCHUA painyCa BCACbIBaAHUS YaCTUIL]

MO3BOJIUT PCHIUTD 3aJavy IMOCTPOCHUS I'paHUI] 30HbI BCa-

CbhIBaHMA JIA 4aCTHIL pa3J'[PI‘IHOI71 IJIOTHOCTHU U KPYIHO-

CTH, TO €CTh NMOCTPOCHHs IIOJISl BCACHIBAHHUS ITYJIBIBI B
[MOJIBOIHOM 3a00€.

M3i10:xeHNe 0CHOBHOTO MATepHAaJIa MCCIIEOBAHUI.
PaccmoTpuMm mpoliecc BcachbIBaHMS IyJIBIIBI €ANHUYHBIM
BCaChIBAIOIINM NaTpyOKOM B MOABOIHOM 3aboe. [Ipunss
32 OCHOBY HEPa3pBIBHOCTH IOTOKA HECKMMAEMOH KHA-
KOCTH, BCAaChIBAEMOW W3 HEOIPaHUUYEHHOTO ITPOCTPaHCT-
Ba, PEATIOI0KUM, YTO 00BEM BOJIBI, BCACHIBAEMBIH ITaT-
pyOKOM 3a eAMHHIy BpPEMEHH, paBeH 00beMy BOJPbI,
MIPOXOJSIIIEMY Uepe3 IIapoBOEe CEYEeHHE, yNaJCHHOE OT
BCACBIBAIOIIETO aTpyOKa Ha paccrosHue R (puc. 3).

[

BeachIBamAH
narpybox

Puc. 3. Cxema scacvisanus 836euieHHOU NYIbRbL 8 NOOBOOHOM 3ab0e

Jnst pemeHus 3a1avd BBEIEM CIEAYIOIIME JIOIyIIe-
HUS 1 0003HAYCHUST:

CeueHNe 2 TIpeACTaBIsIeT COOOW IIapoOBOW CEKTOp B
BHJIE TIOJIOBUHEI 111apa;

O, — PacXol1 MyJIbIibl Yepe3 BCachIBAIOLIMMI naTpy6ok,

M/c;

Q, — Pacxofl MylbIlbl YEPE3 PACCMATPHBAEMOE CeHe-
HHe, M/c;

S, — TUIOWajb CEYEHMs BCACHIBAIONIErO MaTpyoKa,
M

S, — Iom@aab paCCMaTpuBacMoOro CCUYCHUsI, M2;

2
v = CKOPOCTb BCaCbIBaHMs ITYJIBIIbI B r[anyGKe, M/C;

vV, = CKOPOCTb TCUCHMUS ITYJIbIIBI B pACCMAaTPpHUBACMOM

CEUYECHHH, M/C;

R — paccTosiHME OT BCACBIBAIOIIECTO MaTpyOKa [0
paccMaTpUBaecMOro CCUCHHS, M.

Takum 00pa3oM, H3BECTHO, YTO

0 =0,=8 =8,
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[Tnomans MOBEpXHOCTH CEUCHHS 2 UMEET BU
S, =27(R)*-
Takum 00pa3oMm, 3aBUCHMOCTH ISl OIPEICIICHUS

paccTosiHuA R A0 CCUCHMS, B KOTOPOM CKOPOCTH BCACHI-
BaHUs paBHA CKOPOCTHU BCACBIBAIOLICTO ITOTOKA U,p , IpA

KOTOPOM YaCTHIIBI KPYITHOCTBIO ¢/ HAXOJATCSA B PaBHO-
BECHOM COCTOSIHUH, IPUMET BU]]

()

O6sacTh, OrpaHUYEHHAs] PACCTOSTHUEM R, . Ha3BaHa

30HOW BCAaChIBaHHS B3BEIICHHOTO TPYHTA [2].
OnpenenuM yCIIOBHsI, HEOOXOAUMBIC IJISI paBHOBEC-

HOTO COCTOSIHHMSI YaCTHI[bl, [P BO3JCUCTBUU HA Hee

NOALEMHOM CHIIbI [, TIOJ BIUSHUEM CKOPOCTHOIO Ha-

1opa B MOJISIPHBIX KOOPAMHATAX M CHUJIBI TSHKECTH C yde-
TOM ApXMMEIOBOW CHUJIBI, B COOTBETCTBUHU C PACUETHOM
cxemotii (puc. 4) [3].
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Puc. 4. Pacuemnasn cxema 6écacvl8anus cpyHma 6 noO-
800HOM 3a00€

YupocTtum onrcaHue mporecca MyTeM BBEACHHUS Clie-
JYIOIIMX JONYLIEHUM:

a) YaCTHIIBI BCAChIBACMOIO TPYHTA MPEIACTABIISIFOT
cOOOW MmIapel PaBHBIX Pa3MEPOB d=d,=d =..= dcp .

Huamerp  yacTuul Jiana3zoHa

dcp: 0,16...5 mm;

IMpUHUMAEM nu3

0) TUIOTHOCTB JKUJIKOCTH, BO3JEHCTBYIOILEH Ha dac-
TULBI TPYHTA, PaBHA IUIOTHOCTU MCEBJONYJBIBI p  C

KHHEMATHYECKOH TICEBIOBA3KOCTBIO .

B coorBerctBuM ¢ auarpammon Penesi, auamason
MPUHATHIX Pa3MEPOB YACTHIL] COOTBETCTBYET MEPEXOAHOMN
o0acTi, KOoTopas XapaKTepu3yeTcs BIMSHHEM Ha dac-
THUIIBI BI3KOCTHOTO U IWHAMHYECKOTO COMPOTHUBIICHUH.

Ilepexomgrass obmacTp XapakTepu3yeT HalMuue, Ipu
CBOOO/IHOM MaJICHUH €TUHUYHBIX 3€pPEH B HEOTPaHHYCH-
HOM1 CIIOKOMHOM cpefie, IEUCTBUS CUIL:

— CcwuJia Beca, C y4eTOM CHIBl ApXxumena

3

H,

wd
F=(p.—p,) .

g )
rae O, — TUIOTHOCTb CKENETa IPyHTa, Kr/M> ; d - ona-
METp YacTHUBL, M; p — IUIOTHOCTH CPEAbI (IICEBAOMYIIb-

IB1), KI/M;
—  CHJIA COTPOTHUBJICHUSI CPEbI IBHKCHUIO YaCTHIIbI

P=6U.d’p,,H,

rae 6 — K03 GUIUEHT CONMPOTHBICHAS @ = f (Re) , UHC-

J10 PeiiHonbaca npencTaBieHo 3aBUCHMOCTBEO

U,
Re= od ;
Vn
— HOABbEMHAas CHJia
rd®> U
F = C —, H9
I i) 4 1013 2

rae C, — k03(h(unreHT J10O00BOrO CONPOTHBIICHUS Yac-
THIBL; [/, — CKOPOCTb BCACHIBAIOUIETO MOTOKA XKHJIKO-

CTH, BO3/ICHCTBYIOIIETO Ha YaCTHUILY, M/C.
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HopmanpHas cocraBisromiasi CuIIbl Beca, NPUBEICH-
Hasl K TOJIIPHBIM KoopAuHaTaM (puc. 4), paBHa

nd’

H _
F; _(pck_ e) gCOSW’H’
rae — YI'oJI HaKJIoHa oopas Iolueﬁ 30HBI BCACBhIBAHMU.
8 Y

C y4eroMm CmiI, BUJI 3allUCH KOTOPBIX HPHBEICH BbI-
me, obmee aupdepeHuaTbHoe yYpaBHEHNE IBIKCHUS
eIMHUYHOM YaCTUIIBI TPYHTA [0 IPAHULE 30HBI BCAChIBa-
HHS TOJBOAHOTO 32005 MPUMET BUA

du zd> U,

" Ty Py )
T 3
~(Po=p.)= g cosy

Jis ompeneneHus TpaHUI] 30HbI BCACBIBAHMS IIOA-
BOJIHOTO 320051 HEOOXOIMMO paccMaTpUBaTh PaBHOBEC-
HOE COCTOSIHHE YaCTHIbl, KOTOPOE XapaKTepu3yeTcs Hy-
JICBOM CKOpPOCTBIO, @ 3HAYUT M YCKOPEHHEM, TO €CTh

au 0- Takum 06pa30M, YpaBHCHHC paBHOBCCHUS YaCTHU-

dr
IIBI IPUMET BHJT

rd> U2
Cq)_ps_p_
4 2 3)

3

zd
~(pc—p,)——geosy =0.

6

Yrupoctum BelpaxkeHue (3) U MOIYYHM 3aBHCHMOCTH
IUISL OTIPE/ICNICHUs] CKOPOCTH BCACHIBAIOIIETO ITOTOKA Ha
TpaHHMIIE 30HBI BCACBIBAHMS MOJIBOJHOTO 32001 U ,,» TIpH

KOTOPOM YacTHIa TOJ[ ACWCTBHEM CHJIBI TSDKECTH, Ap-
XUMeJa ¥ CKOPOCTHOTO HAamopa HaXxOIWTCS B PaBHOBE-
cun. Takum 00pazoM, 3aBUCUMOCTb JIsI ONpEeNICHUs
CKOPOCTH BCACBIBAIOIIEIrO MoToKa U, Ha HAKJIOHHOH

o0pa3yrolieil 30Hbl BCAChIBaHUS PUMET BUJ

_ el d (p.

’ 6 C(b p n

cosy 4)

wm, ipu g = 9,81, m/c’

U, =3,62 4 Pec _} cosy - ©)
C(b pn

HonyquHaﬂ 3aBUCUMOCTBH IIO3BOJIACT OIPEACIIUTH
CKOPOCTH BCACBIBAIOIIIETO ITIOTOKA Uzp’ Inpu KOTOpOM

YaCTHILBl KPYITHOCTBIO ¢ HaXOJSTCSl B PABHOBECHOM CO-
CTOSHMM TIPM PA3IHYHBIX yIJaX HakJIoHa i oOpasyro-

1€} 30HBI BCAChIBAHUSL.

AHanu3upys IOIY4EHHYI0 3aBHCHUMOCTb, AJs OIpe-
JENCHUS paJifyca BCACHIBAHMS TPYHTA B IOABOTHOM 3a-
6oc R, XapaKTepHO, YTO MPH MOJCTAHOBKE PA3MbIBAIO-
ueii ckopoctu U !{% B 3aBUCHMOCTh (1), B KauecTBe

TPaHUYHONW CKOPOCTH ITIOTOKA B CEYCHUH 2, MOXHO yCTa-
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HOBUTH PacCTOSHHE R OT BCACBIBAIOIIETO MaTpyOKa J0
30HBI IPEIBAPUTEILHO HE OTAEJIICHHOIO OT MAaccHBa, T.€.
HEpa3MbITOTO M HEB3BELLICHHOTO TPyHTa

-9 . (6)

P2z Ut

Paree 00nacts, orpaHMueHHas PaCCTOSHAEM R, Ha-

3BaHa 30HOH pa3MbIBa IPU BCACBIBAHUU IPpyHTa [2].
BriBoa. IlonyueHHble aHATUTHYECKHE 3aBHUCHMOCTHU
JUIA OTIpEJIeNIeHHs] paiyca BCACHIBAHUS YACTHULBI B MOJ-
BOJHOM 3a00€ TO3BOJIST YCTAHOBUTH 3HAUCHUS peajb-
HBIX TPaHMIl 30HbI BCACHIBAHMS B3BEIICHHOTO TPyHTA H,
KaK CJEJCTBHUE, BHINOJHUTH IIOCTPOCHUE TIOJISI BCAChIBA-
HUSL TyJbIBI A7l KPYNHOCTH 4YacTHIl B IIpenenax
d= 0,15...5 MM. DTO NO3BOJMT PAlMOHAIM3UPOBATH
npolecc NOOBIYM TPyHTa MyTeM MWUHHMMH3ALUU Kalu-
TaJIbHBIX 3aTPAT M AKCIUTyaTallHOHHBIX PACX0/I0B.
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Meta. BcraHOBIEHHS 3aKOHOMIPDHOCTEH Uil OTpH-
MaHHSA MEX YCMOKTYBaHH ITyJIbIIH Ta IIBHIKOCTI yCMO-
KTYIOYOTO TIOTOKY Ha MEXi 30HM YCMOKTYBaHHS IiZIBOJI-
HOTO BHOOIO, IPHU SIKiif YaCTHMHKU IPYHTY 3HaXOISATHCS B
piBHOBa3I.

Metoanka. 3aCTOCOBaHO TEOPil0 MEPEHOCY OJMHUY-
HUX YacTOK 3€pHHCTOrO Marepiany ABO(Ga3sHHUM TeTepo-
TeHHAM TOTOKOM y TIOTpaHWYHIA 00JacTi MiX BHOOEM
0CaZIOBUX BIAKIAACHH 1 BOTHUM CepeloBHIIEM. Po3ris-
HyTO TOTIK ITyJIBITH, CTIPIMOBAaHUH BiJ BHOOIO 10 yCMOK-
TYBaJILHOTO MaTpyOKa 3eMJIECOCHOTO CHapsijia, chopmMo-
BaHMH MPH PyCi PIAMHY 13 HEOOMEKEHOTO POCTOPY.
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PesyabTaTH. Y pe3ynbTaTi po3risiAy MPOIECy yCMOo-
KTYBaHHS ITyJIbIIM YCMOKTYBAJIbHUM IaTPYOKOM Y ITiBO-
JHOMY BHOOI, OTpPUMaHO aHAJITUYHY 3aJISKHICTh ISt
BCTAHOBJICHHSI BIJICTaHI BiJl YCMOKTYBAJILHOTO MaTpyOKa
JI0 po3pi3y, B SIKOMY IIBHIKICTh YCMOKTYBaHHS JOpPIiB-
HIO€ MIBUAKOCTI, TIPH SIKIi YaCTHHKH IPYHTY 3HAXOMAThH-
cs B piBHOBAa3i. J[yis1 BCTAHOBIICHHSI MEXi 30HH YCMOKTY-
BaHHS  WiABOAHOTO  BHOOK  CKJIIAACHO  YMOBY
PIBHOBa)XHOTO CTaHy YAaCTWHKH, OTPHMaHO BH[ 3alHCY
CHJI, 110 JIIOTh Ha HEl, 3anmucaHe AudepeHiiiine piBH;IH-
Hsl, IO OIUCY€ PyX YAaCTHUHKH, sIKA 3HAXOAUTHCS Ha IO-
BEpXHI 30HA yCMOKTYBaHHS. Y pe3yJbTaTi PillieHHS -
(epeHLiHHOr0 PIBHAHHSA OTPUMAHO 3aJEXKHICTh IJIs
PO3paxyHKy MIBHAKOCTI YCMOKTYBaJbHOI'O IIOTOKY Ha
MEXKi 30HH YCMOKTYBaHHS MiJIBOJJHOTO BHUOOIO, TIPH SIKii
YaCTUHKA, i TI€H0 CUJT TSOKIHHS, ApXiMeny i IBHIKIC-
HOTO HAaIopy, 3HaXOJIUThCS B PIBHOBA3I.

HaykoBa noBm3Ha. Po3po0neHo mMaremMaTHuHy MO-
Jelb pyXy YacTHHKH IPYHTY IO YTBOPIOIOYIH 30HH
YCMOKTYBaHHS iIBOXHOTO BHOOMO. [limBOomHWMiA BHOIiiA
3eMJIECOCHOTO CHapsia BIIEpIIe PO3MIITHYTO SIK 001acTb,
mo oOMekeHa OOJIACTIO YCMOKTYBaHHS paHiIle pPO3PHX-
JICHOTO TPYHTY.

[pakTnyna 3HaunMicTs. OTpUMaHO aHATITHYHI 3a-
JI©KHOCTI JJIsl PO3PaxXyHKY IIBUJIKOCTI YCMOKTYBaJILHOTO
IOTOKY Ha KOPAOHAX 30HM YCMOKTYBaHHS HiJIBOZHOTO
BUOOIO, TIPU SIKUX 3a0e3MevyeThCs PIBHOBAra YaCTHHKU,
a TaKOXK pajiiyca yCMOKTYBaHHS ITyJIbITH. 3aIeKHOCTI 10~
3BOJISIFOTh BCTAHOBUTH KOPJOHH 00JIACTi YCMOKTYBaHHS
OyJIbd B MiJIBOJHOMY BHOOI, a 3HAYUTh PO3paxyBaTh
00’eM BHAOOYTKY IPYHTY 3 OJHOTO YCTAaHOBa BHKOHAB-
YOro OpraHy 3eMCHapsina.

KirouoBi cioBa: zemcrapsao, niosoonuii ubii, pos-
MUB, YCMOKIMYBAHHS, WBUOKICMb YCMOKMYSAHHS, Paodiyc
VCMOKIMY8AHHSL

Purpose. To establish laws of determination of the
pulp suction scope and the suction stream speed at the
suction area border of the submarine face for soil par-
ticles to be in equilibrium.

Methodology. The theory of grainy material single
particles transfer by a duplex heterogeneous stream in
boundary area between the submarine face and water envi-
ronment has been applied. The pulp stream directed from
the submarine face to the hydraulic dredger suction union
and formed by motion of liquid from unlimited space has
been considered.

Findings. The process of pulp suction by the suction un-
ion in a submarine face has been considered. Analytical de-
pendence for determining the distance from the suction un-
ion to the section, in which suction speed is equal to speed,
at which particles are in equilibrium, has been established.
For determination of submarine face suction area scope a
particle equilibrium state condition has been made. The
record describing forces affecting a particle has been ob-
tained. The differential equation describing motion of a soil
particle being in the area of suction has been worked out. As
a result of differential equalization solution the dependence
for determination of suction stream speed on the border of
submarine face suction area has been got. Thus soil particle,
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under the action of gravity, Archimedes and speed pressure
stays in equilibrium.

Originality. The mathematical model of a soil particle
motion along the generatrix of submarine face suction area
has been developed. The submarine face of the hydraulic
dredger has been for the first time examined as an area li-
mited by the suction area of the previously distended soil.

Practical value. Analytical dependences for determi-
nation of suction stream speed on the border of subma-
rine face suction area allowing a particle to stay in

VJIK 622.68: 622.625.5
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equilibrium have been got. Analytical dependence for de-
termination of pulp suction radius has been obtained.
Dependences allow setting the scope of pulp suction area
in the submarine face, and defining the volume of soil
mined out by the hydraulic dredger.

Keywords: hydraulic dredger, submarine face,
washing out, suction, suction speed, suction radius
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METHODOLOGY FOR DETERMINATION
OF ROPE VEHICLES ENERGY CONSUMPTION

Heanb. Pa3paboTka METOANKN ONPENETICHHUS SHEPTeTHUECKNX 3aTPaT KaHATHBIX TPAHCIIOPTHBIX CPEACTB AJISI paciIn-
peHus 06acTu 3 PEKTUBHOTO UX MPUMEHEHHS B yCIOBUAX TOPHOTO IPOM3BOCTBA.

MeToaunka. PemeHre nocTaBineHHbIX B paboTe 33/1a4 BBINOIHIIOCH KOMIUIEKCHO ITyTEM aHAIN3a CYIIECTBYIOIIHX MO-
XOJIOB K OIPEZIENICHHIO SHEPro3aTpaT Ha OTKPBITHIX TOPHBIX padoTax, 0000IICHHS BO3MOXKHBIX CXeM KaHaTHOM OTKATKH IPy-
30B, BEIOOPA €IMHOI0 KPUTEPHS OLICHKHU M COCTABJIEHUS aJrOPUTMa pacueTa pacxoa YHEpruy Ha IepeMelleHHe TPY30B.

PesyabTaTbl. B pabore 0000IIEHbI 1 CHCTEMATU3MPOBAHBI CYNIECTBYIOIINE MOAXOABI K OLIEHKE IHEPreTHIECKON
3¢ PEKTUBHOCTH TPAHCIOPTHBIX CHCTEM OTKPBITHIX TOPHBIX padOT M BBIZETIEHB HanOoIee 3HaUNMble U3 (PaKTOPOB, OKa-

3bIBAIOIIMX HA HEC BIMAHUC.

Pa3paboTan anroputMm omnpeneseHns yAeIbHOH 3HEProeMKOCTH Tpoliecca TPaHCTIOPTHPOBAHUSI KaHATHBIMU CHCTe-
MaMH ¥ YCTAaHOBJICHBI 3aBUCHMOCTH PacXo0/ia SHEPTUH OT yIJia HAKJIOHA BBIPAOOTKHU ISl pEKOMEHAYEMBIX TPAHCIIOPTHO-

TEXHOJIOTHYECKNX CXEM JOCTAaBKHU I'PY30B.

Hayuynasi HoBH3HA. BriepBble MOMydeHB! 3aBUCHMOCTH SHEPro3arpaT yCTAHOBOK KAaHATHOTO TPAHCIOpPTa OT yIiia
HAKJIOHA BBIPAOOTKU B YCIOBHAX OTKPBITHIX TOPHBIX PAaOOT M HA OCHOBAaHHMHU WX aHAJIM3a MPEAJIOKEHBI PallliOHAIbHbIE

TPaHCIIOPTHO-TEXHOJIOTUIECKUE CXEMBI.

IIpakTHyeckasi 3HAYNMOCTh. Pa3zpaboTaHbl peKOMEHIAIMH 110 BHEAPSHHUIO KAHATHBIX HATIOYBEHHBIX JOPOT HA OT-
KPBITBIX TOPHBIX pabOTaxX, MO3BOJIIONINX CHU3UTH Ha 30% 3HepromnorpediieHHue B CUCTEMaX TPAaHCIIOPTa.
KualoueBble cioBa: oyenxa sghpekmusHocmu, sHepeoeMKOCmb, KAHAMHASL HANOYEEHHASL 00PO2A, IHEPLEMUYECKULL

Memoo, IHep2eMmuYecKull Kpumepuu

IHocranoBka mnpobaembl.  TpaHcrmopTHpoBaHUE
TOPHOH MaccChl SBIISIETCS] CAMBIM HEPTOEMKHM H JJOPOTo-
CTOSIIIIMIM ITPOIIECCOM Ha OTKPBITHIX TOPHBIX padoTax. Ha
JEUCTBYIOINX Kaphepax HanOOJbIIee PAaCIPOCTPAHCHNE
MOTY4MJI ABTOMOOWIIBHBIN TPAHCIIOPT, CEPhE3HBIMU He-
JOCTaTKaMU KOTOPOTO SIBIISIIOTCS BBICOKHE 3HEProeM-
KOCTb U CTOMMOCTH TpaHCIIOpTHpoBaHuA. B paborax [,
2] nokaszaHo, YTO C IOHMKEHUEM IITyOHHBI KaphepoB aB-
TOTPAHCIIOPT 1eJIECO00Pa3HO HCIIONIB30BAaTh TOJBKO B
KadyecTBe cOOpPOYHOrO, KOrJa B IOJHOW Mepe peayn3y-
IOTCSI TaKWe JOCTOMHCTBA 3TOTO BHJA TPAHCIIOpTa Kak
MOOMIIBHOCTB, aBTOHOMHOCTb, MAaHEBPEHHOCTH H JIp.
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OmHaKo, C TO3UINH YHEPTOMOTPEONICHUS, IS TTOdb-
eMa TOPHOW MAacChl Ha TOBEPXHOCTH Kaphepa BBICOKOU
3((eKTUBHOCTHIO 00TIaaI0T KaHATHBIE CKUIIOBBIE TTOIB-
emMHHEKH [3, 4]. BO3MOXHOCTh TPUMEHEHHSI KaHATHOTO
TPAHCIOPTAa Ha OTKPBITHIX TOPHBIX paboTax TakkKe pac-
CMOTpeHa B paboTte [5], rae AaHa olleHKa 1ierecoodpas-
HOCTHM TIPUMEHEHHUS KaHATHBIX HAMOYBEHHBIX JOPOT
(AKH), koTopble HamIM IIHPOKOE NPUMEHEHHE Ha
YTOJIbHBIX IaXTaX YKPauWHBI U 332 PyOEkKOM i mepe-
BO3KU MaTepHAIOB, 000PYIOBaHHS U JIFOJICH.

Heas padoThl — pa3paboTKa METOTUKHU OTIPEICIICHUS
SHEPreTUYECKUX  3aTpaT KaHATHBIX  TPAHCIIOPTHBIX
CPEICTB UIA pacIIupeHust 00macTh 3(PQPEKTHBHOTO UX
MIPUMEHEHHUS B YCIOBUSIX TOPHOTO TIPOM3BOJICTBA.
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