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Heab. YcraHoBIeHHE 3aKOHOMEPHOCTEH M3MEHEHHS HaNpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHHUSI PaMHOTO W aH-
KEPHOTO KPETJIEHHs AEMOHTa)KHOTO ITPEKa P NPUOIMKEHUN OYUCTHBIX padoT.

Metoauka. Vcnons3oBaH anpoOMpPOBaHHBINA CIIOCOO MPOBEAEHHS BBIYHUCIUTEIBEHOIO SKCIIEPUMEHTA C ITOMOLIBIO
METO/a KOHEYHBIX 3JIEMEHTOB. /Iyl BBIIIOJIHEHUS MTOCTAaBICHHOH 3a/aull ObUIA TOCTPOEHA NMPOCTPAHCTBEHHAS! MOJIEIb
CJIONCTOTO TOPHOTO MAacCHBAa C HAJIEJICHUEM KaXKIOH JIMTOJIOTHYECKOH Pa3HOCTH peabHBIMH (DH3UKO-MEXaHUYECKUMHU
XapaKTEePUCTUKAMHU COTJIACHO JAHHBIM T'€0JOTHYECKOH pa3BeJKH B OKPECTHOCTH AeMoHTaxHoro mtpeka LHIT ,Cren-
Has". B BeIpabOTKE yCTaHOBIEHO paMHOE M aHKEPHOE KPEIICHHE COTJIaCHO AAHHBIX IMacropra KperureHus. CMoaenu-
POBaHO IOIIAroBo¢ HpI/I6HI/I)KeHI/Ie OYHCTHOIO 32005 K BI)Ipa6OTKe. BrerauciurenbHbIN OKCIICPUMCEHT BBIINIOJHCH B YCThI-
pe 3Tamna npy pa3IMyHOM PACCTOSHUM OT OYHCTHOTO 3200 710 IITPEeKa.

Pe3yabTaThl. BeimonHeH aHanu3 HanpsHKeHHO-IE()OPMHPOBAHHOTO COCTOSHMS KPETEXHOW CHUCTEMBI. BBISBICHBI
3aKOHOMEPHOCTH Iiepepaciipe/ielieHus] HAPsDKSHU B pAMHOM M @aHKEPHOM KPEIUICHUH NPH U3MEHEHHH PACCTOSHUS OT
OYHCTHOTO 320051 10 BBIpaOboTKH. OmpeaeneHsl 001acTH KOHICHTPAIMN HAPSHKEHNH, OTTACHBIE C TOUKH 3pSHUS ITOTEepH
YCTONYMBOCTH 3JIEMEHTOB KPEMEKHOU CUCTEMBI.

Hayunast HoBu3Ha. HayyHasi HOBU3HA NTPOBEICHHOTO MCCIIEA0BAHUS 3aKIII0UAETCSl B yCTAHOBJICHUH 3aKOHOMEPHO-
CTH BIMSHHUS TPHOJIVDKCHNST OYHMCTHOTO 32005 Ha HANpsHKEHHO-IE()OPMHUPOBAHHOE COCTOSHHE 3JIEMEHTOB KPETIE)KHOMH
CHCTEMBI IEMOHTA)KHOTO LIITPEKA.

IIpakTnyeckas 3HaAYNMOCTb. [loyydeHHbIE pe3ynbTaThl OyXyT HCIIOJIB30BaHBI MPU OOOCHOBAaHMHM IapaMeTpoB

erHe)KHOﬁ CHUCTEMbI IT'OPHBIX BLIpa60TOK B 30HC BJIMAHHUA OUUCTHBIX pa60T.
KnrwueBble cjioBa: ouucmmuvle pa60mbl, OEeMOHMANCHBLI wmpek, BbIYUCTIUMETILHDBLLL IKCnepumenm

AKTyajgbHocTh. Ha maxTtax YKpauHbl IIHPOKOE
pachpocTpaHeHHe IMOJNydnsa paMHO-aHKEpPHAs Kperlb.
[Ipr 3TOM KOHCTPYKTHBHBIC OCOOCHHOCTH 3TOW Kpern
UMEIOT IUPOKUH Juana3oH. PakTUYecKH B Mpeaenax
KOHKPETHOH IIaXThl pPEaJM3yeTcs CaMOCTOSATEIbHAS
KOH(Urypamus B3aUMOJCHCTBUS paMbl H aHKEPOB. ITO
CBSI3aHO KaK C T€OJIOTHYECKIMH 0COOEHHOCTSIMH TOPHOTO
MacCCHuBa, TaK U C TCXHOJOTHYCCKHMU BO3MOXHOCTAMU
MPOM3BOJCTBA. AHaNN3 BO3ACHCTBHA YCTaHOBICHHBIX
crayenoimMepHbIx ankepoB Ha HIIC cuctemsl , kperb —
TOPHBIA MaccHB“ TOKa3aj, YTo JUIs INAxXT 3amagHoro
Jlonbacca ompeensonmM ciIeyeT CUUTaTh He YHUCIIo, a
ux Mecronosoxkenue [1,2]. OnHako, B psaje Cliydaes, Hc-
MOJIb30BaHUE TOJBKO CTAJIEMOJUMEPHBIX aHKEPOB He
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MO3BOJISICT OOUTHCS TIOJIOKUTEIBHBIX PE3yJIBTATOB I10
00ecreueHNI0 MOAICepKaHusl TOPHBIX BhIpaboTok [3-4].
Takue aHKkepa, B psne cilydaeB, NMPU NPHOIMKCHUH
OYNCTHOTO 32005 K BBIPAOOTKE TEPSIOT CBOIO HECYIIYIO
CHOCOOHOCTh U HE MOryT 00ecIleuuBaTh YCTOHYMBOCTH
OOKOB BBIPAOOTKH.

C npyro#i cropoHsl, Ha maxtax Kysbacca mmpokoe
pacnpocTpaHeHHe IIONyYMIM KaHaTHbIE aHKepa. XOTs
YCTaHOBKAa TAKHX aHKEPOB TPeOyeT 3HAYUTENBHBIX MPO-
W3BOJICTBEHHBIX 3aTpaT, MOJOKUTENbHBIH 3((dEKT o
MOAACPIKAHUIO KPOBJIM BEHTUIIALIMOHHBIX B]:lpa6OTOK B
30HE BJIMSHUS OYMCTHBIX paboT HaOIIOIaeTcsl B HATYp-
HBIX YCIIOBHAX M JlabopaTopHO mokaszaH. Ho reonormye-
ckue ycnoBusi Ky3bacca B 3HAUUTENBHOM CTENEHU OTIIH-
qaoTcs OT YycinoBui maxT 3amagHoro Jlonbacca,
MO3TOMY BO3HMKAeT HEOOXOJMMOCTb, HAa OCHOBE YXKe
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CYIICCTBYIOIIUX HAYYHBIX JAHHBIX, MPOBSCTU aHAIU3
TOBEJCHNUS KaHATHBIX aHKEPOB B €AMHOM IPy30HECYILIEH
CHUCTEME PaMHO-aHKEPHOW Kpermu H B YCIOBHAX KOH-
KpeTHo#1 maxTel 3amagHoro JJonbacca.

Lens BHITONHEHHBIX HCCICIOBAHUI 3aKITIOYACTCS B
BBISIBIICHMH OCOOCHHOCTEH MOBEICHUS KAaHATHBIX aHKe-
POB B 30HE B3aMMHOTO BJIHSHHS T'OPHBIX BBIPAOOTOK U
TTONTBEPKICHAN BO3MOXKHOCTH WX FWCIIONB30BAHUSI B
CIIO’KHBIX TOPHO-TEOJIOTHIECKHUX YCIIOBHSAX.

IMocraHoBka 3agauyn. 3aqaya peilicHa MyTeM IpPOBe-
JICHUS BBIYHUCIIUTEIBHOTO SKCIIEPUMEHTA Ha OCHOBE METO-
JIa KOHEYHBIX 3JIEMEHTOB. [ OpHO-Teomormaeckre ycioBus,
NPUHATBIC TPHU TPOBEJCHUU PACUYCTOB, BBIOPAHBI JUIS
161 naper maxtel , CremHas”. [Ipu MomenmupoBaHHUHU Jie-
MOHTKHOTO IITPEKa HCIOJIF30BANOCH CEUCHUE apOYHON
¢dopmbl mon xpens KIIITY. [lns ero mojnepkaHust uc-
MOJIb30BAJIOCH PaMHO-aHKepHOE KperuicHue. B cedenue
BIICaHa pamHas Kpenb ¢ npodwmnem CBII-27. AnkepHoe
KPEIUICHUE COCTOMT W3 4 CTalCHONMMEPHBIX aHKEPOB
JUTMHOM 2,4 M ¥ JIByX KaHATHBIX JUTMHOM 6 M. [TomydyenHas
MOJIeTTh TIpeICTaBlIeHa Ha puc. 1. Jlnamerp cedeHus aHKe-
poB 0,014 M. AHkepa yCTaHOBJICHBI B MACCHB HEIOCPE-
CTBEHHO HAJT paMOii.

H3n0keHne 0OCHOBHOTO MaTepHaJa.

Ananuz HJJC cucmemni ,, Kpenv evipadbomku — 20p-
HbLI Maccug” npu NPUOIUNCEHUU K OEMOHMANCHOMY
WmpeKy o4ucmmnozo 3ab60a. B xone npoBeaeHus BEIYUC-
JIUTEIBHOTO 3KCIIEPUMEHTA HCIIOJIB30BAIHCH YETHIPE MO-
JIeI CUCTEMBI ,, KpEIb — TOPHBIA MacCUB", pa3u4aroIIu-
€Csl paCCTOSTHUEM MEXIy OOKOM JIEMOHTXKHOTO IITPEKa
1 TUTOCKOCTBIO OYHCTHOTO 320051, DTO pacCcTOsIHAE COCTa-
Buwio 20 ; 10; 5 u 0,3 m. [To pe3ynpTaram IpOBEICHHBIX
pacdeToB OBUIM TIOCTPOCHBI JIIOPHI  MPUBEICHHBIX
HaIPsDKCHUH, KOTOpbIe W OBUTH HCIIOJIB30BAaHBI B Hajlb-
Helmem aHanu3e. Kpome HHMX, HE TPUBEACHBI B CTaThe,
HO WICITOJTb30BAHBI ISl TIOCTPOCHUS 3aKITFOUCHHHN, ITFOPBI
BEPTHUKAJBHBIX HAMPSDKCHUH, MMONHBIX M IDIACTHYECKUX
nedopmaruii. Ha mepBom srtame pacdera O4HCTHOM 3a-
0ol HaxomuTcss Ha paccTosHiH 20 M OT JIEMOHTA)KHOTO
mTpeka. McXoas W3 MONyYeHHBIX S0P, CTOHKH PaMBbI
y)Ke Harpy>KeHbl HEpaBHOMEPHO, YTO OOYCIIOBICHO MPH-
OommwkeHneM JaBbl. JleBas CTOpoOHA paMbl HarpyeHa
3HAYHTENFHO cllabee, KOHIICHTPAIUs HATPsDKCHUH MpaK-
THYecKd He mpeBbimaet 162 MI]a.

AHKEpHOE KpCIUICHHE OTHOCUTEIBHO paMbl UMEET
MEHBIIINE HANPSHKEHUS, TEM HE MEHee, OTYCTIMBO MpOo-
CMaTPHUBAIOTCS KOHIICHTPAIMH HATIPSHKEHUH B 30HAX, IIe
aHKepa MepeceKaroT TPaHHUIIBI MTOPOIHBIX CIIOeB. Tak kak
MIPH MOJICIIUPOBAHUU OBLTH 3aJIaHbl YCIIOBHSI KOHTAKTOB,
HamOosiee TPUOIIDKEHHBIE K PEATbHBIM YCIOBHAM, TO
MEXKIY TMOPOAHBIMU CIOSMH TMPOUCXOMUT IMPOCKAIb3bI-
BaHHE, TO €CTh CMCIICHUC CJIOCB OTHOCUTEIHHO YT
Ipyra.

B 1enoMm, MOXXHO OTMETHTh, YTO Ha JAHHOM 3TaIe
pacueTa paMHO-aHKEpPHOE KPEIICHUE BBIICPKUBACT OKa-
3BIBaEMble HArpy3Kd W CHpaBisieTcs ¢ (yHKOWEeH moA-
JepKaHus BIpaboTKH. Tak Kak 3TO MEpBEIi ATal pacye-
Ta ¥ OYMUCTHOW 3200 3/1eCh MaKCHUMAallbHO yHajeH, ero
BJIMSIHUE Ha paclpesieieHue HalpsDKeHUH B KPEIu BeIpa-
0OTKH ellle He3HAYNTEIBHO U He IpeBbiinaeT 16%.
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Puc. 1. Moodenv pamno-ankepnozo KpenieHus: esbiil,
npagwvlii — anKepa

Ha cnenyromem stane npoBeieHHsT BBIYHUCIUTEIBHO-
TO 9KCIEepUMeHTa ObUIM TMOTydeHbI pe3ynbTaTsl ans 10
U 5 M yjaneHus MIOCKOCTH OYUCTHOTO 3a00s OT JIEMOH-
T@XHOTro mTpeka. [IocKoNbKy AaHHbIE Pe3yJbTaThl BO
MHOTOM CXOXH, TPOaHATU3NPYEM UX COBMECTHO.

Ha smrope pacnpeneseHuss HalpspDKEHUN IpU yJalie-
HHUH OYMCTHOTO 32005 Ha paccrosiHre 10 M oT BBIpaboOT-
KA OTYETJINBO BHJHO HEPaBHOMEPHOE pacIpeliesieHne
BHYTPEHHUX YCWIMH B pame. Tak mpaBas CTOpOHa Kpenu
Harpy>keHa CHJbHee, 4eM JieBas. Hanboxpme KoHIeH-
TpalMy HANpPsDKEHUI OTMEYAIOTCS B CTOMKE, MperMyIIe-
CTBEHHO Ha BHEIIHEH CTOPOHE, TI¢ MAaKCUMYM HallpspKe-
Huit gocturaem 198 MIla. Ilpu 3TOM BepXHHIA CETMEHT
paMbl Harpy)keH HAaMHOTO MEHBIIE, B JAHAIa30HE
102...127 MIla. B c¢Bsi3u ¢ MEpPEMEIICHUSIMH TTOPOIHBIX
CJIOEB OTHOCHUTENBHO JPYT NpPYra, BHI3BAHHBIMH T'OPHBIM
JIaBJICHUEM, aHKepa CMEINAIoTcs M Je(opMHpYyIOT mpo-
¢unp pambl. AHamOru4HBI 3¢dekT Oyaer mpucyTcTBO-
BaTh M Ha BCEX IMOCIEIYIOUINX 3Tamax pacuera. 31ech U
Jlanee, HaNpsDKEHWS B aHKEPAaX BO MHOTOM 3aBHCST OT
CMEIIECHHsI TTOPOJHBIX CIIOEB. YYAaCTKH aHKEPOB, HaXo-
JUIIFe Ha TPaHHUIaX CIOEeB, IPUHUMAIOT Ha cels 3Ha4YH-
TEJIbHBIEC TIepepe3bIBAIOINE HATPY3KH.

ITpn cpaBHUTENEHOM aHAIN3E SMIOPHI HAIPSIKECHHH,
IpU IIare pacyera SM 10 AEMOHTA)XHOTO LITPEKa, C pe-
3yJIBTaTOM HPEIBIIYIIEro pacyeTa MOXXHO OTMETHTh P
3HAYUTENbHBIX M3MEHEHHUH, CBS3aHHBIX C YBEINYECHHEM
HaNpsDKEHUH cpa3y B HECKONBKUX yYaCTKaxX KPeTu.

Harpy3ku B mpaBoil cTolike yBENIMYMIMCh 1O Bceil
JutnHe npodwis. B BepxHeM cerMeHTe pambl MPOM30ILIN
W3MEHEHHUs], CBS3aHHbIC C IepepacrpeesieHueM Harpsi-
ykeHui. HampsbkeHus 3/1ech CyIeCTBEHHO HE BO3POCIH U
cocraBstror 110...151 MITa. KapruHa HamnpspkeHuil B
JIEBOW CTOMKE HE Mperepresna U3MEHEHUM — MaKCUMyM
HanpsbkeHuit cocrasui 113 MITa.

CyniecTBeHHbIE N3MEHEHHS MTPOMU30IUIN B aHKEPHOM
KperieHud. PocT HampspkeHUH TPOUCXOAWUT MO JJIMHE
aHkepa. Taioke Ha JaHHOM JTale pacyera BIIEPBbIE I10-
SBUJIACh IUIacTHYecKas aedopManus CaMHX aHKEpOB.
Jns XapakTepHCTUKH TaKUX HM3MEHEHHH HE00X0anMo
aQHATM3UPOBATh PAMHO-aHKEPHOE KpEIJICHHE CKBO3b
NpU3MYy Pe3yJbTaTOB pacyeToB Ul BCEro mMaccua. Tak
Kak, B CBSI3U C MPOJBIDKCHUEM OYHCTHOTO 320051, yBEIH-
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YMBaeTCsl BHIPaOOTaHHOE IPOCTPAHCTBO, 3TO CHOCOO-
CTBYET NPHONIDKEHHUIO 30HBI TEepernda CIIOeB K JEMOH-
T@XKHOMY IITPEKY. DTH MPOIECCH CIIOCOOCTBYIOT aKTH-
BU3AIMU TIEPEMENICHUI B MOPOIHBIX CIIOAX KPOBIH IIO
BCell MozenH, B 001I1eM, U HaJl BEIPAaOOTKON B YaCTHOCTH.
CoOcTBEeHHO, 3TH (DAKTOPBI U MPUBOJAT K YBEIHMYCHUIO
KOHLICHTPAIlMM HANpSHDKEHUH B PaMHO-aHKEPHOM KpeTl-
JICHUH BIUIOTH OO0 HACTYIIJICHUSA IIACTUYCCKUX L[e(bopMa-
LU CTAJIbHBIX KOHCTPYKLMMH, BBI3BAHHBIX IIPEBBILIEHUEM
Ipezesnia TeKy4ecTH CTallu.

AHanu3upysl BBIILICONHMCAHHBIC SIIOPHI pacrpesesne-
HUSI HANPSDKEHUH B KPEIUICHUH JIEMOHTAa)KHOTO IITpEKa,
MOXHO OTMETUTH, YTO TNPOHOPLHOHAIBHO MPUOIIKE-
HHUIO OYMCTHOTO 32005 yBEIMYHMBACTCS JaBICHHUE Ha BCE
3JIEMEHTHl KpPeNH, YTO NPHUBOIUT K IOSBICHHIO Aeop-
Manuii KOHTypa U YMEHBIIEHHIO CEYEHUS BEIPAOOTKH.

B nepByto ouepenp, Ha 3MOpe MHTCHCUBHOCTH Hampsi-
JKEHUH paMHO-aHKEPHOT'O KPEIJICHNUs, IPH MOAXO0E OYHCT-
HOTo 3a00si K JIEMOHT2)XHOMY IITPEKY, CTOMT OTMETUTh
MHOI'OKPaTHOE YBEIIMUEHUE KOHLEHTPAaUUid HalpsDKCHUN B
pame. ['opHOE nNaBiieHHME HE TONBKO CIIPOBOLMPOBAIO JiE-
(hopmarMIo pambl, HO ¥ NPHBENIO K CKAYKy HalpsHKEHUH B
aHKepax NMpaBOi YacTH KOHCTPYKIMH KPEIH, YTO TOBOPUT O
YaCTHYHOM NOTepe Hecylleil CriocoOHOCTH KOHCTPYKIMHU B
nesoM. Takoe 3HaYMTENBHOE YBEINYECHHE TOPHOTO JaBlie-
HUS Ha JTAHHOM y4acTKE MOJEIH OOYCIIOBICHO OOpYIICHH-
€M IIOpOJT KPOBIIH B BEIPAOOTAaHHOE MPOCTPAHCTBO, KOTOPOE
HAaXOAWTCS B HETIOCPEACTBEHHON OMM30CTH OT BHIPAOOTKH,
YTO MPUBOJUT K IPOCENAHUIO BBILICNCKAINX CIOEB U
CMEIIIEHHIO 30HBI ITepeTrda CIOEB HEeMOCPEICTBEHHO B 00-
JIACTBH OTIIOPHOT'O BIMSTHUSI KPETIH.

KanatHple aHKkepa, JeBBIH M MPaBblid, OIIyTUMO
Pa3oLUINCh B KapTHHE IepepaclpeesieHus] HarpsbKe-
HUH, BBI3BAaHHBIX IIPOBEICHHEM JOOBIYHBIX paboT B
HETIOCPEJICTBEHHOW OJHM30CTH OT BBIPAOOTKH. AHKEp,
PacIoI0KEHHBI CO CTOPOHBI MOAXOAA OYMCTHOH BbIpa-
0OTKH, TIOIa7 B 30HY BBICOKHMX IOTIEPEYHBIX Aedopma-
IIUH, CBA3aHHBIX C MPOTHOOM IMOPOAHBIX CIOEB KPOBIIH
OYNCTHOHN BBIPaOOTKH. BBIONHAL CBOIO €CTECTBEHHYIO
(DyHKIMIO, aHKEp COMPOTHUBIICTCS CHABI)KEHHIO CIIOEB,
OJIHAKO, Ha JTAHHOM 3Talleé pacueTa, OTYETVIMBO BHICHO,
4YTO OTO CONPOTHUBJIICHUE MPUBOIUT K 3HAYUTCIHbHBIM
TUIACTUYECKUM JeopManusiM. J[BHKEHHE CJIOEB CTalo
HACTOJIBKO arpecCHBHBIM, YTO COCTOSIHUE TPaBOil 4yacTh
AQHKEPHOTO KpeIUIeHUs! OJIM3KO K KPUTHYECKOMY, KOT/a
BO3MOXKHO JIOKaJIbHOE pa3pylieHue Teia aHkepa. [lpu
9TOM 3aKOHOMEPHBIM SIBJISETCS TOT (haKkT, YTO aHKepa,
pacIoIoKeHHbIE Ha ITPOTHBOIIOJIOXHONW OYHCTHOMY 3a-
6010 cTOpOHE BBIPAOOTKH, YACTUYHO Pa3rpyKAIOTCS.

B cBs13u ¢ 0OpymieHreM opost B BEIpaOOTaHHOE TIPO-
CTPAHCTBO, KOTOPOE HAaXOJIUTCS TEIEph HEIOCPEACTBEH-
HO BO3JIE AEMOHTAXHOTO ILITPEKa, aHKepa IPOCEHAI0T
BMECTE C TOPOJIOH, YaCTUYHO MEPEXOMsAT B MpelesibHOe
COCTOSIHHE M H3MEHSIOT CBOE IE€PBOHAYAIBbHOE MECTO-
pacnosioxkenue. IIpu 3Tom kpaliHUi IpaBblid aHKEp nepe-
cTaeT 3QPEKTUBHO COMPOTUBISATHCS TOPHOMY JaBJICHUIO
U TOJHOCTBIO CMEINAeTcsl BMECTe C TOpPHOM MOpoAoil.
Kpome Toro, ocranbpHble CTanenolMMepHbIE aHKepa, B
Pa3HOM CTENeHH, TaKKe MEepPEecTaroT aKTHBHO COMPOTHB-
JSITBCSL TOPHOMY JaBieHHIo. ['pyboe cpaBHeHMe Hamps-
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KEHHO-JIe()OPMAIIMOHHBIX XapaKTEPUCTHUK IIPAaBOTO Ka-
HAaTHOTO aHKepa M JPYTHX 3JIEMEHTOB aHKEPHOTO KpeTl-
JICHWSI TIOKa3bIBAaeT, YTO OCHOBHYIO (DYHKIHIO IO MOJ-
JIep>)KaHUIO KPOBIHM JIEMOHTA)XKHOTO IITpEeKa OcCyIle-
CTBIISIET TOJIBKO 3TOT aHKEP.

AHanu3 OaHHBIX pE3yJIbTaTOB pacdeTa IO03BOJIIET
CZenaTh 3aKII0YEHUE O TOM, YTO IPHMEHEHUE KaHATHbBIX
aHKEepOB MO3BOJISIET CHU3UTh HArPy3Ky B LIEJIOM Ha KPEIlb
BBIPaOOTKHU M 00eCIeYrnBaTh €¢ YCTOHYMBOCTD BILIOTH JI0
MOMEHTa pa3pylICHHs KaHATHOTO aHKepa, BBI3BAHHOI'O
BBIXOZIOM MEXaHM3WPOBAHHOI'O KOMILIEKCA B JIEMOHTaX-
HbIi wtpek. Jo atoro Mmomenta HJIC kaHaTHBIX aHKepOB
HE SBISIECTCSI KPUTUYHBIM C TOYKH 3PEHUS] KOHCTPYKTHB-
HOTO COCTOSIHUSI 3THX OOBEKTOB.

Pesynomam enuanus nonodiceHuil 0YUCMHO20 3a-
003 OMHOCUMENLHO 0EMOHMAIICHOT KAMePbl HA U3Me-
HeHue HanpajyceHuil 6 Kanamuwix ankepax. Kak yxe
OBUIO CKa3aHO BBIILIE, JIEBBIM U MPABbI KAHATHBIC aHKEPa
BeAyT cels MO-pa3HOMY NpPU TPOBEACHHH PAa3IHMYHBIX
9TAIOB BBIYUCIHMTEIHLHOTO dKCIIepuMenTa. Eciu kapTiHa
W3MEHEHHsI HalpsHKCHUH B JIEBOM aHKEpE IOCTaTOYHO
IpocTa ¥ HOCHUT XapakTep OJMM3KMH K JIMHEHHOMY, TO B
Cllyyae C MpaBbIM aHKEPOM 3TO YTBEp)KICHHE He cpaba-
ThIBaeT. MOXXHO 3aMETUTh, YTO H3MECHEHHE KapTHHBI
HaNpspKeHUH B IPAaBOM aHKEpE MPOUCXOJUT HE TOJIBKO B
KOJIMYECTBEHHOM, HO M B KadyeCTBEHHOM cmsicie. [lo-
3TOMY BBIIIOJIHATH OLIEHKY MOBE/ICHHS MaTepualia aHkepa
TOJIBKO Ha JOCTYIHBIX 3IIOpax CIEIyeT CUUTATh HEMO-
CTaTOYHBIM.

Jnst cpaBHEHMS U3MEHEHUS COCTOSHUS KaHATHBIX aH-
KEpOB IpPHUMEHUM DJHEPreTHYecKylo Teoputo [yoe-
pa-Museca-I'enku. B kauecTBe mapamerpa OLEHKH CO-
CTOSIHHSI aHKEPOB MCIOJIB3YEM YJENbHYIO HMOTCHIHATb-
HYI0 SHEPruI0 M3MEHEHUS (OPMBI, BBIYHCIUB €€, HC-
noJb3ysl 0a3bl NAHHBIX BCEX YETHIPEX PacyeToB IPOBE-
JICHHOTO BBIYMCINTEIBHOTO JKCIepuMeHTa. VIMEeHHO B
JTAHHOW IIOCTAHOBKE 3a/1a4M CTAHOBHUTHCS BO3MOXKHBIM
BBINTOJIHATh TaKOW aHaJIN3, MOCKOJIBKY aHKepa MOJCIH-
pyIoTCcs Kak 00beMHBIE OOBEKTHI.

VY nenbHas NMOTCHIMAIbHAS SHEPrHUs U3MeHeHus Qop-
MBI MOKET OBITh OMFICaHa CIIEIYIOIINM 00pa3oM

Atorm = Adef — Ao 1)

rac Adef — HoJiHasA YJACJibHasg MOTCHUHAJIbHAA 3HCPIud

Ile(i)opMaIll/II/l; AO — yACibHasA NMOTCHIUAJIbHAA DHEPIusi
MOIIIHOT'O U3MCHEHUS 00beMa aHKepa.

B MoMeHT mepexoja MeTaiia B INIACTHYECKOE COCTO-
SIHAC B YCJIOBHUSAX 00BEMHOTO HAMPSHKCHHOTO COCTOSIHUSA,
npeobpa3ys BeipaxkeHue (1), ¢ UCIOIb30BaHUEM KITaCCH-

YECKUX YPaBHEHNH TEOPHUU YIPYTOCTH, OIYINM

1+
Arorm = 6_Eﬂ|:(o_1 _0-2)2 +(02 _0-3)2 +(03 _0-1)2] ' (2)
rae u — kodddunuenr Ilyaccona; E — moayne ympyro-

CTH.
[TomyyeHHBIC TaKUM 0O0Opa3oM 3HAUCHHS MaKCHUMY-
MOB YIEIbHOM TOTEHUHUATbHOW HHEPrUM H3MEHEHHUS
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(hopMBI TS JICBOTO W MPABOTO KAHATHBIX aHKEPOB MPH-
BEJICHEI Ha puC. 2.
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Puc. 2. I'paguru ydenvHoti nomenyuanbHol sHepeuu
UBMeHeHUs1 (popMbl KAHAMHO20 aHKepA. d) Jesblil;
6) npasulii

Ananmsupysi 1mogoOHsIe TpadyKH, s KOHKPETHBIX
TOPHO-TE€OJIOTHIECKUX YCIIOBUH, CTAaHOBUTCS BO3MOXK-
HBIM OIpPENENATh COCTOSIHAE KAHATHBIX aHKEPOB MpHU
MOJXOJIE JIaBBI K IEMOHTA)XHOMY IITPEKY U TaKMM 00pa-
30M BBIIIOJIHATD MOUCK ONTHMAJIbHBIX TEXHOJIOTHYECKUX
[IOKa3aTeslel paMHO-aHKEPHOU KPEIu.

JanHb1i nmoaxon obecreynBaeT NOCTATOYHYIO YHH-
BEPCAJIBbHOCTh, IOCKOJIBKY HE 3aBHCHUT HH OT BHJAA
Harpy>eHUsl Kpenu, HU OT € T'eOMETPUUYECKHX XapaKTe-
PHCTHK, TP 3TOM, IIPH YCIOBHU COOJIIOICHHS CIUIOIIHO-
CTH MOJIEJIH, TIO3BOJISIET OIIEHUTh COCTOSHHE HE TOJIBKO
KaHAaTHBIX aHKEPOB, HO M JIIOOOTO 3JIEMEHTa KPENH BbI-
pabOTKH HE TOJIBKO B JIMHEHHOM MOCTaHOBKE 3a1a4 Ieo-
MEXaHUKH, HO U B HEJTUHEHHOM.

BeiBoabl. IlprMeHeHue KaHaTHBIX aHKEPOB B KOH-
CTPYKLIMH PaMHO-aHKEPHOM Kpemu [Uisl YCIOBHUM IIAXT
3anagHoro JloHOacca MOBBIIIAET YCTOHUMBOCTH MOJTO-
TOBUTENILHOM BBIpAOOTKM TIpH TNPHOJIVDKEHHH K Hel
ounctHOro 3a004. I1o cpaBHEHHIO CO CTaJICTIOIIMMEPHBI-
MU, KaHATHBIE aHKEPbI JOJIbIIE CONPOTHUBISAIOTCS BO3-
JICMCTBHIO OYMCTHOTO 320051 1 00ECHeYnBaOT yCTONYH-
BOCTh BBIPa0OTKM BIUIOTH JIO MOMEHTa II0/IX0/a
JIOOBIYHOTO KOMITIEKCA K JEMOHTaKHOMY IITpeKy. I1pu-
MCHEHHE KaHAaTHBIX AaHKEPOB II03BOSIET YMEHBIINTH
YHCJIO yCTaHABIMBAEMBIX CTAICHOINMEPHBIX aHKEPOB M
YIPOCTUTh TPeOOBaHMSA K MX MO3MIHOHUPOBaHMIO. 3-
MCHEHHE HaNpsDKCHWH B KaHATHBIX aHKEpax INpH IpH-
OJIMKEHUU OYHCTHOTO 320051 MMeeT HeIMHEHHBIX Xapak-
TEp M pa3niuyaercs Mo BHAY (QYHKIMOHAIBHOH 3aBU-
CHUMOCTH.
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Meta. BcraHoBneHHS 3aKOHOMIpHOCTEH 3MIHM Ha-
Npy»KeHO-1e(hOPMOBAHOTO CTaHy PaMHOTO W aHKEPHOI'O
KpITUIEHHS JIEMOHTA)XHOTO INTPEKy NpH HaOIDKEHHI
OYNCHHX POOIT.

Metomuka. BukopucraHo arnpoOoBaHuii crocid mpo-
BEJICHHS 00UHCITIOBAIIBHOTO EKCIIEPUMEHTY 3a JOIIOMOT'010
METOZy KiHLIEBHX €JIEeMEHTIB. [[jis1 BUKOHAHHS IOCTaBlle-
HOrO 3aBJaHHsA Oyja MoOymoBaHA MPOCTOPOBA MOJIECTb
[IaPYBaTOrO TiPCHKOr0 MACHBY 3 HAIUICHHAM KOXKHOI Jii-
TOJIOTIYHOI PI3HHUII peasibHUMU (Pi3MKO-MEXaHIYHUMHU Xa-
PaKTEepHCTHKAMH 3T1/IHO 3 JAHHUMH I'€0JIOT4HOT PO3BiIKH B
okoymni gemoHTaxkHoro mrpeky IIIT ,Crenosa®. V Bu-
poOLIi BCTAHOBIICHO paMHE Ta aHKEPHE KPIIUIEHHS 3TiIHO 3
JIaHHMH TIacTopTa KPIIUIeHHsS. 3MOJINIbOBaHE TTOKPOKOBE
HaOMIKEeHHsI OYMCHOTO BHOOKO 10 BUpOOKH. O0UncIioBa-
JIBHHUH eKCIIEPUMEHT BUKOHAHHUN B YOTUPH €Tl IPH Pi3-
Hill BiZIcTaHi Bii OYMCHOTO BUOOIO JIO IITPEKY.

PesyabTaTH. BukKoHaHO  aHa}i3  HaAIpPyXEHO-
nehOpMOBAaHOTO CTaHy CHUCTEMH KpimicHHsS. BuspieHi
3aKOHOMIPHOCTI NEepepo3NoIily HalpyKeHb Y PaMHOMY
W aHKepHOMY KpIIJICHHI NIpY 3MiHI BiICTaHi BiJ{ OYMCHO-
ro BHOOI0 10 BUPOOKU. Bu3HaueHi 001acTi KOHIICHTpaIii
Harpy>XeHb, HeOe3IeUHi 3 TOYKH 30py BTPaTH CTIHKOCTI
€JIEMEHTIB CHCTEMH KPIiIUICHHSI.

HaykoBa HoBu3Ha. HaykoBa HOBH3HA IpPOBEIEHOIO
IIOCTIKCHHS TIOJISTae€ y BCTAHOBJICHHI 3aKOHOMipHOCTI
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BIUTMBY HAaOIIKEHHS OYMCHOrO BHOOK Ha HAIpPY>KCHO-
neopMOBaHHMIl CTaH eJIEMEHTIB CUCTEMH KpIIUICHHS Jie-
MOHTQ)KHOT'O IITPEKY.

[paktnyna 3HaunMicTs. OTpuMmaHi pe3yibTati Oy-
JIyTh BUKOPHCTaHI IPY 0OIPYHTYBaHHI apaMeTpiB CUCTEMH
KpIIUICHHS TIPHUYUX BUPOOOK Y 30HI BIUIMBY OYHMCHHUX PO-
oir.

KuarouoBi cmoBa: ouucui pobomu, OemoHmazicHu
wmpex, 00YUCTIO8ANbHULI eKCHePUMeEHTN

Purpose. To determine the patterns of stress-strain
state of the frame and anchoring of the dismantling
roadway when approaching the stoping.

Methodology. We have used the approved method of
computer simulation by the finite element method. To
fulfill the task we have created the three-dimensional
model of layered rock massif taking into account real
physical and mechanical characteristics of each lithologic
layer according to the geological survey which had been
carried out near the dismantling drift of the mine “ Step-
naya’. We have installed frame and anchor support in the
roadway according to the requirements of the timbering
standard. We have modeled step by step approaching of

Baohua Yu, Chuanliang Yan, Jingen Deng,
Wenliang Li, Lianbo Hu

the working face. The computational experiment has
been carried out in four stages at different distances from
the working face to the drift.

Findings. We have analyzed the stress-strain state of
the mounting system and established the regularities of
the redistribution of stresses in the frame and anchoring
support under changing distance from the working face
to the roadway. The areas of stress concentration where
the elements fastening system is prone to buckling failure
has been defined.

Originality. We have established the influence of the
distance to the working face on the stress-strain state of
the elements of the fastening system of the dismantling
roadway.

Practical value. The obtained results might be used
for substantiation of the parameters of the fastening system
of mine roadwaysin the area of influence of the stoping.

Keywords: stoping, demolition drift, computational
experiment
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ROCK MECHANICAL PROPERTIESAND BOREHOLE STABILITY OF
GASSHALE

Baoxya lO#, Uyansnsau Anb, L[3insrens JeH,
Bensmsn Jli, JIaas60 Xy

JlepkaBHa rojioBHa JiabopaTtopisi HaQTOBUX pecypciB i po3Bin-
ku, Kutaiicekuii yuniBepcuret Hadtu, [lekin, KHP,
e-mail: yanchuanliang@163.com

MEXAHIYHI BJIJACTUBOCTI TA CTIHKICTH CTIHOK
CBEPIJIOBUH ITPU BYPIHHI HA CJIAHIIEBUM I'A3

Abstract. Serious borehole instability occurs frequently during drilling in shale gas reservoirs. Shale gas
reservoirs are featured by tight matrix, well-developed micro-fissures and laminations, and their peculiar mechanical
properties are different from those of ordinary tight sandstones or carbonates. Thus, implementing correlative studies
is of great significance to drilling and subsequent reservoir stimulation. Rock mechanical tests are performed to gas
shale from south of China by the MTS-816 Rock Test System. The variation of rock mechanical properties with the
angle between axial stress and the bedding plane normal (coring angle) is analyzed by the laboratory tests and a
failure criterion is verified and applied to determine the strength of gas shale. The shale strength decreases first and
then increases with the increasing of coring angle. It gets the maximum value with the coring angle of 0° and gets the
minimum value with the coring angle of about 60°. The Young's modulus and Poisson’s ratio increase with the
increase of coring angle. Besides, the borehole stability model of shale gas well is established by combining
transverse isotropic constitutive model and the continuously variable cohesion strength criterion. The collapse
pressure is lowest when drilling to the maximum horizontal stress direction and reaches its maximum when drilling
to the minimum horizontal stress direction.

Key words: shale gas; rock mechanics; anisotropy; failure criterion; coring angle; borehole stability

Introduction. Increasing fud prices, the eminent fear of
the limited conventional energy resources, and the projected

growth of heavy industry have placed great pressure on
energy supplies. As a typical representative of
unconventional resources, shale gas has attracted increasing
attention in recent years [1]. According to an official report
from the Energy Information Administration (EIA), the
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