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Abstract. The Western Donbass area refers to one of the most complicated geological condi-
tions. Due to the watering, the enclosing rocks are got soaked, mine tunnel contour losses its stabil-
ity, and marginal rocks fall.

A computer simulation was used for studying changes in the stress field and permeability
around the mine tunnels with the frame supports and roof bolting when a flooded coal brat was lo-
cated in the roof. A series of numerical experiments were carried out with different distances be-
tween the mine roof and watered coal brat. Distributions of the estimated values of geomechanical
parameters and zones with inelastic deformations around the mine tunnel are shown for the cases
under the consideration. The values of the rocks filtration permeability in the mine roofs are com-
pared for the cases with frame supports and roof bolting. It is shown that when the roof bolting is
used, difference between the maximum and minimum stress field components decreases by 25-30%
and permeability in the mine roof decreases by 25-35%. The roof bolting prevents fractures around
the mine tunnel from further development, retains enclosing rocks in their natural, solid state, and
increases the tunnel stability even when a watered coal brat is located in its roof.

Keywords: water inflow into the mine tunnel, numerical methods, roof bolting.
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AHHOTauus. B paGoTre BBINOJHEHA OLIEHKA ONTUMAJBHBIX IapaMeTpOB BUOPALMOHHOTO BO3-
JEWCTBUS Ha YIpYyrue U Heylpyrue reoMarepuansl, Ipu KOTOPBIX B cpelle JOCTUTaeTCsl MaKCUMYM
aMIUTUTY/bl HalpspkeHUi. B ciiygae Heympyrux marepuasnoB Ui ONTUMM3AalUU NPEASIOXKEH WH-
(opMaTHBHBIHM apaMeTp, XapaKTEpU3YIOIUI CTENeHb Mepelaud BUOPOIHEPTHHU MO Cpejie.

Y CcTaHOBIIEHO, YTO CpeAHsIs 3a IEPUO/ MOIIHOCTh IOTOKA SHEPTUU € yIaJIC€HUEM OT HCTOYHUKA
BUOpaIK yObIBACT MO 3KCIIOHEHLIMAILHOMY 3aKOHY Il OOJIBIIMX PACCTOSHUM, a JJIs1 MaJIbIX BHO-
CATCSl CYILECTBEHHBIE IOMPAaBKU CBOMCTBaMHU cpenbl. [lo3ToMy aHaIMTHYECKH €€ OINpeAcIuThb
CJIO)KHO U B paboTe ee onpeessuli Ha OCHOBE YUCICHHOTO pacyeTa.

AHanu3 uccie0BaHui MO3BOIMI PEKOMEHA0BATh A 3PPEKTUBHOTO PBHIXJICHHUS CMEP3ILErocs
reomarepHala HCIoJib30BaHUE PeXHMa MHOTOYaCTOTHOTO BUOPOBO3/ICHCTBUSI.
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CMEP3IINICS, PHEPTOIIPOBOJHOCTD.

AKTyaJIbHOCTB. B mocnegHee BpeMsi B HEKOTOPBIX OTPAcCiIsiX MPOMBIIUIEHHOCTH
HAYMHAIOT IIUPOKO BHEAPSTHCS BUOPOTEXHOJOTUH, TO3BOJISIIOIINE peanu3aluu Mmpo-
LIECCOB JE3MHTErpallid reoMaTepuasoB C Pa3IMYHbIM II€JIeBbIM Ha3HaueHuem. Ha-
MpUMEp, TMEPCIEKTUBHBIM HANpPaBICHUEM SIBIIAETCS HCIOJb30BaHUE BUOpallMU B
TPAHCIIOPTHOM MPOMBIIIEHHOCTH [l 3P (HEKTUBHON PAa3rpy3KH CHITYYUX CIUIIIHNX-
CSl WIIM CMEP3IINXCS FreoMaTeprasoB, B CTPOUTENBCTBE, JIJI1 UHTEHCU(UKAIIMU Ta30-
oTaa4yM 3eMHBIX Heap [1, 2], a Takxke apyrux chepax. ITH TEXHOJIOTMH OCHOBAHbBI Ha
o0umx (PU3MYECKUX 3aKOHOMEPHOCTSX IMepefadyd MOTOKa BUOPOIHEPrHM IS 1ielie-
HAIPaBJICHHOI'0 U3MEHEHUsI CBOMCTB 00pabaThIBa€MbIX CPE/I.

Tax, B pe3ysbTare NepuoinuecKoro M3MEHEeHUs HANPs>KEHUH MPU BUOPAIIMOHHOM
BO3JICHCTBUU MEXIY DJIEMEHTaMHU CHCTEMbl BO3HHMKAIOT YIIPYTHe B3auMOJECHCTBUS,
MaKpOCKOIMYECKH BOCTIPUHUMAEMbIe KaK yIPOYHEHHE MaTepuaia Mnpu BO3pacTaHUU
HArpy3Kd ¥ pa3ylnpoyHEHUE ero MpH IJIaCTUYECKOM JehOpPMHUPOBAHUU B OOpaTHOM
HAIpPAaBJICHUH, U3 YEeTO BbITeKaeT 3 ekt BubparonHoro nocnenericreus. C Bo3pac-
TaHUEM YHKCJa LUKIOB BUOpPAIMH POJIb MUKPOYHNPYrUX 3G (PEKTOB TOMUHUPYET HAJl
sdexToM HM3MEHEHUs BHYTPEHHErO0 TPEHUs, BEJIMYMHA KOTOPOTO C TEYEHHEM Bpe-
MEHHU CTPEMHUTCS K CTAaOWJIM3AIMU U MOATOMY B CpeJie BeCbMa CYIIECTBEHHOE 3Haye-
HUE MPUOOpETaeT OCTATOYHOE IUIACTHYECKOE M3MEHEHHEe 00beMa — «IUIACTHYeCKOoe
Pa3pBIXJICHHUE.

O} PexTUBHOCTD MPOUCXOAAIINX B Cpelie U3MEHEHHUI, B MEPBYIO0 OYepe/lb, OIpe-
JensieTcs MEXaHU3MOM MEPENadyd BOJHOBOM DHEPTUU MO CPENIE C YUYETOM HacJedye-
MOM 1uKIndYecko negopmanuu. [Ipu 3ToM CylecTBeHHOE 3HaUYE€HHUE MUMEET MPOsiB-
JIEHWE JUCCUINATUBHBIX XapaKTEPUCTUK CPEAbI, COMPOBOKAAIOIIEECS 3HAUUTEIbHBIM
MOTJIOIICHUEM DHEPTHH IUKINYECKuX Jedopmaruii, oOyCIoBIeHHBIC aeMI(UpPOBa-
HUeM kosieOanuil. [1oaToMy OJTHMM M3 Ba)KHEWUIIIMX BOMPOCOB NMPHU pa3paboOTKe BHO-
POTEXHOJIOTHI SIBISIETCA YCTAHOBJICHUE ONTUMAJIBHBIX MMapaMeTPOB BUOPAIMOHHOTO
BO3JICHCTBUSA 11 MAaKCUMAaJIbHOTO HUCIIOB30BaHUS JUHAMUYECKOro ¢ dexra npu ae-
3UHTErpupoBaHuu cpenabl. [Ipu 3TOM, mpexae BCero, AJOCTUTalOTCs MAKCHMAJIbHBIE
3HaueHus HanpsokeHui. [loaTomy B paboTe mpoBeNEeHBI NCCIEAOBAHMS YCIOBHA BUO-
palroHHONW 00pabOTKM reoMaTepuasoB, IPU KOTOPHIX B Cpe/ie BO3MOXKHA peayn3a-
M MaKCUMyMa aMIUIUTY 1l HAMIPSKEHUI.

N3ia0xxeHne ocHOBHOro MarepuaJia. [IycTe Ha reomarepuansl ¢ ONpeIEICHHbI-
MU (HU3UKO-MEXaHUYECKIMHU CBOMCTBAMHU JIEWCTBYET BUOPAIMOHHBIA UCTOYHHK. by-
JIeM CUMTaTh MOPOJHYIO cpeny OeCKOHEYHOU co c(hepHuecKoil MOJ0CThI0, K TpaHH-
11aM KOTOPO# MPUJI0KEHO JaBICHHUE, U3MEHSIOIIEECS 10 FTApPMOHUYECKOMY 3aKOHY:

icot
rac PO — aMHHI/ITYI{a B03MymaIOHJ;er0 AJaBJICHUA, @— 4aCTOTa BI)IHY)KI[GHHI)IX KOJI1C-

Oanuit; t — Bpems.
OnTuMalibHbIe TMapaMeTpbl BUOPOBO3JEUCTBUS OMPENENSAIOTCSA, MPEXKAE BCETO,
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JUCHEpCcHel NUIaTallMOHHBIX BOJH, KOTOPAas, B CBOIO OYepeb, 00yCIOBIEHA T€OMET-
pUYECKUMU U (PU3NYECKHMMH OCOOCHHOCTAMHM Cpeiabl. ['eomeTpuueckas Iucrepcus
MOSIBJISIETCS. MPU HEKOTOPBIX COOTHOIICHHMSX pa3Mepa 0O0bEeKTa C JJIMHOM pacipo-
CTpaHEHHUs B HEM BOJIHbI. Du3nueckas - cBs3aHa C BO3/ICHCTBHEM BOJHBI HA MOJIEKY-
JIbl CpeNbl, IPUBOLS €€ K HEPABHOBECHOMY COCTOSIHUIO [3]. [Ins ynpyrou cpeasl Mo-
yJib 00BEMHOTO CXKaTHs PaBEH K* = &*/C* (tme C — CKOPOCTh MPOJI0JIbHBIX BOJIH)

u noaromy dK/dw = const, 1. e. pusnyeckas gucnepcus OyneT OTCYTCTBOBaTh. Eciun
K€ BHEIIIHEMY BO3JIEHUCTBHUIO IMOABEPTalOTCs HEYIPYTUE MOPOJbI, CBOMCTBA KOTOPBIX
OIUCBIBAIOTCS (PYHKIIMOHAIBHBIMHU 3aBUCMOCTSIMH, TO JMCIIEPCHOHHAS 3aBUCHMOCTD
oyaer ¢pyHkiueit ot o [3]

*

1-v

¢ :p(1+v*) 3o , (2)

rae Ko - MOaysnb 0OBEMHOTO CXKaTusl, COOTBETCTBYIOIIUM MTIHOBEHHOMY Harpyxe-
HuIo; V (w) - omeparop IlyaccoHa, ycTaHABIMBAIOMIHi (yHKIMOHATBHYIO 3aBUCH-
MocTh Kodddunnenta I[lyaccona ot w.

B cBsi3u ¢ 3THM, pacCMOTPUM TUTIMYHBIE ClIydau BUOPOBO3ACHCTBHS HA reoMaTe-
puangsl - Korja cpenaa o0iajaeT MPEUMYIIECTBEHHO YNPYTUMU WM HEYNPYTUMH
cBoiicTBaMu. [[1s1 3TOr0 BOCIOJIB3yeMCSl aHAIMTUYECKUM pEelIeHUuEM 3a7auu o cde-
PUYECKOM HCTOYHMKE TAPMOHUYECKUX BOJIH B ympyroii cpeae [4]. Cpeau Bcex KoM-
MOHEHT TEH30pa HaNpsLKeHUM peanu3anus 3(pQPEeKTUBHOrO Mpoliecca JIe3UHTerpauu
yIpyroi MOPOJHOM Cpelbl CBsi3aHa, B OCHOBHOM, C PaJUalibHON KOMIIOHEHTON Ha-
HPSYKCHUH, KOTOPYIO B YIIPYTrOM MTPOCTPAHCTBE MOYKHO OIUCATh 3aBUCUMOCTBIO [4]:

2 2
o, (r,t)= A(2,u(r—23—kT+ i f_lz() _/’LkT)eikreia;t . (3)

IToctosiHHass A B coOTHOLIECHUH (3 ompeneseTcs u3 rpaHuyHoro ycioBus (1) u
UMEET BUJ

ika

A P,a’e
4.0A+ika) — (A + w)a’k?’

(4)

@
rae k= o~ BOJHOBOE YHCIO; a — Pajuyc BUOPOUCTOYHHKA; C— CKOPOCThH MPOJI0JIb-

, A+2u
HBIX BOJIH, paBHas, C = T

M OTIPENICTIAIOTCS 4epe3 MOAyJb yrnpyroctu E u kodddumuent Ilyaccona v 3aBucu-
MOCTBIO

; p - INIOTHOCTh MaTepuaiia; nocrosinueie Jlame A u

Ev _ B E
A= 1+v)L-2v)’ o0 ©)

s ouenku 3G PEeKTUBHBIX MapaMeTpoB BUOPOBO3JCUCTBUSL UccheayeM (yHK-
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LIUIO gy HA DKCTpeMyM. [Ipu 3ToM OyzeM cuutath, 4TO MPOIECC BUOPOOOPAOOTKH $B-
asieTcst craiuoHapHbIM (1=0) u K«I' sBisieTcss Majod BEIMYMHOM, YTO HE HCKa)kaeT
¢u3uky BoJgHOBOro mnpouecca. C yueToM H3JI0KEHHOTO Ha OCHOBAHMM 3aBUCHUMOCTHU
(3) aMIIUTY 1y paauaibHOTO HANIPSIKEHUS MOKHO 3alIUCaTh B BUJIE

3 2 2
aY” 12u —w<pr (6)
o r,cw :P[) .
‘ rr( )‘ 0 r 4,u—a)2pa2

O noBeAeHUN aMIUIUTYIbl HAPSDKEHUNA B YIIPYTOM Cpefie MOKHO CYJIUTH IO 3HA-
Ky MPOU3BOAHON B OKPECTHOCTH TOYKM I'=a. Eciu BennmuunHa npousBojHON (6) mo-
JIOKUTENbHA, TO aMIUTUTY/1a HANIPsDKEHU I Bo3pacTaeT BriyOb MaccuBa

d a312,u—a)2pr2
&O'rr(r,a)):—Por—44/u_a)2pa2 >0 . (7)

Ycnosue (7) BBIOTHSAETCS, KOT/1a
12u—w® pa® >0 ®)
Au—a® pa® <0

nJIn

©)

24— pa® <0
Au—® pa® >0

Pemenus cucremsl HepaBeHCTB (8) u (9) uMeroT BUA:

4 12
£ <o?<=f (10)
pa pa

12;2 o< 4,u2
pa pa

11)

HepasenctBo (11) HeBbimostHuMo. CrienoBaTeabHO, aMIUIMTYa paJvaibHbIX Ha-
MPsDKEHUN ‘Grr (I’,a))‘ B YIpyTou cpene OyaeT MPeBOCXOIUTh aMIUIUTYy Hampsixe-
HUW Ha TpaHUIIE ¢ BHOPOMCTOYHHMKA MPHU YACTOTaX BBIHYKJICHHBIX KOJeOaHUU @™,

KOTOpbI€ YJIOBIETBOPSAIOT HepaBeHCTBY (10). MakcumyM @* Oyaer JoCTUTaThCcs B
Touke I'*, rae (6) oOpamiaercs B HOJIb

o2 12)
@ “p

B ciiydae Heynpyrou cpenibl UCCIEAYEM BIUSHHUE €€ IHIaTallMOHHBIX CBOMCTB Ha
pacnpoCTpaHEHHE TApMOHUYECKUX BO3MYIIeHUH. [locnennue xapakrepusyroTcs Mo-



81
ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotrexniuna mexanika. 2015. Ne123

OyJeM OOBEMHOTO CHKATHSA, OMPEAEISIOIEr0 CKOPOCTh MPOIOJIBbHBIX BOJIH B COOTHO-
meHuu (2)
EO

312y (13)

rae Eo u vy — 3HaueHHsI MOy sl yrpyroctu u kosddunuenta Ilyaccona, coorBeTcT-
BYIOIIIE MTHOBEHHOMY Harpy>KeHHUIO.

Benunuuna xoaddummenta [lyaccona vy B (13) onpenensier cTeneHb CxXUMAEMO-
cTi Matepuana: ecinu vy — 0,5 - Marepuan nmpakTudecku Hecxkumaem, mpu vy — 0 -
UMeEeT UACATFHYI0 CKUMAeMOCTh. PaccMOTpHM MOBEIeHNE aMIUTUTY/IbI PaldaIbHBIX
HaNPSDKEHUH JJTsl IPEACTIbHBIX CIIydaeB 1p.

Ecan vy — 0,5, TO:

lim 4= lim——Y __
v—0,5 v—0,5 (1+ V) (1_ 2v)
1
== : 14
i =3E 14
lim K= Ilimw P =0.

v—0,5 v—0,5 14_2#

Torna (6) MOXHO 3amucaTh B BUJIE

. 4 r2
lim | o (r,o)| = PO( j poo? p : (15)
v—0,5 r;o 4,— w? Yo a®
N
Mpur=a lim |ow(a,®)=Py. B obmactu I # a MaKCUMaJTBHYIO YaCTOTY BHI-
v—0,5

HYXJICHHBIX KOJICOaHUN @* MOXKHO OIPEETUTh U3 YCIOBUS PaBEHCTBA 0CCKOHEUHO-
ctu npenena (15), T.e. u3 ycinosust 4 u -a)*zp a’=0.

OTtkyna ciemyer, 4TO @™ HE3aBUCUMO OT PACCTOSHUA OT BUOPOMCTOYHUKA Oy/IeT
paBHO

o> =4ulpa’. (16)

IIpu naeanbHOM CXUMaeMOCTH MaTepuana, koraa v — 0, umeemM

] E-v
lim A= Ilim =0 ;
v—0 v—0(L+v)1-2v)
im 4= 1 E ; (17)
v—0

Iim K=Ilim w 1/
v—0 v—0 /1+2,u
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C yuetom (17) u3 (6) noayuum

. s [(2-K?r2) +4K?r?
arr(r,w)‘:po(ij (2-K'r') +ak’r” (18)
r (2-K2a2) +4K?a?

lim

v—0

IIpu r=a Belpaxenue (18) COOTBETCTBYET I'PAaHUUYHOMY YCIOBHUIO Oy (a, w)=Fy.

VAN
[Ipur>a lim|oyr (r,a)) =00, KOrJa
v—0

(2-K?%a?) +4K%a?=0 . (19)

CrnenoBaTenbHO, KPUTHYECKYIO YacTOTY BBIHY)KJIEHHBIX KOJeOaHuil @™ MOXXHO
onpenenuth U3 yciuosus (19), BeipazuB K uepe3 @ B COOTBETCTBUU C BBIPAKEHHUEM
(17). B pe3yapTaTe noayuum

AE+a’p w*=0. (20)

VYpasuenue (20) He uMeeT NEeHCTBUTENBHBIX KOPHEH, T. €. korga v — 0 He cyiie-
CTBYET TaKOW 4acCTOTHI, KOTOpast MOTJIa OBl JOCTABIATh MAaKCUMAJIbHOE 3HAUCHHE aM-
IUTUTYJI€ paauaIbHbIX HAIPSIKEHUN.

[IpoBeneHHbIE MCCAEAOBAHUS AMIUIMTYAbl PagUajbHbIX HANPSHKEHUM U1 TIpe-
NEIbHBIX CIIy4aeB COKMMAE€MOCTH TOPHOU MOPOJIbI MO3BOJSAIOT MPEANOI0KHUTh, YTO
IUISL TIOPOJI, XapaKTEPU3YIOIINUXCA HEYIPYTUMHU CBOMCTBAMHU, ONITUMAJIbHBIE MTapaMeT-
pBbl BUOPAIIMOHHOTO BO3JCHCTBUS PAIMOHAIBLHO YCTaHABIMBATh HE IO aAMILUTUTY.IE
paAvalIbHBIX HANpsDKeHHWH, a mo Haubosnee WH(DOPMATUBHOMY TMapameTpy, OMHUCHI-
BAIOIIEMY JMCIIEPCUIO JWJIATAHIIMOHHBIX BOJH B MOPOJHON cpene ¢ ydeToM (yHK-
IIUOHATBHBIX 3aBHCUMOCTEH CBOMCTB IMOPOJ OT YaCTOThI BUOPOBO3MCUCTBHUSA. Takum
napamMeTpaM MOXET ObITh OTHOIIIEHHE CpPeJHEH 3a MEePHOJl MOIIHOCTH MOTOKa dHEP-
TUU 4Yepe3 3aMKHYTYI0 MOBEPXHOCTh YIPYro-HacleICTBEHHON cpenbl [S5] <P> k
CpeIlHel 3a MepuoJl MOIIHOCTH MMOTOKA YHEPTUHU Yepe3 MOBEPXHOCTH BO30OYKICHUS B
sToil cpene <Py,>, KOTOpBI Ha3bIBa€TCS MNapaMETpOM >SHEPronpoBoaHOCTH [3]:
D=<P >/<P, >-(r/a)’. Ilpu 3TOM, OmpejenAioNiee 3HAUCHHE, KK CIEAyeT U3 Ipo-
BEJICHHBIX HUCCIEAOBaHMM, OyaeT uMeTh yueT oneparopa I[lyaccona, ycranaBimBaro-
IIETO B3aMMOCBSI3b OTHOIICHUS TIOTIEPEYHBIX U MPOAOIBHBIX AehOpMaIHii B Cpese ¢
4acTOTOW BUOPAILIMOHHOTO BO3/IEHCTBUS.

JIJisi auCIeHHOM peanu3alui MPUBEJSHHOTO BHIIIE alropuTMa Obla HamucaHa
nporpamma Ha si3eike Object Pascal B cpene paspaborku Delphi 7. IIporpamma mpo-
W3BOJMT BBIYHCIICHHE MHOXKECTBA 3HAa4eHUH J(W,I) 1 cTpouT Heckonbko 2D rpadu-
KOB, HaIJSITHO TTOKa3bIBAIOIINX M3MEHEHUE 3HAYCHHS O B 3aBHUCHUMOCTH OT M3MEHE-
HUS OCHOBHBIX TIApaMETPOB. DTa mporpamMma OIpeAesIeT s KaXI0r0 pacCTOSHUS
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OT TOYKU Cpebl 10 BHOPOMCTOYHMKA YACTOTY HAWIYYILIEW 3HEPrONpOBOJHOCTH U
CTpouT rpaduk 3Ha4eHU 3Tux yactoT [6]. [Ipu 3TOM BekTOp 3amuchiBaeTcs B (aiin
JUIS TajbHEHIeH ero nepeaauyn B mporpamme Microocal Origin 6.0. ¢ 1ienbpio HaXxox-
JeHHs annpokcumupyromiei ¢pyukiun. Janee, B Origin 6.0., B moryaBTOMaTHYECKOM
pexxuMe ornpezaensercs HauOosee MoAXoAsAlas annpoKcUMHpyromas (GyHKIHs, KO-
TOpasi UMEET MOTrpeuIHoCTh He Ooiiee S5%.

PacueTsl mpoOBOAMINCH IJIsl CIEAYIOUIMX YUCIOBBIX MMapaMeTPOB CMeEp3ILIencs yr-
JernopogHon cpenpl: T =-10°C; W =20%; x=0,2101 f=0,23774, E,=1000MIIq;
v, =0,14; a=0,03n. Pe3ynbTaThl ONEHKNA U3MEHEHMUS [TapaMeTPa SHEPrOIPOBOIHOCTH

Ipy BUOPOBO3AEHCTBUM HA YIJICTIOPOJAHYIO CpPEey MPHU OTPUIIATEIIBHON TeMIiepaType
C yJlaJIeHUEeM OT UCTOYHHKA BOJTHOBOTO BO30YXKJIEHUS MPUBEECHBI HA PUCYHKE 1.

C)
0,6

0,5
98 \ N2
0.2 N
N

0 ‘ ‘ :
20 40 60 80

r/a
1-0=50T;2—-w=65T1;3—w=75Tn

Pucynok 1 - I3MeHeHne mapameTrpa 3Hepromnepead mpu BUOPOBO3ICHCTBUMA HA CMEP3IIYIOCS
yrosbHyto cpeny npu t = -10°C ¢ yganeHuemM oT HCTOYHHKA BOJTHOBOTO BO30YKICHUS

AHallM3 YMCIICHHBIX PacueToB, NMPUBEICHHBIX Ha PUCYHKE | IMOKA3bIBAET, YTO
HE3aBUCUMO OT YacTOTHI SHEPTUs BHUOPOBO3ACHUCTBUS C YHAJICHUEM OT HCTOYHHKA
BO3MYIIICHHS YOBIBAET 110 JJOTapU(PMUUECKOMY 3aKOHY

9=A-BlIn(r/a-C), (21)

rae A pasao 0,94; 0,86; 0,55 cootBercTBeHHO TipH 50, 65 u 75 I'; ananornyno B
paBuo 0,2; 0,19; 0,13 u C = 8§,0; 4,3; 9,2.

N3 pucyHka 1, BUIHO, YTO pe3KOE MaJE€HUE SHEPrONPOBOJHOCTH MPOUCXOIUT HA
paccTossHUH OT BHOpomcTOuHHWKA 110 I = 25 a. Jlanee 3aryxanue mapaMmerpa 3HEpro-
nepemxadn D HOCUT OoJiee TUIaBHBIN Xapakrtep. [Ipum 3ToM sHEprompoBosImas CIo-
COOHOCTBH CMEpP3IIEHCs YTIIETIOPOTHON CPEbl CYIIIECTBEHHO 3aBUCUT OT YacCTOTHI BhI-
HY)KJIGHHBIX KoJieOaHui. B CBs3M ¢ 9TUM pacdeTsl dHEpronepenaadd MpOBOIUIUCH
JUTSL PAa3MYHBIX 3HAYCHWH YacTOTHI BBIHYXKJICHHBIX KOJICOAHWW B 3aBHCHUMOCTH OT
MeCTa PaCTOI0KEHUS HCTOYHUKA BUOPAIIMOHHOTO BO3/ICHCTBHSI.

Pe3ynbTaThl pacyeToB, MOKa3bIBAIOT, 4TO 3(hPEeKTUBHAS YACTOTAa BUOPOBO3IECUCT-
BUS @ JUIS CMEp3IICHCS YroJbHOW Cpelbl, pacCYMTaHHAs 10 MOJEIH YIPYyro-
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HACJICICTBEHHOUN Cpelbl HE ABJIIETCS OAWHAKOBOW BEIMYMHOM U1 NAHHOM Cpelbl B
OTJIMYME OT YINPYroil MOJENH, & U3MEHSETCS B 3aBUCUMOCTH OT PacCTOSHUS 10 BUO-
pooOpadateiBaeMoil 30HbL. OO0 3TOM CBUAETENBCTBYET YCTAHOBJICHHBIE MAKCUMYMBI,
KOTOpBIE PACIIONaratoTCs HE Ha OJHOW BEPTUKAIBHOM IPAMOM, YTO COOTBETCTBYET
OJTHOW 4acCTOTE, a PACIOJOKEHBI CO CABUTOM B CTOPOHY HU3KHX 3HAYEHHM 4YaCTOT
[7]. To ecTp 1OCTaTOYHO YETKO BBIAEIISIETCS CABUIOBBIM YACTOTHBIN JUAIa30H, KOTO-
PBIM U1l IPEACTABICHHBIX PACYETHBIX 3aBUCHMOCTEW HAaXOAMUTCS B Ipeaenax ot 45
no 75 I'm. uckpeTtHbie 3HaueHUS 3P(HEKTUBHBIX YaCTOT B 3TOM JHUaIa30HE COOTBET-
CTBYIOT pa3jM4yHbIM Tapamerpam r/a. CienoBaTelibHO, MOKHO YTBEPKIATh, UTO JJIS
cMep3UIeiics yrienopoHoi cpenbl 3pdeKkTruBHas YacToTa BUOPOBO3AECUCTBUS MpPEe-
CTaBisieT cO00M (PYHKIIMOHATIBHYIO 3aBUCUMOCTh OT PACCTOSTHUS 10 BUOPOUCTOUHHKA
KaK 3TO MPEJICTABICHO HA PUCYHKE 2.

" rmax
o,y 3
+ 05

75 1
+04

65 7093

T+ 02
55 4
T 01

45 0

100

rfa

Pucynok 2 - O¢ddexTuBHas vacrota BUOPOBO3ACUCTBHS ((®*) M COOTBETCTBYIONINN €1 TTapamMeTp
suepronepenaun (") s cMmepsiueiics yronsHoit cpesl mpu t=—10° C B 3aBUCMMOCTH OT pac-
CTOSIHUS JI0 BUOPOMCTOYHUKA

W3 pucynka 2 BUIHO 4TO, 3HAYCHHUE YP(EKTUBHON YaCTOTHl @ YMCHBIIACTCS C
yJlaJeHUEM OT UCTOYHHMKA BHOPAIIMOHHOTO BO30YKIE€HHs. JTa 3aBUCHUMOCTD aIMpOK-
CUMHUpYETCs JorapupmMuyeckumMu GYHKIIUSH B B

w*[Ty]=A-B-In(r/a-C), (22)

rae A, B, C — KOHCTaHTHI anmpoKcuManuu, papasie 4A=64,0; B= 4,22; C= 10,0.

OnTumManbHON 9acToTe, BRIPAXKEHHON COOTHOIIEHHWEM (22) MpH yKa3aHHBIX YHC-
JICHHBIX 3HAYEHUSX KOHCTAHT COOTBETCTBYET MapaMeTp MaKCHUMaJIbHOUN dHEprorepe-
naun (puc. 2), I3MEHSIOIMUNICS TAKKE MO JIOTapu(PMUIECKOMY 3aKOHY:

2™ =0,8-0,17In(r/a-5). (23)

@DyHKIIMOHAIbHAS 3aBUCUMOCTH (22) omuchiBaeT 3PGEKTUBHBIN PEXUM BUOPO-
BO3JEHCTBUA Ha CMEP3IIYIOCs yriaenopoanyr cpeny. Koncrantel 4, B, C B COOTHO-
meHun (22) onpenensrorcs (PU3NKO-MEXaHUYECKUMHU CBOWCTBAMU reomaTepuala.
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[loaTOMY Npu U3MEHEHUU TEMIIEPATypPbl U CBOMCTB CpeAbl 3TH KOHCTAHThI OYIyT U3-
MeHATbcA. [IprueM HEOOXOIMMO OTMETUTh, UYTO MpaKTUYecKas peanu3anus dpdex-
TUBHOI'O peXrMa BUOPOBO3JEHCTBUS B COOTBETCTBUH C (DYHKIIMOHAJIBLHON 3aBUCUMO-
CThIO (22) BO3MOXHA JIMIIIb HA OCHOBE aBTOMATU3UPOBAHHOIO yIpaBJieHUs BUOpaliu-
OHHOHM ycTaHOBKOW. B cimyuae pyuHoro ynpasieHus, 3Q(GeKTUBHBIH PEXKUM BUOPO-
00paboTKK OyneT, COTrJacHO pacyeTaMm, JOCTUTaThCsl, €CIIM, KaK MUHUMYM, TpU pa3a
M3MEHUTh YacTOTy BUOpoBo3elcTBus. Hanpumep, eciau HeoOxoaumo BUOpooOpado-
TaTh 00JIaCTh paccMaTpuBaeMoil B paboTe cMep3lIelcs YroJdbHON cpeibl Ha TITyOuHy
10 r=90-a, To MOXHO MPUHATH 3HAYEHUSI ONTUMAIbHBIX YAaCTOT, KaK CJIEAYyeT U3 pu-
CyHKa 2, paBHbIMU @, =45 T'1; w, =551 w, =90 I'ny,

AHanu3 Moy4eHHBIX BBIPAXKEHUM MOKa3bIBAET, UTO 3aTyXaHHE MapaMeTpa dHep-
rOMPOBOJTHOCTH O OyJeT HOCUTD IUIABHBIN XapakTep, IPH 3TOM SHEPTONPOBOISAIIAS
CIIOCOOHOCTh CMEp3IIeiics reoMarepuaina 3aBUCUT OT YaCTOT BO3JEHCTBUSA, T.€ OT Na-
paMeTpoB ONTUMAIBLHOTO UCIOIB30BAHUS MHOTOYaCTOTHOTO BO3EHCTBUSI.

BeiBoabl. Takum o00pa3oMm, HCXOAs M3 aHaIM3a 3aKOHOMEPHOCTEH BOJHOBOTO
BO3MYIICHHUS] CMEP3IIErocs reoMarepraia B LEeJI0M, MOXKHO CJeNIaTh 3aKJIIOUEHUE O
TOM, 4TO 3(PPEKTUBHOCTH €ro BUOPOPBIXJIEHU Oa3upyeTcss He Ha OAHOM d(DPeKTH B-
HOM 4acToTe, a Ha PEKMME MHOTOYaCTOTHOT'O BUOPOBO3/IEUCTBUSI. DTOT PEXKUM OIHU-

chIBaeTCs (yHKIMOHANBLHON 3aBUCHMOCThIO @ = (/&) , KoTopyio HeoOXOaUMO

yCTaHABJIMBAaTh B COOTBETCTBUU C pa3pabOTaHHBIM B pabOTe aIrOPUTMOM pacuera ¢
y4eTOM YHCJICHHBIX 3HaUYCHHUH (DU3NKO-MEXaHUYECKUX CBOMCTB CMEp3IICHCs yriemno-
POIHOM CPEIBL.
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AHoTanis. Y poOOTI BUKOHAHO OIIHKY ONTHMAaJbHUX MMapaMeTpiB BiOpauiiHOi 1i Ha MpYXHI 1
HENpY)XHI reomarepiaiy, Ipu SKUX B CEPEAOBHUII JOCITA€ThCS MAKCUMYM aMIUTITyId Hampyru. ¥
pa3i HEMpYXHUX MaTepiaiiB JUlsl ONTUMI3aIlil 3apoNOHOBaHUM 1H(GOPMATUBHUN MapaMeTp, 10 Xa-
pakTepu3ye Mipy nepeaadi BIOpoeHeprii mo cepeoBHIILy.

BcranosieHo, 1o cepeiHs 3a nepioJl MOTYKHICTh MMOTOKY €Heprii 3 BUAAJNEHHSIM BiJ JKepesa
BiOparrii yOyBae 3a €KCIIOHEHIIIaTbHAM 3aKOHOM IS BEJIMKUX BIJICTaHEH, a JJIsi MajJuX BHOCSTHCSA
ICTOTHI OTPAaBKH BJIACTUBOCTSAMU cepeoBHIla. ToMy aHaTITHYHO ii BUSHAYUTH CKJIAIHO 1B pobo-
Ti 1l BU3HAYaIM Ha OCHOBI YHCEIIBHOTO PO3PaxyHKY.

AHai3 JA0CHIIPKeHb TO03BOJUB PEKOMEHAYBATH Il €(PEKTUBHOTO PO3MYITYBaHHS 3MEP3JIOTO
reomMaTepuaia BUKOPUCTAHHS PeXUMY 0araTodacToTHOI BIOpOIii.

KurouoBi ciioBa: mapamerpu, BiOpallis, BIUIMB, 0araTo4acToOTHI, TeoMaTepiaiv, 3Mep3Iui, eHe-
PrOMpPOBIAHICTS.

Abstract. The author estimated optimal parameters for the vibration impact on the elastic and
inelastic geomaterials at which maximal stress amplitudes could be achieved in the medium. In case
of inelastic geomaterials, an informative parameter was proposed which characterized degree of the
vibration energy transferring throughout the medium.

It is stated that average power of the energy flow, as moving away from the source of vibration,
decreases by exponential law in case of large distances, while with small distances, the medium
properties should be essentially corrected. Therefore, it is difficult to determine the power of the
energy flow by analytical method, and in this research it was determined by numeral calculation.

The findings allowed to recommend using of the mode of multifrequency vibrating impact for
effective loosening of the frozen geomaterial.

Keywords: parameters, vibration, impact, multifrequency, geomaterials, frozen, energy con-
ductance.

Cmamuws nocmynuna 6 pedakyuro 22.07.2015.
Pexomenoosano k neuamu 0-pom 2eon.-munepan. nayk B.A. bapanosvim
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