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AnHoTauus. C NOMOLLBI0 YACIIEHHOrO MOAENMPOBaHUs paboTbl aHKEPHOW Kpenu uccnegoBaHbl YCrnoBus (hopMmpo-
BaHUS rPY30HECYLLEN OMOpbl OAHUM aHKEPOM, OMOPHO-AHKEPHOTO NEPEKPbITUS CUCTEMOI aHKEPOB W MOPOAHO-AHKEPHBIX
9NEeMEHTOB KOHCTPYKLMW aHKePHOMN kpenu. [1ns peanu3aumy NocTaBneHHbIX 3a4a4 Mo COBEPLLEHCTBOBAHMIO TEXHONOMN
aHKepHOro kpenneHus Bbina BblpaboTaHa KOHLENLWS B3aMMOAENCTBIS NOPOAHO-aHKEPHbIX OMOp, MPU KOTOPOI OHKM 06-
pasytoT B1oku, (POPMUPYIOLLME B MPUKOHTYPHOM MACCMBE €4MHYI0 KOHCTPYKLMIO, CNOCOOHYH0 NPOTUBOAENCTBOBATL Mop-
HOMY faBneHuto. MokasaHo, 4TO OHa [OMKHA COCTOSATL M3 CMeAYHOLLMX SNIEMEHTOB: CUMOBOM YacTU NEpPeKpPbLITUS Bbipa-
B0TKM; NOANOPHO YaCTW; ONOPbI; OCHOBAHMS KOHCTPYKLMK; 3aLLMTHbIX Nepemblyek. [pu 3ToM C1noBas YacTb NEPEKPbITUS
NPOTMBOAENCTBYET AehOopMaLMsM 1 CMELLEHMIO FOPHbIX MOPOL KPOBIM BbIpaboTKM B €€ NpocTpaHCTBO. MognopHas YacTb
BOCTIPUHUMAET W NEepeaaeT Harpy3Ky OT CUIOBOro dNeMeHTa NepekpbITUS Ha OMopy, Takke OHa HeobxoanMa Ans ynpas-
NEHUsi CPOKOM CyXObl KOHCTPYKLMM B 3aBUCUMOCTY OT HasHaYeH!s BbIpabOTKM; ONOPbI NEPEKPLITUS NEPEAAIOT Harpy3ky
OT NEepEeKpPbITUS Ha OCHOBAaHWe, pasrpyxas ropHble nopogsl 60koB BbipaboTku. OCHOBAHME KOHCTPYKLMW CnocobeTayeTt
MOBBILLEHMIO YCTONYMBOCTI BOKOB BbIPABOTKA M YMEHBLUEHWIO MyYeHUst NoyYBbl. 3alyuTHbIE NepeMblykM NPOTUBOLEN-
CTBYKOT pa3pyLUEHMIO MPUKOHTYPHOrO MaccuBa BCMEACTBME OCBOBOXAEHMS dHEprin ynpyrix AedopmaLmi, Kotopble
HaKann1BaKTCS C YBENMYEHNEM A/IMHBI BbIPAbOTKM. YBENUYEHNE KONMYECTBA aHKEPOB B ANEMEHTaX KOHCTPYKLMN aHKep-
HOWM Kpenu NpUBOAMT K POCTY OTHOCMTENBHOM NPOYHOCTY TPEXOCHO CKATbIX MPUKOHTYPHBIX nopog. Mocne aocTuxeHns
9TWUM nokasaTenem noporoBoro 3Ha4eHNst apMUPOBaHHbIN MaccuB HauMHaeT paboTaTb B ka4eCTBE OMOpbI, HECYLLAs Cro-
COBHOCTb KOTOPOM YBENWUYMBAETCS NMPU MOBBILIEHNN MOLLHOCTH KOHCTPYKLMK. COXpaHeHne NPUKOHTYPHOrO Maccuea Bbl-
paboTKM C NpUEMNEMbIMI 3HA4YEHNSMIU OTHOCUTENBHON NPOYHOCTM 6,0-7,5 AOCTUraeTcs NPy OTCTaBaHUW YCTaHOBKM psija
aHKepHOW Kpenu OT NIockocTy 3abos Ha BenuymnHy 300 MM nipy ckopocTy eé npoBederuns 3-10 m/cyT. YBenuyeHue oTcTa-
BaHWs YCTAHOBKM Psiia aHKepoB OT 32605 BbIPpabOTKM NPMBOAMT K YMEHBLUEHWNKO OTHOCUTENBHOM MPOYHOCTY NOPOZA B KOH-
CTPYKLMM Kpen.

lMonyyeHHble pe3ynbTaTbl NO3BOMMIM YCOBEPLUEHCTBOBATb TEXHOMOMKO OMOPHO-GHKEPHOTO KpenneHus, koTopas
ycnewHo npumensietcs Ha waxtax MAO «[TOK Maenorpagyroney», MAO «KpacHogoHyronb» 1 OO0 «KpacHonuma-
CcKOEY.

KnioyeBble crnoBa: NopogHO-aHKepHast KOHCTPYKLMS, TEXHONOINS aHKEPHOTO KPENmeHust, YNCreHHoe MOAenMpoBa-
HWe, AeMEHTbI KOHCTPYKLMM aHKEPHOM Kpeni

1 IIpob.siema kpenJieHUusi TOPHBIX BLIPA0OOTOK HA YIOJbHBIX IIAXTAX

D@ deKkTUBHOCTh PabOTHI YrOJbHBIX IIAXT BO MHOTOM 3aBUCUT OT OOECIeueHUs
AKCIUTYaTal[MOHHOTO COCTOSIHUSI Pa3BETBIEHHOW CETH PAaCKPBIBAIOIIUX, MOATOTOBHU-
TEIbHBIX U BBIEMOYHBIX TOPHBIX BbIpaOOTOK. C BO3pacTaHUEM TIIyOHHBI pa3pabOTKU
YTOJIBHBIX MECTOPOKACHUN HANPSHKEHHS B TOPHBIX MOPOJIaX AOCTUTAIOT MPEACIIbHbBIX
3HAYEHU, BOZHUKAIOT peojiorndeckue 3¢ (HeKThl, KOTOPbIE B COBOKYITHOCTH MIPUBOAST
K OOJIBIIIMM Harpy3kam Ha Kpelb U 00yCJIaBIMBaAOT €€ gedhopMaIiiio U CMEIIeHHE T10-
pon B BeIpaOOTKY [1, 2]. B THIMYHBIX yCIOBUSIX SKCIUTyaTAIlMU MTOTEPU TUIOIIAIN T10-
HepeyHoro cedeHust BoIpaboTKu gocturarot 40-45 % oT mpoeKkTHOTO.
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B ycnoBusx maxt {onbacca aiis noaaeps:kanusi BBIpabOTOK MPUMEHSIFOTCS pa3iny-
HbIE BUIBI Kpenu |3, 4]. Haubonbiiee pacnpocTpaHeHHEe UMEET METAJUTHYECKast TOJaT-
JMBas Kpernb apoyHoro tuna — 52-72 % (Ha HeKoTopsIxX maxrtax 86-96 %). Hecmotrps
Ha TO, 4TO 3a MOCTeAHME 25 JIeT Hecyas ClocoOOHOCTh apOYHOM MOAATIMBON Kpenu
BO3pocia B 2-2,5 pa3, B OCHOBHOM 3a CUET NMOBbIIIeHHs MeTauoéMkocTd Ha 50 %, 6o-
nee 40 % BBIPaOOTOK peryssipHO neopMupyercs u nepekperisiercs, a cBoime 25 %
UX JJIMHBI HAXOAUTCS B aBAPUITHOM COCTOSIHUU. DTO O0YCJIOBJIEHO TEM, UTO apOvHast
Kperb, Jaxke Mpu O0JbIION METAIIOEMKOCTH, UMEET HEIOCTATOYHYIO HECYIIYIO CIIO-
coOHOCTB, He npeblmatomyto 1,5 Mlla.

AHanu3upys pe3yJbTaThl HATYPHbBIX HAOIIOJEHUHN, OOJBIIMHCTBO UCCIEeI0BaTENEH
IPUIIIK K BBIBOJlY, YTO HUKaKas TEXHUYECKU BBIMOJIHUMAs U SKOHOMUYECKH 11eJIeCO-
oOpa3Hast )ECTKAs WU MOJATIMBAsk KPENb BHIPAOOTOK, TPOBEAEHHBIX B TOPHBIX IOPO-
nax Ha OONBIIMX TIyOMHAX, HE MOXET IMPOTHUBOJAEHCTBOBATh TOPHOMY JIABJICHUIO, U
03ToMy OOpOThCsl ¢ 0Opa30BaHMEM 30HBI pa3pylLICHUs MYTEM YBEIUUEHUS HECYIIeH
CIIOCOOHOCTH MOJMOPHOM Kperu HerlenecooopasHo |5, 6].

VYnpasienue aepopMUpOBaHUEM MOPOJHOIO MAacCCHUBa MOYKHO OCYILIECTBUTH aH-
KEepHOU Kpenbio. OHA NO3BOJISET YIyUYIIUTh IPOYHOCTHBIE TIOKA3aTEIN IOPOJI U MTOBBI-
CUTb HECYIIYIO CHOCOOHOCTh IOPOJJHOTO MAaCCHUBA.

AHKEPHYIO KpEIlb IIMUPOKO MPUMEHSIOT B YTOJIBHOW NPOMBIIUIEHHOCTH U Ha JpY-
rux O0BEKTax MOJ3EMHOr0 cTpouTenbcTBa B BemmkoOpuranuu, CIIA, I'epmanum,
[Tonpme, ABctpanmuu, Poccun, Muauu, Ykpaune n npyrux crpanax [7]. Haunnas c
MOMEHTA Hayajia IPUMEHEHHUs] aHKEPOB U J0 HACTOALLErO BPEMEHU ISl PELICHUS BO-
IPOCOB, CBSI3AHHBIX C U3YYEHUEM MPUHILIUIIOB pa0OThl AHKEPHBIX CUCTEM KPEIUICHMS,
OTEUECTBEHHBIMU M 3apyOEKHBIMU YUEHBIMH OBLIIO IPOBEICHO OOJIBIIOE KOJUYECTBO
uccieaoBanuit [8-11].

o 1970-x T010B TPUMEHSUITUCH B OCHOBHOM aHKEpa C MEXaHUUYECKUM (3aMKOBBIM )
3aKkpernsieHrueM. Pa3BuTue nmoiMMepHbIX 3aKpenuTesneil ¢ ObICTPbIM BPEMEHEM CXBaThl-
BaHUS Y BBICOKOW MPOYHOCTHIO MTO3BOJIMIIO HAYaTh IPUMEHEHUE aHKEPOB C 3aKperie-
HUEM [0 BCEW NJIMHE MITaHTU MPU KPEIUIEHWH TOPHBIX BhIpaboTOK. Mcrnonb3oBaHue
TaKMX aHKEPOB YJIYUIINIO COCTOSIHUE BBIPAaOOTOK, B TOM YHUCJIE CO CJIa00M U CIIOUCTOM
KpOBJIeH. AHKepa C MOJIMMEPHBIM 3aKPEIICHUEM I10 BCEH JUTMHE IITAHTH UMEIOT 00JIb-
1Iee CONpOTUBIIEHNE OOKOBOMY JBMKEHHUIO MO CPABHEHHUIO C MEXAaHUUYECKHUM 3aKpen-
JICHUEM, a TaK)Ke MEHee MOJBEPKEHbI KOPPO3HUH, YTO CYIIECTBEHHO MOBBIIIAET UX -
bekTuBHOCTH [7].

B3auMozeiicTBue Mexa1y aHKepaMH U MOPOJHBIM MACCHUBOM PEaU3yeTCsl OJHHUM
WA COYETAaHHUEM CIIEAYIOIMX TPEX OCHOBHBIX MEXaHU3MOB: MOBEIINBaHIE, (POPMU-
poBanue Oanku u cxarue [8, 11], puc. 1. be3 cymecTBeHHOTO 1 CBOEBPEMEHHOTO TI0/T-
KPEIUIEHUS CIIOMCTAasi HEMOCPEACTBEHHAS! KPOBJISI HAUMHAET OTAEIATHCS OT OCHOBHOM
C BO3MOXHBIM OOpYIICHHEM B AalibHeleM. Eciiu HemocpeacTBeHHas KpoBis crnabdas,
a BBILIEJICIKAIMNA CIOU TTOPObI TPOYHBIN, TO MPU AHKEPOBAHUU HU>KHUM CJIOM TOJIBE-
IIMBAETCS K BepxHEMY, puc. | a. OCHOBBIBASICh HA 3TOW TEOPUH, AHKEPA TOJIKHBI BbI-
JEP’KUBATh BEC MOPOJ HIXKHETO MOABEHICHHOTO ¢I0s. JlJis ’TOr0 OHU JTOJKHBI OBIThH
3aKperieHbl B IPOYHOM MOPOJIe€ OCHOBHOM KpOBJHM Ha TiyouHy He MeHee 0,25-0,35 m
OT TpaHUlIbl CIa0BIX MTOpo [8].
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a 0 B
Pucynok 1 —MexaHu3m B3auMOIEHCTBUS MEXy AaHKEPAMHU U TIOPOIHBIM MacCUBOM

Bo mMHOrux ciayyasx ocHOBHAsi MPOYHAs KPOBJISl HAXOAMUTCS BHE MPEJIETIOB aHKep-
HOM KpemnH JjIsl UCTIOIb30BaHMs €€ B KaueCcTBe ONOpbI 1Jisi oBemuBanus. Ho u Toraga
aHKEpHasi Kpernb MOKET MPUMEHSIThCSA BIOJIHE ycrelmHo. DakTUYeCcKu CABUKEHHUE U
pazzielieHue CIOEB OPOIbI TPOUCXOUT IO TOPUIOHTAIH U IO BEPTUKAIIHU BIOJIb IIJI0C-
KOCTEH compsikeHuil. AHKepa, mepecekas 3TH CJIOM, MOTYT HpeAoTBpaliaTh WU
YMEHBIIATh B OUY€Hb OOJIBITION CTENEHN TOPU30HTAIBHBIC TIEPEMEIIICHHUSI, & HATSKECHUE
AHKEPOB COCNIUHSET OT/ACIbHBIE CJION B OJIUH OJIOK, 0OecTieunBas NX MepeMeIieHne Ha
OJIHY U Ty ke BenuuuHy. C Ipyroit CTOPOHbI, 6J1aro1apsi HaTSKEHUIO AaHKEPOB BO3HU-
KAIOT JOTOJTHUTEbHBIC CUITBI TPEHHUS BJIOJb TUIOCKOCTEH COMPSHKEHUS, TAK)KE YMEHbB-
11as1 TOPU30HTABHBIE CMEIIECHUS TPOTIOPLIMOHAIIBHO HATSKEHUIO B aHKepax, puc. 1 0.
B GosblIMHCTBE CiIydaeB, Ilie HEMOCPEACTBEHHAS KPOBJISI COCTOUT U3 CIOUCTBIX TO-
pOJI, IPOSBIISIETCS] COBMECTHOE AeiicTBUE 3P (HEKTOB MOABEIIMBAHUS U (POPMUPOBAHUS
OaJIKH.

Korna mopoasl HemocpeacTBEHHOM KPOBIU COAEPKAT OJHY HJIM HECKOJIBKO CUCTEM
TPEUIUH C Pa3IMYHON OpUEHTAIIMEH, aHKEpa CYIIECTBEHHO YBEIUYUBAIOT CUITY TPEHUS
BJIOJIb TPEITUH U TUIOCKOCTEN OCIabeHus, TAKUM 00pa3oM UCKIIIOYasi UINM YMEHbIIIAs
CKOJIbKCHHE U pa3JiejieHue BIOJb IUIOCKOCTEH ocnabieHus, puc. 1 B. O1oT 3¢ dexT
C)KaTHsl B OCHOBHOM 3aBHCHUT OT JCHCTBYIOIICH CUJIbI HATSDKEHHSI AaHKEPOB WJIH, TIPU
0JIarOMPUATHBIX YCIOBHSX, OT TACCUBHOTO HATSDKEHHUS MO ICUCTBUEM TIEPEMEIIICHUS
MaccuBa. M3BeCTHO, YTO HATSKEHUE aHKEPa BBI3BIBACT HAIPSKEHUS B CIIOUCTOM TO-
poJie, KOTOPbIE SABJISIFOTCS CKUMAIOIIUMHU U TI0 OCH aHKepa U MEPICHIUKYIISIPHO K aH-
kepy. Hanoxenue 30H cxaThsi BOKPYT aHKEpOB (POPMUPYET CILIONIHYIO 30HY CKATHS,
B KOTOPOM MIPOYHOCTH MOPOJI HA CABUT YBEIMUYUBACTCS.

MexaHu3M cxKaTusl MPU B3aUMOJICUCTBUY MTOPOJT U aHKEpA MOKHO UCIIOIb30BaTh U
B HEHAPYUIIEHHBIX MMOpoaax. B 3ToM ciyuae mpuioKeHUeM MpeaBAPUTEILHOIO HATSI-
KEHUS aHKEPOB (POPMUPYETCSI TOPOTHO-aHKEPHBIN OJIOK, KOTOPBIA HAXOIUTCS B TPEX-
OCHO C)KaTOM HAMpPsHKEHHOM COCTOSTHUH, OJTM3KOM K COCTOSIHUIO HEHAPYIICHHBIX T0-
pox. Takue 6;10ku MOKHO (POPMHPOBATH KaK B KPOBJIE, TaK M B OOKaX BEIPAOOTKH.

AHKepa ¢ OJIHBIM MOJIMMEPHBIM 3aKPEIJICHUEM 110 JIJIMHE OKa3bIBAIOT 3HAUUTEIb-
HOE BO3AEHCTBHE Ha MOPOAY, B KOTOpoil oHU 3akpemisitores [12]. ConpoTuBneHue,
NPENSTCTBYIONIEE OMMYCKAHUIO U OOKOBBIM CMEILIEHUSIM I10 TUIOCKOCTSM HaIljlacTOBa-
HUN KPOBIIM, CO3/IaETCS B pe3yjIbTaTe B3aMMOJCUCTBUS CTEP)KHS aHKEpa, MOJUMEp-
HOTO 3aKpENUTENS U CTEHOK IITypa.

[Ipu BBIOOpE THIA U TAPAMETPOB AHKEPHOU Kpernu J0JHKHA YUUTHIBATHCS COBOKYII-
HOCTh MIPUPOJHBIX U TEXHOTCHHBIX (DAKTOPOB, BIUSIONINX HA YCTOWIUBOCTH BBIPabO-
TOK. Pacuér mapameTpoB aHKEpHON Kpemu OOBIYHO CBOJUTCS K OIPEACIICHUIO
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pa3mepoB obiactu aedopmaiuii (pa3pymieHus) MacCuBa BOKPYT BbIpAaOOTKH, BEJIH-
YUHBI HATPY3KH Ha KPEThb, HECYIIEH CITOCOOHOCTH €€ COCTaBHBIX DJIEMEHTOB, JUIUHBI U
IJIOTHOCTH yCTaHOBKM ITAHT [13, 14]. OCHOBHBIM HEAOCTATKOM TAKOT'O MOJX0/1A SIB-
JSI€TCS TO, B KAYECTBE YIPABJISIONMINX NTapaMeTPOB NPUHUMAIOTCS TOJIBKO JITTUHBI aH-
KEpPOB U TUIOTHOCTh UX YCTAHOBKU. B yCIOBUSX TOBBIINIEHHON TPEIIMHOBATOCTH, OJ10U-
HOTO CTPOCHUS WUJIU SIBHO BBIPAKEHHOMW CIIOMCTOCTHA HEOOXOIMMO OOJIbIliee 3HAUCHHE
MPUJABATh CXeMaM YCTAaHOBKU aHKEPHOU Kperu.

Kpome Toro, mpu otxoje 3a00s U 3ama3/IbIBAHUU YCTAHOBKM Kpemnu Mo ipaboTaH-
HbIE TIOPO/Ibl U MMOBEPXHOCTD 32005 BBIPAOOTKHU Pa3rpykKaroTcs OT TOPHOTO AaBJICHUS,
MIPOUCXOAUT Pa3yIUIOTHEHHE TOPOA. DTO OCOOEHHO 3aMETHO B HEMIPOUHBIX, TPEIIUHO-
BaThIX MOpoJiax. B aTom ciiyuae aHkepHast Kpernb OyJ1eT yCTaHABIMBATLCSA B HAPYIIIEH-
HBIM, OTEPSIBIIMKA MOHOJUTHOCTb MOPOJIHBIM MaccuB. 11oaTOMy Takxke BecbMa Baxk-
HBIM SIBJISIETCS BOTIPOC OMPEACIICHUS ONTUMAJIbHBIX BPEMEHHBIX IMapaMeTPOB yCTa-
HOBKH aHKEPHOU KPEIIH.

TpaauiMoHHO aHKepa YCTaHABIMBAIOTCS B BHIPAOOTKAX C MPSIMOYTOJBHBIM IOTIe-
PEYHBIM CEYCHHEM IMEPIEeHIUKYISIPHO HAIUTACTOBAHMIO, a B BBIPAOOTKAX apOYHOMN
dbopmbl paguanbHo. Ho Takue cxembl pacioioKeHUs] aHKEPOB UMEIOT OTPAHHYCHHYIO
obnacte npuMeHeHus. [Ipu yCI0KHEHNN TOPHO-TEOIOTMUECKUX YCIOBUM B3aUMOJICH-
CTBHE MEXK]1y BEPTUKAIBHO YCTAHOBJIEHHBIMUA aHKEpPAaMU HEAOCTATOYHOE KaK B pALY,
TaK U MEXIY pAJaMU BIIOJIb BBIPAOOTKU. {711 MOBBINMICHUS] YPOBHS B3aHMOICHCTBHUS
HEO00XOJIUMO TMOBBIIATH IMJIOTHOCTh YCTAHOBKH aHKEPOB B Py U YMEHBIIIATh PACCTO-
STHUE MEXIY pAJaMHu. A 3TO HE BCEr/a TEXHOJOTUYECKU OCYIIECTBUMO U YKOHOMUYE-
CKH IIPUEMIIEMO.

Haunbonee nepcreKTUBHBIM HaNlpaBJIECHUEM IMOBBIIICHUS CTETICHU B3aUMOACHCTBUS
MEXy aHKEPAMH SIBJISIETCS] TAKOE UX MPOCTPAHCTBEHHOE PACIIOJIOKEHUE, KOTOPOE OBl
00ecneunsio COXpaHeHHUe MOpo MIPUKOHTYPHOTO MAaCCHBA B TPEXOCHO CXATOM COCTO-
aaun. Kak mokasanu ucneiTanus 00pas3iioB, 1ake He3HAUNTEIbHOE YBenYeHrue 00KO-
BOI'0 MOJIIOpa NoBkIaeT B 1,5-2,5 pasza npenein npodHoctu [6].

3HAYUTEIBHOE Pa3BUTUE TEXHOJIOTUH AHKEPHOIo KperieHus nojayuwin B CIIA,
Agctpanuu, BenukoOputanuu u ['epmanun. B kaxxnol cTpane IpUHSAT CBOM MOAXO K
YIPABJICHUIO TOPHBIM JaBJICHUEM, COOTBETCTBEHHO OYIyT pa3inyaThbCs U MOAXOAbI K
IPUMEHEHUIO aHKEpHOU Kpenu. CyIlIecTBYIOT pa3inuus U B CXEMaX YCTaHOBKHU aHKE-
poB. Hanpumep, nipu kpermiennn 00KOB BbIpaOOTKU. B amepukaHCKHX IIaxTax Mmpak-
TUYECKHU HE KpemsiT O0Ka, B TO BpeMsl Kak OOKOBBIE aHKEpa SIBJISIOTCS OCHOBHBIM KOM-
MMOHEHTOM CHCTEMBI TIOJ/IepKaHusl BhIpaboTku B ['epmanuu. [I1OTHOCTH yCTaHOBKH
AHKEPOB 3HAYUTENBHO oTiin4aeTcs. [[puurHa BHICOKOW MJIOTHOCTH B HEMEIIKUX IaX-
Tax COCTOUT HE TOJILKO B OOJIBIIION TTyOMHE pa3paObO0TKH U CBSI3aHHBIX C STUM BBICOKHX
HaIpPSOKEHUSX MACCHBA, a TAK)KE€ — B MCIOJIB30BAaHUHN CHCTEMBI Pa3pabOTKH ¢ OJTHUM
IITPEKOM U COXPAHEHUU €ro Ha MOBTOPHOE HUcnoJib3oBanue. [Ipumensiemas B Benuko-
OpUTaHUU TEXHOJIOTHSI MPEJINOJIAraeT UCMOJIb30BAaHUE aHKEPOB, 3aKPETUIEHHBIX MMOJIH-
MEpOM TI0 BCEH JIJIMHE, C BHICOKOW Hecylel crnocoObHocThio [15]. Bo3amoxkHoCTH CY-
MIECTBYIOIINX TEXHOJOTUI aHKEPHOTO KPEIJICHUs ITOKa3aHbl B Ta0. 1.

VYuunTeIBas U3710KEHHOE, MOKHO CKa3aTh, YTO OCHOBHBIMU HAIIPABIICHUSIMU COBEP-
IIICHCTBOBAHUS TEXHOJIOTUU aHKEPHOTO KPETICHUS SIBJISIFOTCS
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® BBEJCHUE B CUCTEMY aHKEPOB, YCTAaHABIMBAEMBIX C HAKJIOHOM BJIOJb OCH BbIpa-
OOTKH, KOTOPBIE YCUJIMBAIOT B3aUMOJCHCTBUE MEXIY PAJAMU aHKEPOB U JAOT BO3-
MOKHOCTb ()OPMHUPOBATH AaHKEPHO-TIOPOJHYIO KOHCTPYKIHUIO, CIIOCOOHYIO YACPKH-
BaTh YTJIEMIOPOIHBIN MacCCUB BOKPYT BRIPAOOTKH OT BOSHUKHOBEHHUS U Pa3BUTHSI IIPO-
L[ECCOB Pa3pyLLIEHUS;

® YCTAaHOBKA aHKEPOB IPyIIaMHu Jisl POPMUPOBAHUS U3 APMHUPOBAHHBIX MOHOJUTHBIX
TOPHBIX TOPOJ 0JI0Ka KOHCTPYKIIMU aHKEPHOU Kpenu;

® pazzeyieHre KOHCTPYKIMU Ha OJIOKHU, YTO MO3BOJISIET COXPAHUTh YCTOMUHUBOCTH TOP-
HOW BBIPAOOTKM KaK CHCTEMBI B IEJIOM 3a CUET JBMKEHHSI OJIOKOB OTHOCHTEIBHO
Apyr Apyra;

® ONTUMU3ALKS TAPAMETPOB «OTCTABAHME AHKEPHOM KPENU OT 3a00s» U «BpeMs ycTa-
HOBKH IIEPBOTO psAJla aHKEPHOU KPEIm»;

® U3MEHEHHE NMPUHIHUIIOB (OPMHUPOBAHUS KPEIU, KOTOPOE TOJKHO 0a3UpOBaTHCS HA
0osee )KECTKOM OTpaHUYEHUH CMEILEHUN TTOPOJ B BHIPAOOTKY JJIsi COXpaHEHUS MX
IPUPOTHON MOHOJIUTHOCTH U MOBBIIIEHUSI YCTONYUBOCTH MIOPOJHOTO OOHAKEHUS.

Tabmuma 1 — CpaBHUTEIBHBIN aHAIN3 TEXHOJIOTHI aHKEPHOTO KPETICHUS

TexHonorust
ITapameTpsl TEXHONIOTUH AMepurKaH- Mexannsu-
P P Bpuranckas | Hemernkas P Ky3b6acc
CcKast pOBaHHas
psIMO-
IPSMOYTOJIb- psMO- psMO-
®opma ceueHHst BEIpaOOTKH apoy4Has yroJyipHas/
Hast yrojbHas | yroyibHas
apouHas

OnTtumuszanus napaMerpa
«OTCTaBaHHUE aHKEPHOU + +/— - + -
Kpemnu OT 32005

Onrumuzanus napameTrpa
«BpEMsI YCTaHOBKH TIEPBOTO + +/— - - +
psla AHKEPHOU Kpenu»

[TpuMeHeHre HAaKJIOHHBIX
BJIOJIb BEIPAOOTKH aHKEPOB

pamHas
[IpuMeHeHue yCuInBaromux KaHaTHEIE
- Kpenb, 6eTo- - -
JJIEMEHTOB aHKepa
HUpPOBaHHE
Bo03M0XHOCTB COXpaHEHHUs HA + +

IOBTOPHOC MCII0JIb30BAHUE

IIaxMaTHBIN
MTOPSIIOK
YCTaHOBKH, | YCUJICHHE
0e3 mpeBa- |[KaHATHBIMHU —

aHKEpPHO-paM-

HOE U PaMHO-
Oco0EHHOCTH TEXHOJIIOTUHA

aHKEpHOE
PUTETBHOTO | aHKEpaMH
KpeIieHue
HaTSKEHUS
aHKEpOB

[ToaTOMy 11€TTBIO Pa0OTHI SIBISIETCS YCTAHOBJICHHE 3aKOHOMEPHOCTEH M3MEHCHUS
HaIPsHKEHHO-1e(HOPMUPOBAHHOTO COCTOSIHHS PUKOHTYPHOTO MOPOJHOTO MACCHBA C
y4ETOM TTPOCTPAHCTBEHHOTO Pa3MeEIIeHUsI aHKEPOB, pa3padOTKa MPUHIIUIIOB (popMu-
POBaHMS KOHCTPYKIIMM AHKEPHOU KPEMU U €€ DIIEMEHTOB.
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2 MarteMaTuyeckasi MoeJIb Pa00Thl KOHCTPYKIIUM AHKEPHOU Kpenu

[Ipouiecc neopMupoBaHusi MOPOTHOTO MACCHBA C BBIPAOOTKOM, 3aKpEIIIEHHOM aH-
KEpHOI Kpenbio, 0y/1IeM OMUCHIBATh CUCTEMOU ypaBHEHUM:

ou,
" =0, +X,(),

Ce

e cg — Kod(QOUIMENT qeMnpupoBanus, Kr/c/m>,
u; — IEpEMENICHNUS, M;
! —BpeMms, C;
0yj,; — IPOU3BO/IHBIE OT KOMIIOHEHT T€H30pa HaIpsbKeHui 1o x, y, MIla/m;
Xi(f) —TIpOeKIy BHENTHUX CUJI, IEUCTBYIOINX HA €AMHUITY 00bEMa TBEPIOTO
tena, H/MS.
HavanbHble ¥ TpaHUYHBIE YCIIOBHS:

ny XX

t:O:)/H; Oy =AVH,

-0,

2

ux

o =0; u,,

rae A —xko3ddunmreHT 60KOBOTo pacnopa;
¥ — YCPEOHEHHBIH BEC BBILIENEKAIIUX TOPHBIX mopo, H/m3;
H — rnyOuna pa3paboTku, M;
()| — BepTUKaJIbHbIE TPAHUILIBI BHEIITHETO KOHTYPA;
(),— rOpU30HTAIbHBIE TPAHUIIBI BHEIITHETO KOHTYPA.

[IpuBen€HHBIE B CTATHE 3a/1a4H PEUIATKNCH ABTOPOM B YIIPYTOIIACTUYECKOM MTOCTA-
HOBKE C HMCHOJb30BAaHUEM METOJIa KOHEUHBIX dj1eMeHTOB [16, 17]. Jlus MmareMaTuue-
CKOT'0 OINHCAHMS MIpoliecca NEPEXoaa FOPHBIX MOPO B HAPYLIEHHOE COCTOSIHUE TPU-
MEHSIOCH yclioBUE MpoyHOCTH Kynona-Mopa. biok-cxema anroputMa peuieHus 3a-
Jayy npuBesieHa Ha puc. 2 [18].

Cucrtema «aHKepHas Kpelb — IPUKOHTYPHBIN MOPOJIHBIA MAacCUBY PabOTaeT B pe-
’KUME B3aUMOBIHSIONINX JedopMarinii. Takoil pe:kuM B3auMOIEHCTBUS MPeIoiaraet
COBMECTHYIO pabOTy aHKEpHOU Kpemnu u TOpHBIX nopos [19]. Ilpu sTom Harpy3ka Ha
aHkKep ompezensieTcs neopmarmeil TPUKOHTYPHOTO MacCuBa, 1 HA000OpOT — aedop-
MUPYEMBIN aHKEP OKA3bIBAET BIUSIHUE HA BEJIMUMUHY CMEIIECHUSI MPUKOHTYPHOTO Mac-
cuBa. YToObI OTpa3uTh OCOOEHHOCTH MOJIMMEPHOTO 3aKPEIICHUS, BAXKHO TIPABUIHHO
CMOJIETTUPOBATh KaK caM aHKep, TaK U CIIOCO0 €ro 3aKperyieHus B IImype.

Jlnst MoaenupoBaHUsl aHKEpa HCIOJIb30BAJICS CTEPKHEBOM KOHEUHBIN 3JIEMEHT,
puc. 3. XapakTepUCTHUKU 3TOT0 OAHOMEPHOTO 3JIEMEHTA U3 U30TPOIHOTO MaTepuaia —
reoMeTpuYecKue (TONIKHA, AuHa L), puznyeckue (Moysb yIpyroctu, Ko3dppuuu-
enT Ilyaccona, npenen TeKy4ecTH, BPEMEHHOE COPOTUBIICHUE).

Jl1st MoieTMPOBAHUS TOJIMMEPHOTO 3aKPENUTENsl ObLIA MPUMEHEHBI CTICI[UaTbHbIE
KOHTAKTHBIE KOHEYHBIE 371eMEHTHI [20, 21], UMUTHpYIOIIME KOHTAKT MEXK1Y CTEpKHE-
BBIMM KOHEUHBIMH 3JIEMEHTAMH aHKEpa, U KOHCUHBIMU AJIEMEHTAMH MTOPOJIHOTO Mac-
CUBa, puc. 4. 9T0 1aJ10 BO3MOKHOCTb U3MEHSTh IPOYHOCTh 3aKPEIJICHUS JIJIs1 pa3iny-
HBIX 3a]1a4.
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FanaHue MeXaHHICCEHY CRONCTR
MEATEPHATOE
[ 1
fhlp:n:nrmuuum: METPILLR H-'.l.'H."II':lL'ILTII!I
¥
CHimyACH S BERTOPE CyaMapiibx
MNP HiE
¥
CMRBrvacHIE BEETOPE CYMMUPEHEL
EPEMELLE HIT
¥

[CROByIEHME HASA LU HApEsesii|

LIV T BPEMEH]

LAY HAMEHEHNA

YaeT HIMCHEHHA KOHTY P
(DBayneHre CceiicTE HYEHRX
HICMEHTOR )
¥
| Buiuscneniie marpuilb secriocy |
¥
PacuweT rpaHsHEEY Yenosai »
MEPEMEICHHAX

¥
DEHYIEHAE BEKTOR HATaNGLHLIY
Hanpaenii
¥
DOHyICHEC BCKTORE OBOHICHHN
HATAEER
¥
Ve HUSEUTEH X HATTPABEHII B
AHEEPAT
¥

VUeT Hiamkibx IIiI]IFl-:I-I.'II'-"L"Ilirl:l B
MACCEL

| Havanuioe npatamwense pemenns |

Busyannzams o
AHAHE PEsvVIRTATOR

¥

Hagonneise Banpaees il or mara
HATPYERH

¥

| HEssucaesne youmni B aHEepe |

| Brarmenenie aedopsaiii & ankepe |

Y

L lo0aRIcHAE VUTHRER Nepese e

E HAIKIITTHBRCM KM

HETT TSRO HHOT
TTEROERCCCE THIECTHYCCENN

Llpen wrepaumni
[LIBCTHEHECTH IHKEfOE

Pemenne S84 H KBLOPATHSEEHOTL
NpOIPoOMMBEPOBIHHEE

Y

IHMH]!E‘.‘ICEIII(‘.‘ THUTHEIE DCEPCHMCHECH I1ii'i|

¥

BrigsciacHue YIEPYTHL YCHTHT 8
AHKCHE

¥

Baiuscienie pakiiideosnx
HANPERETAl b alikepax

¥

Copeacnesing mpupaciesmii
HEFLIRHIN BANpReHnil kb anrepax

¥

HakonneHie Rk
HANPEGECHANR B ARKCPEX

¥

YUeT WANANLHLE HANpaEe i o
DHKEPRY

o Pacuer Hanpasenii

Pucynox 2 — biok-cxemMa anropurma peiieHus 3agauu
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JIs OLEHKU CTENEeHU Pa3HOKOMIIO- U
HEHTHOCTH MOJI HANPSDKEHUN HCIIOJIb- 1 U,

soBancs napamerp Q=(o,—o;)/yH, 1 2

BO3MOXKHOI'O pEXUMa pa3pylICHUs — L
P=o, / yH , 3anmaca mpO4YHOCTHU TOPHBIX Pucynok 3 — CrepkHEBON KOHEYHBIN 2JIEMEHT

MOPOJI OTHOCUTENIBHO JIEUCTBYIOIIUX y
HanpsoKeHun — Z=o,, / (01 —03),
Jlone-Hanan uo[22].

3 YciaoBusi opMupoBaHus

rpy30Hecylie onopbl BOKPYr
aHKepa

Jlig uccrnenoBanust ycioBuil popmu-
pOBaHMsI TPY30HECYIIEH ONOpbl ObUIN
BBIIIOJIHEHBI PAcy€Thl HAIPSKEHHOTO
COCTOSIHHSI IPUKOHTYPHOI'O MacCUBa BO-
KpYT BBIPAOOTKU C OJUHOYHBIM aHKEPA B
KpOBJIE TIPU PA3IMYHBIX 3HAYEHUSX €r0
JUIMHBI U TIPOYHOCTHU 3akperuieHus [11, U
23]. [JnuHa aHKepa BapbUpOBaJaCh B !
npenenax ot 1,125 no 9 m, npoyHocTh
3akperieHust Psq —ot 0,5 1o 2,5 kH/mmM,
puc. 5.

YcTaHoBKa aHkepa ¢ MpouHocThiO 3akperieHus 0,5 kH/MM npaktuyecku He BiIU-
€T Ha U3MEHEHHE 3HAYCHHI pacCMAaTPUBAEMBIX IAPAMETPOB B IPUKOHTYPHBIX MTOPO-
nax. [Ipu Hu3koit npounoctu 3akpemienus (0,5 kH/MM) Harpy3ka, npuHuMaemast aH-
KEpOM, HE MPEBBIIIAECT 3TOro 3Ha4eHus. [Iopoabl BOKpYT aHKepa HaxoaATCs B COCTOS-
HUU 000OIIEHHOTO pacTsIKEHUS, Lo < -0,5.

[Tpu yBenuyennn npodHocTH 3akperienus A0 1,5 kH/mwm (puc. 4 6) BozaeiicTBue
aHKepa Ha MPUKOHTYPHBIA MacCHUB BO3pacTaeT. 3HaueHue napamerpa () BIOJb BCEH
iHbl ankepa Mensbiie 0,7. Paguyc stoit obnactu — 0,4 M. YBeIMUMIIOCh 3HaYCHHUE
MUHHAMAJIBHOM KOMIIOHEHTBI HAIIPSKEHUN B IPUKOHTYPHOM MACCHBE BOKPYI aHKEpa.
N3onunus co 3HaueHueM P = 0,4 omycTuiach NpPakTUYECKHU K KOHTYpPY BBIPAOOTKH,
BJIOJIb BCEH NITMHBI aHKepHOUW mmTanru P > (0,4, y BepXHEro KoHIla aHKepa o0pa3oBa-
jack obsacts, rae P> 0,6. [lopobl BOKpYT aHKepa Mepelnid U3 COCTOSTHUSI 000011IEH-
HOTO pacTsKEHUs K 0000mEHHOMY caABUTY, 0 < 146 < -0,5. [ToBbIlIEHHE TPOYHOCTH 3a-
kperuienus A0 1,5 kH/cm mo3Bonuiio aHkepy BOCHPHUHSATH OOJNBIIYIO HAarpys3Ky, 4TO
YBEJIMYMIIO €T0 BIUSHHUE HA PUJIETAIOIIUI TOPOIHBII MAaCCUB, PACIIUPUB 00IaCTh €TO
BO3/ICUCTBHSL.

[Tpu nanpHEHIIEM YBEIMYEHUH ITPOYHOCTH 3aKPEIUICHHS pa3Mephbl ONIOPhI yBEIH-
YUBAIOTCS, HAIPSDKEHHOE COCTOSTHUE MOPOJ] BOJIM3M aHKepa MpUOIMKAeTCsl K TpEX-
OCHO cxkaToMmy [24].

1

Pucynok 4 — CxeMa KOHTaKTHOTO KOHEYHOT'O
AJIeMEeHTa
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Q

1,8
i2

a— Psuc = 0,5 xH/MM; 06 — Psax = 1,5 kH/MM; B — Psg = 2,5 kxH/MM
Pucynok 5 — Pacnipenenenue 3nauenuii mapamerpos O, P u Jlone-Hagan Bokpyr ropHOii BeIpa-
OOTKH C OJTHUM aHKEPOM, C Pa3IMIHON MPOYHOCTHIO 3aKPETUICHUS

Takum oOpaszom, eciii IPOYHOCTh 3aKkperienus P, < 1 kH/mMm, onopa He co3pa-
ércs. [looToMy mpuMEHEHHE aHKEPHBIX INTAHT BBICOKOW HECYIIeW CIOCOOHOCTH (C
MPOYHOCTHIO Ha pa3pbiB 250 kH u Gosee) cranoButcs HerenecoobpazapiM. [Ipu Hu3-
KO MTPOYHOCTH 3aKpEIJICHUSI aHKEPHAs ITaHTa HE MOXKET OBITh HArPy»KeHa 10 CBOUX
pabouux Harpy3oK.
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Pe3ynbTaThl H3ydeHUs] KOMIIEKCHOTO BJIMSHUSA NTapaMETPOB JJIMHBI U IPOYHOCTH
3aKpeIJICHUs] aHKepa MpeAcTaBieHbl B Ta0d. 2. OHU OTpa)KalOT OCHOBHBIEC YCJIOBHS
(dbopMUPOBaHUS aHKEPOM MOPOAHON OTIOPHI.

Tabnumna 2 — Pagnyc BIusHUAS aHKEpa B 3aBUCHMOCTH OT MPOYHOCTH 3aKPEIUICHUS U JNTMHBI aHKEeP-
HOM IIITaHTH

Jnuna Panuyc BnusHuA aHkepa, M, B 3aBUCUMOCTH OT IIPOYHOCTHU
AHKEpHOU 3aKpeIuIeHus] aHKepHoH mtanru, KH/mm
HITAaHTH, M 1 2 3 4 5
1,85 0,07 0,11 0,15 0,18 0,22
2 0,16 0,28 0,4 0,55 0,7
2,25 0,17 0,3 0,45 0,61 0,79
2,5 0,18 0,32 0,47 0,65 0,84
2,85 0,19 0,33 0,5 0,69 0,9
3,25 0,2 0,35 0,52 0,72 0,94

Pannyc onopsr Bo3pactaet ot 0,15 10 0,75 M ¢ pocTomM mokazaresns Ka4yecTBa 3a-
KperuieHus: aHkepa ot 1 1o 5 kH/MM npu COOTHOIIEHUH €ro JJIMHBI K HOJYIIUPHUHE
BbIpa0OTKH, paBHOM 1. [Ipu 3TOM yBeaMueHuUE €ro AJIMHbI HE IPUBOAUT K YBEITUUEHUIO
paznuyca oropsl, a CHUXKEHHE ero AIuHbI 10 0,6 OT NOJYIIUPHUHBI BEIPaOOTKH MPUBO-
IUT K yMeHbIeHuto Ha 40 % paauyca onopsl.

4 ®opMHpOBaHHE OMOPHO-AHKEPHOT0 MEePEKPHITHS CHCTEMOI AHKEPOB

AHKepHasi Kpelb MpeJICTaBIsAeT cO00M MPOCTPAHCTBEHHYIO CHCTEMY 3aKpEerIEH-
HBIX B IIMYpax aHKEPHBIX MTAHT. KaKIblil KaUECTBEHHO YCTAHOBJIEHHBIA aHKEpP CO-
371aET BOKPYT ce0sI MOPOAHYIO OMOPY, B KOTOPOH MAKCUMAJIbHO COXPAHEHO COCTOSTHUE
HETPOHYTOTO MaccuBa. [103TOMy OCHOBHas 3a7ja4a MPY yCTAHOBKE aHKEPOB JOOUTHCS
TAKOTO0 HMX PACIOJOXKEHHsI, YTOOBI CO3MaHHBIC AHKEPHO-TIOPOJHBIC OTOPHI MAKCH-
MaJbHO 3(P(HEKTUBHO B3aMMOJICHCTBOBAIM MEXIY COOOM, MPENSTCTBYS CMEIIECHUIO
MPUKOHTYPHOTO MAacCHBa BHYTPb TOPHOU BHIPAOOTKH U MOBHITIAS €€ YCTONYHUBOCTD.

PaccTositnue mexay aHKEpHBIMH IITAHTaMU B PSIAY U MEXKIY PsIaMU aHKEPOB SIB-
JIAIOTCS] BAXKHBIMU NTapaMeTpaMy aHKEpHOW kpenu [25, 26]. g onpenesieHus: BIus-
HUSI TUVIOTHOCTH YCTAaHOBKH aHKEPOB Ha (POPMHUPOBAHUE OMTOPHOTO NMEPEKPHITHS BBITIOJI-
HEH psiJl pacu€ToB JIJIsl CIIy4aeB, KOTJIa B KPOBJIIO BBIPAOOTKH YCTaHABIUBAJIOCH OT 1
10 6 aHKEepOB CTaHAAPTHOW JJIMHBI 3aKperieHus L, = 2,25 M (mosHasi JyiMHa paBHA
2,4 m). Ha puc. 6 nipeacraBiieHO pacnpezesieHue 3HaueHui mapametpoB O u P, Ha
puc. 7 —itapametpa Jlone-Hamau Bokpyr ropHoi BeIpaOOTKH, B KPOBJIE KOTOPOM yCTa-
HOBJIEHHI 1, 3, 5 1 7 aHKEpOB.

[Ipu ycTaHOBKE OJJHOTO aHKEpA B KPOBIIO BHIPAOOTKH BOKPYT HEro (POpMUPYETCS
YIPOYHEHHBIN MOPOIHBIN 010K, puc. 6 a. CranbHas MITaHra yIepKUBAET IPUKOHTYP-
HBIE TOPOJIBI OT CMEIICHHUSI B BIPAOOTKY. B 005acTi BO3/1eiiCTBIS aHKepa TOPHBIE T10-
POJIbI HAXOJATCS B YCIOBUSIX TPEXOCHOTO CHKATHUS C IOBBIIIIEHHBIMU 3HAYEHUSIMU MH-
HUMAaJIbHOM KOMITOHEHTHI TJIaBHBIX HANPsDKEHUM, prc. 6 a. Bokpyr ankepa chopmupo-
BaJIach 30Ha 000OIIEHHOTO CXKATHS, PHC. 7 a.

C yBenuyeHHeM KOJIMUeCTBa YCTAHOBJICHHBIX aHKEPOB 70 3 B KPOBJIE€ BBIPAOOTKH
BOKPYT KaXXJI0W U3 aHKEPHBIX IITAHT ()OPMHUPYIOTCS IOPOJHBIC OTIOPHI, puc. 6 6. Pac-
CTOSTHHE MEXJy aHKepaMHu MPEBBIIIACT Paguychl CPOPMUPOBAHHBIX OIMOP, MOITOMY
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OHM HE B3aUMOJICUCTBYIOT MEXIY COO00M. 30HBI 0000IIEHHOTO CKATHs, 00pa30BaHHbIE
BOKPYT KaXJ0T0 aHKEpa, HE MePeCceKaroTcsl, puc. 7 0, CIUIONTHOE TIEPEKPHITHE B KPOBJIE
He ¢popMupyeTcs. B MexaHkepHOM MPOCTPAHCTBE 3HAUCHUE TTapaMeTpa P, Xxapaktepu-
3YIOIIET0O MUHUMATbHYI0 KOMIIOHEHTY TJIABHBIX HANpPsHKCHHUH, OMU3KO K HyJ0. To
€CTh B 00JIACTIX, HAXOASAIINXCS MEXKIY MOPOJHBIMHU OTIOpaMU, MIPU HETOCTATOYHOM
MIPOYHOCTH TIOPOJ BO3MOXKHO MX pa3pylieHre U oOpa3oBaHue BhIBajoB. Ho naxe B
ATUX YCIOBHIX YCTOMYMBOCTh KPOBJIM BBIPAOOTKH HAMHOTO BBIIIE, YEM TP TPATUITHU-
OHHOM TIOJIJICPKMBAIOIIEM KPEIIJICHUH, IPU KOTOPOM 00JIaCTh C pa3pyIICHHBIMH T10-
pOJIaMH 3aHUMAET PAKTUICCKH BCE MPOCTPAHCTBO HaJl BRIPAOOTKOM.

B r
Pucynok 6 — Pacnipenenenue 3HaueHuii mapamerpoB O u P BOKpYT TOPHOM BBIPAOOTKHU C pa3iMyHON
IUIOTHOCTBIO YCTAHOBKH aHKEPOB

[Ipn nanpHENIEM YBEIMYEHUH IUIOTHOCTH YCTAHOBKH aHKEPHOU KPENH B KPOBJIE
BBIPA0OTKHU (pHUC. 6 B) TOPOHBIE OMIOPHI, C(OOPMUPOBAHHBIE BOKPYT aHKEPOB, Iepece-
Kal0TCsl U HAYMHAIOT B3aUMO/IEHCTBOBATh, 00pa3ys CILIOLIHOE nepekpbiThe. C yBenu-
YEeHHEM KOJIMYECTBA AHKEPHBIX IITAHT B KPOBJIE BBIPAOOTKH 10 7 IPOYHOCTH CPOpPMHU-
POBAHHOTO NEPEKPBITUS BO3PACTALT.

Takum 00pa3zoM, B HEMOCPEACTBEHHOM KPOBJIE BBIPAOOTKH aHKEPOBAaHUEM MaKCHU-
MaJIbHO COXPAHEHO COCTOSIHUE HETPOHYTOI'0 MacCUBa. 30HA TPEXOCHO CXKATBIX MTOPOL
C TOBBIIIEHHBIMY 3HAYEHUSIMA MUHUMAJIBHON KOMITOHEHTBI HAIIPSKEHUI OXBATHIBAET
MPAKTUUECKH BCE MPUKOHTYPHOE MPOCTPAHCTBO B KPOBJE BBHIPAOOTKU M TOJXOIUT
HEMOCPEACTBEHHO K TIOBEPXHOCTH BBIPAaOOTKH, T.€. HaJ BbIPAOOTKOW CHCTEMOM
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aHKepoB c(hopMuUpOBaHA BBICOKONPOUYHAs CIUIONIHAS TUJIMTA MEPEKPbITUS, B KOTOPOM
0JIOKMpOBaHA BO3MOKHOCTH PA3BUTHS CAMOTIPOU3BOJIBHOTO Pa3pyIICHHUS.

1
05
0.0

0.5
10

B r
Pucynok 7 — Pactipenenenue 3Hauenuit napametpa Jlone-Hamau Bokpyr ropHO BEIpaOOTKH C pa3-
JIUYHOM TUIOTHOCTBIO YCTAHOBKH aHKEPOB

S5 ®opMHpPOBaHME MOPOIHO-AHKEPHBIX 3JIEMEHTOB KOHCTPYKIIUM

aHKEepPHOW Kpenu

[nsg  peanusanuu  no-
CTaBJICHHBIX 3a7a4 IO CO-
BEPIIICHCTBOBAHUIO TEXHO-
JIOTUW aHKEPHOTO Kperuie-
Hus ObL1a BbIpaboTaHa KOH-
HEMIUS  B3aWMOJICHCTBHUS
MOPOJHO-aHKEPHBIX OIOP,
Mpu  KOTOpOH oOHU oOpa-
3YIOT OJ0KH, (HOpPMUPYIO-
1[Me B IPUKOHTYPHOM Mac-
CUBE €IMHYI0 KOHCTPYK-
1IUI0, CTIOCOOHYIO IMTPOTUBO-
NEUCTBOBaTh TOPHOMY J1aB-
nenuto, puc. 8 [27]. Paz-
Mepel U (popmMa 3TUX TIO-
POJIHO-aHKEPHBIX  OJIOKOB

+
1 — cunoBast 4acTh MEPEKPHITHS BHIPAOOTKH; 2 — MOANOpHAs
4acTh MEPEKPBITUS; 3 — OMOPHI EPEKPHITHS; 4 — OCHOBAHUE
KOHCTPYKIHUU; 5 — 3aIIUTHBIE TEPEMBIUKHI
Pucynok 8 — DneMeHThI KOHCTPYKITMK aHKEPHOW Kpenu
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OMPENENSIOTCA MPOCTPAHCTBEHHBIM PACIOJIOKEHUEM CTAJICTIONIMMEPHBIX AHKEPOB.
YpoBEeHb MOHOJIMTHOCTHU BCEM KOHCTPYKIIUN MOKHO MOBBICUTB JIISl yBEJIUYEHHS CPOKA
Ci1y>KObI BEIpaOOTKH WK, HA00OPOT, 00ECIIEYNTh MOABUKHOCTH OJIOKOB B Cllydae Io-
raiieHus BRIpaOOTKH 3a J1aBoii [28].

KoHcTpyKinsi aHKepHOM Kpenu JT0JKHA COCTOSITh U3 CIAEAYIOUINX 3JIE€MEHTOB: CHU-
JIOBasi 4aCTh MEPEKPBITHS BBIPAOOTKU; MOANOPHASI YaCTh MEPEKPBITH; OMOPHI Iepe-
KPBITHS; OCHOBaHHE KOHCTPYKIMH; 3alIUTHBIC TepeMbruku [29, 30].

Paccmotpum noapoOHee KaKIbIi U3 AJIEMEHTOB KOHCTPYKITUH aHKEPHOU KPETIH.

9.1 Cunoeaa uacms nepexpvimus evipadomku

CunoBasi 4aCTh MEPEKPHITHS BEIPAOOTKU — JIEMEHT KOHCTPYKIIMH, CPOPMUPOBAH-
HBI OCHOBHBIMU aHKEpaMU JIJIsl MPOTUBOACUCTBUS epopmManusiM U CMEILIEHUIO TOp-
HBIX TIOPOJ KPOBJIM BBIPAOOTKU B €€ MPOCTPAHCTBO. DTOT BJEMEHT SIBISETCS OCHOB-
HBIM U 00513aTeJIbHBIM 3JIEMEHTOM KOHCTPYKIIMU aHKEPHOW KPEnu, OH PACIOJIOKEH B
LEHTPAJIbHON YacTH KPOBJIM BIOJb BCEHl BBIPAOOTKHU. DJIeMEHT 00pa30BbIBAETCS aHKE-
paMu B KOJIMYECTBE OT 2 10 5 B 3aBUCUMOCTH OT Pa3MepOB MONEPEYHOTO CEUYEHNUS Bbl-
paboTKH U TpeOyeMOoi MOIIIHOCTH KOHCTPYKIUH. [t popmupoBaHus CUIOBON YacTH
MEPEKPBITUSI MIPUMEHSIOTCSl CTAJIENOJUMEPHBIE aHKEpa JJIMHON MpPEUMYIIECTBEHHO
2,4 M. ]I ycuJIeHUsl 3TOTO 3JIEMEHTa KOHCTPYKIIMU MOTYT IMPUMEHSIThCS KaHATHbIC
aHKepa IIyOOKOro 3aJ0KEHUSI.

VYron HakJIIOHAa aHKEPOB CUJIOBOTO 3JIEMEHTA OMNpPEAEISET YPOBEHb KOHCTPYKIIMU
aHkepHo#l kpenu — npoctas (AKmnp), ycunennas (AKrc), momnas (AKnr). Ankepa
CUJIOBOTO 3JIEMEHTA YCTAHABIMBAIOTCS:
® B [IPOCTOM KOHCTPYKIIMH — B INIOCKOCTH CEUEHUS;
® B YCUJICHHOW— C HAaKJIOHOM Ha 3a0o0ii moj yriom 70-75°;
® B MOIIIHOM — YacTh aHKEPOB ¢ HAKJIOHOM Ha 3a0oi moja yriom 70-75°, gacTh — ¢

HAKJIOHOM Ha3aJl, Ha YCThe BbIPabOTKH, moa yriiom 70-75°.

[IpocTasi KOHCTPYKIIUSI aHKEPHOW KpEMU HCIOJIb3YeTCs] B BBIPAOOTKAX MPSMO-
YIOJIBHOTO M apOYHOT'0 CEYEHUSI, TPOBOJAUMBIX B ITOPOJIax | KaTeropuu yCTOMYMBOCTH
CO CPOKOM CiykObI 10 3 seT. [IpuMepomM MOXKET CIy>XUTh KOHBEHEpHBIN x010K No 1
mwiacta Ko+k,® CIT «Illaxra JyBannas» [TAO «KpacHogoHnyrosb». B HermocpeacTsen-
HOM KpOBJIE BBIPAOOTKM 3aJIETAET CJIOM M3BECTHSAKAa MOUIHOCTHIO 1,5 M C mpenenom
MPOYHOCTH Ha 0JTHOOCHOE cxatue —80-110 Mlla, ocHOBHas KpOBJISl — CJION TECUaHUKA
MOIIHOCTBIO A0 18-25 M, npeiest NpOoYHOCTH Ha OJTHOOCHOE CKaThe y KOToporo — 80-
90 Mlla, uTo MOBHIIIAET YCTOWYMUBOCTh BHIPAOOTKU. PexoMeHyemas cxeMa aHKepHOM
KpEIu — NpocTas ¢ IepeMblYKaMHU, 3aKPETUIEHHBIMU IO YCUJIEHHOM cXeMe.

[IpumepoM NpUMEHEHUST YCUIEHHONM KOHCTPYKIIMU aHKEPHOW KPEIH MOXKET CIIy-
KMTb BEHTHISAIMOHHBIN X010k 11 ceBepHoii naBel . Ks* CIT «I1laxta um. H.IT. Bapa-
koBa» [IAO «Kpacnonmonyromnsy. BeipaboTka mpoBoauiIach MpsiMOYTOJIbHBIM TOIE-
peuyHbIM cedyeHueM 5,5x2.,4 M, KpelieHue — aHkepHoe. ['JyOnHa npoBeieHHs BbIpa-
001k — 764 M. CriocoO npoBeieHus BbIpab0TOK — KoMOaitHOBBIN. HenocpencTeennast
KpOBJISl BbIpAaOOTKU MPEACTABJICHA TJIMHUCTBIM U MECYAHBIM CIIAHLIAMH CYMMAapHOM
MOIIHOCTBIO 0 5 M, HaJl KOTOPBIMH PACIIOI0KEH YTOJIbHBIN MPOCIOEK, 1AJIee — CION
IIECYaHUKAa MOIIHOCTBIO 17 M. B Takux ycrnoBUSX Uil NPEMSATCTBUS OTPBIBY MOPOJ
KpPOBJI OT TMECYaHHWKA Obljla pEKOMEH/JI0BaHA YCUJICHHAs CXeMa aHKEpHOW Kpemu C
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nepeMbluKkamu, 3akperieHHbIMA AKnT. UeTelpe HeHTpalbHbIX aHKEPa, HAKIIOHEHHBIX
BIlepe1, 00pa3yroT CUJIOBYIO YaCTh MEPEKPHITUS BEIPAOOTKH.

[IprumepoM nmpuMeHeHNsT MOITHOM KOHCTPYKIIMHY AHKEPHOM KPEITH MOXKET CIIYKUTh
341 6oproBoil mrpek maxthl «llaBnorpaackas» ITAO «IlaBnorpagyrons». Bsipa-
00TKa mpoOBOAMIIACH ApOUHBIM nonepeyHbiM ceuenrneM KIIITY-11,0, kperuienue — an-
KepHO-pamHoe. [ myOuHa npoBenenus BoipaboTku — 250 M. Crioco0® TpoBeIeHUS BbI-
paboTOK — KOMOAITHOBBIN. Y CJIOBHS MPOBEICHUS BRIPAOOTKH XapaKTePU3YIOTCS HAJU-
gueM cJ1a0bIX BMEIIAIONINX MOPOJ C IPEACIOM MPOYHOCTH HA OJHOOCHOE cxkaTue 16-
20 MIla. Jlyns mopnepxkaHus BhIPAaOOTKH MOCIIE MPOXOXKICHUS JIaBbI C IENbI0 €€ IM0-
BTOPHOI'0 UCIIOJIb30BaHUS B TAKUX YCJIOBHSIX ObLIa peKOMEHA0OBAHA MOIIIHAS CXeMa aH-
KEpHOT'O KperuieHusl, puc. 9. [19Tb HEHTpaIbHBIX aHKEPOB, U3 KOTOPBIX TPU HAKIIOHEHO
BIIEpE]I U JIBa — Ha3aj, puc. 9 6, 00pa3yroT CHIIOBYIO YacTh NEPEKPHITHS.

\ \ \ \ ol

a — IPOJI0JILHOE CEYCHHUE; 0 — momnepevyHoe ceueHue
Pucynoxk 9 — Cxema kpemienust 341 6opToBOro mrpeka

B nepuon npoBeneHust BBIpaOOTKHU BBIMOIHSIIOCH €€ TeOMEeXaHUYecKoe 00ciie10Ba-
HUeE, MOKa3aBIllee, YTO COCTOSIHUE BBHIPAOOTKH B IMpOIIECCE MPOBEACHUS U HA MOMEHT
Havaja oTpabOTKH JIaBbl — yCTOMYMBOE, puc. 10.

5.2 Iloonopnas
yacmo nepexpvimus
evIpadoOmKu

[Tonmopnas yacts nepe-
KPBITUS BBIPAOOTKH — dJie-
MEHT KOHCTPYKLUUH IS
BOCIIpUATUSA UM IIepefadyu
Harpy3ku OT CHJIOBOTO dJI€e-
MEHTa IIEPEeKpBITHS  Ha
OTIOpY, a TAKXKe I YIpaB-
JIEHUSI CPOKOM  CITy>KOBbI
KOHCTPYKI[UM B 3aBHUCUMO-
CTM OT Ha3HA4YECHUsS BbIpa-
o6otku. IloamopHas yacTth
Mpe/ICTaBICHA JIBYMSI Pucynok 10 — Cocrosinue 341 60pToBOrO MITPEKa
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AJIEMEHTaMHU, PaCIOJI0KEHHBIMU IO 00€ CTOPOHBI OT CUJIIOBOM YaCTH KOHCTPYKILIMHU, HE
00513aT€TbHO CUMMETPUYHO OTHOCHTENILHO OCH BbIpaOOTKHU. Pasnuuus B cxeme dop-
MHUPOBAHUS MOAMOPHOM YAaCTH KaX10r0 O0Ka BEIPaOOTKH MOTYT ObITh O0YCIOBIICHBI:
® HAaKJIOHOM YTOJIbHOTO IIACTa U MMOPOJHBIX CIOEB,;
® KJIMBA)KEM, HAIIPaBJICHUEM IIPUPOJAHON TPEIIUHOBATOCTH;
® TEXHOJIOTUYECKUMU TPEOOBAHUSIMU IIPU MPOBEACHUN OUUCTHBIX paboT (Toramaemas
BbIpPa0OTKA UM COXpaHsieMas JJis MOBTOPHOTO HUCIOJIb30BAHNUSA);
® TIPOBEACHUEM BBHIPAOOTKH BIPUCEUKY K BEIPAOOTAaHHOMY IPOCTPAHCTBY.
[TonmopHas yacTh ABISETCS 00S3aTEIBHBIM AJIEMEHTOM KOHCTPYKLHU aHKEPHOM
KpEIH, COCTOSIIIUM M3 1-4 cTanenoauMepHbIX TONOJHATEIbHBIX aHKepOB JIA 1IMHOM,
KaK IpaBuio, 2,4 M. IHorna nomyckaercs, 4To0bl OUH U3 aHKEPOB MTOANIOPHOMN YacTH
umen UHy 1,5 M.
AHKepa OJMOPHOMN YaCTH TAKKE MOTYT YCTAHABJIMBATHCS IO MPOCTOM, yCUIEHHON
1 MOIIHOM cxeme. AHkepa J[A ycraHaBIuBarOTCA:
® B IPOCTON KOHCTPYKIMHU — B IJIOCKOCTH CEYEHUS C HAKIIOHOM Ha OO0K;
® B YCUJICHHOM — C HAKJIOHOM Ha 3a00i1 oz yriom 70-75° u Ha 60K BbIpaOOTKHY;
® B MOIIIHOM — YacTh aHKEPOB C HAKJIOHOM Ha 3a0oil mox yrioM 70-75°, gacTh — C
HAKJIOHOM Ha3ajl, Ha yCThe BbIPaOOTKHU, 011 yriioM 70-75° u Ha 60K BbIpaOOTKHU.
AHKepa noANMOPHON 4acTH KOHCTPYKIMHU aHKkepHoU kpenu — [IA1 n JIA2, yctaHOB-
JIEHHBIE MO MPOCTON cXeMe, MoKa3aHbl Ha puc. 9. To ecTh cuoBast YaCTh B MPEJCTaB-
JIEHHOU cxeMe c(hOpMHpPOBaHA MO TUITY MOIIHON KOHCTPYKLIMH, U OHA ONMHUPAETCA Ha
MOAMNOPHYIO 4YacTh, C(HOPMUPOBAHHYIO MO THUIY MPOCTOM KOHCTPYKIMU aHKEPHOU
KpETIU.
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Pucynok 11 —Cxema kperutenust 520 60pToBOro mrpeka

B kadectBe nmpumepa yCHIEHHON MOMOPHON YaCTH MOKHO NMPUBECTU CXEMY Kpen-
nenust 520 6oproBoro mrpeka maxtol « TepHoBckas» [TAO «IlaBnorpagyromnsy. Oco-
OCHHOCTBIO JTAaHHOW BBIPAOOTKU SIBJISIETCS MTPOXOJIKA BIPUCEUKY K COOPHOMY IITPEKY
HaBCTpeuy oTpabaThIiBaeMoOU JiaBe. PekomeHiyemMas cxema aHKepHOUM Kperu JJis 3TOU
BBIPAOOTKM — YCWUJICHHAsh C MOIIHBIMHU TepeMblukamMu. Ha ydacTke ¢ HEemoJHBIM



42 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexHiyHa mexaHika. 2020. Ne 151

KPEIUICHUEM NPUMEHSIACH
YCWIEHHAas  KOHCTPYKLIMS
aHkepHou kpenu. Iloamop-
Hasg 4YacTh Kpemw oOpazo-
BaHA aHKEpaMHU, HAKJIIOHEH-
HBIMU Ha 32001 1 OOKa BbI-
paboTKwH.

MomHas  moanopHas
4acTh MCIIOJIb30BAJIACH B
cxeme kperuieHus: 520 6op-
TOBOIO UITPEKAa  IIAXTHI
«TepHOBCKas» Ha yyacTkax
C TOJHBIM KpPEINJIEHUEM —
«mnepembrukax». g co-
XpaHeHus: OOKOB  BbIpa-
OOTKHU U MEPEKPHITUS OBLIH
IIPUMEHEHBI MOIIHBIE TOATIOpHBIE YacTH KOHCTpYKIMHU AK, puc. 11. IloanopHas yacts
Ha 3TOH cxeMme rnpeacrtapiieHa ankepamu JA1, JA2 u HH2.

B nepuoa npoBeaeHus BbIpaOOTKU BIOIHIIOCH €€ reoMeXxaHuueckoe o0cie10Ba-
HUE, M0Ka3aBIIee, YTO COCTOSIHUE BHIPAOOTKHU B MPOLIECCE MPOBEACHUS — YCTOMUUBOE.
Yyactok moBepxHOCTH BbipaboTkH ¢ ankepamu JJA 1, JIA2 u HH2 noka3zan Ha puc. 12.

Pucynok 12 — Cocrositaue 520 60pTOBOTrO mTpEKa

5.3 Onoput nepexkpvimus evipadomku

Onopbl epeKphITUS BBIPAOOTKH — 3TO 3JIEMEHThI KOHCTPYKIIHUU, CPOPMUPOBAHHBIE
OOKOBBIMU aHKepamu BA 11 BoCIpUATHS U Nepejaud Harpy3Ku OT MEPEKPBITHS HA
OCHOBAaHHME M YMEHBIIEHUS Harpy3KU TOPHBIX MOPOJ OOKOB BHIPAOOTKH.

OnopHast 4aCTh KOHCTPYKIIMHU pacroyiaraercsa B LEHTPaJIbHON YacTu OOKOB BbIpa-
OOTKH, B YTOJILHOM ILJIaCTe, B OPOA€ HaJ Uiy noj HuM. Eciiu 60ka BeIpaOOTKH mpe-
CTaBJIEHBI IPOYHBIMU [TOPOJAMH, TO HA YYACTKAX C HEMOJHBIM KPEIJIEHUEM ITOT 3JIe-
MEHT He sIBJIsieTCs 00s13aTenbHbIM. OTNOpHAas YacTh NMPEACTaBIIEHA IBYMS dJIEMEHTaMHU,
KOTOpBIE HE BCEr/la CAMMETPUYHBI OTHOCUTENIEHO OCU BBIPAOOTKH.

KonnyecTBO aHKEPOB B OIOpax KOHCTPYKLMHU 3aBUCHUT OT:
® BBICOTHI BIPAOOTKH;
® MOIIHOCTH YTOJIbHOTO IJIACTa;
® IPOYHOCTH YI'OJBHOTO IJIACTa U BMEIIAOIINX MTOPOI;
® Ha3HAYEHUS BbIPaOOTKH;
® CpoKa CTy>KObl BEIPAOOTKHU.

OOGBIYHO KOJIMYECTBO AHKEPOB B OJTHOM OMIOPE HE MPEBBIMIACT 4 IIT.

JInst kperieHus: TOpOAHONW YacTh OOKOB MOTYT IMPUMEHSTHCA CTAJENOJIUMEPHBIE
aHkepa 1Hou oT 1,5 1o 2,4 m; 14 KpeIuieHUs YTrOJbHOIO IUIACTa — INIACTUKOBBIE U
NEepEeBSIHHBIE aHKepa mmHoM 1,2-1,8 m.

AHKepa OIOpHOM 4acTU MOTYT YCTaHaBJIUBATHCA 110 IPOCTON, YCUIICHHON U MOIII-
HOM cxeme. [Ipu 3TOM C LebIO CIIMBaHUA CIOEB BCe OOKOBBIE aHKEpa HEOOXOIUMO
yCTaHaBIMBATh 110 yriioM He MeHee 10-15° k HamacToBaHUIO.
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[IpoBeném ceputo pacy€ToB HAIPSHKEHHOTO COCTOSIHUSI BBIPAOOTKU C aHKEPHOM
KpEMbIO, MPOBOAUMOM IO YIOJIBHOMY IUIACTY, ISl CIIy4aeB, KOTJa KOHCTPYKIUS aH-
KEPHOU KpPENU COCTOUT U3:
® CHJIOBOM M MOJMOPHON yacTel (3aKperyieHa TOJIbKO KPOBIIS BHIPAOOTKH);
® CUJIOBOW, MOAIIOPHOM YaCTEM, ONOpa MEPEKPHITUS IPEICTABICHA OJTHUM aHKEPOM,;
® CHJIOBOM, IOATIOPHOM 4acCTeH, ONIOpa IMEPEKPBITHS — IBA AHKEPA;
® CHJIOBOM, IOATIOPHOM 4acTEM, ONIOpA MEPEKPBITHS — TPU aHKEPA.

AHanu3 U3MEHEHUs HAaPSHKEHHOTO COCTOSTHUSL OOKOB BBHIPAOOTKH C aHKEPHOI Kpe-
b0 Oy/ieM MPOBOJUTH Ha OCHOBE COMOCTAaBJICHUS pa3Mepa 30HbI HEYNPYyTrux aAedop-
MalUid OPUKOHTYPHBIX MOPOJ U 3HAYEHUW Pa3HOCTH MAKCUMAJIbHOM 1 MUHUMAaJIbHOU
KOMIIOHEHT TJIaBHBIX HANPSKEHUHM B HUX. PaccMOTpUM HanpsiKEHHOE COCTOSTHUE TOp-
HOT'O MacCHBa BOKPYT OJIMHOYHOUM FrOpHOM BBIPAOOTKH MPSIMOYTOJILHOTO ONIEPEYHOTO
CEUYEHUS C PA3IMYHBIM KOJIMUYECTBOM OOKOBBIX aHKEPOB, puc. 13, puc. 14.

a — 3aKperieHa TOJILKO KPOBJIA BHIPAaOOTKH; 0 — oropa NepeKphITHS — OJIUH aHKED;

B — OI10pa MEePEKPHITH — JIBA aHKEPa; I — OII0pa MEPEKPBITUS — TPU aHKepa
Pucynok 13 — Pacnipenenenue 3HaueHnii napamerpos Q u P BOKpPYT BBIpAOOTKH € Pa3TUYHBIM KO-
JMYECTBOM OOKOBBIX aHKEPOB

W3 puCyHKOB BHIHO, YTO Ka)/Ibli YCTAHOBJICHHBIM OOKOBOW aHKEp COKpallaer
MJIOIIAb 30HBI HEYNPYTUX AegopMaluii, pa3pbiBas €€ Ha HECKOJIBKO HE CBSI3AHHBIX
Mexay coboit obnacreit, puc. 14 6-r. O6sacTh NOBBIIIEHHON PA3HOKOMIIOHEHTHOCTH
B Ookax BbIpaboTKH (O>1,2) Takxke 3aMeTHO coKpaiaercs, puc. 13 6-r. 3HadeHue na-
pameTpa P B IPUKOHTYPHOM 001acTH MoBkImaeTcs a0 0,2.

Ha puc. 15 nokasan rpaduk cMmerieHui 60KOB BBIPAOOTKH.

C ycTaHOBKOW aHKEpOB MPOIIECC BbIIABIMBAHUS yTIJisi B OOKax BbIPaOOTKHU OCTa-
HABJIMBAETCS, TPEUIMHOOOPA30BaHUE NPAKTUYECKH HE pa3BUBAETCA. 3HAUYCHUS
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OCpPEIHEHHBIX TEOMEXaHNYECKUX napaMeTpoB O U P B 3TUX 30HAX U3MEHSIOTCS K JIyd-
nieMy: nNpuMeHeHre OOKOBBIX aHKEPOB MOHMXKAET 3HaueHue napamerpa O U 3HAYU-
TEJIbHO NTOBBIIAET 3HAYEHHE MUHUMAJIbHOM KOMIIOHEHTBI TEH30PA IVIABHBIX HANPsIKE-
Huil. BO3MOXHOCTh pa3pylieHHs BMEUIAIONINX MOPOoJ B O0KaxX BHIPAOOTKHU, KOTOPHIE
CIIy’KaT OIOPOM MOPOAHO-AHKEPHOI'O NEPEKPHITUS KPOBIH, MOHMKAETCA. Kaxapiil n3
AQHKEPOB, YCTAHOBJICHHBIX B YI'OJIbHBIM IIJIACT, YMEHBIIAET 3HAYCHHUE IEPEMEICHUN
0oka BeIpaboTKH Ha 30-33 %0.

; 0) omopa MepeKphITHS — OANH aHKEP;

~
TR

D
R

B) OTIOpa MEPEKPHITHS — JIBAa AHKEPA; T') OIlOpa MEePEKPHITUSL — TPU aHKepa
Pucynoxk 14 —3ona Heynpyrux nedopmariuii BOKpYT BIPAOOTKH C pa3IMUYHBIM KOJTHYECTBOM OOKO-
BBIX AaHKEPOB

0,008
- - .= -~ -
0,007 = S
” ~
V4 ~
0,006 ; -
/7 \
0,005 P

7 \
// \ \
0,004 ” e
’ m \
0,003 -

Ilepemermenne KoHTYpa GOKOB
BEIpADOTKH, M

Y A \Y/
'/ A

0.002 - = = bOKOBBEI€ aHKEPA OTCYTCIBYIOT A4

1 GokoBoil aHKep
0,001 =

2 DOKOBBIX aHKepa
0.000 % OOKOBBIX aHKepa . . :

489 494 499 504 509 514

Koopaunara y, m

Pucynok 15 — Cmemenne 60K0B BRIpaOOTKH

[Ipumepom kperuieHuss OOKOB MO MPOCTOM CXeMe ¢ MPUMEHEHHEM TJIACTUKOBBIX
aHKEPOB sIBISETCA 43 KOHBEWEPHBIM IITPEK IUL I3 maxThl «MosomorBapaencKkasy
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I[TAO «KpacHonmoHyrosib». 9Ta BeIpabOTKa MPSMOYTOJIbHONW (hOPMBI MPOBOAMIACH HA
riryouHe 617 M koMOaliHOBBIM criocoOoM. JIiist moaepkanus BRIPaOOTKH HCIIOIB30-
BAJIOCh aHKEPHOE KperieHue. PekoMeHtyemMas cxemMa aHKepHOM Kperu — yCUJICHHAst C
nepeMbIuKamMu, 3aKperuieHHpIMA AKTIT, a 771s1 OMOpHO#M YacTH KOHCTPYKITMH — KpeTie-
HUE M0 IpocToil cxeme, puc. 16. Onopa KOHCTPYKIHUU NPEICTaBICHA ABYMS ILJIACTH-
KOBBIMHU aHKEpaMu JUTMHOM 1,8 M, OJTWH 13 KOTOPHIX YCTAHABIUBACTCS B TUIACT, IPYTOM
— Ha/I TJTACTOM B TUIOCKOCTH CEYESHHS TI0]T YTIIOM K HAIlIACTOBAHMIO.

[TpumepoM KperuieHuss O0KOB 1O MOITHOW CXeMe C MPHUMEHEHHEM IJIaCTHKOBBIX
AQHKEPOB SABJISIETCA 3anaAHbIN (DJIAHTOBBIA BEHTHIISIITUOHHBIN X040K No 23 111, 13 IIaxThl
«Cyxononnsckasi-Bocrounas» IIAO «KpacHomoHyronby. OTO BbIpaOOTKa MPSMO-
yroJibHOM (hOpMBI MIPOBOAMIACE HA TiIyOuHE 915 M OypoB3phIBHBIM criocoOoM. Jliis
MoJiep KaHus BBIpAaOOTKH UCIIOIb30Baach aHKEpHas Kpernb. PekoMeniyemas cxema —
YCHJICHHAS C TIepeMbIYKaMH, 3aKperI€HHbIME AKIIT. MOIIHOCTB yTOJIBHOTO TTacTa —
1,8-1,9 m, mpounocts yris — 15 Mlla, Hanudre Boabl B 3a00€, IOTEPsI HECYIIEH CITO-
coOHOCTH OOKa B HWKHEH 4acTh — BCe 3TH (DAKTOPHI 0O0YCIOBUIM HEOOXOIUMOCTH
YCTAaHOBKH B YTOJIbHBIN TUTACT HA MEPEMBIYKAX TOTOJHUTEIHLHOTO IIACTUKOBOTO aH-
kepa. OnopHast 4acTh KOHCTPYKITUU aHKEPHOU KPETH COCTOUT U3 3 aHKEPOB, CPETHHIMA
M3 KOTOPBIX YCTAHOBJICH C HAKJIOHOM Ha3aJl, BEpXHUU U HIKHUI — C HAKJIOHOM Ha
32001 BBIPAOOTKHU.

15

jii

a — IPOJI0JILHOE CEUCHHUE; 0 — romepeyHoe ceueHue
Pucynok 16 —Cxema kperienus 43 KOHBEHEPHOTO IITpeKa

5.4 Ocnoeanue KOHCMPYKUUU AHKEPHOU Kpenu

OcHoBaHME KOHCTPYKIIMH — 3TO 3JIEMEHTBl KOHCTPYKIUHU, CHOPMUPOBAHHBIE TTOY-
BEeHHbIMH aHKepamu [1A U3 ropHbIx mopoj 60KOB BBIPaOOTKH, B TOM YHUCIE HIDKE €€
IIOYBBI, Ul BOCHPUATHS HArpy3kd OT KOHCTpYyKUUHU. CHOCOOCTBYET IMOBBILIEHUIO
YCTOWYMBOCTH OOKOB BBIPAOOTKHU M YMEHBIIECHUIO ITy4E€HHUS [TOYBBHI.

OcHOBaHME KOHCTPYKIIMH PACIIOJIOKEHO B HM)KHEH 4acTH OOKOB BBIPAOOTKH, IIPU
YCIJIOBUU NPOYHBIX NOPOJA OOKOB BBIPAOOTKU HE SIBISAETCS 00s13aTENIBHBIM JIEMEHTOM
koHCTpykuu AK. OHO coctouT u3 1-2 cranenoamMepHbIX aHKEpOB JIMHOM 1,5-1,8 M
(ecyi yroJibHBIH MJIACT PACIOI0KEH B HUYKHEN YACTH CEYEHUS BBIPAOOTKH, MOTYT IIPH-
MEHATHCS IUIACTUKOBBIE UJIU JIEPEBSIHHBIE aHKEPA).
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b2
cEpd
oM 0.6

a —3HaueHus napametrpoB O u P; 0 —30Ha Heynpyrux aedopmanmii
Pucynok 17 — Pacnipenenenue mapamMeTpoB BOKPYT BBIPAOOTKH, 3aKPETNICHHON aHKEPHOH KPEMBIO C
OCHOBAHHEM KOHCTPYKIIUU

[TouBeHHBIC aHKEpPA HAKJIIOHEHBI BHU3 MO yriaoM 10-25° u MoryT nepecekars Jiu-
HUIO MTOYBBI. AHKEpa OCHOBAaHHSI MOT'YT YCTaHABIIMBATBCS M0 MPOCTOM, YCUIEHHON U
MOIIIHOM CXEME.

CpaBHUM HaNpPsKEHHOE COCTOSIHME BMEILAOLIUX MOPO] BOKPYT BBIPaOOTKH C aH-
KEPHOM Kpermblo, KOHCTPYKITUS KOTOPOM BKJIIOYaeT B ce0si OCHOBaHME, puc. 17 a, 6 u
0e3 Hero, puc. 13 ru 14 r. /lelicTBHe MOYBEHHOI'O aHKEpa XOPOIIIO BUIHO Ha puc. 17 a
— 30Ha MOBBILIEHHON Pa3HOKOMIIOHEHTHOCTH B HUKHEN YacTH OOKOB BHIPAOOTKH 3Ha-
YUTEJIBHO COKPATUIIACH; U30JIMHUY MapameTpa P IoTHee NPUABUHYIINCH K TOBEPXHO-
CTH OOKOB, YTO TOBOPHUT O CHMKEHUHU YPOBHSI pa3rpy3Kd BMEHIAIOUIUX MOPOJ]. 30Ha
Heynpyrux aedopmaruii, puc. 17 6, B mouBe BbIpaOOTKH TAK)KE YMEHBUIMIACH — 3TO
3HAYUT, YTO BEJIMYMHA MMOJHATHS OYBBI PU IMyYEHUH TOHU3UTCS.

UToOBI POMILTIOCTPUPOBATH 3TO, TOCTPOUM TpaUKU OTHOCUTEITHHOTO MyYCHUS
MOYBBI (OTHOCUTEIIBHO MaKCUMAJILHOTO MEPEMEIEHUS TPU OTCYTCTBUU OOKOBBIX aH-
KEpPOB) BBIPAOOTKHU MPH PA3IUYHBIX CXEMaX aHKEPHOU Kperu, puc. 18.

1,0 e —

09 7 N

0,8 7z ALY

") ) /‘\ i

e ', // \\ \\
0.5 1! ///\\\ \
0.4 ’}/?// — -— - \\\

> === ] DOKOBOU aHKEP

2 DOKOBBIX aHKEpPA

OTHOCHTENBHOE TIEpEMEIEHIIE TIOUBEI
BEIPabOTKI

0.2 17 3 DOKOBBIX aHKepa
0.1 . = - 3 GOKOBBIX AHKCPA U 1 IIOUBCHHEIT .
473 48.3 493 50,3 51,3 52.3

Koopmunara x, m

Pucynok 18 — OTHOCHTENIBHBIC TTIEPEMENICHUS TTOYBBI BRIPAOOTKH MPU PA3TUIHBIX BUIAX KOHCTPYK-
muit AK

Buano, uro mpuMeHeHHEe TpEéX OOKOBBIX aHKEPOB CHIKACT ITydYCHHUE TOYBHI Ha
40 %, onnoro rmouseHHoro — Ha 60 %o.
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B kagecTtBe mpuMepa HCHOJIb30BAaHUS IOYBEHHBIX AHKEPOB 10 MPOCTOM cXeMme
MO>KHO MPUBECTU cXeMy KpermieHust 593-ro coopHoro mtpeka Ha yuactke [1KO-TTK-8
maxTthl «FOomnerinas» [TAO «/ITOK IlaBnorpamyronsy. BeipaboTka Ha 3TOM ydacTke
MPOBOAMIIACH C HAIPAOOTKOM M MOAPabOTKON JBYX JPYTHX BBIPAOOTOK, UTO SIBISETCS
OCIIOKHSIOIIUM (PaKTOpoM. B CBSI3U € 3TUM Uil COXpaHEHUS YCTOMYHUBOCTH OOKOB B
KOHCTPYKLUHU aHKEPHOU Kpernu OblIN J00aBII€HbI TIOYBEHHBIC aHKEPA.

MK | el

|~

o W

a — IPOJOJIBLHOE CEYECHHUE; 0 — rmomepeyHoe ceueHue
Pucynok 19 — Cxema kperieHus 2-T0 3arafHOr0 OTKaTOYHOTO MITPEeKa

KoHcTpyKIns aHKEpHOW Kpenu ¢ MOIIHBIM OCHOBAaHUEM MPUMEHSIIACH MPU KPEIT-
JIEHUM 2-TO 3amaJHoro oTkarouHoro mrpeka mi. Cg Ha maxrte « TepHoBckas» [TAO
«ATOK ITaBnorpamyroiby. ITOT IITPEK IPOBOUIICS B MACCUBE, MOAPAOOTAHHOM TOp-
HbIMU BbIpaOoTkamu 1o miaactaM Ce u Cs. OTiMuuTenbHas 0COOEHHOCTh TPOBEICHUS
JTAHHOW BBIPAOOTKHM — €€ MOYBOM SBIISACTCS BEPXHSS I'PAHUIIA JOCTATOYHO XPYIIKOTO
YTOJIBHOTO IJIacTa. B Takux ycloBHAX MPOTHO3HBIE 3HAYCHUS ITy4YeHUs MO4BbI — 0,5-
1,0 m. [na mpenmotrBparie-
HUSI Tpollecca IMy4YEeHUs M
COXpaHeHHusi OOKOB BBbIpa-
OOTKM OT  pa3pyLICHUS
HEOOXOJUMO TMpPUMEHEHHE
MOIIIHOTO OCHOBaHHUs KOH-
CTPyKLUU AHKEPHOU
kpenu, puc. 19. OcHoBaHue
KOHCTPYKIIMH 00pa3oBaHO
ankepamu [TIA1 u ITA2,
pa3BEPHYTHIMHU Ha 32001 U
Ha yCThE BHIPAOOTKHU.

B nmepuon mposeneHus
BBIPAOOTKH  BBITIOJTHSJIOCH
e€ reoMexaHuueckoe 00-
CJIeIOBaHHE, ITOKa3aBlIee,
YTO COCTOSTHUE BBIPAOOTKH

Pucynok 20 — CocrositHue 2-ro 3amagHoro OTKaTOYHOTO
mTpeKa
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B IIpoLIecCe MPOBeIeHHs — yCTOW4YMBOE. biaronaps ycTaHOBKE MOUYBEHHBIX aHKEPOB IO
MOIIIHOM CXeMe MpolecC My4YeHHsI TOYBbI ObLI OJOKUPOBAaH. YYaCTOK MOBEPXHOCTH
BbIpaboTku ¢ ankepamu [1A1 u ITA2 nokazan Ha puc. 20.

9.5 3auwgummnvie nepemovruku

3allUTHBIE MEPEMBIYKM — 3TO 3JIEMEHTBl KOHCTPYKLHWH, MPEAHA3HAYEHHBIE IS
IIPOTUBOJECUCTBHS ONACHOMY pa3pyLIEHUIO MPUKOHTYPHOIO MacCHBa BCJEICTBHE
OCBOOOKICHHSI SHEPTUU YIIPYTUX JedopMaliuii, KOTOpbIe HAKAINIMBAIOTCA C yBeJInye-
HUEM JIJIMHBI BBIPAOOTKH. DJIEMEHT 3alllUTHAS NTepeMbIuKa (Y4acTOK C MOJIHBIM Iepe-
KPBITHEM) COCTOUT U3 3 1 0oJiee MOJPsI UAYIIHUX PSIAOB aHKEPHOH Kpenu 0oJiee MOIIl-
HOI KOHCTPYKIIMH, YeM OCHOBHOE€ KperuieHue (HemosiHoe nepekpbitue). [lpu ocHoB-
HOM BuJe kperuieHuss AKnp nepembruku ¢GopMUpYOTCS YCTAaHOBKOM JOMOJHUTEIb-
HbIX aHKepoB 110 cxeme AKnc nim AKnr; npu ocHoBHOM AKIIC — 3a CUET yCTaHOBKH
JIOTIOJTHATENIBHBIX aHKepoB 1o cxeme AKnr [31].

JInnHa Ka)k 101 3aIlMTHOM NEPEMBIUKH U PACCTOSTHUE MEKY HUMHU OIPEIEISAIOTCS
TOPHO-T€0JIOTMYECKUMHU YCIOBUSMHU, Ha3HAYCHUEM BBIPAOOTKU, CPOKOM €€ CITyXOBI.
OOBIYHO JUIMHA NIEPEMBIYKH COCTaBISET 4-5 psAI0B, paCCTOSIHUE MEXKIY HUMHU — 20 M.
ITo cxeme ¢ MOJIHBIM EPEKPBITUEM KPETISTCS YUACTKH:
® B HayaJie ¥ B KOHIIE BRIPAOOTKHU C aHKEPHOU Kperu (MepexoIHbIC YUACTKH);

C U3BMEHEHHEM I'€OMETPUH CEUCHHUSI BBIPAOOTKHU;
re0JIOTHYECKUX HapYIIECHUN;
COTIPSKEHUS C JPYTMMHU BBIPAOOTKAMU;
noApabOTKH U HAAPaOOTKU APYTUX BhIPAOOTOK.
[IpyuMeHEeHNE 3aIUTHBIX NEPEMBIYEK B KOHCTPYKUUN AHKEPHOW KPEINU SIBISACTCS
00s3aTeNbHBIM 711 JIFOOBIX BBIPAOOTOK C aHKEPHOM U aHKEPHO-PAMHOM KPEMbIO.

PaccuntaeM mapameTpbl HaNpsKEHHOTO COCTOSHUS BMELIAIOLIUX MOPOJ BOKPYT
MPOTSHKEHHON TOPHOM BBIPAOOTKH, 3aKPEIUIEHHON aHKEPHOW KPENbIO pa3IMYHbIX BU-
noB: npoctor AK; mpoCcTOi aHKEPHOW KpENH Ha OCHOBHBIX y4acTKax JIMHON 20 M n
YCUJICHHOW Ha MEPEMbIYKax JJIMHOW 4 M; YCUJIEHHOW aHKEPHON KPEnu Ha OCHOBHBIX
y4acTKax JJIuHOM 20 M ¥ MOIIHOM Ha MEPEMBIYKAX JJIMHON 4 M.

Ha puc. 21 nokazano pacnpenenesue 3HaueHU napameTpa (J, XapakTepU3yIOLIETo
CTENIEHb Pa3HOKOMIIOHEHTHOCTH T10JIs1 HAIPSDKEHMI, B IEPBOM CIIydae, KOI1a JJIEMEHT
«TEPEMBIYKa» B KOHCTPYKLMU aHKEPHOU KPENH OTCYTCTBYET.

ARRRRBNRRAURUNARRAORARRARNAANRRRASRURARRRRNRRARNRRURRRTE
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Pucynok 21 — Pacnpenenenue 3Hadenwuii napamerpa () BOKpYT MPOTHKEHHON BBIPAOOTKH, 3aKPETI-
néunoit AKmp 6e3 mepembruek
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Bugno, uro B 3a00e¢ BBIPAaOOTKH IMPOMCXOJIUT KOHIEHTpallds HampsbkeHuid. B
KpOBJIE IPU IMOMOIIM CTAJIENOJUMEPHBIX AHKEPOB CO3JaHO NOPOAHO-aHKEPHOE Iepe-
KpBITHE, 3HaUeHHe napamerpa O B KoTopoM He npesbimaet 0,8, a Bom3u 3a60s — 0,4.
Ho ¢ orxomom 3a60s o6nacTs Gemnoro 1Bera BHYTpHU nepekpbitus ¢ O < 0,4 mocrte-
MEHHO YMEHBIIAeTCs, U HCUe3aeT COBCceM. AHKepa ¢ OTX0J0M 3a00s Bce Ooiblie
Harpy>kKaroTcs, JaHHBIM BUJI KOHCTPYKLIUHA aHKEPHOU KPEIU HE MOKET HEUTPAIIN30BaTh
HAKaIlJIMBAaEMbl€ C YBEJIMYCHUEM JJIMHBI BRIPAOOTKU HANpsKEHHs, BOZMOXKHA MOTEPS
HECyIIel cIoCOOHOCTU EPEKPHITHUS.

[Ipu ycuieHuun 3ToM xe CXEMbI IEPEMBbIUKAMU U3 YETHIPEX PAA0B aHKEPHOU Kpemnu
C JIOTIOJIHUTEJIbHBIMU, HAKJIOHEHHBIMU Ha 32001 BBIPaOOTKH, aHKEpaMH, puc. 22, Mpo-
1[eCC 0CNA0IeHHsI TOPOIHO-AHKEPHOTO MEPEKPBITHS B KPOBJIE 3aMeJIsieTCsl — 00J1acTh,
B KoTopou Q < 0,4, He ucue3aer MOJHOCThIO, KaK B TPABOM YyacTH puc. 21, a nuiiib pas-
JIEJSTCS Ha OTJEIbHBIE 30HbI BOKPYT KaXXI0ro aHKepHoro psana. Ha nepembiukax o0-
JacTU C COXpaHEHHOHN MPUPOAHON MOHOIUTHOCTHIO (O < 0,4) uMeroT OOJIBLIYIO TIIO-
11a/1b, Y€M Ha YYaCTKaX C HEIOJIHBIM KPEIUICHHEM, TEM CAMbIM YBEJIMYMBAs B3aUMO-
JEHUCTBHE MEXKIY pAJaMU aHKEPOB.

R AR AR RN RR AR RRRARAa

[ Jos [ Joa<g<os [ 0s<0<12 [ <0< [ -2

Pucynok 22 — Pacnpenenenue 3HadeHwuii napamerpa () BOKpYT MPOTHKEHHON BBIPAOOTKH, 3aKPeTI-
néunoit AKnp ¢ yCuIIeHHBIMU TIepeMbIYKaMHU

Ha puc. 23 nokazano pacnpenesieHre 3HaueHU napamerpa O B TPEThEM Cllyyae,
KOTJIa YYaCTKU C HETIOJHBIM KPETUICHHEM T10 YCHJICHHON CXeMe YepeIyroTCsl ¢ MOIII-
HBIMH [IEPEMBIYKaAMHU.

AT SAZA T TR DGSSA TR RIS A R RSO0
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Pucynok 23 — Pacnpenenenue 3HadeHwuii napamerpa () BOKpYT MPOTHKEHHON BBIPAOOTKH, 3aKPETI-
nénHoil AKIIC ¢ MOIIHBIMHY TIEPEMBIYKAMU

W3 pucyHka BUIHO, UTO Ha IEpEMbIUKaX pa3po3HEHHbIE 00JacT O€Noro 1BeTa, Iae
0 < 0,4, 00beuHAI0TCA B €IUHBIE 001aCTH, B KOTOPBIX COXPAaHEHO MPUPOTHOE HATIPSI-
’KEHHOE COCTOSTHHE, MOPOJIbl HE Pa3rpyKeHbl OT TOpHOro naBieHusa. Ha ydactkax c
HETIOJIHBIM MEPEKPHITUEM 3HaUCHUE MapaMeTpa () TakKe HE BBIXOJIUT 3a Ipeiest T0Iy-
CTUMBIX 3HAYCHHH JIJIsI COXpPAHEHHSI COCTOSHUS, OJIM3KOT0 K COCTOSIHUIO HEHapyIlIeH-
Horo maccuBa — 0,8.
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[TocTpouMm rpaduku M3MEHEHUsI CPeAHEro 3HaueHus napamerpos O, P u Z B 3a-
aHKEpPOBAaHHOI 00JacTH BIOJb BeIpaObOTKH, puc. 24. KoopauHara 3a060s51 BEIpaOOTKH —
46 m.

B rmy6une ropHOro MmaccuBa, BHE 00J1aCTH BIUSHUS BHIPAOOTKH, Ipu OOKOBOM pac-
nope A = 1 rnaBHble HanpsbkeHus paBHbl. [losTomy mapamerp Q pasen 0, puc. 24 a.
[Ipu nmoaxoae BbIpaOOTKU MPOUCXOUT MepepacipeiesICHUE HaMPsKEHUN ¢ yBelnye-
HUEM MaKCUMaJbHOW U YMEHBIIIEHUEM MUHUMAJILHON KOMIIOHEHT IJIaBHBIX HaIpsikKe-
Hui. Beaeactsue storo napamerp O yBenuuuBaeT cBo€ 3HaueHue U s cirydast AKmop
0e3 mepeMblueK MPUHUMAET MUKOoBoe 3HaueHue 0,77 Ha ypoBHE 320051 BEIpaOOTKH, 3a-
TeM B pabOTy BKIIIOUAETCS] aHKEpHAas Kperb, 3HaueHue ) moHmxkaeTcs 10 ypoBHs 0,43.
[TomyyaeTcs, YTO BEPTUKAIBHO PACIIOIOKEHHBIE aHKEPA YCTaHABIMBAOTCS B pa3rpy-
YKCHHBIN MaCCUB.

3atem, ¢ 0TX0/10M 320051 ¥ YBEITMUCHUEM JIJTUHBI BBIPAOOTKH, 3HAUCHHE ITapaMeTpa
() TOCTENEHHO BO3pACTaEeT, YBEJIWYMBAETCS CTEIEHb PAa3HOKOMIIOHEHTHOCTH IOJIS
HaIpsHKEHUN B TIOPOIaX KPOBJIHM BBIPAOOTKH, MPOSBIISAECTCA AeHCTBUE (DaKTOpa BIUS-
HUA JUIMHBI BbIpaOOTKU. [Ipu 3TOM 3HaueHue napamerpa Z yMeHbIlaeTcs, puc. 24 B,
MOHM>Kas 3amac MPOYHOCTH TFOPHBIX MOPOJ B MPUKOHTYpPHOU obsactu. B3zanmonen-
CTBUE MEXIY psnaMu ciiaboe. MOKHO YMEHBIIUTH IIar yCTAHOBKHA aHKEPOB. JTO He-
CKOJIBKO YJIYUYLIUT CUTYallMI0, HO BCE PaBHO He 710 KoHLA. [Ipu nanbHeiimem yBenuye-
HUU JUIMHBI BEIPAOOTKU TEHJEHIUS CHUKEHUS 3araca MPOYHOCTU COXPaHSIETCH.

[Ipu ycunenun AKnp nepeMblukamMu 3HaYEHUS MapaMeTpa pa3HOKOMIIOHEHTHOCTH
YMEHBIIAIOTCS 110 BCEH JJTMHE BBIPaOOTKH, yydlllas cocTossHue KpoBiu Ha 12-30 %
10 CPABHEHUIO C MPEAbIAYIINUM CIydaeM. A 3HaUeHUE apamerpa Z yBeJIMUMBaeTCs Ha
15-35 %, npu 3TOM U3MEHEHHE 3TUX TAPaMETPOB 0 CPABHEHUIO C IPOCTON KOHCTPYK-
uel aHKepHOH Kpenu 0e3 mepeMbIueK MPOUCXOIUT MEHEE UHTEHCUBHO.

[Ipu npuMeHEeHNH yCUIIEHHON aHKEPHOM KPENY Ha OCHOBHBIX YYaCTKax U MOLIHOU
Ha MEPEMBIYKAX COCTOSIHUE KPOBIIU YJIYUIIA€TCs €€ 3HAYNTENIbHEE — 3HAUCHHE Mapa-
MeTrpa O ymeHnbinaercs Ha 20-67% Ha pa3UyHBIX ydyacTKaX BbIPaOOTKHU, a 3HAUCHHE
napametpa Z ypenuuuBaeTcs Ha 24-69%. Takxke clieqyeT OTMETUTh, UTO C YBEJIMYe-
HUEM JUTMHBI BEIPAOOTKH 3HAYEHHUE 3TUX MAPAMETPOB CTAOMIIM3UPYETCS.

C orx010M 320051 BEIpAa0OOTKM YMEHBILIAETCS MUHUMAaIbHAasi KOMIIOHEHTA TJIaBHBIX
HaIpsSHKEHU N — IPOMCXOIUT pa3rpy3ka ropHOro maccusa. Beneacteue 3Toro napamerp
P Taxxe ymenbpmaetcs u ans ciaydas AKmp 0e3 mepembruek MpoaoKaeT yMEHb-
1IaThCs C YBEJIMYEHUEM JIJTMHBI BEIPAOOTKHU, MPUHUMAsi HauMeHbluee 3HaueHue 0,36 Ha
KOHIIE MCCIIEyeMOr0 y4acTKa BeIpaboTKH, puc. 24 6. BepTukanbHO pacronoKeHHbIE
aHKepa CIEePKUBAIOT MPOLIECC PA3rPy3KH B KPOBJIE BRIPAOOTKH (110 CPABHEHHIO C HE3a-
KpPETUIEHHOM BBIPAOOTKOM), HO HE OJIOKHPYIOT €TO.

[Ipu ycunennn AKmnp nepembplukamMu 3Hau€HHUE MapaMeTpa P yBeIM4YHMBAECTCS MO
BCE JJIMHE BHIPAOOTKH, MPOIECC Pa3TPy3KU KPOBJIM OT TOPHOTO JIABJICHUS 3aMe]IJIs-
ercs. E€ coctostnue ynyumaercs Ha 11-23% 1o cpaBHEHUIO ¢ MPEABIAYIIUM CITy4aeM.
[Ipu nprMeHeHUH YCUIIEHHON aHKEPHOM Kperny Ha OCHOBHBIX Y4acTKax M MOIIHOM Ha
NepEMBIUKaX COCTOSIHUE KPOBIIH YJIyUILIAETCs €II€ 3HAYNTEIbHEE — 3HAaUeHHE P yBelu-
yuBaeTcs Ha 25-50% Ha pa3NMMyYHBIX ydacTKaxX BRIpaOOTKH, puc. 24 0.
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[IpumepoM IpUMEHEHUS YCUIIEHHBIX MEPEMBIYEK IIPHU IPOCTON CXEME KPEIUICHHUS
MOXET CITyKUTh KOHBeHepHbId xon0k Ne 1 miacra K-2+ K-2-B CII «Illaxta /lyBan-
Has» [IAO «KpacHomonyronb». B HemocpeacTBEHHON KpOBJ€ BHIPAOOTKU 3aJieraet
CJIOM M3BECTHSAKA MOIIHOCTBIO 1,5 M ¢ IpeiesloM NpOYHOCTH Ha OJJTHOOCHOE CKaTHE —
80-110 MIIa, ocHOBHast KpOBJIsl — CIIOM MECYaHMKA MOIIHOCTBIO 10 18-25 M, mpeaen
MPOYHOCTH Ha OAHOOCHOE cxaTue y kotoporo — 80-90 MIla, 4To moBbIIaeT ycTOWYHU-
BOCTh BbIpa0OTKH. PexomeHiyemasi cxema aHKEpHON Kpemu — MpocTasi ¢ MepemMbly-
KaMU, 3aKpEIJIEHHBIMU 110 YCUJIEHHOM cxeMe. /{15 yCuneHus Kpenu B CUIIOBYIO 4acTh
KOHCTPYKIUHU JOTIOJHUTEIBHO YCTAHABIMBAIMCH TPU aHKEPA C HAKJIOHOM Ha 3a00i U
10 OJJHOMY aHKEPY B KaXK/IbIii OOK BBIPAOOTKH O] YTOIbHBIN MmIacT. [IpoTskEHHOCTD
nepemMbIuk —4 M (6 psiioB). PaccTosinue mexay nepembriakamu — 20 M.
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Pucynok 25 — Cxema kperieHus: KoHBerepHoro xoaka Ne |

Monsble IEPEMBIYKH MTPU YCUIIEHHOW CXEME KPEIUIEHHsI Ha OCHOBHBIX YYacTKax
MPUMEHSUTUCH TIPU MpoBeieHnu 585 cOopHoTo mTpeka maxTthl « O6unelinasy». Beipa-
6oTka npoBoamiack 1o miacty Cs ¢ BepXHeW W HUKHEH MOApbIBKOM. MoOIHOCTD
yroapsHoro miacta — 0,94-1,12 m. Ilopoabl HemoOCpeICTBEHHON KPOBIU TPEIIMHOBATHI
¢ yactotoi 3-5Tp./M u pa3OuThl AByMs cUcTeMaMu TpeliuH. Ha BceM mpoTsmkeHuu
BBIPAOOTKHU B 8,56-9,90 M BbIlllE KPOBIM IIJIaCTa 3ajeraet yroyubHbii miact Cs'. Mex-
IYIJIACThE MPEICTABICHO apTWJUIUTOM U asieBpoauToM. B 1,72-2,06 M HUXE MOYBBI
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IJacTa 3ajieraeT npocioit yrisi MoHocThio 0,08-0,14 M. [Iporno3Hasi KOHBEpreHIUA
KOHTYpa JJisl He3aKpEIUIEHHON BhIPAOOTKHU, BEIUMCICHHAS 110 CTAHJAPTHON METOAMKE,
coctaBuia 203 MM BHE 30HBI BIMSHHS OYUCTHBIX pabOT M 345 MM B 30HE BIIMSHUSA
OYHUCTHBIX paboT. B 1aHHBIX TOPHO-TEOJIOTUYECKUX YCIOBUAX C yUETOM HEOOXO0IUMO-
CTH COXpaHEeHMsI BEIPAaOOTKH MOCIIE MPOXOXKICHUS IEPBOH JIaBbI U TOJepKaHue e€ Ha
MOBTOPHOE MCIOJIB30BaHUE AJIsi OTPAOOTKU BTOPOIl JIaBbl MPUMEHSIIUCH CIIEIYIOLIHIE
CXEeMbI KOHCTPYKITUH aHKEPHOU KPeTH, pUC. 25: YCUIIEHHBIE ¢ HAKJIOHOM Ha 32001 oc-
HOBHBIX aHKEPOB Ha y4aCTKaX C HEMOJIHBIM KPETUICHHUEM U MOIIIHbBIE C YCTAaHOBKOH J10-
MOJIHUTEJIbHBIX YCUJIMBAIOIIMX aHKEPOB C HAKJIOHOM Ha3aj Ha YCTh€ BHIPAOOTKH Ha
nepeMbIuKax.

B nepuon nmpoBeaenus BIpaOOTKH, OTpaOOTKH NEPBOM M BTOPOM JIaB BHIMOJIHSIOCH
e€ reoMexaHn4ecKoe 00CieI0BaHne, MOKa3aBIlee, YTO COCTOSIHUE BBIPAOOTKU B MPO-
1Iecce MPOBEICHUS — YCTOMUHUBOE, PUC. 26.

Pucynok 26 — Cocrosiaue 585 cOOpHOTro mTpeka Ha OKHE IEPBOM JIaBbI

5.6 @opmuposanue KoncmpyKyuu OnOPHO-AHKEPHOU Kpenu

JIns viccnenoBaHusl BAUSHUS KOJIMYECTBA AHKEPOB B DJIEMEHTAX IMOMEPEYHOIO Ce-
YEHUS KOHCTPYKUHUHU aHKEPHOM KPENU HA YCTOMYMBOCTD ITPOTKEHHON TOPHOU BbIpA-
OOTKH BBITIOJIHEHBI YUCICHHBIE PACUETHI HAMTPSKEHHO-e(hOPMUPOBAHHOTO COCTOSHUSA
BMEIIAIONINX MOPOJI CO CXEMaMH, KOTOPbIE MPUMEHSIOTCS B 0230BbIX TOPHO-T€0JIOTH-
YECKUX YCJIOBHUAX IIAXT YKpauHbl. ITO KOMOMHUPOBAHHAs KpPEIb — aHKEpa C paMaMu
u3 npoduia CBII-22. [llar ycranoBku kpenu — 1 M. lcxoiHbIe 1aHHBIE CXEM pa3Me-
IIICHUSI aHKEPOB B TOPHOU BRIPAOOTKE MPEICTaBIICHbI B Ta0JI. 3.

3neck nC —KOIUYECTBO AaHKEPOB B CUIIOBOM YaCTU MEPEKPHITUSI KOHCTpYKUUK; nKb
— KOJIMYECTBO aHKEPOB B IMOJNOPHOM YacTH MEPEKPHITUS KOHCTPYKUMU; nb — konuue-
CTBO aHKEPOB B OOKaxX BBIPAOOTKHU JjIsi (hOPMHUPOBAHUS OMOPHI mepekpbiTust; nbll —
KOJIMYECTBO aHKEPOB B OOKax BbIPAOOTKH i1 POPMUPOBAHUS OCHOBBI TEPEKPBITHS.
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Ta6mmma 3 — Homepa cxem u cocTaB KOHCTPYKITMN aHKEPHOUN Kperu

ITapaMeTphl Kpemnu Howmep cxempr, Ne
PaMETpbL Kp 1 [ 2 3 ] 4] 5 ] 6 7 [ 8 [ 9
Tun kpenu AKrmp AKiric AKnr
OO11ee KOJIMYECTBO aH- 4 6 g 10 10 12 13 15 17
KepoB, N
nC 2 2 2 2 2 2 2+1 2+1 2+1
n Kb 2 4 4 4 4 4 442 | 442 | 4+2
nb 0 0 0 2 0 2 0 0 2
n BI1 0 0 2 2 4 4 4 442 | 442

Pac4€Tsl BBINOIHEHB! I YCIOBUN € IPUEMIIEMON U1l CTAHJAPTHBIX AaHKEPOB MU-
HUMAaJIbHON U MaKCUMaJbHON MPOYHOCTHIO MOPOJ, TITyOUHBI 3aJI0KEHUS BHIPAOOTKH,
MaKCHUMaJbHOW TUIOIIAM CEYEHHUs BbIpaOOTKH. Pe3ynbTaThl pacy€ToB i1 OTHOCH-

TEJILHOTO 3araca IpoYyHOCTU Z (puc
AHKEPHYIO Kpelb M IMPUKOHTYPHBIM

3HAQYEHUsI  reoMexaHuye-
CKHMX MapaMeTPOB U UX MH-
HUMaJIbHBIX U MaKCHUMaJlb-
HBIX OTKJIOHCHWH NpHU HU3-
MEHEHUH TOPHO-TE€OJIOTH-
YECKHUX yCJIOBUI.

Hecymas cnocoOHOCTB
KOHCTPYKIIMM  aHKEPHOU
Kpenu BO3pacTaeTr IIpU €€
YCWJIEHUU OT IPOCTOM 10
MouHOM. C yBeJIWYEHHEM
MOIIHOCTU  KOHCTPYKIIMHU
AHKEPHOW  Kpemu  OCy-
LIECTBIIAETCS Iepepacipe-
NEJICHUE Harpy3ku: Ha aH-
KEpPHYI0 M pPaMHYIO Kperb
Harpy3ka yMEHBIIAETCs, a
Harpy3ka Ha cdopmupo-
BAHHBIE B MAaCCUBE NOPOA-
HBIC OIOPHBIE DJIEMEHTHI
yBenuuuBaetcs. [lpu Z =6
(mopor  MOHOJIMTHOCTH),
NOPOJHBIE OIOPHBIE 3Jie-
MEHTBI HAUMHAIOT paboTaTh
B KQUECTBE KpEIH.

Bnausaune  momHocTH
KOHCTPYKLIMHA  aHKEPHOMN
Kpenu Ha YCTOWYHUBOCTH
TOpPHOM BHIPAOOTKH OICHU-
BAJIOCH [0 HW3MEHEHHUIO
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Homep cxembr

.27) u nonew Harpy3ku (puc. 28) HA paMHYIO U
MacCUB NpPEIOCTaBIeHbl rpaduKaMu CPEeIHEro

=== 7 min
—_— 7 max

Pucynoxk 27 — I3MeHeHHE OTHOCUTEIBHONU MPOYHOCTH MOPOJT
IIpU IPUMEHEHUU PA3JIUYHBIX BUIOB KOHCTPYKIUN aHKEPHOMI

Kpernu
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X 20 \ == Ppmin
A f"\\ s = Ppmax
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Homep cxemsbl

Pucynox 28 — MI3MeHeHue Harpy3Kku Ha Kperb Py MIPUMEHe-
HUHU Pa3JIMYHBIX BUJIOB KOHCTPYKIUI aHKEPHON Kpenu
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IUTOLIAAU MTOIIEPEYHOTO Ce-
yenusa. Ha pwuc. 29 npen-
CTaBJIEHO CpEJIHEE 3Haye-
HUE OTHOCHUTEIILHOTO
YMEHBLIEHUS TIONEPEYHOrO
CeyeHuss TOpPHOW BbIpa-

10 \ === AS/S min
—  AS/S max
— AS/S

ceueHna AS/S, %
o

OTHOCHTENRHOE
YMEHBITIeHNE TTONEPeYHOTOo

\
hY
s N
20 N\
\\
b

~
OOTKM ¥ €r0 MUHUMAJIbHBIC 15 +— \\ N <
1 MakCHUMaJIbHbIC 3HAUCHUS 10 -...._\\\
~

B COOTBETCTBUM C JHANA30- 5 SRS
HOM TOPHO-TEOJIOTHUECKHX 0 =====

v 1 2 3 4 5 6 T 8 9
YCJIOBHUM. Homep cxemsr

PesynbraTel pacy€roB  PucyHOk 29 — OTHOCHTEIBFHOE YMEHBIICHNE ONEPEYHOTO Ce-

OTHOCHUTECJIIBHOT'O YMCHbIIIC- YCHUA FOpHOﬁ BBIpa6OTKPI IIpU MPUMEHCHUHA PA3JIMYHBIX BUOOB
HUS TOTIEPEYHOT0 CEUCHUS KOHCTPYKIMH aHKCPHOM KpeIIn
TOpHOU BBIPAOOTKH CpaB-
HUBAJIMCh C JIAaHHBIMUA MAapKIIEHIEPCKON CHEMKH pa3MepoB A yciaoBuit 157 cOop-
Horo mTpeka 1. «CrenHas», 136 cOopHoro mrpeka . « TepHoBcKas», 3 CeBEpHOTro
koHBerepHoro mrpeka maxtel OO0 «KpacHonuMaHnckoe». OTHOCUTENbHAS MTOTPEIlI-
HOCTh Pacu€THBIX JAHHBIX HE TpeBbImana 15 %.

6 JluHaMuKa U3MEHEHUsI MOJisl HANPSKEHUI BOKPYT ropHO# BHIPA0OTKH
BO BpeMs TEXHOJOIMYEeCKOIo NMKJ/Ia AaHKEPHOI0 KpenJieHus

[Ipn orcraBaHMM OT BPEMEHHOTO Tpaduka, ONPEIeNIeHHOr0 TEXHOJIOTHEN ycTa-
HOBKHM aHKEPHOW Kpemnwu, MmoapaboTaHHbIE MOPOJIbl, OOHAKEHHBINM 32001 BBHIPAOOTKHU
pasrpyKaroTcsi OT TOPHOTO AABJICHHUS, IPOUCXOJUT Pa3yINIOTHEHUE TOPOJ — TEPSIETCS
UX MPUPOJHAS MOHOJUTHOCTh. AHKEpHAs Kpelb, YCTAHOBJICHHAS B MOTEPSBIINI MO-
HOJIUTHOCTh MOPOJIHBIA MAaCCHB, YK€ He CHOPMHUPYET U3 MPUKOHTYPHBIX MOPOJ €U~
HYI0 KOHCTPYKIIMIO, TapaHTUPYIOILYI0 COXPAHHOCTh BBIPAOOTKH B TEUEHHE BCETO
cpoka e€ ciyk0bl. B Takom citydae aHKep BBIMOIHSAET TOIBKO (DYHKIIMIO TOAITMBAHUS
HENOCPEICTBEHHON KPOBJIM K OCHOBHOM.

Hccnenyem nTMHAMUKY W3MEHEHUS MOJISl HAMPSXKEHUH BOKPYT TOPHOM BBIPAOOTKH
3a BpeMsl 15-THU TEXHOJIOTHYECKUX IIUKIIOB aHKEPHOTO KperuieHus. J{Jis 3Toro paccMoT-
puM 33724y 00 omnpeIeJICHUU MOJIe HaPsHKEHU I BOKPYT ABUKYIIErocs 320051 TOpHOM
BbIPAOOTKHU B pa3INuyHbIe MOMEHThHI BPEMEHHU IIPU YCTAHOBKE 15 psiZIOB HAKJIIOHHBIX aH-
KepoB. [IpoBeném pacd€T noiist HanPsHKEHUM ISl CIIEAYIOIUX YCIOBUM. BricoTa BbI-
paboTKu — 3 M, pacCTOSTHUE MEXKITy psaaMu ankepoB — 0,8 M, jymmHa aHkepa — 2,4 M,
yToJ HakJIoHa aHkepoB — 70° Ha 3a00ii. Bpems ycranoBku 1 psga ankepoB —40 MuH.

CeTka KOHEUHBIX 3JIEMEHTOB U3MEHSIETCSI BO BpPEMs pacu€ra: Mpu O4epeTHON BbI-
€MKE MOPO bl Ha BEJIMYMHY 3aXOJKU U3 paCUETHOM CXeMbl yOUPAIOTCS JIUIITHUE KOHEY-
HBIE€ AJIEMEHTHI, IPU YCTAHOBKE OYEPETHOTO psijia aHKEPOB J00ABISIOTCS SJIEMEHTHI,
Mojienupytonue ankepuele mranru. Ha puc. 30 nokazan ¢pparMeHT CeTKU KOHEUHbIX
AJIEMEHTOB, COOTBETCTBYIOLIEH MOMEHTY YCTAaHOBKH 5 PsIIOB aHKEPOB.
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Pesynbrarel pacu€roB mnpu-
BeseHbl Ha puc. 31 u 32 (Homep
aHKEpa COOTBETCTBYET MOPSIKY

€ro yCTaHOBKH).
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BbIpa-

(v

KOI'Jla B HE3a-
TOpHOI

(v

KPEIUIEHHOU

N3 anamusa pe3ynabTaToB
pacuéra cienyer

BBIM psAJl AaHKEPHOW Kpemnu, aH-

O0OTKE yCTaHaBJIMBAETCS TMeEp-
Kepa HAYMHAIOT TMPEMNSITCTBO-
BaTh pAaCCIOCHUIO TIOPOI B
KpOBJI€ BBIPAOOTKH.

PI/IcyHOK 30 — KOHeqHO-aneMeHTHaﬂ ceTKa
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Paccroaane Brons ankepa
Pucynok 31 — PactaruBaroniye ycuinus B aHKepax MocJjie yCTaHOBKH 15 psasioB

OCHOBHOI MEXaHU3M UX pa6OTBI Ha JaHHOM OTaIlC 3aKJII04acTCAa B CIIMBAHWHA pa3-

0oJiee TPOUYHBIM

i y9acTok, Ha KOTOPOM IOCTe-

(V)

PYLWCHHBIX ITOPOJ HCTIOCPCACTBCHHON KPOBJIM U ITOABCIINBAHNHN UX K

(V)

. DopMupyeTcs epexoIHbl
IIEHHO YMEHBIIAETCS Pa3HOKOMIIOHEHTHOCTD IOJISI HAIPSKEHUM — aHKEPA MOHUKAKOT

(V)

MOpoJiaM OCHOBHOM KPOBJIU

[

3Ha4YeHue napamerpa () B KpoBIIe BEIpaOOTKH 10 Oe3onacHOro ypoBHs. [Ipu yBenmde-

(v

HUM MHUHUMAJIbHOM KOMITIOHEHTHI IJIaBHBIX HAIIps’KCHUNW 10 BCIIMYHUHBI ITOPOTOBOTO

YPOBHS TOpHAs MOPO/Ia UMEET HECYIIYIO CIIOCOOHOCTh, OJIN3KYI0 K MOHOJIMTHOM rop-

, CHI)Kasl CKIIOHHOCTD K XpyIIKOMY pa3pyiieHuto. C:xkatbie 001acT BOKPYT

OTJIETTbHBIX AHKEPHBIX IITAHT TMEpPECceKaroTcs, o0pasys CIUIomHOe mepekpoitue. Ha
JAHHOM 3Talle aHKEpHas KPerb y>Ke MOJHOCThIO UCIOJIb3YETCS B KAY€CTBE OCHOBHOTO

BHJIa KPEIU.

HOU IIOPOJIE
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a — moJBUraHue 3a005 4 M; 0—8wMm;

B—12 ™M
Pucynok 32 — Pacnipenenenne 3HaueHuil mapamerpa O B MacCUBE M YCUJIUH B aHKEpax

B nanpueiimem, npu ycTaHOBKE HETIOCPEICTBEHHO B 3a00€ BHIPAOOTKH aHKEPHBIX
LITAHT, 3aKPETJIEHHBIX MTOJIMMEPHBIM COCTABOM, IIOPOJIHbIE OJIOKH B HENOCPEICTBEH-
HOM OJIM3M OT LITAaHTH MOCJE 0TXOAA 320051 OCTAIOTCA CXKATbIMU, MOCKOJIBKY UMEIOT
BO3MO>KHOCTb CMEILIEHUSI BHYTPb BBIPAOOTKH TOJIBKO B paMKax yIpyrux Aegopmaruii
LITAHTH, a Harpy3Ka Ha OV KHME K 320010 aHKepa yMEHbIIaeTcs, puc. 32.

Jli nccnenoBaHus BIUSHNAS CKOPOCTH IPOBEACHUSI BBIPAOOTKU U PACCTOSHUS Me-
CTa yCTAaHOBKH aHKEPOB J0 320051 MPOBEACHBI paCU€ThI U1 HECKOJIBKMX TEXHOJOTNYe-
ckux cxeMm. CKOpOCTh MpOBeIeHUsI BRIpaOOTKU HU3MEHsIach B quamna3zoHe 5-40 m/cyT,
c e€ muckpeTrHbIMU 3HaueHusmu: 5, 7,5, 10, 15, 30 u 40 m/c. PaccTosane ot mecta
YCTAaHOBKM aHKEPOB JI0 320051 BapbUpoBaoch B nuama3one 0,3-5M ¢ TucKpeTHBIMU
3nauenusmu: 0,3, 0.4, 0,5,0,6,0,8, 1, 1,5,2,3 u 5 m.

Ha puc. 33 npuBenens! rpauku cMeIeHn KPOBJIM NMPU YCTAHOBKE aHKEPOB: B
0,3 M ot 32005 BbIpaOOTKH, B 1 M, B2 M U B 5 M OT 320051 IpU CKOPOCTU NMPOBEACHUS
BbIpaboTku 10 m/cyT. I[lpu ycranoBke ankepHoit kpenu B 0,3 M oT 3a00s1 aHKEp cpa3y
K€ BKIIIOYAIOTCS B pabOTy, CONPOTUBIISACH CMELIEHUSIM TOPHON IMOPOJbl BHYTPh BbI-
pabotku. [Ipy oTcTaBaHMM MeCTa yCTAHOBKM aHKEPHOW KpenM Ha OoJibliee paccTos-
HUE OT 320051 MPUKOHTYPHBIA MAacCUB B TEUCHHE OMPECICHHOTO BpeMEeHH (i1 5 M
Bpems pocturaer 12-18 1) mMeetr BO3MOXKHOCTh OECIPENsITCTBEHHO CMENIAThCs, YTO
MPUBOIUT K €ro pasrpyske. Takum oOpa3zom, aHkepa OyAyT yCTaHABIMBATHCS B YXKe
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HapyIIEHHYIO OPOAY, a B cllydae cinadbix nmopoj 3anaanoro Jlondacca ¢ HU3KUM 3Ha-
YEHUEM MpeJiesia MPOYHOCTH Ha PACTSHKEHUE — B IPAKTUUECKU Pa3pyLIEHHYIO.

0,025

—(03 M
—] M

20,02 2 M
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S 0.015
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E

= 0.01

S 0.005 o —

Q ] / /—

|
0 .

0 2.5 5 7.5 10 12.5 15
PaccrosHue ot 3a00s, M

Pucynok 33 — Cmenienust KpoBiu Mpyu ycTaHoBKe aHkepoB B 0,3; 1; 2 u 5 M ot 320605 BEIpaOOTKH
U CKOPOCTH NMPOBEACHHS BbIpaboTKu 10 M/cyT

Biusinue n3meHeHus: CKOpoCTH MpOBeIeHUs BEIPAOOTKU IIPU YCTAHOBKE aHKEPOB B
0,3, 1 u 2 M ipeacrasieHo Ha puc. 34. ONTUMaIBLHON CKOPOCTHIO MPOBEAEHUS BhIpa-
OOTKM MPUHATA CKOPOCTh, IPU KOTOPOH B MPUKOHTYPHBIX MOPOJIAX COXPAHIETCS OT-
HOCHUTEJIbHAS IPOYHOCTH HE MeHee 6 (mapameTp Z).

0,015

0,3 M 5 M/cyT

0,3 M 10 Mm/cyT
-— -— -

0,01 — 0.3 M 15 M/cyT

7~ ===()3 M40 m/cyT

/ = 1M 10 M/cyT
0,005 V4 -

)

= 2 M 10 M/cyT

===2 M40 M/cyT

CMelneHue KpoBJIH, M

0 2.5 5 1,5 10 12,5 15
Paccrogune ot 3a00s1, M

Pucynok 34 — Cmenienusi KpoBJIM MPH yCTaHOBKE aHKEepOB B 0,3 M OT 320051 BRIpaOOTKH MIPH CKOPO-
ctu ipoBeaenus 5, 10, 15 u 40 m/cyT, B 1 M u B 2 M 0T 32004 nipu ckopoctu nposeaeHust 10 u
40 m/cyT

[IpencraBneHHbIe JaHHBIE TO3BOJISIOT ClIETAaTh BBIBOJ O CYIIECTBEHHOM BIUSHUU
OTCTaBaHUsl yCTAHOBKH aHKEPOB OT 3a00sI Ha MPOLIECC MOCIeaAyIouero negopmMupona-
HUS aHKEPHBIX IITAHT U IPUKOHTYPHBIX nopoi. Ha ocHOBaHMM MOJTyYE€HHBIX 3aBUCH-
MOCTEH OIpeiesIeH0, YTO ONTUMAIbHOE OTCTaBaHUE Psiia AHKEPHOU KPEMU OT MIIOCKO-
CTH 320051 TIpU KOMOAHOBOM croco0e MpoBeieHHs BhIpaboTKu coctaBisieT 300 Mmm
npu ckopoctu nposeaeHust 5-10 m/cyt, 400 mm npu ckopoctu 10-15 m/cyT, 600 MM
nipu ckopoctu 20-30 m/cyT; 1000 MM nipu ckopoctu 30-40 m/CyT.
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7 BbBIBOABI

Jns npenynpexaeHus caMmopas3pyLeHNs] TPUKOHTYPHBIX NOPOA KOHCTPYKIIMS aH-
KEPHOW KpEMNHu JOJKHA COCTOSTh U3 CIEAYIOIIUX 3JIEMEHTOB: CHIJIOBAs YaCTh NIEPEKPHI-
THS BBIPaOOTKH; MOJNOPHAS YaCTh NEPEKPHITUS BIPAOOTKHU; OMOPHI MEPEKPHITUS BbI-
pabOTKM; OCHOBAHHME KOHCTPYKIUU; 3aIIUTHBIE TEPEMBIUKH.

[Ipu 3TOM cuoBasi 4acTh MEPEKPHITHS MPOTUBOACUCTBYET AedopMalusM U cMme-
IIEHUIO TOPHBIX MOPOJ] KPOBIM BBIPAOOTKH B €€ npocTpancTBo. [loanopHas yacth Boc-
IIPUHUMAET U NEPEeNaeT Harpy3Ky OT CHJIOBOIO 3JIEMEHTA NEPEKPBITHS Ha OIOpY,
Tak)K€ OHa HeoOX0IuMa JJIsl yIPaBICHUSI CPOKOM CITY>KObl KOHCTPYKIIMU B 3aBUCHUMO-
CTH OT Ha3HAYCHUsI BEIPAOOTKH; OMIOPHI IEPEKPHITHS IEPEIAIOT HATPY3KY OT IEPEKPHI-
TUSI HA OCHOBAaHME, pa3rpy’kasi TOPHbIE MOPOJbl OOKOB BbIpaOOTKH. OCHOBaHHE KOH-
CTPYKIIMH CITIOCOOCTBYET MOBBIIIICHUIO YCTOMYHMBOCTH OOKOB BBHIPAOOTKH U yMEHBIIIE-
HUIO ITy4YEHUS TIOYBBI.

3alUTHBIE TIEPEMBIYKH MPOTUBOACHCTBYIOT Pa3pyLICHUIO MPUKOHTYPHOTO Mac-
CUBa BCJIEJICTBHE OCBOOOXKICHHSI SHEPTUN YIPYTUX AePopMalinii, KOTOPbIE HaKaIJIU-
BAIOTCS C YBEITMYEHUEM JITTMHBI BbIpaOOTKH. [I[puMeHeHre aneMenTa KOHCTPYKIUY aH-
KEPHOM KpEeMH «IEePEeMbIUKa» ¢ MEPUOAUYHOCTBIO 20-25 M OJIOKMpYyeT HEraTUBHOE
nencTBre (akTopa BIMSHUS JJIMHBI BRIPAOOTKH, YBEJIMYUBAs OTHOCHTEIBHYIO MPOY-
HOCTb IOPO/JI B OKPECTHOCTH BBIPAOOTKH MPU MPUMEHEHHUH MTPOCTHIX KOHCTPYKUMI aH-
KEPHOM Kpenu 10 6, yCHIEHHBIX — 10 7,5 1 MOIIHBIX — 110 §8,5.

VYBenuueHne KOJIMYECTBA aHKEPOB B 3JIEMEHTaX KOHCTPYKLUWH AaHKEPHOM Kpemu
IIPUBOJMT K POCTY OTHOCUTEJIBHON ITPOYHOCTH TPEXOCHO CKATBIX MPUKOHTYPHBIX I10-
pox. Ilocne TOCTHXKEHMSI STUM IIOKA3aTENIEM MTOPOrOBOr0 3HAYEHHs apMHUPOBAHHBIN
MacCUB HauMHaeT paboTaTh B KAU€CTBE OIOP, HECYLIasi ClIOCOOHOCTh KOTOPBIX YBEIH-
YUBACTCS MPU MOBBILICHUH MOIIHOCTH KOHCTPYKLIMH, IIPU 3TOM OTHOCHUTEJBHAS IO-
Teps IJIOLIAAN CEYEeHUS BbIpaOOTKH yMeHbIaeTcsi. CoXpaHeHne NPUKOHTYPHOTO Mac-
CUBa BBIPA0OTKU C MPUEMIIEMBIMH 3HAYEHUSIMH OTHOCHUTENBHON npouHoctu 6,0-7,5
JOCTUTaeTCs MPU OTCTABAHUM YCTAHOBKH PSAJa aHKEPHOU KPENH OT IJIOCKOCTHU 32004
Ha BenmuuHy 300 MM mpu ckopoctu e€ mpoBeneHus 3-10 m/cyT. YBenuduenue orcra-
BaHMs YCTAHOBKHU PsiIa aHKEPOB OT 320051 BBIPAOOTKU MPUBOJUT K YMEHBILIECHUIO OT-
HOCHUTEJIBHON MTPOYHOCTH MOPOJI B KOHCTPYKLIUHU KPEIIH.

[TonyuyeHHble pe3ynabTaThl HO3BOJIMIIA YCOBEPIIEHCTBOBATh TEXHOJIOTHUIO ONOPHO-
AHKEpHOTO KpeIUIeHUs, KoTopasd ycnemHo npuMensercs Ha maxrtax [TAO «ITOK
[TaBnorpagyrons», [ITAO «Kpacuogonyrons» 1 OO0 «KpacHonnmaHCKOE».

CIMCOK JIMTEPATYPbI

. CrasporuH A.H., MpotoceHs A.l'. MexaHuka fedopmmpoBaHus 1 paspylueHus ropHeix nopog. M.: Heapa, 1992. 224 c.

. nywko B.T., BuHorpagos B.B. PaspyLueHure ropHbIx nopog 1 NporHo3upoBaHue NposiiieHunid ropHoro aaenequs. M.: Hegpa,
1982. 193 c.

. Kapethukos B.H., Kneitmenos B.B., Hyxauxun A.l'. Kpennenne kanutanbHbIX U MOArOTOBUTENbHbIX TOPHBIX BbIpaboTok. M.
Henpa, 1989. 571 c.

. NutBunckuin .1, Taiko .M., Kynaeipkaes H./. CTanbHble pamHble kpenu ropHbIx BolpaboTok. Kuie: TexHika, 1999. 216 c.

. baknauwos W.B., KapTosusa b.A. MexaHuka noA3emMHbIX COOPYXEHUA 1 KOHCTPYKLUMIA kpenel. M.: Heapa, 1984. 415 c.

. BuHorpapos B.B. [eomexaHuka ynpaBneHnst COCTOSHUEM MaccuBa BOMan ropHbix BelpaboTok. K.: Haykosa gymka, 1989. 192 c.

. Lautsch T. Roofbolting in three continents — a comparison. Fourth International Symposium Roofbolting in Mining. Aachen, 2001.
P. 59-76.

. A critical overview of U.S. rock bolting practices / J. Luo, C. Haycocks, M. Karmis, E. Westman. Third International Symposium

Roofbolting in Mining. Aachen, 1998. P. 13-34.
4. Gerrard C. Rock bolting in theory. Proceedings of the International Symposium on Rock Bolting. Abisko, Sweden, 1983. P. 3-29.

Lal P —

= O i b=



60 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexHiyHa mexaHika. 2020. Ne 151

0. MenbHukos H.U. AnkepHast kpenb. M.: Hegpa, 1980. 252 c.

11. bynat A.®., BuHorpagos B.B. OnopHo-aHkepHOe KpenneHne ropHbix BelpaboTok yronbHbIX WwaxT. JHenponetposck: UM TM HAH
Ykpaunbl, 2002. 372 c.

12. Pewetos C.E., Peme3oB A.B., Mbiwnsies b.K. OcobeHHOCTU COBPEMEHHOI TEXHONOMW aHKEPOBAHMSI KPOBMM, NPUMEHSIEMOIA B
CLIA. Yeorb. 1999. Ne 12. C. 77-78.

73, MuHsapunos P.I. CoBepLIeHCTBOBaHWE NApaMeTPOB CTanenonMMepPHOr0 aHKEPHOTO KPEMieHWst NoneBbIX BbIpaboToK LuaxT
CYBPA. 'opHb 1l uHghopmayuoHHo-aHanumuyeckud bronnemens. 2006. Ne3. C. 312-319.

14, KomOMHMpOBaHHbIE aHKepHbIe CUCTEMBI A1 MOBTOPHOIO UCMONb30BaHUs FopHbIX BbipaboTok / B.U. BongapeHko, U.A. Kosanes-
ckasi, I.A. CumaHoBuy v ap. [Henp: NinsyHoslpec, 2017. 188 c.

5. Arthur J. Support of Coal Mines in the United Kingdom. Proceedings of the 21 International Conference on Ground Control in
Mining. Morgantown, WV, 2002. P. 161-168.

16. Zienkiewicz O.C., Taylor R.L., Zhu J.Z. The Finite Element Method: Its Basis and Fundamentals. Butterworth-Heinemann, 2013.
714 p.

7. Non-linear finite element analysis of solids and structures / de Borst R., Crisfield M.A., Remmers, J.J.C., Verhoosel C.V. John
Wiley & Sons, 2012. 516 p. DOI: https://doi.org/10.1002/9781118375938

8. Kpykoscbkuit O.11. Haykosi 0CHOBM TEXHOMOTiT ONOPHO-aHKEPHOTO KPINNEHHS! FiPHUYMX BUPOOOK BYFiMbHIX LWAXT: [KC. .. A-pa TEXH.
Hayk: 05.15.02. [HinponeTposcsk: INTM HAHY, 2012. 361 c.

79. Kpykosckuin A.MN. MoaenupoBaHue M3MEHEHNS HanpsikeHHO-4ePOPMUPOBAHHOTO COCTOSIHUSI MPUKOHTYPHOTO Maccuea npu oT-
xoge 3abos ropHoit BbipaboTku. Mpobremu 06yUCT08abHOI MexaHiku i MiuHOCMI KoHempyKyid. [HINponeTpoBcbK: [HinponeT-
POBCLKUIA HaLioHanbHKiA yHiBepeuTeT, 2011, Bun. 17. C. 175-181.

200, ®apees A.b. MeTop KoHEUHbIX 3nemMeHTOB B reomexaHuke. M. Heppa, 1987. 224 c.

21, Goodman R.E., Taylor R.L., Brekke T.L. A model for the mechanics of joined rock. Proc. ASCE. 1968. Vol. 94. P. 637-654.

22, Krukovskyi O., Bulich Y., Zemlianaia Y. Modification of the roof bolt support technology in the conditions of increasing coal mining
intensity. E3S Web of Conferences, International Conference Essays of Mining Science and Practice. 2019. Ne109.

DOI: https://doi.org/10.1051/e3sconf/201910900042

23, Kpykosckuit A.MN. opmmpoBaHue NOPOLHOI OMOPbI C NPUMEHEHNEM aHKepa BbICOKOA HECYLLElt CnocoBHOCTH. eomexHuYyeckas
mexaHuka. [JHenponeTposck: AI'TM HAHY, 2005. Ne 55. C. 82-91.

24. Kpykosckuin A.T1. BnnsiHne NpoYHOCTY 3aKpenneHns aHkepoB Ha hOpMUPOBaHIE HECYLLErO NEPEKPLITUS B KPOBNE FOPHON Bblipa-
6oTkn. MeomexHuyeckas mexaHuka. [HenponeTposck: U TM HAHY, 2004. Ne 51. C. 239-250.

25, Tepewyk P.H. Onpepnenexue paumoHanbHON NOTHOCTU aHKEPOBAHMS OAHOPOAHOTO NPUKOHTYPHOrO Maccusa. CydacHi pecyp-
coeHepao3bepiearoyi mexHosogii 2ipHu4020 supobHuymea. KpemeHuyk: KpemeHuyy,. Hay. yH-T im. M. Octporpapacbkoro, 2013.
Bun. 2. C. 130-137.

6. Kpykosckuin A.MM. BnusiHWe NNOTHOCTY YCTAHOBKM BbICOKOHECYLUMX @HKEPHBIX LUTAHT HA (hOPMUPOBAHWE CUCTEMbI ONOPHOTO Ne-
pekpbITUs. [eomexHuyeckass mexaHuka. JHenponetposck: U TM HAHY, 2003. Ne 47. C. 254-261.

27. Kpykoeckmin A.T., Kpykosckas B.B., XBopocTtsH B.A. TexHOnomsi OnopHO-aHKePHOrO KpEenneHus FopHbIX BbipaboToK YroNbHbIX
WwaxT YkpauHbl. Yeoss Ykpaursl. 2013. Ne 2, C. 13-16.

2281, TexHomoris aHKepHOrO KpinneHHs ripHymux BUpoBOoK Ha LwaxTtax YkpaiHu: ctaH Ta nepcnektusu / Bynat A.®., Monosuy |.M., Bis-
yapeHko O.B., Kpykoscbkuit O.11. Yeonb Ykpaunsl. 2014. Ne 2. C. 3-7.

9. COY 10.1.05411357.010:2014. Cuctema 3abe3neyeHHst HafiiHOro Ta 6e3ne4YHoro (hyHKLioHyBaHHS ripHUYNX BUPODOK i3 aHKep-

HWM KpinneHHsIM. 3aranbHi TexHiuHi BuMori. [UnHHuiA 3 2014.11.10]. K.: MinByrnenpom Ykpainu, 2014. 69 c.

Krukovskyi O.P. Application of roof bolting support in the Ukrainian mines. The 25th World Mining Congress 2018: proceedings.

Underground mining. Astana, 2018. P. 1451-1459.

1. Kpykoscbkuit O.1., Kpykoscbka B.B., XeopocTtsiH B.O. Crioci® aHKepHOTo KpinneHHs ripHU4oi BUpobku 3 nepiognyHUM nocuneH-
HSIM aHKePHO-NOPOAHOT KOHCTpYKLUii. MeomexHiyHa mexaHika. [Hinpo: IF'TM HAHY, 2019. Ne 144. C. 53-61.

DOI: https://doi.org/10.15407/ge0tm2019.144.053

30.

REFERENCES

1. Stavrogin, A.N. and Protosenya, A.G. (1992), Mehanika deformirovaniya i razrusheniya gornyih porod [The mechanics of defor-
mation and destruction of rocks], Nedra, Moscow, Russia.
2. Glushko, V.T. and Vinogradov, V.V. (1982), Razrushenie gornyih porod i prognozirovanie proyavieniy gornogo davleniya [Rock
destruction and prediction of rock pressure], Nedra, Moscow, USSR.
3. Karetnikov, V.N., Kleymenov, V.B. and Nuzhdihin, A.G. (1989), Kreplenie kapitalnyih i podgotovitelnyih gornyih vyirabotok [Sup-
porting of capital and preparatory mine workings], Nedra, Moscow, USSR.
4, Litvinskiy, G.G., Gayko, G.I. and Kuldyirkaev, N.I. (1999), Stalnyie ramnyie krepi gornyih vyirabotok [Steel frame support for mine
workings], Tekhnika, Kyiv, Ukraine.
. Baklashov, L.V. and Kartoziya, B.A. (1984), Mehanika podzemnyih sooruzheniy i konstruktsiy krepey [Mechanics of underground
constructions and structures of supports], Nedra, Moscow, USSR.
ii. Vinogradov, V.V. (1989), Geomehanika upravieniya sostoyaniem massiva vblizi gornyih vyirabotok [Geomechanics of massif state
control near mine working], Naukova dumka, Kyiv, USSR.
. Lautsch, T. (2001), “Roofbolting in three continents — a comparison”, Fourth International Symposium Roofbolting in Mining, Aa-
chen, pp. 59-76.
&, Luo, J., Haycocks, C., Karmis, M. and Westman E. (1998), “A critical overview of U.S. rock bolting practices”, Third International
Symposium Roofbolting in Mining, Aachen, pp. 13-34.

"

|



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexHiyHa mexaHika. 2020. Ne 151 61

4. Gerrard, C. (1983), “Rock bolting in theory”, Proceedings of the International Symposium on Rock Bolting, Abisko, Sweden,
pp. 3-29.

0. Melnikov, N.I. (1980), Ankernaya krep [Roof bolting], Nedra, Moscow, USSR.

11. Bulat, A.F. and Vinogradov, V.V. (2002), Oporno-ankernoe kreplenie gornyih vyirabotok ugolnyih shaht [The bearing-bolt support-
ing for coal mines workings], IGTM NAS of Ukraine, Dnepropetrovsk, Ukraine.

2. Reshetov, S.E., Remezov, A.V. and Myishlyaev, B.K. (1999), “Features of the modern technology of roof anchoring used in the
USA”, Ugol, no.12, pp. 77-78.

3. Minzaripov, R.G. (2006), “Improving the parameters of steel-polymer anchoring of field workings of mines SUBRA”, Gornyiy infor-
matsionno analiticheskiy byulleten, no.3, pp. 312-319.

14, Bondarenko, V.I., Kovalevskaya, I.A., Simanovich, G.A. et al. (2017), Kombinirovannyie ankernyie sistemyi dlya povtornogo ispol-
zovaniya gornyih vyirabotok [Combined anchor systems for mine workings reuse], LizunovPres, Dnepr, Ukraine.

15. Arthur, J. (2002), “Support of Coal Mines in the United Kingdom”, Proceedings of the 21 International Conference on Ground
Control in Mining, Morgantown, WV, pp. 161-168.

16, Zienkiewicz, O.C., Taylor, R.L. and Zhu, J.Z. (2013), The Finite Element Method: Its Basis and Fundamentals, Butterworth-Heine-
mann, London, UK.

7. de Borst, R,, Crisfield, M.A., Remmers, J.J.C. and Verhoosel, C.V. (2012), Non-linear finite element analysis of solids and struc-
tures, John Wiley & Sons, London, UK. DOI: https://doi.org/10.1002/9781118375938

1d. Krukovskyi, O.P. (2012), “The scientific basis of technology support-anchor fastening of mining workings of coal mines”, D.Sc.
Thesis, The underground extraction of mineral deposits, M.S. Poljakov Institute of Geotechnical Mechanics under NAS of Ukraine,
Dnepropetrovsk, Ukraine.

19, Krukovskyi, O.P. (2011), “Modelling changes of stress-strain state of solid edge during the distance of work-ing face of mine
workings”, Problemy obchysliuvalnoi mekhaniky i mitsnosti konstruktsii, no. 17, pp. 175-181.

20, Fadeev, A.B. (1987), Metod konechnyih elementov v geomehanike [Finite Element Method in Geomechanics], Nedra, Moscow,
USSR.

21. Goodman, R.E., Taylor, R.L. and Brekke, T.L. (1968), “A model for the mechanics of joined rock”, Proc. ASCE, vol. 94, pp. 637-
654.

22, Krukovskyi, O., Bulich, Y. and Zemlianaia, Y. (2019), “Modification of the roof bolt support technology in the conditions of increas-
ing coal mining intensity”, E3S Web of Conferences, International Conference Essays of Mining Science and Practice, n0.109.
DOI: https://doi.org/10.1051/e3sconf/201910900042

23, Krukovskyi, O.P. (2005), “Formation of rock support using high load-bearing anchor”, Geo-Technical Mechanics, no. 55, pp. 82-91.

24. Krukovskyi, O.P. (2004), “The effect of anchor fixing strength on the formation of a bearing overlap in a mining roof’, Geo-Technical
Mechanics, no.51, pp. 239-250.

5. Tereschuk, R.N. (2013), “Definition of rational anchoring density of homogenous surrounding massif’, Suchasni resursoener-
hozberihaiuchi tekhnolohii hirnychoho vyrobnytstva, no.2, pp. 130-137.

26, Krukovskyi, O.P. (2003), “The influence of the density of the installation of high-bearing anchor rods on the formation of the support
floor system”, Geo-Technical Mechanics, no. 47, pp. 254-261.

27. Krukovskyi, O.P., Krukovska, V.V. and Khvorostian, V.0. (2013), “The technology of bearing-bolt supporting of mine workings for
Ukraine coal mines”, Ugol Ukrainy, no.2, pp. 13-16.

28, Bulat, A.F., Popovych, |.M., Vivcharenko, O.V. and Krukovskyi, O.P. (2014), “Technology of mine workings anchoring in mines of
Ukraine: state and prospects”, Ugol Ukrainy, no.2, pp. 3-7.

29, Ukraine Ministry of Coal Industry (2014), 10.1.05411357. 010:2014. Systema zabezpechennia nadiinoho ta bezpechnoho

funktsionuvannia hirnychykh vyrobok iz ankernym kriplenniam. Zahalni tekhnichni vymohy [10.1.05411357. 010:2014. System for

ensuring reliable and safe operation of mine workings with anchoring. General technical requirements], Ukraine Ministry of Coal

Industry, Kyiv, Ukraine.

Krukovskyi, O.P. (2018), “Application of roof bolting support in the Ukrainian mines”, The 25th World Mining Congress 2018.

Proceedings. Underground mining, Astana, pp. 1451-1459.

1. Krukovskyi, O.P., Krukovska, V.V. and Khvorostian, V.0. (2019), “Method of roof-bolting support of mining with the periodic
strength of anchor-rock structure”, Geo-Technical Mechanics, no.144, pp. 53-61.

DOI: https://doi.org/10.15407/geotm2019.144.053

30.

00 aBTOpE

Kpykoeckuii AnekcaHdp [Memposuy, uneH-koppecnoHaeHT HAH YkpauHbl, JOKTOp TEXHWYECKMX HayK, 3aMecTUTENb
LMpPEKTOpa UHCTUTYTA MO HayyHoi paboTte, MHCTUTYT reoTexHnyeckoin Mexanuki um. H.C. Monskoea HaunoHanbHoM akagemMumn Hayk
Ykpaunbl (MTTM HAHY), r. IHenp, YkpawHa, igtm@ukr.net

About the author

Krukovskyi Oleksandr Petrovych, Corresponding Member of the National Academy of Sciences of Ukraine, Doctor of Technical
Sciences (D.Sc.), Deputy Director of the institute, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of
Science of Ukraine, Dnipro, Ukraine, igtm@ukr.net

AHoTauif. 3a JONOMOrol YMCENnbHOT0 MOAEMNIOBAHHS POBOTH aHKEPHOTO KPINMeHHs! QOChigkeHi yMoBM hopmy-
BaHHS BaHTAXOHECHOT ONOPK OAHWUM aHKEPOM, OMOPHO-AHKEPHOTO NEPEKPUTTS CUCTEMOID aHKEPIB i MOPOAHO-aHKEPHUX
€IEMEHTIB KOHCTPYKLii aHKepHOro KpinneHHs. [ns peanisauii nocTaBneHux 3aBAaHb LOAO BAOCKOHANEHHS TEXHOMOrii
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aHKepHoro kpinneHHs 6yna copmynboBaHa KOHLeENUis B3aeMogiji NOPOAHO-aHKEPHWX OMop, Npu SKi BOHW YTBOPOKOTH
BroKK, Lo hOPMYIOTb B MPUKOHTYPHOMY MacuBi €4NHY KOHCTPYKLLHO, 30aTHY NpOTUAISTH ripcbKoMy TUCKY. MokasaHo, Wwo
TaKka KOHCTPYKLiSt MOBMHHA CKNAQaTMCA 3 HACTYMHUX eNTIEMEHTIB: CUNOBOI YaCTUHW NEPEKpUTTS BUPOOKK; MignipHoi vac-
TUHW; ONOPM; OCHOBU KOHCTPYKLT; 3aXMCHWX nepemuyok. Mpu LsoMy CUnoBa YacTuHa NepekpuTTs npotudie Aedopmal i
3MILLEHHIO TipCbKMX Nopig Nokpisni Bupobku B ii npocTip. MignipHa YacTuHa cnpuinmae i nepesae HaBaHTaXeHHs Big CUno-
BOTO €lieMeHTa NepekpUTTS Ha Onopy, TAakOX BOHA HeoBXigHa Ans ynpaBniHHA TEPMIHOM Cryx6Ou KOHCTPYKLT B 3aNeXHO-
CTi Bif npu3HayeHHs B1pobku. Onopm NnepekpuTTs NepeaatTb HABAHTAXKEHHS Bif NEPEKPUTTS HA OCHOBY, PO3BAHTAXYHOUN
ripcbki nopoay 6okis BUpo6ku. OCHOBA KOHCTPYKLii CNpUSIE NiABULLEHHIO CTIMKOCTI 6OKIB BUPOBKY | SMEHLLEHHIO 3aUMaHHS
nigoLwBy BUPOBKKM. 3aXMCHI NnepemMmnyKki NpOTUAiOTb PYMHYBAHHIO MPUKOHTYPHOTO MacwBy BHACHIAOK BUBIIbHEHHS eHepril
NPYXHUX AechopmaLlin, SKi HaKOMUYYKTLCS i3 36iNbLIEHHSM AOBXWHU BUPOBKM. 36iNbLUEHHS KifIbKOCTI aHKepiB B enemeH-
TaxX KOHCTPYKLiT aHKEPHOro KPINMEeHHS NpU3BOANTL A0 3POCTaHHSA BiBHOCHOI MILlHOCTi TPUBICHO CTUCHYTUX NPUKOHTYPHUX
nopig. Iicnst AOCArHEHHS LM NOKa3HMKOM NOPOroBOro 3Ha4eHHS apMOBaHW MacWB NOYMHAE NpaLoBaTH B SKOCTI Onopy,
Hecyya 3AaTHICTb AKoT 3BinbLUYeTbCA NpU NIABULLEHHI NOTYXHOCTI KOHCTPYKLT. 36epekeHHs NPUKOHTYPHOrO MacwmBy Bu-
POBKM 3 MPUIHATHUMM 3HAYEHHSMI BIGHOCHOI MiLHOCTI 6,0-7,5 OCAraeTbCA Npu BiACTaBaHHi yCTaHOBKM Py aHKEPHOrO
KpinneHHs Big nnowmHK 3aboto Ha BenuyuHy 300 Mm npu wemakocTi i npoBeaeHHs 3-10 M/goby. 36inblueHHs BiacTa-
BaHHS YCTAHOBKW Psdy aHKepis Bid BUOOK BMPOBKM NPWU3BOANTL L0 3MEHLUEHHS BiGHOCHOI MILIHOCTi MOPIA B KOHCTPYKLT
KpinneHHs.

OTpumaHi pe3ynbTaTin 4O3BONMIN YAOCKOHANWTM TEXHOMONi0 ONOPHO-aHKEPHOTO KPINMEHHS, sika YCMilLHO 3aCTOCo-
ByeTbCsA Ha waxtax AT «ATEK Maenorpaggyrinnsy, NMAT «KpacHogoHsyrinns» i TOB «KpacHonmMmaHcekey.

KntoyoBi cnoBa: nopoaHo-aHKepHa KOHCTPYKLs, TEXHONOTS aHKEPHOTO KPINneHHs, YncenbHe MOAENoBaHHS, ene-
MEHTU KOHCTPYKLLIT aHKEPHOTO KPinneHHs

Abstract. Using numerical simulation of the bolting work, the conditions for the formation of a load-bearing support
by one anchor, formation of the support-anchor overlap by the anchor system and formation of elements of rock-bolting
structure are investigated. To improve the technology of anchoring, a new concept has been developed. It consists in the
fact that the interacting rock-anchor supports form blocks which are united into a single construction that can resist rock
pressure. It is shown that it should consist of the following elements: a load-bearing part of the canopy; a backing-up part
of the canopy; supports of the canopy; a base of the structure and elements “bridges”. The load-bearing part of the canopy
counteracts deformations of the roof rocks and their displacement into the roadway. The backup part takes the load from
the load-bearing element of the canopy and transmit it to the support. This part is also needed for controlling life period of
the construction depending on the roadway operation. Supports of the canopy transmit load from the canopy to the base.
The base of the construction facilitates increasing of stability of the roadway wall and decreasing of the floor heaving. The
“bridges” prevent the edge rock mass from breaking due to the released strain energy, which is accumulated with each
elongation of the roadway. An increase in the number of bolts in structural elements of anchor supports leads to an increase
in the relative strength of triaxially compressed edge rocks. After this indicator reaches the threshold value, the reinforced
rocks begin to work as a support, the bearing capacity of which increases with increasing construction power. Acceptable
values of the relative strength of 6.0-7.5 are stored in the rocks around the mine working, if the distance between the mine
face and the first row of bolts does not exceed 300 mm at a driving rate of 3-10 m/day. An increase in the distance between
the mine face and the first row of bolts leads to a decrease in the relative strength of the rocks in the construction.

These results made it possible to improve the bearing-bolt supporting technology, which is successfully used in the
coal mines of DTEK Pavlogradugol PJSC, Krasnodonugol PJSC and Krasnolimanskoye LLC.

Keywords: rock-bolting structure, technology of anchoring, numerical simulation, elements in the bolting construc-
tion
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