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YTOYHEHHAA MOJEJIb IOCTPOEHHUA 30H
HOBBIIHEHHOI'O I'OPHOTI'O JABJIEHUSA

I'pminenxos H.H.
(Lloneyxut 2cocyoapcmeentbll mexHUYeCKull yHugepcumen,
2. [loneyx, Yxpauna)

3anpononosana Hosa moodenb noOY008U 30H NIOBUWEHHO2O 2IPCbKO2O
MUCKY, SKA 3ACHOBAHA HA CYMICHOM)Y B8DAX08YS8AHHI HANPYIHCEHb NO
HOpMani 00 HANIACMYBAHHA MA HANPYHCEHb, WO Oilomb Y NIOWUHI
Hannacmyeanus.lIlposedeno nopisHaAHHA pe3yibmamis po3paxyHKie no
ICHYIOUIU Ma HOBIU MOOeiI.

There is proposed the new model for determining abutment areas. This
model is based on taking into account forces acted on normal to
strata and forces acted in plane of strata. There is made comparision
results of calculation on available model and new model.

Poct ryOuHBI OTPaOOTKM CBUT YTOJBHBIX IUIACTOB M Pa3BUTHE
CETH TOPHBIX BBIPAOOTOK BEAYT K IMOSBICHHIO OOJBIIOTO YHCIA 30H
OTOPHOTO JaBJICHUS, OMACHBIX [0 BHE3alHBIM BBIOpOCAM YT,
MOPOJIbI U ra3a, TOPHBIM yAapaM M T.J. 3a MOCJEIHUE JECITh JIET UX
KOJIMYECTBO Ha maxTax Jlonbacca yBeIMYMIOCh MPUMEPHO B 4 pas3a u
€XeroIHo (hOPMUPYETCS OKOJIO 9 THICSIY TaKUX 30H.

B 30Hax OMNOpPHOro [aBJICHUSI 3HAYUTEIBHO BO3PACTAET
BEPOSITHOCTh Ta30IMHAMUYECKUX SIBJICHUW, CHUXKAETCS YCTOWYUBOCTD
HEMOCPE/ICTBEHHOW KPOBJIM B JIaBaX, YXY/AIIAETCA COCTOSHUE TOPHBIX
BBIPa00TOK (60Jee 20% ropHbIX BRIpaOOTOK B ATUX 30HAX HAXOJATCS B
HEY/IOBJIETBOPUTEIBLHOM COCTOSSHUH). OKOHTYpUBaHHE 30H OMOPHOTO
JIaBJICHUS Ha IUIaHaX TOPHBIX paboT, pa3paboTka Mep 0e30IMacHOIo
BEJICHUSI pabOT B 3TUX 30HAX SBISIOTCS OAHUMM U3 TJIAaBHBIX 3ajad
MapKIieiaepckoir cimyk0bl. Ha 1ny0okmx mraxtax 3TH padoOThI
3aHuMaroT npumepHo 30-40% pabodero BpeMEHU MapKILICHIEPOB.
[TosTromy pa3paboTka METOAOB MPOTHO3UPOBAHUS HAMPSIKEHHOTO
COCTOSIHMSI TOPHOTO MacCHBa B 30HAX BIMSHUS OUYHUCTHBIX PabOT H



OKOHTYpUBAaHUSA 30H OIOPHOTO JABJICHUSA SBIISIETCS JOCTAaTOYHO
aKTyaJIbHOM 3aJja4ei.

N3BecTHO, YTO TOpHBIE NOPOALI B MACCHUBE HAXOIATCA B
00BbEMHOM HAMpPsKEHHOM COCTOSHUM, KOTOPO€ B KaXI0M TOYKE
HETPOHYTOTO MacCHBa TOPHBIX nopoJ XapaKTepusyeTcs
r€OCTAaTUYCCKUMHU HaIpPsSHKECHUSIMU O'yo, axo, o;o, JNEeUCTBYIOIIIUMH B
TpEX B3aUMHO NEPHNEHAUKYISPHBIX HampaBiieHUAX. HanpsokeHus 0'y0
JEUCTBYIOT 10 HOPMAJIM K HAIJIACTOBAHUIO MOPOJI, a HAPSKCHUS axo,
azo - B HaIpaBJICHUHU HAIIACTOBAaHUA MOpOJ. IIpu 3TOM HampsKeHUs
axo JTEUCTBYIOT B TIJIOCKOCTH BKPECT MPOCTUPAHUS B HAMPABICHUU 10
MaJIcHUI0 (BOCCTAHUIO) IUIACTOB, a HANpPSKCHUS azo JCUCTBYIOT B
HaMpaBJICHUM T10 MPOCTUPAHUIO TIJIACTOB.

IIpy oTpaboTKe CBUT YrOJBHBIX TUIACTOB  IMPOUCXOIUT
NepepacnpeesicHue HanpsoKEHWHM BO  BCEM  BMEIIAIONMIEHW TOJIIIE.
Bo3HMKaronMe Ipy 5TOM IOJIHBIE HANPSKEHUS Oy U Oy PABHBI

— -0 . _ 0
Oy = 0y +O}y, Ox = Ox +O_xx’ (1)

TIE Oy, Oxy - JOTOJHUTEBHBIC HANIPSKEHUS, YINTHIBAIONIME BIUSTHUE
OYHCTHBIX PadOT B CBUTE.

B nHacrosiiee BpeMsi CyIIeCTBYIOT pa3jIuyHbIE CIIOCOOKI pacuera
NOJIHBIX HANpsUKEHWH O, U Oy, HO IPHHUUIMANBHBIA IIOAXO K
MOCTPOEHHUIO TPaHUIl 30H pasrpy3kd U 30H OMNOPHOTO JaBJICHUS
OCHOBaH Ha KPUTEPUU PABEHCTBA HAYAJIbHBIX (I€OCTATUYECKUX)
HanpsKEHUW B HETPOHYTOM MAacCHUBE M TMOJHBIX HANpsOKEHUM B
TOPHOM MAacCHBE C Y4YETOM BIIMSHUSA OYUCTHBIX paboT. [Ipu sTOM B
pacyeT TPUHUMAIOTCS TOJIBKO  HANPSDKEHUs, HOPMallbHbIE K
HAIUTACTOBAaHMIO TIOPOJ, T. €. PEaln3yeTcs KpPUTepud o, = ayo. C
ydeToM mepBoi  popmynsl  BeIpakeHud (1) ITOT KpUTEpU
HSKBUBAJICHTEH KPUTEPUIO PABEHCTBA HYIIO  JIONOJHUTEIBHBIX
HAINPsHKEHUH, HOPMAJbHBIX K HAIUIACTOBAHHUIO IIOPOA, T. €. Oy, = 0.
Kosddunuent xonuentpanuu Hanpsbkenuil K, = o, / ayo I TOYEK
IPAHUIIBI 30H OMTOPHOTO JIABJICHUS B 3TOM CJIydae paBEH €IUHUIIE.

[Ipu 1aHHOM MOAXO/I€ MOXHO MOJIYYUTh KaU€CTBEHHYIO KapTUHY
dbopMHUpOBaHUS 30H OMOPHOrO AABICHUS M 30H Pa3rpy3KH, OHAKO,
IIPU 3TOM HE YUUTHIBACTCS BIUSHUE JOMOJHUTEIIbHBIX HANMPSHKCHUN B
MJIOCKOCTH HAIJIACTOBAHUSA Oy. CENyeT OTMETUTD, UTO B JIUTEPATYPE



110 JAHHOMY BOMNPOCY BJIUSHUE JOMOJTHUTEIBHBIX HAMPSHKEHUN Oy, Ha
dbopMUpOBaHKE 30H OMOPHOTO JABICHUS MPAKTHUYECKH HE OCBEIICHO.
DTO MOXXHO OOBSICHUTH, C OJJHOM CTOPOHBI, YCTOSBIIUMCS MHEHUEM O
JTOMUHUPYIOIIEH POJIM HOPMaJbHBIX HANpPSKEHUH (YTO, BIPOYEM,
MOJHOCTBIO CHPaBEJIMBO JUIsi TIOJOTOro MaJeHUsl), a ¢ Jpyrou
CTOPOHBI, OTCYTCTBHEM HAJEKHBIX METOIOB OMNPEACICHUS ITUX
HANPSHKCHUM.

OueBuaAHO, YTO ST TIONy4YeHHS Oojee TOYHOM KapTHHBI
dbopMupoOBaHMS 30H OMNOPHOTO [IaBIICHUSI W yudera OOBEMHOIO
HaIPSOKEHHOTO COCTOSIHHS TOPHOTO MacCHBa HEOOXOAMMO YYUTHIBATH
HaIPSDKEHUS Oy, B TUIOCKOCTH HAIUTACTOBAHMS MOPOJI, TaK Kak 03 HUX
UCKakaeTcsl KapTuHa ¢opmupoBaHus 3Tux 30H. CoBpeMEHHbIC
pacyeTHbIE METOJIbl OMNPEACICHUS MapaMEeTPOB HAIPSHKEHHOTO CO-
CTOSIHUSI TOPHOIO MAcCCHBa TO3BOJISIIOT PEIIMTh ATy 3anady. B
4aCTHOCTH, pazpaboran  nporpaMmHbiii  koMmiiekc  STRAIN,
MO3BOJISIIOIIMA  MOJECIUPOBATh Pa3IMYHBIE TOPHO-TEXHOJOTHYECKHUE
CUTyall¥, ONPEAECATh YUCICHHBIE XApaKTEPUCTUKU TEH30POB BCEX
OCHOBHBIX HaNpPsDKEHUN (T€0CTaTUYECKUX, JOTOJIHUTEIIBHBIX, MOJHBIX
U TJIaBHBIX) B JIFOOOM TOYKE BMEMIAIOIIEH TOJIIM M aBTOMaTHYECKU
BBITIOTHATh OKOHTYPHUBAaHHUE 30H OTMOPHOTO JABJICHUS IO JIOOOMY M3
KpUTEepUeB Ha skpaHe aucmiesa [1,2,3,4]. IIporpamMMHBI KOMILIEKC
STRAIN wucnons3yercss B psjie MPOU3BOACTBEHHBIX OOBEIWHEHHUI
Jlonbacca mist 1efeld TEKyIIEro M TMEpPCIeKTUBHOTO TUIAHUPOBAHUS
TOPHBIX pabOT, a TakXke [Jis yIpaBJICHUs TOPHBIM [IaBICHUEM B
OYHCTHBIX U MOATOTOBUTEIIHHBIX 3a005X.

JlencTBUE NOTMOJHUTENBHBIX HANPSKEHUU Oy, B INIOCKOCTH
HAIUTACTOBAHUSI TOPOJI MOXKET OKa3bhIBaTh CYIIECTBCHHOE BIUSHUE Ha
KOH(UTYpallui0 W pa3Mepbl 30H OMOPHOTO AaBieHUsA. B dacTHoCTH,
IpPaHUIlbl 30H OMOPHOTO JABJIEHUS MOXXHO MOCTPOUTH IO KPUTEPUIO
Oxx = 0. Kputepuii KOHUEHTpaMU HANPSHKEHUA B IUIOCKOCTHU
HaruiacToBaHus nopoa Kx = 1 B ToUKax rpaHuUIlbl ITUX 30H.

Ha puc. 1 noka3ansl rpadyku KOHIIEHTPAIIMU HANPSHKEHUN s
HalpsDKeHUH, HOPMaJbHBIX K  HamjgacroBanuto (puc. 1,a), u
HalpsDKeHUH B IUIOCKOCTH  HariacToBaHus mopoxa (puc. 1,0).
M3onmuuaun k03 PUIIMEHTOB KOHIIEHTpaluu IpoBeacHbl dyepe3 20%.
Kak BusmHO u3 puc. 1, rpaHullbl 30H OOPHOTO JIaBJICHUS (IITPUXOBBIC



KPUBEIE), IMOCTPOEHHBIE 1O KPUTEPUAIM Oy = 0 M Oy = 0 He
COBITaJIAIOT MEXKIy CO00H, KOH(GUTYpaIlnsl 3TUX 30H BECbMa pa3nyHa.

a) 0)

Puc.1. T'paduku kod3pPuIIMEHTOB KOHIICHTpAIUM HaANPSIKCHHUI
Ky v Kx nng oquHO4YHOM JIaBkl mipu o = 0°

Hamnbonee BaxXHBIM sBIsETCA TO, 4YTOo H3omuHuUI Kx = 1
pa3rpaHUYMBACT 30HBI CKATUSI U PACTSKECHUS MOPOJ B HANPABICHUH
WX HarmjaacTtoBaHus. M3BECTHO, YTO MPOYHOCTH MOPOJ HA PACTSIHKEHUE
3HAQUUTENIPHO YCTYMAaeT MX MPOYHOCTH Ha CxKaTue (IJ1s MEeCYaHUKOB,
aJICBPOJINTOB W apTUJUIUTOB Oosiee yeM Ha mopsaok). [loatomy s
yOpaBJ€HUsI TOPHBIM JaBJICHUEM HEOOXOIMMO paccMaTpUBaTh
KapTUHBI (POPMUPOBAHUS 30H OMOPHOTO JABJICHUS KaK MO HOPMAaIu K
HAIUTACTOBAHUIO MOPO/I, TAK U B INIOCKOCTH UX HAILJIACTOBAHHS.

JIns  aHanmM3a  COBMECTHOW  KapTUHBI  JIOTOJHHTEIbHBIX
HAIPSDKEHUN Oy, U Oy 1€IECOO00PAa3HO HAWTH MX HMHTETPAIbHYIO
XapaKTepUCTUKY, HauOojee TMOJHO  OTPAXaIIIyI0  XapakTep
nepepacnpeeieHrs] HanpsbKeHUM. B kauyecTBe TakoM XapaKTEPUCTUKA
I KaXJIOW  TOYKM TOPHOTO  MAacCMBa  MOXHO  IPUHSATH
JOTIOJTHUTENBHBIC PE3YJAbTUPYIONIUE HANPSKEHUS Oy, ABJISIOIIUECS
BEKTOPHOM CYyMMOM JOIOJIHHUTENbHLIX HANPSKEHUH Oy, U Oy, (Ha
paszpese BKPECT IPOCTUPAHUS IJIACTOB), T. €. Gy, = (| ayyz + o;cxz)l/ 2, Jliist
OTOOpaXeHUs Ha pa3pe3ax Mo MPOCTUPAHUIO IIACTOB CHPABEIIUBO
oyner o, = ( ayyz + azzz)l/ ’.C Y4YETOM TOTO, YTO JJI1 YIPYTHUX MOPOA



0 0 e
Oy = O0,, 3HAUYCHUS HaNpsDKEHUN O, Ha pa3pe3ax BKpeCT

IPOCTUPAHUS U MO MPOCTUPAHUIO OyIyT OJWHAKOBBIMH, & 3HAYCHUS

PE3YABTUPYIONIUX HANPSHKCHUN NI 3JIEMEHTAPHBIX OOBEMOB pPAaBHBI
_ 2 2,12

Grr_(o_-yy +20_xx) .

OKOHTYpUBaHHE 30H OINOPHOTO [ABJIEHUS B JTOM CIIy4yae
1EeCO00pa3HO BECTU MO KPUTEPUIO HYJIEBBIX JIOMOJHUTEIBHBIX
PE3YIBTUPYIOMINX HampsikeHu, T.e. o = 0. Koaddumuenr
KOHLEHTPAIUU PE3YIbTUPYIOIIUX HAMPSHKEHUN B TOUKAX TPAHULBI 30H
onopHoro nasyieHus K, Oyet paBeH eIUHHUIIE.

Ha puc. 2 nmokasansl rpaduku KOHIIEHTpaluu HanpsbkeHun K, u
rpaHUIlbl  30H  OMNOPHOTO  JaBjieHUs  (IITpUXOBask  KpUBas),
NOCTPOCHHBIE MO KPUTEPUIO O, = 0 1 OAMHOYHON NaBbl MpH
TOPU30HTAILHOM U HAKJIOHHOM 3ajieranuu miactoB (a=0° u a=45°).

Puc. 2. I'paduku k03(pPUIIMEHTOB KOHIICHTPAIIUKU HaANpPsHKCHUN
K, nist onuHouHOM naBel ipu o=0° u a=45°

Ecnu cpaBHUTH KOH(PUTYpALMIO TPAHUI] 30H OTMIOPHOTO JABJICHUS
IIOCTPOEHHBIX 110 KpuTepusam oy, = 0 (puc. 1,a) u o, = 0 (puc. 2,a),
BUJIHO, YTO BO BTOPOM CJIydae CYIIECTBEHHO YMEHBIIACTCS 30HA
pa3rpy3Ku M, 4To 00jIee MHTEPECHO, HAOII0AAeTCs 3aMbIKaHHE TPaHUII
OTIOPHOTO JIaBJIEHHUS B IOoApadaThIBa€MOM M HaApabaThIBaeMOM TOJIIIE,



T.e. oOpa3syeTcsd TrpaHUIla HEKOEro YCJIOBHOTO CBOJa. ITO
MOJITBEPKIAETCS U pe3y/ibTaTaMU IIaXTHBIX HAOIIOACHUH.

Jlist cinydaeB OTpaOOTKM HECKOJIBKHMX JIaB Ha A3TaXe KapTHUHA
GbopMHUpPOBaHUS 30H OMNOPHOTO JABJICHUS  YCIOXKHSETCS, XOTS
OTMEUCHHBIC BBIIIE 3aKOHOMEPHOCTH coxpaHstorcs. Ha pwuc. 3
MOKa3aHbl TpauKu KOHUEHTPAIMU HAMpPSHKEHUH I BOCXOSIIETO
nopsiIka OTpaOOTKM Tpex JiaB Ha JTaxe. [Ipm sToM Ha puc. 3,a
NOKa3aHbl KOO(Q(QUUUEHTH KOHLUEHTpauuu K, 11 HanpsoKeHuWi,
HOpPMaJbHBIX K HaIIacTOBaHWIO, a Ha puc. 3,0 — k03hPUIUEHTHI
KOHUEHTpauu K, nis pe3yabTUPYIOIIUMX HANPSHKEHUU (T.€. C y4eTOM
HaIPSHKEHUH B IUNIOCKOCTH HAIIACTOBAHUS MOPON).

Puc. 3 T'paduku kod3pGUIIMEHTOB KOHIICHTPAIIUN HaNPsIKCHHUI
K, v K, nna orpaboTku Tpex J1aB Ha oTaxke (0=45°)

Kaxk BugHO U3 puc. 3, KOHQUTYparus 30H pa3rpy3Kd U OTIOPHOTO
JaBJeHUA B 00OMX cilydyasix BechbMa paznuuaercs. Kpome storo, Bo
BTOPOM CJIydyae, OTMEUaeTCsi YMEHBIIEHHUE aOCOJIOTHBIX BEJIUYUH
HANpPSDKEHUU B 30HE pa3TPy3KM M UX HEKOTOPBIM MPUPOCT B 30HAX
OMOPHOTO JIABJICHUS.

[Ipy yyere MONMONHUTENIBHBIX HANPSHKEHUA B IUIOCKOCTHU
HAIJIACTOBAHUS Oy, MOSIBIISIETCS TAK)Ke T€OMEXaHU4YeCcKoe 00bsICHEHHE
TOMY, YTO MPU OJHUX U TEX K€ TOPHO-TEXHOJOTHUYECKHX CHUTYaLHSIX



3HAYEHUs  JONOJHUTENbHBIX  HANPSOHKEHUH Oy, JUId  yCIIOBHH
HaKJIOHHOro 3aneranust Ha  20-30%  MeHpmme, dYeM  OJId
TOPU3OHTAIBHOTO 3QJIETaHMS, B TO BPEMSI KaK IIPAKTUKA YKA3bIBACT Ha
OOJIBIIIE TI0 CPABHEHMIO C PACYCTHBIMH pPa3Mepbl 30H OIOPHOTO
JIaBJICHUS.

CoBpeMEHHasi KOMMBIOTEpHAs TEXHOJOTUS IPOTHO3UPOBAHUS
HaIpSKEHHOTO COCTOSIHUS TOPHOTO MAacCHBa B Pa3JWYHBIX TOPHO-
TEXHOJOTUYECKUX  CUTyalMUsIX  MO3BOJISIET  Y4YE€CTh  BIIUSHHUE
JIOTIOJIHUTEJIBHBIX HAIPS)KCHUW B IIOCKOCTH HAIUIACTOBAHUS Oy, Ha
dbopMupoBaHKE 30H OIOPHOTO JaBiieHHs. Vcmomb3oBaHWE HOBOTO
KpUTEPHS HYJEBBIX JOMOJHUTEIBHBIX PE3YJIbTUPYIOLIUX HANPSKCHUN
3HAUUTEILHO YTOYHSET KapTUHY (OPMUPOBAHUS 30H OIOPHOIO
JTaBJICHUST W 30H Pa3rpy3kd HM CIOCOOCTBYET pallMOHaJIbHOM
TIJIAHUPOBKE TOPHBIX pabOoT.
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