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TIPEOUCJ/IOBUE

HesTeNbHOCTh CENHANHCTOB B OBNACTH HHXKEHEPHOH TeOJOTHH H TH-
APOTEOJIOTHH B MPAKTHUECKOM ee acleKkTe HanpapjaeHa Ha MCCAelOoBa-
HHe ¥ O6OCHOBAHHE ONTHMAJbHBIX YCJIOBHH CTPOHTENBCTBA H HALEXKHO-
CTH 3KCNJAyaTauHH COOPY:KeHHH, pamHOHaJbHOIO HCIOJb30BAHHA H
OXpaHy IeoJIOTHYeCKON Cpelbl.

Cdepa meATeNbHOCTH HHKEHEPHOH I'eOJOrHH H THIPOTEOJOTHR C
Ka)<AbIM FOJOM MNOCTOSSHHO PacCIUUPSeTCH, YTO CBA3AHO He TOJbKO C TeM-
flaMH H PasMaxoM CTPOHTENbCTBA, HO H ¢ BO3BedeHHEeM YHHKAJbHBIX
COOPYKEHHI (BBICOKHE MJOTHHBI, IMTY6OKHe Kapbepbl, MpPOXOAKa H Be-
IeHHe MNO13eMHBIX padoT Ha O60JbUIMX rAyOHHAX H Op.).

3HaHHe MeXaHHUKH rOPHBIX MOPOX HeOOXOOHMO CHenHAaJUCTaMm B 006-
JIaCTH HHMKeHepPHO#i TeOJOTHH H I'HJIPOre0.JOrHH MpPH COCTAaBJICHHH KOJH-
YEeCTBEHHBIX [POrHO30B PA3BHTHA DAa3/HUHBIX TeQJOrHUeCKHX Ipolec-
c0B, 0060CHOBaHHH yCTOHUHBOCTH COOPY:KEHHII B oNpeleNeHHOI reoJo-
ruyecKkoil oBCTaHOBKe H, KPOMe TOro, NO3BOJseT PelraTb Psia TeOpeTH-
YeCKHX BONPOCOB, CBA3aHHHIX ¢ QOPMHPOBaHHEM ¥ MPHPOAOIl MPOYHO-
CTH COPHBIX TOPOI.

Ha omnpeneneHHbIX 3Tanax HCCAefOBAHHII B3aHMOIENCTBHS COOpY-
JKEHHH ¢ TOPHBIMH NOPOAAMY HHMKEHePHAs reosords, rUNpOreosorus
MeXaHHKa FOpHBbIX MOPOI OKA3bIBAIOTCH B3aIMOCBSi3aHHBIMH. MHxkeHep-
HAas reoJIOTHS H THAPOTeO/OrHs ROJMKHBI 3aKJa1bIBaTh OCHOBY IJs MO-
CTPOEHHsI PACUYRTHOH MOJENH ¢ VueToM OCOBEHHOCTEH reoJIOrHuYecKoro
paspe3a, a TakKxe aHaaHu3a paborbl CHCTEMBI «COOPYXKeHHE — ropHbIe
T7OPOabI»,

B HacTosileM H3JaHHH PpACCMATPHBAITCH OCOGEHHOCTH OLEHKH
IPOYHOCTI, YCTOHYHUBOCTH H Ae(DOPMHPYEMOCTH MPAKTHYECKH BCeX TH-
NOB MOpoa (HCKNOUYeHHe COCTABJASIOT Mep3Jble PaCTBODHMBIE MOPOIHL,
a TaK)Ke OpPraHo-MHHepaJsbHble O0Pa30BaHHs) BO B3aUMOAECTBHH HX
C pa3JHYHBIMH HA3€MHBIMH H MOA3EMHBIMU COODYKeHUsiMH. BRaoueHne
r/1aBbl, Kacamlleficss ycTOHYHBOCTH MOA3eMHBIX BBIPalOTOK, 06yCaA0BIE-
§0 PasBHTHeM CaMOCTOSTeNbHOro pasgena «HxeHepHas reosiorus me-
CTOPOXKIEHHI MONEe3HbIX HCKOMAeMBbIX».

[TockoabKy maHHAs KHHrA PACCYHTAHA HA CTYJEHTOB reOJOrHyecKo-
ro apogpuas, B Hefl [OCTaTOYHOe BHHMAaHHe yIedeHO (H3MYeCKOH MpH-
pOle PA3JHUYHBIX [POLECCOB, PA3BHBAMIIMXCA B T'OPHBIX MOPOZax B
NpOIEeCcCe CTPOHTENbCTBA H KCIJIyaTalHH COOPY:KEHHH, H BO3MOXKHO-
CTH HX y4yeTa B PaCUeTHLIX CXeMax.

Hcnonb3oBaHHe MeXaHHUKH TODHBIX MODPOL B HHMKeHEpPHOM TeoJOrHH
U T'HAPOreosJOrHH M03BOJsAeT ONTHMAJbHO COYeTaTh KauyeCcTBEHHBIH aHa-
JIH3 Teo. OTHYeCKOH OOCTAHOBKH CTPOHTEJNbCTBA € KOJNHYECTBEHHBIM
060CHOBaHHeM MNPaBHJABHOCTH BbIOpPaHHOrO BAPHAHTA pa3MelleHHs!, KOH-
CTPYKUHH COOPYyXKeHHsi H YCJOBHI ero 3KCNJyaTallHH, YTO CJOYXKHUT 3a-
JIOroM YCHOelIHOH aefTeNbHOCTH ChlenHaJsucra, paborawinero B o6na-
CTH HHXXeHepHOH re0JOrHH U THapOre0JOrTH.



I'masa 1
MEXAHUKA TOPHbBIX NOPOJ U EE CONEP)XAHUE

§ 1. 3AIAYM U METOJbI

JlesTensHOCTh COBPEMEHHOrO CrenuanicTa B 064acTH HHKeHEePHOH reo-
JIOTHU CBA3AHA CO CTPOHTENBCTBOM BCEX THIIOB COOPYKEHHH, BO3BOJLH-
MBIX YeIOBEKOM, 106BIUeH NOMe3HBIX HCKOMAeMEIX, OCBOEHHEM Lienbdo-
BOH 30HBI MODEH M OKeaHOB U T. n. MHKeHepHAs JesiTeNbHOCTb e I10Be-
K@ Pe3Ko MEHfIeT NPHPOLHYIO 06CTAaHOBKY. TO BO3/JeHCTBHE He TOJBKO
MPOCTHPAeTCs Ha OOJbliMe NJOMIAAH 3E€MHOf ITOBEPXHOCTH, HO H 3a-
Tparupaer CylleCTBeHHBle IMIyOuHBI, pgocTHrammue 23 KM H Gosee:
. Pacuser nayuno-texmuyeckoii pesosonun tpedyer POEKTHPOBAHHSE
HOBBIX THIIOB COOPYKEHHH, /sl CTPOHTENBCTBA KOTOPHIX HAKONJIEHHBIH
ONBIT HEAOCTATOYEH. BMecTe C Tem Benercs ocBOGHHe HOBBIX TePPHTO-
puil, KOTOpble paHee PACCMATPUBAJIUCL KaK HENMPHUTOAHbIE A CTPOH-
TEAbCTBA THKENBIX COODPYKEHHI| C TOUKH 3PEHHsS HeyLOBJIETBOPHTENb:
HOTO COCTOSIHHS TOPHBIX NOPOJ NpH OmeHKe HX Hecymied crnoCoBHOCTH.
PasMax ruapoTexHHYECKOTO CTPOHTeNbCTBA, KOTAA TNPOEKTHDPYIOTCSH
NJOTHHBI, JOCTHT AIOIHe B BBICOTY HECKOJNBKHX COT METPOB, PACCYHTAH-
Hble Ha BOCNPHSTHE HATPY30K, SKBHBAJEHTHHIX NEHCTBHIO B3DbIBA MUJI-
JJHMOHOB TOHH TPHHHUTPOTO/YOJa, BBOJA B SKCILIYATAUHIO KaPbEPOB TJay-
GuHof cBbime 700 M, B HACTOsIIee BPeMs OKA3biBAeTCH OGbLITHON MHIKe-
HepHOH 3amayveil.

VH:XeHepHas reo/orHs Ha COBPEMEHHOM STane ee PA3BHTHS, 3aHH-
MaloLasicsl BONPOCAMH T€OJOTHUECKHX YCIOBHII CTPOMTENbCTBA DA3IHY:
HBIX COODYXKEHHH M XO35HCTBEHHOTO HCIOJIB30BAHHS TEPPHTOPHH, —
HayKa KOMNJeKCHasi. B pesy.ibraTe npoBejeHHst HHKEHEPHO-TEOJOTH-
UECKHX HCCIEAOBAHMII HA paccMaTpHBAeMON TEePPHTOPHH HE TONBKO
LAETCsl KayeCTBEHHAs OIlEHKa YCJOBHH CTPOHTENbCTBA TOTO MJIH HHOTO
00beKTa, HO M NPOH3BOAHTCS KOJHUECTBEHHOE 0GOCHOBAHHE YCTOHUH-
BOCTH NPOEKTHPYEMOTO COOPYXKEHHSI, HA OCHOBE KOTODOro paspabarhi-
BAIOTCH MHIKEHEDHBIE MEpOnpHATHS A obecneueHus HOpMasbHBIX
YCJOBHII ero CTPOMTENbCTBA M sKcnayaranu. C a1ofl menbo B HHxe:
HEPHOH IeONOrHH LWHPOKO HCNONB3YIOT PACUETHO-TEOPETHYECKHE METO-
Zbl, TPHMEHEHHE KOTOPBIX BO3MOXKHO TOJbKO NPH AOCTaTOYHO (yHAa-
MEHTa/IbHOM SHaHHH MeXAHMKH TOPHBIX NOPOA. 3HaHHE MEXaHHKH rop-
HBIX NOPOJ He TOJIbKO NOMOraeT B NPOEKTHPOBAHHH H CTPOHTENbCTBE,
HO M TNO3BOJISET NPAaBHIBHO M. 1eJEYCTPEMJIEHHO H3YyaTbh PasjHYHBIE
T€OJIOTHYECKHE SBJACHHS, HMEIOMHe MECTO NPH HAKOIJIEHHH 0CAaXKOB H
NOCJeAYIONEM HX npeoépasosaﬂuu B NOPOAY HOX neHcTBHeM (H3HKO-
XHMHYECKHX M TPABHTAIMOHHBIX NDOLECCOB, OUEHHBATH DOIb IeHyHa-
UHH 1 aKKYMYJSIHE B XOJ€ Te0JIOrHYeCcKOro PasBHTHs 3eMHOH NMoBepX-
HOCTH, paccMarpuBaTth AeHCTBHE TEKTOHHUECKHX CHJ “HPH . CO3LaHHH
HaNpsiKeHHOTO COCTOAHHS TOPHBIX HOPOL Ha PasiuydbiX  ray6u-
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HAaX C 1leJbi0 BhIABJEHHS BO3MOXKHHIX oOmacrTed ONacHOTO HX cMe-
LIEeHHUS.

De3 3HaHWs MeXaHHUKM TFOPHBIX MOPOJ CIEIHANTHCT B 00/MaCcTH HHKe-
HeDHOH reOoNOrHM He MOKET NPOM3BECTH KONMHUECTBEHHBIH aHaJH3 H
AaTb O0OOCHOBAHHBIA NMPOrHO3 PasBUTHUA PA3JHUHBIX I€0JOTHYECKHX NPO-
1eCCOB KaK MPHPOAHBIX, TAK M ABJASIONINXCS Pe3yNbTAaTOM HH:KeHEPHOH
LeATeNbHOCTH yesoBeKa, [IpOrHosnpoBaHHe H3MEHEHHS TeoJOrHYeCKOH
0OCTAHOBKH B pe3y/NbTaTe CTPOUTENBCTBA PA3AHUHBIX COOPYKEHHH TaK-
e JOJKHO BECTHCh C HCNOMb30BAHHEM PACUeTOB H TEOPETHYECKHX TO-
0K eHHH, pa3BHBaeMbIX MEXaHUKOH rOPHBIX NOPOL.

O6BeKTOM HCCAeN0OBAHHH MeXaHHKH TOPHBIX MOPOM, KAaK H HHKeHeD-
HOH TreOJIOTHH, CNYKAT TOPHble MOPOAB KAaK €CTeCTBEHHO-TeoJoruye-
CKHe 00pa30BaHHA CO BCEMH NPHCYUIMMH UM OCOOEHHOCTSMHU.

B. J. JloMTaase ormeyaeT, YTO CaMOCTOATENbHOE CYLIECTBOBAaHHE
ABYX MHCIHHIJIHH — MEXaHUKU TPYHTOB M MEXaHHKH TFODHBIX MOpox —
HeOlNPaBAaHHO, OHO CJOMXKHJIOCh HCTOPHYECKH B CBSI3H C 3aMPOCAMH Pas-
JIHYHBIX BHIOB CTPOHTenncTBa [17]. BmecTe ¢ TeM cmenHanuct, pabora-
IOWHE B 006JaCTH HHXKEHEePHOH reoJOoriH, N10JKEH H3yYaTh H OLEHHBATh
KaK TMeCyaHOo-TVIHHHCThie 00pa3oBaHUA, TAK U TBePable CKaJbHbIE B Pas-
JUUHOH CTeNeHH TPelidHOBaThie NMOPOAb, TeM OoJee 4TO cnocobwl H
MEeTOAbl X H3yueHHs! pas3jHyHbl JHIIb B OTAEABHBIX CJaydasix. [opHbie
NOPO/ALL, OlleHHBaeMbie B HH)KEHEPHOM acClleKTe, PacCMATPUBAIOTCH Kak
eCTeCTBEHHOe OCHOBaHHe [JIS Ha3eMHBIX COOPYMKEHHH HJAH cpena, B
KOTOPO# NPOXOAAT MOA3eMHBle BLIPAaGOTKH, Kapbephl, KOTJOBAHEI, THOO
KaK CTPOHTENbHBIH MAaTepHan Ajs PasqHuYHBIX COOpYKeHHH.

3TH BONpOCH He MOryT ObITh pelieHbl 0e3 BCeCTOPOHHEro H3YueHHs
H OIEHKH NPOYHOCTH, 1e(OPMHUPYEMOCTH H YCTOHYHBOCTH rOpHBIX NOPOX
B mpolecce Ux B3auUMomeHcTBHA C coopyxKeHueM. Ilostomy ogHoil uz
nepBOCTEeNeHHbIX 33a7ay MEeXaHHKH TOPHBIX TNOPOA SBJSETCS HCCAeNOBa-
Hie 3aKOHOMEPHOCTeH pacnpene/NeHust HAUPsKeHUH U pasputud pedop-
MauMid B rOPHbIX MOPOAAX MNOA BO3LeHCTBHEM BHEUIHHX CHI H COBCT-
BEHHOI'0 BeCd, a TaKxkKe H3YueHHEe B3aUMOCBS3H HaNpsuKeHHH U nedop-
manuil. YCTaHOBJeHHe TAKHX 3aKOHOMepHOCTell MO3BOJIAEeT pematb H
APYTYI 3a7auy MeXaHHUKH TOPHHIX MOPOJ — H3yueHHe H OLeHKa yClo-
BUH YCTOHYHMBOCTH (PaBHOBeCHs!) PasHBIX THIOB TOPHBIX HOPOA TNPH
BO3LEHCTBHH Ha HUX Pas3NUuyHbIX YCuaIui — Harpysok. Caenyroomas 3a-
naya—paspaboTKa pacueTHbIX CXeM NPOUYHOCTH, nedopmaunuil U ycroi-
YHBOCTH TOPHEIX MOPOJ NMPY PA3NHUHBIX CHJAOBbIX BO3AefCTBHAX, KOTO-
pele B HaubGondbuIell creneHd oTpasKanu Obl UX peadbHbie OCOOEHHOCTH.
Chenyer 0XHOaTh, YTO MO Mepe PACHIMPEHHs 3HAHUY O T'OPHHX MOPO-
nax OyayT BOSHHKAThL HOBBlE PACyeTHble CXeMmbl, HoJee IyGOKO U BCe-
CTOPOHHe YYHTHIBAIOI[He (PU3HUECKYID NPHPOAY HX NPOYHOCTH H ne-
dopmupyemocTH. TakoBel OCHOBHble MpPOGJeMbl TEOPeTHUECKHX HCCHe-
JIOBaHMH MEXaHUKH TOPHBIX MOPO/.

CBs3b MEXaHHKH TOPHBIX NOPOA C NPAKTHKOH (CTPOHUTENBCTBOM H
FOPHBIM J€JO0M) TIPOABASETCS B HCMNOJMb3OBAHHU ee METOAOB 1JIS OlLleH-
KH YCTOHUMBOCTH HA3eMHBIX COOPYMKEHHIl NPH NMPOEKTHPOBAHHH HX OC-
HOBaHHUit U (YHIaMEHTOB; 1Jis OIeHKH YCTOHYHBOCTH MOA3€MHBIX CO-
OpYKEeHHH M BeJHYHHBI TOPHOrO OapjieHHs C 1eJbl0 YNPaBJACHUS HM;
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LJsi OLEHKH YCTOHYUHBOCTH €CTECTBEHHBIX CKJIOHOB, OTKOCOB H MOLIOP-
HBIX COOPYKeHHui.

Mexanuka rOpHBIX MOPOA OTHOCHTCS K IHKJIY HAYK, 00beXHHEHHBIX
o0muM HasBaHHeM «MeXxaHHKa». Ecu npocjaesnTh pa3sBHTHe MeXaHHKH
Kak HayKH, TO Ha Haya/jpbHOM 3Tane ObLIH CPOPMYJNHDPOBAHBI 3aKOHBI
MexaHHKH abcOMIOTHO TBepAbix HemeopmupyeMbix Tteda. [locnensue
paccMaTpHBAOTCH B TEOPETHYECKON MEXaHHKe, KOTOpasi YCTAHABIHBA-
eT 3aKOHBl ABHKeHHsS H DAaBHOBECHS 3THX TeJ.

MccnenoBanuem aedopMHpyeMBIX Tesa 3aHHMAaeTcs CTPOHTENbHAs
MeXaHHKa, KOTOpasi H3yuaeT 3TH TejJa Kak CIIOlIHble cHcreMbl. Ilose-
JEHHe TAKHX TEJ B 3aBHCHMOCTH OT HANPSAXKEHHOTO COCTOSHHS MOXKET
6LITh OMHCAHO 33aKOHAMH TEOPHH YNPYrocTH, MIACTHYHOCTH, & TAKKeE
peosoruu.

MexaHHKa TOPHBIX [OPOJA, HCMOJb3Ys NOCTHKEHHsi 3THX Hayk B
CBOHX BBbIBONAX W pacyeTax, YCTAHABNHBAET TAKkKe H CBOH 3aKOHOMeD-
HOCTH, BbITEKAMIIHe HEeMOCPeACTBeHHO H3 PacCMOTPEHHs1 0cODeHHOCTel
CTPOEeHHs FOPHBIX HOPOA KaK TPEIIHHOBATHIX HJH LHCINEDPCHBIX CHCTEM.
IlpuHuMas BO BHHMaHHe HX pasgpobJeHHOCTb, B MEXAHHKY TODHHIX
OpO;L BBOISATCH HOBBlE 3aKOHOMEPHOCTH 1e(OpPMHDPOBAHHA H pPaspy-
LIeHHs] C Y4YeTOM TPEUIHHOBATOCTH H MODPHCTOCTH MAaTepHAasoB, CHJI
BHYTPEHHEro TPeHHs H CuelJeHHs, AeHCTBUs (QHALTPAUHOHHBIX H [H-
ApOCTATHUYECKHX HaBJeHHH.

CrnenoBaTeNbHO, METOMbl, KOTOPBIMH MOJb3YeTCs MEXaHHKA FOPHBIX
mOpOA MpH pPeUIeHHH CBOHX 3ajay, OasHpPYOTCA Ha CHHTE3e METOIOB,
HCMOJMb3YEMbIX B TEOPETHUECKUH H CTPOHTEIbHOH MeXaHHKe, B HHIKe-
HeDHOH TeOJOCHH M THADOreOJOrHH (IHHaMHKe MOL3EMHBIX BOL).

YuuTHIBAS CNOXKHOCTb CTPOECHHSI €CTECTBEHHBIX TeOJNIOTHUeCKHX 00-
pasoBaHHull, MexaHHKa TOPHBIX MOpOjA 3auactyio abcTparupyercs oOT
paccMoTpeHHs Bcex 0COGeHHOCTeH BHYTPEHHEro CTPOeHHs! TOPHOH NOpo-
Ibl ¥ npuderaer K aHaJAH3y HIEAJNHU3HPOBAHHBIX CpeJ, [OBeAeHHe KOTO-
PBEIX MOMKEeT OBbITb ONMHCAHO C MOMOMUIBIO 3aKOHOB MEXaHHKH C NpHBJIeYe-
HieM wmaTeMmaTHyeckoro anmapara. H. B. Oprarckuii ormeuas, yro
C MEeTOIOJOrHYeCKOH CTODOHBI H3yueHHe MeXaHHUYECKHX CXeM IpPHPOA-
HbIX sIBJIeHUH LOJIKHO PACCMATPHBATLCHA KAK OfHA H3 (opm abCTpakr-
HOro MbIUJIEHHH, COCTABJSAINLErO BAXKHYIO CTAaAHI0 IpOoUecta NO3HaHHUs
CYUIHOCTH 3THX siBJeHHH. MaTeMaTHUeCKOe MONENHDPOBAHHE HIEAJIH3H-
POBAHHBIX Cpen ABJIAETCS OJHHM M3 OCHOBHBIX MeTOLOB peUIeHHs 3ajnay
MeXaHHKH FOPHBIX MOPOL.

Ha ocHOBe CO3NaHHBIX HA€AJH3UPOBAHHBIX MOjeseHd pa3pabaTbiBa-
IOTCS pacuyeTHble CXeMBl YCTOHUHBOCTH pPAa3JHUYHBIX COOPYKEeHHH, OTKO-
COB, NOA3eMHbIX BbIPaBOTOK H T. M., KOTOPbIe MO3BOJSAIOT KOJHYECTBEHHO
OIleHHBATh YCJOBHs CTPOHTEJLCTBA H PA3BHTHE PA3JHYHBIX MpOLEC-
COB H siBJIeHHH. DTOT METOR Ha3BaH pacuerxo-Teoperuwecxkum. OH IIH-
POKO NpUMEeHsIeTCsl He TOJbKO B MeXaHHKe TOPHBIX II0pOA, HO H B HHXKeE-
HEePHOH reOJIOTHH H THAPOreOJOrHH.

KputepueM MOLTBepKAEHHs HPABHIBHOCTH DAacyeTOB C HCMONB30-
BaHHEM OMpeneJeHHOH CXeMbl CJAyXkaT 3KCIepHMeHTHl, IpOBeJeHHbIE B
JabopaTOpHLIX M MOJIEBHIX YCJNOBHSX, a TakxKe HaOJIOAEHHS 3a NOBeje-
HueM CyUleCTBYIOIIHX COOPYKEHHH M Pa3BHTHEM TeOJOTHYECKHX [pO-
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peccoB. Ilpy 3TOM HeoOXOZHMO KOJHYECTBEHHO CPAaBHHUBATh JaHHLIE
pacyeToB C pe3yJbTaTaMH 3KCIepHMeHTOB HJIH HaOJswoaeHuit. CrefoBa-
TeJbHO, B MeXaHHKe TOPHbIX HNOPOA AOMNKEH LIHPOKO MPHMEHATbhCH IKC-
NepUMEHTAAbHbLI MeTOJ, NO3BONMKIOMNA He TOJbKO MOATBEpPKAATh pe-
aJbHOCTb U BO3MOXKHOCTb HCHONb30OBAHHUS TOH HJM HHOH pacueTHOH
CXeMbl, HO H €03[1aBaTb CBOH 3MMHUPHYECKHE 3aBHCHMOCTH, HCHOJb3Ye-
Mble IpPH PAacCCMOTPEHHH aHAJOTHYHBIX BAPHAHTOB. DKCHepPHMEHTAMbHBI i
METOL CJYXKHT CPeACTBOM JasbHeHIIero COBEPIUIEHCTBOBAHHsSI pacuer-
HOH CXeMbi NYTEM BBejleHHs HEYUYTeHHBIX (axkTOpPOB, BHISBJEHHBbIX B
XOJe NPaKTHYeCKOTo ee HCHIONb30BaHHUS.

Ilpu pelreHHd BONPOCOB BO3MOKHOCTH HCHONB30OBAaHHS 3MIHpHYe-
CKHX 3aBHCHMOCTell MexaHHKa TFOPHBIX [10POJ NONb3yeTCss MEeTOAOM HO-
dobus.

HoBble TeopeTrnueckde pa3palOTKH B MeXaHHKe T'OPHBIX nOPOJ CO3-
JA0TC NyTeM He TOJIbKO MaTeMaTHyeCKOro ONHCAaHHs psija Hieann3H-
POBaHHBIX MOJAeJNeH, HO H HCHO/Jb30BAHHR METOIOB MOJENHPOBAHHSN:
3JIEKTPOTHAPOIHHAMHYECKOTO, ONTHYECKOro, LEeHTPOOEKHOro, KBHBA-
JEeHTHBIX MaTePHaJOB H 1p.

§ 2. TOPHBIE NOPOAB! KAK CPEJA MEXAHHYECKHX
NPOLLECCOB

B Meromax pacuera pacnpeneneHHs Hanps:KeHUH M BbI3bIBaeMbIX HMH
neopManuii MexaHHKa TOPHBIX MOPOJ LIHPOKO HCHOJMb3YET MOAEIH
1 CXEMBbl, NPHUMeHsieMbie B CTPOHTENbHOH Mexanuke. IIpH stoM cpela
CTPOUTENbHONl MEeXaHHUKH paccMaTPHBaeTCH KaK HelnpepoiBHas M0 CBO-
efi CTPYKTYpe, OAManaioulas TakKe H HenpepblBHOCTbIO cBolicTB. Takas
cpena HasbiBaeTCsi cnaowHod. PeanbHble NOPOAB! C HX CJTOXKHBIM CTPO-
eHHEeM Ha MaKpo- H MHKDOYDOBHe 3aMeHSIOTCS HEKOTODOH MOAeJbI0
CIOMIHOH, OAHOPOAHOH, H30TPOMHOMN, HeBecoMO#H 1 ynpyroil cpenwl. Ta-
Kast cpena obnanaer psaoM oCOOEHHOCTEH, I'TABHBIMH H3 KOTOPBLIX B-
JSIOTCS:

1) nocne ycTtpaHeHHsi BHemlHeH Harpy3ku pasmep u dopma Teaa
MOJMTHOCTBIO BOCCTAHAB/IHBAIOTCS;

2) noj peficTBHeM Harpy3ku cpexa neopmupyercs 6e3 HapylleHHR
CIJIOLIHOCTH;

3) peopmauns npoTeKaeT MCHOBEHHO, T. €. MOMEHTHI NPHIOKEHHUS
HATPY3KH U 3apepuieHus gedopmanHii coBnagalor;

4) cpepfa TeODHU YNPYroCTH HeBeCcOMa, NO3TOMY HadajbHbE Hanps-
JKeHHs B Hell OTCYTCTBYIOT;

5) nmedopManuu cpeib B Ka:KA0H TOUKe MPONOPIHOHANBLHE HAlpd-
KeHusiM (3akoH ['yxa):

o=EFe, ()

rge o — AefiCTBYIollee HanpsiKeHHe; ¢ — OTHOCHTenbHast AedopMaiHs
B HanpaBJeHUH AefCTBHs HanpsixeHHd; E — ko3¢ PHUHeHT npomopiiH-
OHAJNBbHOCTH, Ha3bIBa€MbIH MOJLYJNEeM YIPYTOCTH.
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Cllegyer OTMETHTb, YTO TEOPUS YNPYFOCTH YCTAaHABAHBAET TaK¥kKe
33BHCHMOCTb MeXKIy KacaTeJbHBIMil HalpsXKeHUAMH U 1edOPMAIHAMU
(cMm. ra. 2).

Ecnu B c/10mHOR ONHOPONHON H H3OTPONHOH cpefie HAPAAY C yIOpY-
THMH OpOABJAIOTCH TakXe Heymnpyrne (ocTaTouHble) nehOpMaiRH H
CBSI3b MEXKNY HaNpsKEHUAMH U 1ePOPMANHIMH MOXKHO CUHUTATD JHHEH-
HOH, TO AJsi PAcyeTOB HCHOJb3YETCA MOAeN]b JHHeHHO-1edOoPpMUPyeMOf
cpeabl. Ilpumenenue 31Ot MOjenu BO3MOXKHO TOJBLKO NpH OQHOKpar-
HOM AEeHCTBHH HAarpyskH (BeTBb 3arpyKeHHsS), OTCYTCTBMHM HJH He3Ha-
UMTENLHOM DAa3BHTHH MJIACTHYECKHX neGOpMAlHi; NPH 3TOM CJedyeT
MOMHHTB, 4TO nedopManiH 3aBepuikBminecs., OCHOBHBIM 33aKOHOM JJIA
JHHEeHHO-1epOpMUPYyeMOH cpeldbl OcTaeTcs 3aKOH ['yKa, omHaKo BMeCTO
MOAYASl YOPYTOCTH HCIONb3YETCs mapaMeTp, Ha3biBaeMbll modyaem oG-
wet depopmaytiu, NPH IKCIePHMeHTATbHOM ONpefedeHHH KOTOPOro HC-
nosnb3yeTcs BennurHa obmel dedopManuH, ycTaHaBAHBaeMmas [0 BeT-
BU 3arpyxkKeHHsl.

s onucaHus nOBeleHHs CJAAHIEBATHX TOHKOCJOHUCTHIX MOPOJ HC-
MONB3YIOT MOLEJH aHH3OTPOMHBIX JHHEHAHO-1eDOPMHPYEMBIX (YIPYTHX)
TeJ1, CpelU KOTOPHIX HauboJjee MIHPOKO paclpOCTpaHeHa TPAaHCBepCalb-
HO-U30TPONHAA cpeAd. XapaKTepHOH OCOBEHHOCTBIO TAKOH Cpelbl SBJs-
€rcd MOCTOSIHCTBO CBONMCTB B PA3JHYHLIX HANPAaBAEHHAX B MJOCKOCTH
H30TPONHH H pas3juuie B CBOHCTBAX B HAlpPABJEHHHU, NePNEHIUKYIAP-
HOM K 3TOH TJIOCKOCTH.

Ynpyronsmactuyeckass Moxenb HCIONb3YeTCSI B cjayyae, KOorja 10
ONnpeJeNeHHOrO Npefesa HanpsKeHHi Habamwgaercs JHHefHasi 3aBHUCH:
MOCTh MEXKAY HANpPSAKeHHAMH U AedOpPMAIHsiMHU, a BblUIe 3TOTO Npele
Jla HauHHaeTCs MAACTHUECKOe TeueHHe Marepdaja NpH QeHCTBRA Mo-
CTOSIHHOr0 HamnpsikeHHs (pHc. 1). Hnacruueckne medopmaunuu OposiB-
JNSAITCA B H3MeHeHHH GOpPMBI Tesla NPU NOCTOSHCTBE oO0bema 1 De3s
HapyuleHHsl ero cnaourHoctH. [lnacruueckue nedopmaiiu paccMarpu-
BAIOTCH Kak OCTarOYyHble AedOpMamHu CABHra C HapyuleHHeM JIHHeH-
HOH 3aBHCHMOCTH MEXKAYy Hanpsi:KeHusMH H nedopManusamu. Aas onu-
CaHHs MNOBEAeHHS TAaKHUX TeJ HCIOJb3yeTCsd TEODHS MJACTHUHOCTH, B
KOTODO} yallle BCEro pacCMaTpHBAOT ABe Monesu cpead: CeH-Benana
B Miuseca — lenkn.

CoranacHo A. CeH-BeHaHy, wMaTepHan nepexoiuT B M/JaCTHYECKOe
CcOCTOsIHHe, KOorna Haubogbilee KacaTesbHOe HANPSIXKEHHE Tmax ZOCTH-
raet HEKOTODOro MNpeNeJbHOIO 3HAYEHHS Tr (Npeaen TeKyueCTH CABH-
ra), T. €. Tmax=Tr.

P. Musec 1 I'. T'eHKH NpennosOKUIM, YTO MOsIBJIeHHE MIaCTHUECKAX
AehOpMaLHit XapAKTePH3YeTCs HEKOTOPHIM BIIOJIHE ONpe/e/leHHEIM 3Ha-
yeHHeM KacaTeJbHBIX HANpPsKeHHH: T;= const.

YeranoBaeHo, uto obe MOAenH FZOBONbHO O/H3KH MeXIy coGoi u
JAOCTAaTOUHO KOPPEKTHO OmnpeAelsiorT Hayalo NJaacTHUecKHX gedopma-
nu#, onHako Momenb Museca — I'eHKH 00Jee yIOBJIETBOPUTEJIbHO OT-
BeuaeT pe3yJbTaTaM 3KCINepHMEHTOB.

B nacrosiniee BpeMsl B CBSI3H C NPOEKTHPOBAHHEM PAa3JIMYHBIX KOH-
CTPYKUHI IO NpefeNbHbIM COCTOSHHAM LIHPOKO IPHMEHSIOTCS B NpPak-
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Puc. 1. JinarpaMmsl 1cdOpPMHPOBAaHHsl B CTPYKTYDHEIE MOZAENH Ten:

@ — ynpyronjiactH4eckoro; 6 -—— B3koynpyroro (moleab Ke.bBHHa); 8 — BS3KOYOpPYroro, peaaks
cHpyloliero (Moieab MakcBeadsa); e — BA3KonaacTHueckoro {(moiedb DBunrama — llIBenoBa)

THKe CTPOHTENbCTBA MOJOKEHHS PEcJOrHH *, paccmartpuBamolled CBi3b
MeXKAY HanpsiKeHusiMi B nedopMauusiMi HIH CKOPOCTbIO nedopmaluy,
H3MEHAWUMHCS BO BpeMeHH. OOBIYHO B PEOJNOrHH H3Y4 K0T [10JA3Y4ecTh
MaTepHaJoB, KOTOPAs OUpepeNsieTcs Kak npolecc pa3BHTHs pedopMa-
UHi BO BPeMEHH IPH MOCTOSHHOM HanpsikeHud. Hedopmanuu nonsy-
YeCTH B 3aBHCHMOCTH OT BEJHYHHBI JAeNCTBYIOEr0 HAaNpsiKeHHs W
CBOWCTB MaTepHasia MOTyT 3aTyxaTb JMOO Pa3BHBATLCH C TOCTOSIHHOH
CKOPOCTBIO, JIHG0 MEePexojuTh B CTAAHI0O MPOTPECCHPYIOLLIET0 TEUYEHHS
10 paspyureHusi. EciH npu nocTosiHHON BenHuHHe nedopmanuu Habuao-
JlaeTcsi yMEHbUIEHHE HANDsKEHHHA, TO OTMeuaeTcs pocTas pefakcalus.
IIpoyHocTh MaTepHana MNpH JNHTEJLHOM NEHCTBHH KacaTeIbHBIX Ha-
NpsKeHH MOXET MagaTth, NpH 3TOM BBOAHTCH NpenCTaBJIeHHE O NJIH-

* Peoslorust — pasfes] MEXaHHKH, Tje pacCMaTpHBAeTcs TEYEHMC  CIJOLUHHEIX
OAHOPOAHBIX H H30TPONHBIX Tel.

9



TeNbHOH MPOYHOCTH KaK QYHKLUUU HAMPSIKEHHOTO COCTOSHHS C YUETOM
(akTopa BpeMeHH.

ITpu onucanun nedopMupoBanus TeJd KaK CIJOLIHOA CPeIB B peo-
JIOTHH Pa3pafoTaH pAL TEOPHIl — yNPOYHEHHs, CTAPEHHS H HACTEICT-
BeHHOH nmonsydectu. Haubosee yacTo B MexaHHMKe TOPHBIX MOPOJ HC-
JIOJb3YETCS TEOPUS HACACOCTBEHHOLE nOA3YHeCTU.

B peoJioruu mupoKo NPHMEHSIOTCS TAK Ha3biBaeMble MexanudecKue
modeau, B KOTOPBIX JI060€ TeN0 MOMXKET PacCMAaTPHBATLCH KaK COBO-
KYIHOCTh YNPYPHX H BA3KHUX 3JIEMEHTOB, ONpeieNeHHbM 06pa3oM CBs-
3aHHbBIX. OOLIYHO YNPYTHe 3JeMeHThl MOAENHUDYIOTCH MPY:KHMHOH, IOBE-
deHHe KOTOpOH MmOAUMHSETCH 3aKOHY I'yKa, a BsI3KHe 3IJEeMEHTH — C
NOMOIIIbIO ALIPYATOrO HOPLIHS, MepeMellaoUlerocss B HUJHHIpe, 3a-
MOJMHEHHOM XKHUJIKOCTbIO. B BA3KOM 2JeMeHTe HANpPsKEHHS TPOMmOPILUO-
HaJbHBEl CKOpOCTH Aedopmaniu (Teno HeioToHa)

d
c='qE§—, 2)

rie M — KO3 (HIHEHT BA3KOCTH. B 3aBHCHMOCTH OT cOUTAaHHS TAKHX
3JIEeMEHTOB MOXKHO [OJIYYHTb MOJEJb JI0O0ro HieaJH3uPOBAHHOTO Tesa.
[lapannenbHoe COeLMHEHHe YNPYro# OpPY:KUHb H NOPUIHS B BA3KOH
KHAKOCTH TpeacTaniser coboft Teso KeabBHHA, MOCAEI0BATENbHOE —
teno Makcgeasa.

Oba ynoMsAHYTHIX TeJa sIBJASIOTCH YOPYTOBA3ZKHMH, NePBOe U3 HUX —
HepeJakcHpyomee, BTOPOe — penakcHpywomee (cMm. puc. 1,6, 8). ¥Ypas-
HeHie COCTOsIHHS AJd Tena KelbBHHA 3alMCbIBAETCS] B BHIE

0=E€+’7]—(%'. (3)

Mozens KenbBHHA A/t TOPHBIX MOPOJ He ZdET YAOBJAETBOPUTENbHO-
ro COBNAJEHHsS ¢ ONBITOM, HOCKOJbKY He YUHTHIBAET HauaapHbIX He¢op-
Mayuil, a Takxe peJaKCauHH HanpsKeHHH Opu e=const.

YpaBHeHue MoieJH MakcseJia

de _ 1 de _',__c_ (4)
¢~ E dt "

COpaBeAJMBO [IPH HAOpsKeHUsIX o, He NPEBbIIAIOUIMX HEKOTOPOro
pefedLHOro 3HaueHHs ogp (CcM. puc. 1,a). Ecau o> onp, TO gedopmu-
pOBaHHe NMPOHCXONMT [0 3aKOHAM TEOpUH MJACTHuHocTH. Ecau B Mo-
MeHT BpeMeHM =0 JeficTByeT HanpsixKeHHe 0p>Opp, TO HayagbpHasg Ae-
gopmauus o 6yAeT paBHa o/ E+teun (TA€ £nn — TMIacTHUECKAn AedOp-
manus, oo/E — ynpyras). Ilpum ycaoBHH nocTostHcTBa pedopMauHii
eo=e==const u de/dt==0, u3 3aBucumoctu (4) ciaemgyer, 4To

1 ds s

—— ——

Tty 0

o= coe—t/t", (®)
rie to — BpeMsl pelaKcauyuy HANPsKeHHH

to=n/E. (6)
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Us ypaeHennsi (6) cieayer, 4To OpH MOCTOSIHHON Jedopmanuu Ha-
mpsiKeHus B Cpeie YObIBAIOT N0 3KCNOHEHUXAJbHOMY 3aKOHY, CTPeMsCh
K HYJ10.

[Tpouecc pa3BUTHs HE3aTyXaloWEH MON3yyecTH, BO3ZHHKAIOWEH NPH
MpeBblIIEHHM HEKOTOPOro HANPAKEHHS Oyp, MOXKHO CMOAEIHPOBATH C
noMollblo Tesa buurama — llsenomsa (cm. puc. le). Ilpy o<<owp
ypaBHeHHe COCTOSIHHS cpeAbl MOXKeT ObiTh 3anHCaHO B BHIE

d de

S = E— ™
dt dt

ECan 6> Ogup, TO NMOJ A€HCTBHEM PA3HOCTH HANpPsKEHHH ¢—onp B pabo-
TY BKJWOUYAETCH BSI3KHA 3JEMEHT, CKOpOCTb gedopManii KOTOpOro mo-
CTOSIHHA H COCTABJAsAET

de _ % — %up

T ®
CxopocTh noaHoil nedopmauuy ¢ yuetoM (7) H (8) 6yaeT pamHa

de __ 1 ds ¢ — Onp

TR T R ©)

npu {(0—onp) =const sesHYHHA gedopManHU cOCTABHT

G~ Opun

e=¢g +—F 1. (10)
n

Kpusre passuTHs aedopMauuil moj3yyecTd BO BPEMEHH Jd Tena
bunrama — lllBenoBa sBaAsAOTCS NPAMBIMH JHHHAMH, T. e. DTMeUaercs
HeOTrpaHH4YeHHOe BO3pacTaHHe Mx BesHuHH. OxHako i GoJblIHHCTBA
FOPHEIX [TOPOA [pH OMpeneIeHHOl KPHTHUeCKOH aedopmanud Habdmo-
JaeTCss HX PaspylIeHHE, WCKJIOUeHHEe COCTaBJAAT JHIIb MajoIuTHuU-
LHPOBaHHble I'JIHHHCTBIE MOPOAbLI, B KOTOPBIX BA3KOMJacTHUecKoe Teue-
HHe MOXKET NMPOTEeKaTh B TeUYeHHe AJHTEJbHOrO NMpOMexKYTKa BpPEMEHH.

MexaHnueckuil mepeHOC peLIeHHH TeOPHH YODPYTOCTH, IJacTAUHOCTH
H pEOJOTHH B MEXaHHKy TOPHBIX MOPON HEAONYCTHM, TAaK KaK ropHule
HOpOAbl IO OCOOEHHOCTAM BHYTPEHHEro CTPOEHMS, CBOWCTBAM M HOBE-
AEHHIO 4acTO HECONOCTABHMBI CO CIAOWHLIMH TesamMH. MHoroo6pasue
THMOB TOPHbIX Nopog Tpebyer AH(ODEpeHUHPOBAHHOIO HOAXOAA AJS
060CHOBaHHS pacyeTHLIX MOJeJel COIJacHO X HHAHBHAIYaldbHBIM OCO-
GeHHOCTAM H Hamps:KeHHOMY COCTOSHHIO.

CkajbHble ROPOABI, OTJHHAIOIIHECS BHICOKOH MJIOTHOCTBLIO, MaJOH
MOPHCTOCTbIO H HAJHUHEM KECTKHX CBA3eHl, HPOYHOCTh KOTOPHX HACTO
COH3MEpPHMA C MPOYHOCTIO CAMHX KPHCTAJIHYECKHX 3€PeH, MOIYT ¢
Onpene/eHHON CTENeHblO AONYUIEHHS PAacCMATPHBATHLCA KaK CHAOLIHbIE
DAHOpOAHBEe M H30TpOnHble cpean. Haubonee mpounue HerpemmnzoBa-
Tble cKaJbHble MOPOAbI B 3HAUMTEILHOM JHANasOHe HanpPsKEHHH BeayT
ce6s1 Kak ympyrHe cpeabl. llpexes ynpyrocTH 3THX nopog uacTto co-
BOAJaeT C mpeaesioM uX npOuHOCTH. Ilis HUX BROJHE IPUMEHHM OCHOB-
HOH 3aKOH TE€OPHH ynpyrocTd — 3akoH I'yka.

Menee mpounble TpeWHHOBAThIE CKaJbHble MOPOABI OpPH Pa3BHTHH
OCTAaTOYHHIX Ae¢OpMauHil, HO NPH COXPAHEHHH JIMHERHOH 3aBHCHMOCTH
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MeX 1y HampsKeHHeM u aepopmauHeldl MOXKHO paccCMaTpuUBaTh KaK JH-
HellHO-1edopMupyeMyio cpeay. B 3ToM cayyae Harpyska,oTBewarolias
OMpeAeNeHHOMY npegeay aAedopMamiii TAKUX FOPHBLIX MOPOJA, MPUHHMA-
€TCsl paBHOH HX NPOYHOCTH.

AHanu3 noBeJeHUs CKAJBHBIX TOPHHIX NOPOX HA GONBUIAX T1y6HHAX
B OOBEMHOM HANpPSKEHHOM COCTOSHHHM NpH AEHACTBUH AaBJieHHH, mpe-
BBIIIAONIMX COTHH M THICAYM Meramnackanaeii, mokKasaJ, 4To B 3THX TIO-
podax BO3HUKAIOT U Pa3BUBAIOTCS NacTHuecKue pedopmanun. Teopus
YOPYrOCTH M TEOPHsA JMHEHHO-1ehOPMHDPYeMOll Cpelibl B TAKOM cJayyae
HeNpHeMJEeMEl U CJAEAyeT HCHNOAb30BATh MOAEIH VIPYIOIVIACTHUECKHX
TEJN HJIM 3aKOHBl Je(OPMHUPYEMOCTH COLJMIACHC PEOJIOTHYECKHM MOJO-
KEHUM.

Hust nopox, 06/1a4ai0uIHX NOBHINEHHON TPEUIHHOBATOCTbLIO, XapaK-
TEPHO HaJnuue HeoOpaTHMbIX oCTaTOuHbIx gedopmanui. [Ipenen ynpy-
TOCTH AJif 3THX IIOPOA HE COBNAjaeT C mMPeAesiOM NPOUHOCTH H NOITOMY
peuleHHs1 T€OPUH YNPYroCTH AAs TAKHX MOPOA OUEHb 4aCTO HEMPUTOJ-
Hel. OJHAKO B Onpeie]eHHBIX Mpenesax AeHCTBYIOIIMX HaMpsKEeHHH
C TOYHOCTBIO, AOCTATOUHOH AJIA NPaKTHUECKHX PACU€TOB, YCTAHOBJEHO
HaJH4Yhe JHHEHHOH 3aBUCUMOCTH MEXAY HaMPAXKECHHAMH U BEJHUHHOH
o6melt aedopMauu, uTo N03BOAsIeT PACCMATPHBAThL TaKHE MOPOALI KaK
JHHEHHO-1epOPMHPYEMYIO Cpeny.

Ecny naBieHus nmpeBHIAOT BeJUUHHY HArpyskH, npH KOTOPOH mo-
pOAY MOXKHO CUHTATh JIMHeHHO-aepopMupyeMo# cpegoll, 06bIYHO B 3a-
BHCHMOCTH OT KOHKPETHOH CHTyauHH NPHMEHANT MOAeIM HeJHHEeHHO-
aedhOpPMUPYEMBIX cPej.

B03MOXKHOCTh NPUMEHEHHs MOJAEJH CHJOIIHON U OJHOPOJHOH Cpenbl
4Js TPEHIMHOBATHIX TFOPHBIX MOPOoJ OBOCHOBbLIBAETCH  CHEIHAJbHBIMH
kputepusiMu. Eme B Konue XIX B. @. C. fcuHCKHUII TeopeTHUECKH [0-
Ka3aJ, uTO B 3aBHCHMOCTH OT Tpebyemoii TOUHOCTH ONpeneseHHil n
OTKJIOHEHUHA OT MOJEJH CIJCIIHOH W OJHOPOZHOH cpeabl Habamgaercd
Opu ONpEeJeJeHHOM COOTHOIIEHHH pas3mepa uaydaeMoro o6nexra L u
CpefHero pasMepa OTAEJLHOro CJIAaraloulero ero 3JjemeHra [, 1. e.

n=‘|/;L—-]OO- (11)

Ec.u npuHATH, 4yTO HeoOGxogHMas TOYHOCTH n He mpesbmaer 10%,
T0 corsiacHo 3aBucumocTH (11) L/[z=100. Bonee noagHue sKcnepHMeH-
TaJbHBEE HCCJAENOBAHHS IMOKA3aJIM, UTO MOXKHO [OMyCKaTb MEHbIIee
spauenue L/I. Tak 1m0 naHHBIM, NOJYYEHHHIM B JIeHHHrpaacKOM oTne-
nenun nmaponpoekra, npu L/[Z=20 tonma nopoa paccmaTrpusaercs Kax
KBA3UCIJIONIHAS X KBA3HOAHOPOAHAR, MPUUEM 3TO COOTHOLIEHHE MOJ-
TBEPKALTCS pe3yJbTaTaMy reod@u3UUeCKHX HCCENOBAHHH: CKOPOCTH
pacnpocTpaHeHHs YNPYFHX BOJH B CPeaax, COCTABJEHHBIX H3 OTAEJNb-
HBIX 6JIOKOB, MPH YKA3AHHOM BbIII€ COOTHOMICHHH, OLIJIH PABHBI MEXKIy
co060#.

Oanako pa6oramu, BeinodHenHoiMu B MHCH, ycranosieno, uto
KPUTEPHIl KBA3HCIVIOMHOCTH H KBA3HOAHOPOJIHOCTH TPEUIHHOBATHIX IO-
PO He TOJAbKO 3aBHCHT OT Pa3MepOB MCCAeLyeMOro o0neKTa H aeMmeH-
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TapHoro 6/J10Ka, HO H ONpPeAeNseTcs XapaKTepoMm TPEmIHHOBATOCTH, a
TaKXe [OKazaTejsiMH NedhopManHOHHBIX cBoHcTB 1opox. Kpurtepnii
KBA3UCNJIOIHHOCTH H KBA3HOJAHOPOJAHOCTH KRyp MOXKeT OBITh paccuutaH
no ¢opmyne C. B. ¥Yxona:

5 m[(100 + n)(A + 1)MB— 100(M A + mM_B)]

KB — , (]2)
n(A+ 1)(Mg4 + mM.B)

rze m pasHo 1, 2, 3 COOTBETCTBEHHO AJisi OJHOMEpHOIl, AByXMEpHOII
(njockoft) ¥ TpexMepHO#i (06beMHON HJIM TPOCTPAHCTBEHHOI) 3amay
{cM. riaBel 2 B 5); n— 3ajaHHasg TOUHOCTh omnpepenenuil; A=a/Aa
{(a — cpeaHnnii pasmep 6y0Ka; Aa — CPeaHHI paaMep IIHPHHH TPelIH-
HH); B=Eg/E; (Eqa, Ex — COOTBETCTBEHHO CpeHHe 3HAueHHs MOAYJEl
AepopMagHl OTAeAbHBIX OMOKoB H TpewHH); M, u M, — pyHKuHH,
3apHCAlllHe OT KO3(h(HUHEHTOB NONEPEYHOTO PACIIHPEHHS n, (OJ0KH
nopod) M pr (TPEIHHH); eClIH pg=pr, T0 M= M;.

Haa tpemuuosatslx mopox npu n=109% KpuTepuii KBasHcnJIOWI-
HOCTH H3MEHsIeTCs1 OT 5 1o 7.

MHUHHMAaJIBHLIT JHHeHHBH pa3Mep TOMIH TPeuIHHOBATHIX mopoa L,
B npejetax KOTOPOH MOMXKHO HCHOJIB30BATH MOZeJb CIUIOIHOH H OLHO-
PONHON CPexb H OPHMEHATh COOTBETCTBYIOIIHE noKasaTesqH MeXaHHUe-
CKHX CBOHCTB NOPOJA, PACCUHTHIBAETCA 1O hopmyJie

L = ak + Aa (kgs—1). (13)

Ecin corjacHo paccMOTPEHHBIM BHIIIE KPHTEPHsIM YCJIOBHE KBA3H-
€IJIOIIHOCTH H KBA3HOJHOPOAHOCTH He BHIIOJHSAETCH, TO TOJMLY NOPOX
eJieiyeT paccMaTpHBaTh Kak TpemHuHoBaTo-0J0uHyio cpexy. Ilpu stom
BJHSAHHe TPEUIMHOBATOCTH MOXKHO YYHTHIBATBH IO XBYM HampaBJieHUSIM:

1) oueHky MexaHHYeCKHX CBOHCTB MOPOIL B YCJAOBHSX HX €CTECTBEH-
HOT'O 3aJICTAHHA MNPOH3BOANTbL C YYETOM TPEIIHMHOBATOCTH TOH 4YacTH
TOJULH, KOTOPAasg B3AHMOLEHCTBYET C COOPYIKEHHEM,

2) HanpsxKeHHO-1e(dOPMHPOBAHHOE COCTOSIHHE TPEUHHOBATHIX 0O-
PO HCCJEIOBATH HA OCHOBE BO3MOXKHOCTH CMEUIEHHs OTAEMbHHEIX 6Ji0-
KOB [OPOJ MO TPeujHHaM, a TaKxKe ¢ YYeTOM KOH{IeHTPAauHi HampsKe-
HHil Ha KOHTaKTax OJIOKOB MOpoA.

BausgHHe TpeuMHOBATOCTH Ha I[OKazaTeJH MeXaHHUeCKHX CBOICTB
NposIBASIETCST B TAK Ha3biBaeMoM MacmTabHOM 3ddeKTe: no mMepe Bo3-
pactauug o0beMa NOPOL, BKJAWOUAKOUIHXCA B PaloTy NpPH HX B3aHMO-
OelICTBHI C COOpYXKEHHEM, IPOUYHOCTb H MOAYJE Ae(dOpManHH TPEUIHHO-
BATON TOJIIM CHHXKAIOTCA A0 HEKOTOPOro MOCTOSHHOrO 3HaYeHHS.

OnHako B HacTOfUlee BPEeMS He CYLIECTBYET MAaTEMAaTHUECKH CTPO-
THX pelleHHH AJs OUEHKH HANpPAMKEHHOTO COCTOSIHHSI H COOTBETCTBEHHO
fledopMaunil TPEUIHHOBATO-0J10uHOf cpeanl. Heo6X0AHMO OTMETHTD, YTO
HaApAAY C IMIMPHUECKHM METOAOM HCCJeAOBaHHEe MOBEIEHHS TPELIHHO-
BaTO-0MOUYHON cpegbl MOXKHO BECTH TAKXKe Ha OCHOBE BEPOATHOCTHOTO
DOAXOda, W O HANDSKEHHAX H AedopMapHaxX rOBOPHTbL KaK 0 HEKOTO-
pHIX MaTeMAaTHYECKHX OXHAaHHsAX [4].

OueHKa mecuaHO-IJIMHHCTRIX NOPOJ AOJIKHA NPOBOAHTHCS HA OCHOBE
Hx aHaJH3a KakK JHCHEPCHBIX CHCTeM. B yCJHOBHSIX €CTECTBEHHOrc 3a-
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JeraHusl 3TH NOPoABl OOBIYHO coAepxKaT BOAY C pacTBOPEHHBIMH B HeH
KOMIMOHEHTaMH, BO3AYX M ApyrHe rasel. [loaTomy mpH pacCMOTpeHHH
TAKHX OTJNOXKEHHH KaK AUCNePCHBIX CHCTEM CIEAYEeT NPUHUMATH BO BHH-
MaHHe poOJb (PH3UKO-XMMHUYECKHX MPOIIECCOB, KOTOPble pa3BHBaiorci
6rarofaps nosiBAEHHI0 6OABIIOH NMOBEePXHOCTHOH 3HEPruu 3a Cuer pas-
ApO6JeHHOCTH, CJIOXKHOIO COCTaBd MOPOBLIX BOJ, H3MEHEHHsS CTPYKTYpb
BOJbI B NOJe AEHCTBHS TOHKOAHCHEPCHBIX YACTHI MOPOAbl. Mexay ua-
CTHIIAMH B IVIMHHCTBIX HOPOJAxX Bceraa CYUIEeCTBYIOT CTPYKTYpPHBIE CBSI-
34, MPUPOJA KOTOPBIX AOCTATOYHO CJOXKHA H TECHO CBfA3aHa ¢ ycJo-
BUAMH POPMHUPOBAHHA U cTajauell JHTHGHKAIMK paccMarpuBaeMblx OT-
JNoXKeHHHA. B HacTosimlee BpeMs BHACJASIOT MarTHHTHblE, KYJOHOBCKHUE,
KanuaJsipHble, MOJIeKyAspHBIe, HOHHO-3JeKTPOCTaTHUYECKHE H XHMHYe-
ckue cBsi3H. [IpouHocTh W pedOPMHUPYEMOCTH TAMHHCTHX HOPOL BO:
MHOrom 06ycnoBJeHBl Npeo6JajaHHeM ONPEAECIEHHOIO THHOA CTPYK-
TYpHBIX cBs3edr [16, 26].

[Tox mefictBuem namieHuii 66.blias yacth gedopmaguii B 3THX MO-
poAax MPOUCXOAUT B pPe3yabTaTe YMEHbIIEHHS obneMa ux mnop. [IpH
aHanuse gehOPMaUUOHHOTrO MOBEAEHHS], @ TAKXKe NPOYHOCTH JHTHGHIH-
POBAHHBIX TVIHHHCTBIX MOPOx HeOOXOAMMO YUHTHIBATH MX TPEIIMHOBA-
TCCTh PA3JHYHOrO reHesHca.

PasppobieHHOCT PE3KC H3MeHSeT MexaHHueckue CBOfCTBa Mecua-
HO-TAHHHUCTBIX nopoi. Tak, HanpuMep, MOAYIb AedopManHu CcKaJdbHOH
nopoxnsl 6e3 tpewMH pasen 5-10% MIla, a aana mecka, noAyueHHOro my-
TeM ApobaeHus To# ke nopoxasl, — 50 MIla. HecssizHele mopopbl He
BOCMPUHHMAIOT PAacCTATMBAIOIIMX HaAMmpsKeHu#l Boobuie, a rJIHHUCTHIE
OpOAE BOCHPHHUMAIOT B OUeHb Y3KOM HHTEpBaJe HeGOJBIIHX MO Be-
JnuuHe Hanpsekequil. CKartue 3THX mOpoa OBGLIYHO NIPOTEKAeT BO Bpe-
MEHH, YTO CBSI3aHO C 3aMejJIeHHblM BbI>KHMMaHHeM BOAB U3 MOp MOPOAH,
B3aMMHBIM IIepeMenieHueM 4YacTHil APYT OTHOCHTENbHO Apyra, paspy-
IIeHHeM H BOCCTAHOBJIEHHEM CTPYKTYpHBIX cBsidell. CienoBaTentbHO, Ha-
6at0aeTCsT 3aMeTHOe OTCTaBaHHe 3aBeplIeHUsT nedopmanii OT MOMEH-
Ta mepejgayu Ha 3Ty NOpoay nasjeHus. Jlasl mecuyaHo-TTHHUCTHIX HOPOR
pote ynpyrux gedopMmanui CpaBHHTENHHO Maja MO CPABHEHHIO C OCTa-
TOUHBIMH H 3aMeTHO Bo3pacTaer no Mepe Nepexoaa K YNJIOTHEHHHIM
pasHocTaM mopod. Jas AUTHPHUHPOBAHHBIX [VIMHHCTBIX OTJIOKEHHH B
VCJOBHSIX MX €CTECTBEHHOro 3aJleraHusi ympyrue AeopMmanHH Xapak-
TEePHBLI MPU aHaJAu3e AedOPMANUOHHOIO MOBEAEHHUS TOJbKO OTAEJbHBIX
HeTpelIMHOBATHIX OJOKOB NOPOJ, TOr4a Kak pa3BuTue Aedopmanuil B
TOJIIE MOPOJ NPOUCXOAUT BCAEACTBHE €e TPEIIHHOBATOCTH.

JITs mecyaHo-rJIMHUCTHIX MOPOA JUHefHada ulu 6JHu3Kas K Hel 3a-
BUCHUMOCTb MexJy AaBjJeHHeM M aedopmanueil HabaionaeTcss B HHTEP-
BaJe OT HyJsl 10 HEKOTOPOIl Harpysku p; (mepBas KPUTHYecKas), Ha
3TOH CT4AHHM CKODPOCThL 1edOopManuu CTPEMHTCH K HYJIO H, CJIeAOBa-
TeJbHO, AedopManusi XapakTepU3YyeTCs HEKOTOPOH cTabuUAbHOH BeNH-
yuHo#. [lpu aaBjeHusix, 60JAbIIKX p;, B MOPOAE Pa3BHBAIOTCS CABUIO-
Bble 1eOPMANHH, NPUBOISIIHE K U3MEHEHHIO He TOJNbKO 00beMa, HO H
(hopMBL, IPH 3TOM Hapywaercs JUHelHas 3aBHCHMOCTb MeXay Harpys-
KOH u gedopmanmeii: poct nocaegHell oOroHseT yBesuueHUe JaBIeHHS.
Takas xapTuHa Habaopaercs a0 HArpy3ku pp (BTopas KpPHTHUECKAs).
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Ilpn nanpHefimieM yBeNHUEHHH HaBJEHHS MOPCJa NEPEXOAMT B CTATHIO
paspywenuda. Hannuue tpex ¢a3z gedopMupoBaHHA RNeCUAHO-TIHHHUCTHIX
nopos Oblio BuepBble copmyaupoBaHo H. M. TI'epceBaHOBbLIM.

Ilpn pemeHHu 3ajay MeXaHHKH TODHBHIX NOPOJ NPHMEHHTENBHO K
NeCYaHO-TIMHHCTEIM OTJIOKEHHUSIM B Ipejesax JaBJaeHHH OT HyJAd JO Py
4 6ojlee MOXKHO HCOOJB30BATL MOAENb JIMHeHHO-gedopMupyemoil cpe-
ab. [locnexHssi WIMpPOKO NpUMeHsieTcs IPH pacueTax paclpegeNeHHs
HANpPsKEHUH U KOHEUHBIX 0CAJOK.

OaHako HCUOJAb30BaHHe 3aKOHA ['yKa U OLEHKHM CKHMAEMOCTH
JAHCTEpPCHBIX TeJ OKa3blBaeTCs HeAOoCTaTouHbiM., [JoaToMy mOMOXeHHd
HNPHHIUIOB JHHEHHO-ZePOPMUPYEMOil cpelbl AOTMOJHAITCA 3aKOHOMED-
HOCTSIMU, BbITEKAIOUWUMH HENOCPEeACTBEHHO H3 PaCcCMOTPEHHs [ecyaHo-
IPIHHUCTBIX TOPOJ KaK AucmepcHblXx cHereM. OnHa M3 TaKUX 3aKOHO-
MEPHOCTEH — yCTaHOBJIEHUe 3aBUCHUMOCTH MEKAY yBeJHUEHHEM gaBJe-
HHSl U YMEHbIIEHUEM NOPUCTOCTH MOPOJHL.

OneHKa noBegeHHUs MECYaHO-TJMHHCTHIX MOPOA OpH Harpyskax, mpe-
BBIIIAIOUHX BEJHUYUHY, MPH KOTOPOH MOXKHO HCHIOJIb30BATH TEOPHUIO JIH-
HelHO-neopMHpyeMOHt cpebl, JOMKHA MPOH3BOAUTHCS B ABYX Hampas-
JgeHusx: 1) pa3paboTKa cxeM AJs OnpeiaelieHUS KPUTepHEeB HpPOYHOCTH
H VCTOHYMBOCTH TOPHBIX HOPOJA B OCHOBAHUH COODPY:KEHHH, OTKOCax,
TOA3eMHbIX BHPABOTKAX H T. X.; 2) H3yueHHe 1e(POPMHPYEMOCTH MOPOJI
o1 gedcTBHEM KacaTeNbHBIX Hanps:KEHMil, BeJMUHMHA KOTOpBIX HMXKeE
mopora pa3pyuUIeHHs, MOCKOJBKY HX POJb BO BTOPOj (hase medopmHu-
poBanus, no H. M. I'epcesaHoBY, — BeAyuias.

[lepBas u3 yKasaHHBIX BHIIE 3ajJad pemaercs Ha OCHOBe paspa-
60TKH O0mell TeOpHH MOPEACNbLHOrO HANPAKEHHOro COCTOSHHS (mpe-
neJpHOro passHosecusi). [loBeleHue ropHbIX MOPOJ OPH HATPy3Kax BH-
mwe p; MoxeT OblThb HCCJAEJOBAHO C MOMOLIbIO MOJeJiell TeOpUH mnja-
CTHUHOCTH, DTH MOJEJH HCHOJAb3YIOTCS NMPH OneHKe Hecyuiedl cmocol-
HOCTH OCHOBAHHH COOpYXKEHHH, CJOXKEHHHX TIJHHHCTHIMH NOPOZAMH,
C YrJIaMH BHYTPeHHero TPEeHHUS MeHblle 5—7°.

[Tpu pemenun 3agay obuiell TEOpUH NPEeAETBHOTO HANPAXKEHHOTO CO-
CTOAHUS NPHUMEHSAIOTCA MOJAeJH He TOJbKO MeXaHHKH CHOJMOIIHON Cpeisl,
HO H TeJ Kak JucnepcHeix cuctem. Camoii mpocrefieft U3 HUX SBJA-
eTcsl MOJeb CHIIYYero Teja, COCTOSUIero M3 OTAEAbHBIX TBEPAbIX 4a-
CTHUIL MaJOro pa3mepa, CBOGOJHO ONHUpalUIHXCH APYr Ha Opyra u He
HMEIoUIUX Mex [y co60il HUKaKOH cBA3U. [IpOUHOCTL TaKoro TeJja ompe-
AEeJAeTCA CHIAMH TPEeHHs.

YcnoxHeHHe MOAENH ChIIYYero TejJa [PHUBeJO K CO3LaHHIO MOJeaH
cpelbl, obaaganoumell TpeHHeM U cuemeHHeM. Mcmoab3ys 3TH aABe MO-
JeJH, MOKHO PelllHTh 3a4aud YCTOHUMBOCTH TOPHBIX MOPOJ HPU B3aH-
MOJEHCTBHH UX C COOPYXKEHHEM N0 ABYM CXEMaMm:

1) mpenesbHOe COCTOSHHE CYILECTBYeT TOJbKO BAOJb ONpeaeseH-
HO#, 3aJaHHON MOBEPXHOCTU pa3pyuleHud;

2) mpegenbHOe HaOPsKEHHOe COCTOsHHMe Habai0faeTcss B Kax 0l
TOYKe MaccHBa FOPHOU NMOPOIHL.

Bropas samaya — oueHkKa Ae(DOPMHPYEMOCTH HECUAHO-TJIHHUCTHIX
TOPOJ OPH HANPSKEHHOM COCTOSHHH, CO31aBaeMOM HAarpPy3KaMHU BhILIE
BEIMUYUHBI P;, OOBIYHO OMUCHIBAETCH C MOMOUbI PEOJIOTHYECKHX MOje-
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Jiell CIJOWHOH cpeawl, Taknx, Kak Moienb Dunrama — llBesnosa, a
TakkKe MOJEJb TeOPHH HaCJeACTBeHHON mnondydectd bDoabumana —
BoabTeppa.

Canenyer OTMEeTHTh, 4TO BHIOODP MOJEeJH H 0GOCHOBAHHE PACUETHOTO
MeTO[a He TOMbKO ONpeNensiioTcs THIOM MOPOJ, HO M 3aBUCHAT OT Tpe-
6yeMOil TOUHOCTH M HALEKHOCTH pacuetoB. B mpuOAHKEHHHX MeTONAX,
0OBIUHO HCIOJIb3YEMEIX Ha CTAjAHH MpelBapuTeNbHO!H OLEHKH YCTOHYH-
BOCTH COODYXKEHHH, UIHPOKO MPHMEHSIOT MoJeNb JHHeHHO-neopmH-
pyeMoro reJa.

§ 3. CBJI3b MEXAHUKH I'OPHBIX NOPOJ € WH)XEHEPHOH
TEOJIOMEV, THAPOTEOJIOTHEN KU JUCHUNJIHUHAMH rOPHOTO
U CTPOUTEJbBHOTI'O I1HKNOB

MexaHuKka rOpHBIX MOPOJ M MHXKEHepHas reoJiorusi. VHxeHepHAS reo-
JIOTHsl sIBASIeTCS OJHOH H3 €aMBIX MOJIOABIX HAyK reOJIOTHYECKOro -
kaa. Jlaa cOBpeMEHHOro ypOBHsSI Pa3BHTHSI HHIKEHEDHOH IeOJIOTHH Xa-
pPaKTepHA UWIHPOTA U CJIOKHOCTb PelliaeMHX eto npobieM. IIpakTHueckn
bCe BHBI CTPOHTENbLCTBA TpeOYIOT HayUHOro HHKEeHepPHO-re0JIOruuecKo-
ro o60CHOBaHHS U MPOBEIEHUS pa3HOOOpa3HbIX HHKEHEPHO-reosornye-
cKux H3bicKanufi. MHxeHepHas reolorusi paspHBaercsi Ha CThike HayK
reoJOrHYeCcKoro IHKFA H HHXKeHepHo-TeXHHdYeckux. Eme akap.
<. II. CaBapenckuil oTMeyall, YTO HHIKEHEP-T€ONOT JOJKEH YMeThb
OLIEHMBATh NPHUPOAHYI0 TIEOJIOTHYECKYI0 OOCTAHOBKY NPHMEHHTEAbLHO
K crleudaJybHbiM TpeOOBAaHHSIM CTPOHTEALCTBA, CO3HATEJNBHO HCHOJb3YA
JJIsl 3TOr0 NPHEMH H MeTOAH!, pa3paboTaHHble MEXaHHKOH, (H3HKOH B
X¥MHeHR TPYHTOB.

CoBpeMeHHas] HHXKeHEPHAs reojiorus NPH pelieHHH CBOMX TeOpeTH-
YeCKHX U MPUKIALHBIX 3a7ay UIHPOKO NPHMEHAET NOJOXKEHHs!, BEIBOJB
H 3aKOHOMEPHOCTH MEXaHHKH FOPHHIX NOPOJ.

B Hacrosiliiee BpeMsi HHiKeHepHas reoNOras BKJOYaer B cebs He-
CKOJIBKO Pa3flefloB, Ka)KAbIH U3 KOTOPHIX CAMOCTOSTENbHO HCIONL3YeT
JOCTHKEHHS] MeXaHHKU rOPHBIX #OPOJ.

[TepBBiii OCHOBHOM pa3fes HHXKEeHEPHOH reosNOruH NOCBALIEH HCCne-
JOBAHHIO BONPOCOB TEOPHH (QOPMHPOBAHHA (HUIUKO-MEXAHHYCCKHX
CBOMCTB TOPHBIX MOPOX, a TAKXKe H3MeHeHHs! 3THX CBOHCTB NOJ BJHfA-
HHEM CTDOSIIIIHXCSI COOPYXKEHHH H JPYyTHX HHXKeHepHux pabor. Kak
U3BeCTHO, POPMUPOBAHHE ¥ H3MEHeHHe CBONCTB MOPOJ NPEACTaBJSIOT
coboii cloxKHEe lefieHanpapBieHHble MPOLECCh, NPOTEKAlOUIHE TMOX
BAHAHHEM HAMpPSXKEHHOrO COCTOSHHS, (PH3MKO-XHMHUYECKOH H OHOXHMM-
yeckoil o6cTaHOBKH. ViaMeHenne HanpsixeHHOro cocTosHus Oyner onpe-
IesTh MPOIeCcCHl YMJIOTHEHHS WAH, HAoOOpOT, PasynJoTHEHHS ¥ pas-
ynpOuHeHHsl FOPHbIX mopoj. KosnuecTBeHHAs OL@HKA HANPsiKEeHHH B
TOJIILE TOPHBIX MOPOJ MOXKET OHITh MONYYeHA TOJNLKO ¢ MOMOLIBIO 33KO-
HOMEpPHOCTEH, paccMaTpyBaeMbIX B MEXaHHWKe rOPHEIX MOPOA.

B 710 ke BpeMsi pa3paboTKa MeTOAGB NONEBLIX H NAGOPaTOPHBIX HC-
CcleACBaHMil NJs OnpejesieHds] NapaMeTPOB CBOHCTB TOPHBIX MOPOXR
IOJKHa 06a3upoBAaTLCS HA PACCMOTPEHHH peasibHOH paboTH 3THX rop-
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HBIX MOPOA Kak OCHOBaHUs JHOO cpeinl pasnuyHbix coopyxeHuii. Cre-
JCBATEJIbHO, B PEKOMEHIyeMBIX METOJHKAX NJ§ OLEHKH CBOHCTB IOPOJ
HeCcOXOMMO YUHTHIBATH ONpejeNleHHble PacueTHHlE MOJeJsid, NPUHHMAN
BO BHHMAaHHe NeldCTBHEe TeX HampsKeHUu#, KOTOpHE BO3HUKHYT B XOA€
CTPOHTENBCTBA H SKCIJIYaTalLHH OOBEKTOB.

Bropast yacTe WHXE€HepHOH reO/JIOrnH — HHXEHepHas re0lHHAMUKA,
pa3pabaThiBalollasl TEOPETHUECKHe U MPAKTHUYECKHe ACLEKTH NPOTHO3&
pPa3BHTHS rC€ONOrHUYECKHX NPOLECCOB H aBjJeHUH. Takol nporLos B CBoO-
efl OCHOBe HMeeT KONHUECTBeHHOe OOOCHOBaHHe, KOTOpOe IOJKHO, B
€BOI0 Ouepenb, 0A3HPOBATLCS Ha ONPENENEHHBIX pacyeTHHIX CxeMax,
pa3BHBaeMblX MeXaHHKO# TOPHHIX HOPOJ C YHYETOM Ie0JIorHiyecKoi 06-
CTaHOBKU. B 3TOM pasnesie HHXKEHEPHOH reoJIOTHH HCHONb3OBaHHE Me-
XaHHMKHU FOPHBIX NMOPOJ SIBASETCSl NOCTATOYHO NMONHBIM. 3AKOHOMEPHOCTH
pacnpelencHHs HanpsKeHHH, pacueT BO3MOXKHHBIX Jedopmanuii enabex
OTJIOXKEHHH, OLEeHKa YCTOMYMBOCTH TOJU[ TOPHbIX MOpPOA B OTKOCAX,
CKJIOHAX, aetopMaluH JHeBHOH MOBEPXHOCTH B pedyibTaTe ray0boKoro
BOZOMOHUKEHUSI, PA3BHTHsI KAPCTOBBIX U CY(P(HO3HOHHBIX NMPONECCOB —
BOT 1&JEKO He IOJIHHH nepeueHs npobseM, B pelIeHUH KOTOPHIX BeCh-
Ma CyLleCTBeH BKJAJ MEXaHUKH FOPHBIX NOPO.

TpeTuii pasjen — cneuuajpHasi HHxKeHePDHAsT TIeONOTHS, KOTOpas
H3y4YaeT reoJOrHuecKHe yCJOBHS CTPOUTENBCTRA IPOMBIIIIEHHKX, Fpax-
JaHCKHX, AOPOXHBIX, THAPOTEXHHUECKHUX, NOA3EMHEIX 0 APYrHX COOpYy-
WeHUH B PA3JIHYHBIX HHKEHEPHO-TeOJOTHUeCKHX YCJoBUSX H paspaba-
TBIBA€T MeTCAbl U METOAHKY HHKEHEPHO-reoJ0rHuecKux HecieOBaHuin
NpH MX NMPOEKTHPOBAHHU M CTPOHTENLCTBE. TOJABKO € MOMOIIBLIO M€xa-
HHUKH TOPHBIX MOPOA MOMXKHO KOJIHUeCTBEHHO OGOCHOBAaTh YCTOHUHBOCTDH
COOPYKEHUH, HCMONB3Yysl Haubosee npHeMJeMuie il KOHKPETHHIX HH-
»KEeHePHO-TeOJOrHuecKHX YCJOBHI pacueTHble cxeMbl. Pacuer ycroliuu-
BOCTH COOPY:KeHHi JOJIKEH NPOH3BOAHUTCS € YUYETOM Pa3BHTHS reoJio-
rHUecKHX NPOLeccoB H fBJIeHHH, KOTOPBIE CYIUIECTBOBAJH NO CTPOH.
TE@JBCTBA COOPYXKERMH H MOryT BO3HHKHYTH B NpPOLECCe HX 3JKCIjya-
TaALMHU.

MexaHHKa rOpHBEIX MOPOJ aeT BO3MOXKHOCTb ONpelensiTb rnyOuHy
W OPOTSXEHHOCTL 30H BO3JEHCTBHS COOPY:KeHHs, 06J1acTH KOHLEHTpA-
IHH RANpsKEHWH W pasBHTUS Haubonee onacHelx Aedopmauuil. Ha
3TOH OCHOBE WHXKXEHEeP-reonor Moxer o00CHOBaHHO BhIOHpaTh Haubosee:
paLHOHAJIBHYIO CHCTEMY HHiKeHepHBIX H3BICKAaHHMH 1A CTPOHTENBbCTBA
pasjiMyHOro THHA COOPYIKEHHIl: mnpenenbHbie KOHTYPH PasBelOYHOMH
ceTH BHIPAbOTOK, €TeleHb CTYUIEHHS WU pa3peXeHHs CKBAXKHH, a Tak-
}e HUX rayOnHy.

B wWHKeHepHOH reosNOrHM MeCTOPOXKAeHHH MONE3HBIX HCKONaeMbiX
Ol€HKA YCTOHYHBOCTH OTKOCOB YCTYNOB, a TdKxXe GOPTOB KAPbLEPOB H
OTBAJIOB, NON3E€MHHIX BHIPA0GOTOK AaeTcsi HA OCHOBe YrayOmeHHOro wuc-
[I0JIb30BAHHST Pa3/leiOB MEXAHHKH TOPHBIX MOPOJA, pa3pabaTuHBaKIINX:
TEOPEeTHUECKYI0 W NPHKJIANHYI0 CTOPOHBI npobseMbl NpeienbHOro Ha-
NpHKEHHOro cOCTOSIHUA H Ae(OopMauni ropHHEX NOPOA.

[llupokoe mpHMeHeHHe CPEACTB TUAPOMEXAaHHM3ALUH, MNPUBOASILEe
K HaMbiBYy OGIUHPHEIX MO MJIONAAH TMAPOOTBAJOB, CTABUT 3aJa4H MpO-
mecca MX KoHcosampauuu, obecnedeHuss YCTOHUHBOCTH, a TaKXe HX
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JaJibHeHlIero UCMOOJb30BAHUS B KauyecTBe OCHOBAHMA COOPYMKEHHH, UTO
TaKXKe€ HEBO3MOXKHO OCYLIeCTBUTb (€3 NPHMEHEHHS MeXaHHKH FOPHBIX
OO,

B cBolo ouepeldb, MexaHHKa FOPHBIX MOPOA AJS pa3paGOTKH Hamex-
HBIX DACUeTHBIX METOAOB, HauOOJee MOJHO YUYUTBLIBAIOUIUX DeajbHYH
paboTy ropHelx mOPOA, JOJKHA ONMpPaThcs Ha JOCTOBEPHYIO HHKEHEp-
HO-TeONIOTHUeCKY0 uH(pOpMamHio 00 yCJOBHAX 3ajeraHus u (Qusuko-
MeXaHHYECKHX CBOMCTBAX NOPOJ, B3AUMOACHCTBYIOMIHX C COOPYIKEHUEM.

K. Tepuaru B cneuuanssoit pabore «I1pouiioe u 6yayiiee npukaaj-
HOH MEXAHHMKH TOpHBIX MOpPOA», NPOAHAJW3HPOBAB ABAPHUH HA pa3juu-
HblX COOpPYXKEHHUSIX, OTMETHJ, 4TO KATACTPOPHUECKHe PA3PYIICHHS OblIM
BbI3BAHbl B OCHOBHOM HMCIIOJIb30BAHHEM HELOCTATOYHOIO 06beMa U Ka-
YecTBA HMHXKEHEPHO-TeOJOrHuecKHX HM3bICKAHHUH, XOTSl TpU MPOEKTHPO-
BAHUM NPHUMEHANHCb COBpPEMEHHblE paCUeTHble METOAbl M CXEMBbI.

Caenyer TakKe OTMETHUTh, UTO pa3paboOTKa MeTOAOB pacyera gOJK-
Ha 0a3UpOBATLCH HA COBPEMEHHBIX NPENCTABJEHUSX HHKEHEPHOH reo-
JIOTHM O IPHpOJe NMPOYHOCTH U AePOPMUPYEMOCTH I'OPHBIX MOPOJ C yue-
TOM OCOOeHHOCTeH (PHU3UKO-XMMHUYECKUX [POIIECCOB, MPOTEKAMIIHX B
AHCIEPCHBIX CHCTEMAaX NpPH UX B3AUMONEICTBUU C BHEUIHHMH CpegamH.

KosnuyecTBeHHAsd OlleHKA [PHPOLHBIX TeOJOTHYECKHX (PAKTOpOB,
MPOLECCOB W ABJEHHH, IPOrHO3 YCTOHYMBOCTH OTAEJbHBEIX COOPYXKEHHI
¥ [pUrOJHOCTH TEePPUTOpPHil, MNpefHa3HAuYeHHbIX AJA CTPOUTENbCTBA,
JOJIXKHBl NPOH3BOAHUTLCA C yUETOM MOCJHEeIHHX AOCTHXKEHHH MEXaHUKH
FOPHBIX TTOPOA.

MexanuKka ropHbIX Mopoa cIocOBCTBYET TAK:Ke PAa3BUTHIO H COBep-
{IEHCTBOBAHHIO PAJA METOLOB MHKEHEDHOH FEeOJIOTHH, TAKHX, KaK dKC-
MepUMEHTAJbHLH, PACYCTHO-TEOPETHUCCKHI, METOL MOJEAHMpOBAHHA H
aHaJoru#.

W3 gucuunaud re0JlorH4ecKoro 1ukJaa MexaHHWKa TOpHBIX mOpolXd
0CO6EHHO TECHO CBfI3aHa ¢ TEKTOHUKOH, 3HAHHWe AefCTBUS U pacmpe-
JeJIeHHs TeKTOHMYECKUX CHJI OU€Hb BaxKHO NPH TJIYOOKMX MOA3EMHBIX
paspaboTKax MOJEe3HbIX HCKOMAaeMBIX, CTPOHTEJLCTBE METPONOJHTEHOB
H TOHHeJell B ropHO-cKaamyaTthlx o6JsacTsax. DBojblice 3HaueHUHe umeeT
He TOJbKO YueT JeHCTBYIOmMHX B HACTOSILIEE BPeMs TEKTOHHUECKHUX CHJI,
HO U ONpejeneHHe 30H KOHUEHTpauuil HanpsKeHUH, NOpHYpOUEHHBIX
OObIYHO K 30HAM TEKTOHHYECKUX HapylleHHH.

Mexannka ropHulX mopop u rmaporeoqorus. [1pu H3yueHHH BOUpPO-
COB pacnpeneseHHss HANpsxKeHUH B TOJIe FOPHBIX NOPOA, YCTOHUUBO-
CTH HA3EeMHBbIX U [OJA3EMHbIX COOPY:KEHHH, a TaKKe CKJIOHOB M OTKOCOB
HeOOXOAUMO YUHUTHIBATL BJMSHHE MNOA3EMHBIX BOA, [pexiIe BCero, ¢
TOUKH 3PEeHHS HX CH/JAOBOI'O BO34EHCTBHSA. DTO BbIPAXKAETCH B Pa3BH-
THH FHAPOCTATHYECKOrO I THAPOAHHAMHYECKOTO [aBJeHHH, KOTOpble
onpeneJeHHbLM 06pa3oM BJAMSIOT HAa XapaKTep paclpegesNeHusl Hampd-
KeHull M, CAeJOBATENbHO, Ha YCTOHUYUBOCTHL COOpPY:KeHHA. JluHamuKa
IOA3€MHbIX BOJ, U3YyUaloulasl 3aKOHB UX ABHKEHHS, UCIOJNb3Ys OCHOBHI
TeOpHH (PUIbTpanKH, AaeT BO3MOXKHOCTh PACCUMTATb TO AABJEHHUE, KO-
TOpOe OKa3biBaeT MOTOK MOA3EMHBIX BOJ NPH CBOeM ABHxeHuu. IlpH
HCCIeJ0BaHH) MPOIeCcCa KOHCOJMUAAINN TeCYaHO-TIHHUCTBIX TOPOA Me-
XaHHKA FOpPHBIX NMOPOJ OOWPAETCS HAa OCHOBHOH 3aKOH (PUJAbTPAnUH —
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3axos JapcH, sBAAICLIHKIICT TaKxke OCHOBHbIM MpH PacCMOTPeHHH IBH-
KeHHS MOA3eMHBIX BOJ.

3ajayn AHHAMHKH [OJ3€MHbIX BOJA (H3yueHHe pacmpejeseHuss Ha-
IIOPOB B TOJILlEe TOPHBIX OPOA Pa3JHUHBIX BOJOHOCHBIX TOPH3OHTOB, UX
B3aUMOCBA3b, (OPMHPOBaHHe (HJIBTPALHOHHOFO NIOTOKA M YCTaHOBJe-
rHe XapakTepa ero ABHKEHHs) JOJXKHbI PaccMaTPUBATbCSH MeXaHUKOH
FOPHBIX MOPOA MPH pPelleHHH BONPOCOB HANMPSKEHHO-1e(DOPMHPOBAHHO-
IO COCTOSIHHSI M YCTOHUHBOCTH TOPHBIX MOPOL.

MexaHHKa ropHbIX MOpox M ropxHoe meno. PazpaboTka MecTOpPOK-
LEHH]i ToMe3HBIX HCKOMAeMblX MOA3EMHBIM crocofoM, NPOXonKa TOHHE-
Jejl Ha OoJibuinx rJayOHHax B CJAOXKHbIX TOPHO-T€OJOTHUECKHX YCJOBH-
X TPUBOAAT K GOPMHUPOBAHHIO DPARJHUHBIX OPOLECCOB, TAKUX, KAK rop-
HHE yJapel, BHe3alHble BHOPOCH MOPOA, YIJis W rasa, mIpPOPLIBH BOIHI,
IJIMHBL M NJBIBYHOB, 0OpyuieHHsI W BbiBaJbl. McciegoBaHus 3THX OPO-
1€CCOB, UX KOHTPOJb H NPOrHo3, paspaboTka HajexKHbIX MEPONpUATHH,
AOCTATOYHO 3KOHOMHUHBIX U 3((EeKTUBHHIX, onpesetsioT BO MHOrux
c/JAyuasix BO3MOMHOCTb M I1{e1eco00pa3HoCTh pa3paboTKH MecTopoXKje-
HUJ [OJe3HbIX HCKonaeMblx, XapakTep NPOTEKAHHSI 3THX IPOILECCOB
00ycJ0BJeH He TONBKO NPHPOAHEMH (PAaKTOpaMH, HO M CHCTeMOH pas-
paboTKu, ee mapaMeTDAMH, CKOPOCTbIO MPOABHMKEHUS (POHTA TOPHHIX
pabotr u T. A., T. €. 3@BHCHT OT TEXHOJOTHH HX BeleHus. MexaHuka
FOPHBIX NMOPOA B 'OPHOM JeJe — OfHa W3 BeAVIIHX HAYK, mpu3BaHHaf
pellaTe CJAEAYIOUIHEe 3axaud: ]) KoJHuecTBEHHO OGOCHOBATH YCTOHUYH-
BOCTb TOA3€MHBIX BhPab0TOK; 2) nare NPOrHO3 pa3BUTHS mepeducyeH-
HHX BhIllle MPOIECCOB M HX JIOKAJH3AUHU; 3) OOPeneJHTh OCHOBY AJS
pas3palboTKH nPaBHIbHONH TEXHOJOTHH BeleHHs FoPHBIX paboT, ynpasJe-
HHUSl KPOBJeH B KOHKPETHHEIX YCJOBHUSAX; 4) BuIGpaTk crnocod KpenJeHUs
BuIpAaOOTOK M OPOHIBECTH pacueT Kpemnw.

OnuH U3 KOPeHHbIX BOIPOCOB MEXaHHKH IOPHEIX NOPOL B 'OPHOM
gelle — paszpaboTka TEOPUM M MeTOAOB pacuera TOPHOro AAaBJEHHS.
B Hacrosumee BpeMs HCHoJae3yeTcd psJ THIOTe3 TOPHOrO AaBJeHHS,
OpensoOKeHHbIX u pazpabarThiBaeMbiX MEeXaHHKOU FOPHBIX HOPOJ.

[Tpo6seMbl, cBA3aHHBIE C OI€HKOH FOPHOrc AaBJeHHUs, AOJKHE pac-
CMATPHBATBLCH B CBA3H C MOPHHATOH cHcTeMoH paszpaboTku, KOTOpasd
4acTo BAMsSET Ha BeJHUMHY, HHTEHCHBHOCTb Pa3BHTHSA H xapakrtep pac-
npeneneHus paBdeHus. [Ipu 3tom oco6c BeraeT BOUPOC 06 H3YUEHHU
OMOPHOTO [AaBJEHHs,, KOTOpOe, KaK H3BECTHO, MOxKeT B 1,50—4 pasa
npeBblllaTh Bec cTOJ0a mopoabl Hajg BhpaGoTKOH. MexaHHKa TrOPHBIX
nopoa yaeasier 3Toll npobaeme 6o/biIOe BHAMaHHe, H3ydasqg JHHAMHKY
Pa3BUTHS OMNOPHOrO [AAaBJeHHUS, 30HB pacHpoCTPAHEHHs M H3MEHEHHd
€ro BeJHUMHHI.

Cxema pacnpeneneHHs ONODHHIX AABJeHMH Kak Haubojee MaKCH-
MaJpHBIX, paspabarviBaemMass MeXaHNKOl TOPHBIX NOPoOA, Jaer BO3-
MOXKHOCTH HAMETUTb DAallHOHAJLHOe pasmenieHue HOJ3E€MHBIX BbIpabo-
TOK.

Ha peunieHuu ypaBHeHHMH MeXaHUKH TODHBIX NOPOA OCHOBAHBI pac-
yeThl Pa3/JMYHbIX THMOB [EJIHKOB C YueTOM ocOOeHHOCTEH pacrpejgesne-
HUs HanpsMKeHHH B HUX, UX TE0JIOTMYECKOro CTPOEHMS, B3aHMOjeicT-
BUS 1[eMTHKOB ¢ BMEINAIOIUME [TOPOLAMH.
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MexaHuKa TOpHbIX NOPOJd H JHCUHNJHHBI CTPOHUTENbHOIO LUHKJA.
MexaHHKa ropHHIX NOPOJ B CBOEM Pa3BHTHH ONHpajack H ONMHpaercs
Ha CTPOHTEJBHYIO MEXaHHKY, CONpPOTHBJIEeHHe MAaTepPHaJIOB, TEOPHIO
YyIPYroCTH H IJIACTHYHOCTH. DTH HAYKH PAacCMaTpPHBAIOT pPa3JHuHBIE
tejqa (6pycH, CTEpXHH, MJHTHI, MJAACTHHH, 0GOJOYKH H AP.) B HX HO-
npeleapHoM (pafoueM) HAarpyKeHHOM COCTOSIHHH, a Takxke B IIpe-
JedpHOM, OJH3KOM K paspyiueHuio. M3yueHHe 3THX TeJ He OrPaHHYH-
BAeTCs HCC/IEJ0BAHHEM HANpPsiKeHHH B HHX, TaK KaK YYHTBIBaeTCHA Tak-
XKe Xapakrtep HX 1e(OPMHPOBAHHS H PaspylleHHS.

[lepeunciUM OCHOBHBHle MOJIOXKEHHS YKAa3aHHBIX Hayk, HauGosee
NOMHO HCIMOJAB3YeMBle MeXaHHKOH rOopHBIX IOPOA: YpPaBHeHHSl paBHO-
BeCHst (MM JBHIKEHHs), CBY3HBAWOUIHE BHEIIHHE CHJAH H Hanpsxe-
HH3l; onpelleneHue jgedopMaiiil, IpoHCXOASUIUX B TeJe MO ACHCTBHEM
BHEIIHHX CHJ; YCTAHOBJEHHe 33aBHCHMOCTH MeXAYy HANpSKeHHUSIMH H
gedopMalHAMH, BO3IHHKAOWKUMH B Tene, o0OCHOBaHHe TEOPHH Mpou-
HOCTH M paspyllieHHs.. Bce mepeuHcjeHHble 3aKOHOMEPHOCTH yCTaHaB-
JAUBAIOTCH He AJMS JEHCTBHTENIbHBIX (PeanbHHEX) TEI C HX CJIOKHBIM
BHYTPEHHHM CTpPOeHHeM, a AJad HEKOTOPOH OZHOPOALHOH CIJIOUIHOH cpe-
Jbl, Jaowed BO3MOXKHOCTh BBIAEJASITH H3 Tena Manabkle 3JAEMeHTH H
CYUHTATh, YTO OHH COXPAHAIOT Te Ke (U3HYeCKHe CBOUCTBA, YTO H BCe
TeJO.

[IporHos mpoYHOCTH H YCTOHYHBOCTH OCHOBAHHS H BO3BELEHHOTO Ha
HeM COODYXKEHHs1 HeBO3MOXKeH 0e3 HCHO0/Ab30BaHHS PACUETHHIX CXeM
MeXaHHKH TOPHBIX HOPOL. B CBOl ouepenb, THI HCNOAL3YEMBIX (yH-
MaMeHTOB, UX pasMepbl, KOHCTPYKIHA U OCOGEHHOCTH HX yCTpOHCTBa
ONpeneasiioT XapakTep pacnpeleneHHsl HanpsiXKeHHA B TOpHOH mopone
no ray6HHe, B NPELeax H BHe KOHTypa (yHAaMeHTOB. 3Hast BeJHUYHHY
HalpsiKeHHH H XapaxTep HX paclpejesieHHsi, MOXKHO pacCYHUTaTh Je-
(hOpMHPYEMOCTbh OCHOBAHHSI H, CJI€A0BaTeabHO, YCTOHUHMBOCTH (yHAa-
MEHTOB H BO3BEAEHHEIX Ha HHX Ccoopy¥eHu#d, B aucuunaunze «OcHosa-
HUSL H (YHAaMEHThl» WIHPOKO HCIOAB3YIOTCH 3aKOHOMEPHOCTH H3Me-
HEHHSI NPOYHOCTH, YCTOHUHBOCTH U AeHOPMHPYSMOCTH TOPHBIX NOPOL,
M3J0XKEHHBle B Kypce «MexaHHKa ropHBIX IOPOI>.

KOHTpO/LbeLe 80ONpPOCHL

1. CdopmyaupyiiTe OCHOBHEle 3aJaud MeXaHHKH TOpHHX nopoi. Kak 3Tw 3amaun
BOJI2KHBl OBbITH peasjH30BaHbl B NMPAKTHUECKOH NeATeJbHOCTH CNEUHAaNHCTOB, paboTalo-
WHX B O6JACTH HHXKEHEePHOH reo/IOTHH H THAPOTeOJOrHu?

2. OcHOBHBle METOIB, HCIOJIb3yeMBle MEXaHHKOH TOpPHHX NOpPOJ. YKaXHTe Ha
OGLIHOCTb MeTo/JOB, HCNOIb3yeMbIX B MeXaHMKe FODHHX NOpOJ, a Tak¥Xe B HHXKeHep-
Ho#l reosoruy u ruaporeosorud. OCOGEHHOCTH METONOB MOAENHPOBAHHUS, NPHMEHse-
MBIX B MeXaHHKe TOPHBIX MOpOJ.

3. INokaxkure Ha mnpuMepax, MJIs KakHX NMOPOX BO3MOXKHO NpUMEHEHHE Teop .H
ynpyroctd. Kakasi pasHuua MeXay JuHeHHO-ZedOpMHPyeMOH cpelodl H cpeloir 1-0-
pun ynpyroctu? KpHTepun NMpHMEHWMOCTH 3aKOHa I'yka AT TODHBIX NMOPOA.

4. VanoxxuTe OCHOBHHE OCOGEHHOCTH Ae(OpMALHOHHOTO MOBEJeHHSI TOPHHIX NO-
pol MNpH HCHOJb30OBaHHHW MoOJeJedl yNpPYrolIaCTHYECKOH Cpelbl H Cpelhbl TeOpHH MJa-
CTHYHOCTH.

5. O6mbscHure, B 4eM 3aKJIOYaercsi 0COGEHHOCTb OLEHKH TPEHiHHOBATHIX CKailb-
HBIX NOPOJ Kak O0BbEeKTa H3yueHHs] MEXAHHKHM FOpPHBIX nopold. Kakue XpUTepHH HCHOJL-
3YIOTCSl JUIS PAcueTOB 3THX NMOPOA KaK CIVIOMIHOH HJIM TpeNIHHOBATO-GJOYHOH Cpeibl?

6. OxapaxrepusyfiTe O0COGeHHOCTH I€CUAHO-TJHHHCTHX MOPON KaK HHCHEePCHHIX
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cHereM. BO3MOMXKHO JH HCHOJb30BapHe [Js1 MeCYaHO-TVIHHHCTHX NOPOX MOJEJNH JIH-
HefHo-AepopMUPYEMO CPelb?

7. B Kakux pasfiesqax KypCOB HHMKEHEDHOH IeOJOTHH H THIDOTEOJOrHH HE0GX0-
IUMO HCHOJIb30BaTh H HCIOJB3YIOTCS NOJIOKEHHS MeXaHHKH TOPHHIX nopon. llpuse-
JIUTE KOHKPETHHIE NpHMEpHL.

Fnasa 2

OCHOBHbIE NPEACTABJEHUSA O HANIPSHKEHHOM
COCTOSIHHH rOPHbBIX MOPOJL

§ 1. NOHATHE O HANPSOKEHUAX

[IpouHOCT W YCTOHYUBOCTH COOpYyKeHHH, BO3BOAHMMBIX Ha MOpPOJax
I HemoCPeLCTBEHHO B HX TOJlULE, ONpelenasioTCs HanpskKeHHbBIM Co-
CTOSIHHEM, BO3HHKAIOWMM KaK pe3yjabTaT LEHCTBHs BHEIUIHHX cuJ (Ha-
rPy30K) H 3aBHCHUIMM OT CRBOHCTB rOpHBIX NOPOA. M3yueHHe HX Hamps-
JKEHHOTO COCTOSIHHMSl LOJIKHO BeCTHCh BO BCeH 30He BJMSHHS COOpYKe-
HHSl, KOTOPas pacmpocTpaHsercss OObIYHO HA 3HAUUTEJBHYIO IJIyOHHY.
be3 3HaHUy BeJuuYHHBI HAnPsyKeHHI W 06JACTH MX PacCHPOCTPAHEHHS
HEBO3MOJKHO PAaCcCYHUTaTh OCAZKy COOPY:KEHHS, OI@eHHTh YCTOHUHBOCTh
CKJOHOB M OTKOCOB, a8 TakKxe 0e30macHOCTb 3KCIyaTallMd NMOL3EeMHHIX
BBIPabOTOK.

B MexaHHKe FOpHBIX IOPOA AJS pacieTa HANpsKeHUH HCOONB3YIOT
MOJIOXKEeHHsT TEOPHH YIPYTrOCTH, KOTOPBIE MOryT OnITb IPHMEHeHBl AJA
JI06BIX JTHHelHO-fedopMHpyeMHX Test. Kak yke yKasnBajoch B . 1,
ropHble MOPOAB B ONpefesdeHHbIX Npedenax AaBaeHui pedopMHDPYIOTCH
Mo 3aKoHY, GIH3KOMY K jguHeitHOMY. C/1€10BATENBHO, MPH ONpefeNeHHH
HanpsixKeHHH B IOPOAAX MOXKHO HCXOZHTbH H3 TEOPUH JUHEeHHO-Zedop-
MHpYyeMbIX cpel. B TaxkoM cjayuae 30HBI IJACTHUECKHX pedopManuil
J160 OTCYTCTBYIOT, JHOO HMEKT HE3HAUUTE/bHYI0 00/1aCThb PA3BHTHSL

3HaunTeabHBle OTKJOHEHHS OT JHHEHHOH 3aBHCHMOCTH NPH AaBJe-
HHSX BHILE NPefeja IPONOPUHOHANBHOCTH U CYLIECTBEHHOM Da3BUTHH
30H IIacTHYeCKHX Ae(PopMauuil He MO3BOJSIOT NPHUMEHSTb peIleHHsd
TEOPUH YIPYrOCTH.

Teopust ynpyroctn oGBIYHO HCIONB3YETCS A5 ONpeneseHus Hamps-
XKEeHHHA mpH yCJa0oBHH cTabunusaunu gedopMaunil moa gefictasieM BHELI-
"eii Harpysku. CrexoBaTelbHO, IPH pacyeTe HaNpPSXKEHUH FOPHBbIE MO-
POABl AOMAKHBI paccMaTpUBATBCH Kax JHHEHHO-IehopMHUpyeMBle Tena,
npouecc Ae(pOpMUPOBAHHA KOTOPHIX MOX HArpy3kod sakoHuuacs. IIpu
TAKHX AOMYUIEHHAX BEJHUHHA KOHEUHHIX HANpPsXKeHHH B TOPHOI MOpPOAe
OT AeHCTBHS BHEIIHHX cua Oyger onpexpeseHa ¢ HeoOXOgHMO#E TOU-
HOCTBIO.

Ecsin X ropHo# nmopoje mpU/ioKeHa HEKOTOpas CHaa, TO B HeH, Kak
U B KaxXA0OM MartepuaJje, BO3HHKAIOT BHYTPeHHHe ycuaus. Murencus-
HOCTb pacmpefe/ieHHs] BHYTPeHHHX YCHJHH B BHILEIEHHOM 9/eMeHTe IO-
POnbl HaswiBatOT HanpAxceHuem. IIpu geliCTBUH NOBEPXHOCTHBHIX CHJ Ta-
KHM 3JeMeHTOM CUHTAIOT HEKOTOPOe ceueHHe, NPOBEIEeHHOe uepes Tou-
Ky Tena, B KOTOpoHi Tpebyercs onpenenuTh HampskenHe, BeJnuHHa
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Puc. 2. Cxemun s onpellefiellis COCT2BJSRIOWIHX HAaNpaKeHHA HAa TOPHU3OTAJIBHEIX
H BepPTHKAJbHHX NJOWANKAX:

Q — Pa3NQKEHHE NOJHOIQ HAUPHANKEHUA C HA HODMAJABHYIO H KACAaTeJbHYIO COCTaBARIILYIO, 6~
HOpMaJdbHbie HalPSAXKEHHST Ha TpaHAX 3/JEeMeHTAapHOrQ napaJJesenHiena; 8 — HOpMaJjbHbIE H Ka-
caTelbHble COCTaBJAIOUIHe HAaNDfAXKeHHil Ha IpaHsX 3IJ€MeHTApHQro napajanjejenHneila; & -— nap-
HOCTH KacaTeJbHbIX HaNpAaXenuy

HanpsikeHHsl ¢ paBHa P/F (rge P — ycHjHe HA MJIOWAaAb cedeHUs F).

Hanpsi:keHue B rOpHO# NMOPOfe clefyeT paccMaTPHBATh He KaK Ha-
NpsxeHHOe COCTOSIHHe ero YacTHI, a KakK CpefHee Hamps:KeHHe Ha
MBICJTEeHHO BbIfeJeHHOR Maoniagke KOHeUuHLIX Pa3MePOB BHYTPHU rOpHOR
MOPOLHI.

Ilnomanka F Moxer uMeTp J00yio OpHeHTHPOBKY. s onpepe-
JEHHOH IJowWaiKu HampshKEHHe BhIPa)KaeTcsi BeKTOPOM, LJAHHA KOTO-
poro B 3agaHHoM Macumrale TpeICTaBASET BeJHUHHY HAMNPSIIKEHHS,
BeauuuHa u HajgpaegeHUe BEKTOPa HANpSXKeHUS 3aBHCAT He TOJALKO OT
BHellIHEH CHJIBI ¥ KOOPZHHAT TOUKH, HO K OT OPHEHTHPOBKH MJIOUIAAKH,
AJsl KOTOPOH ompelensiiack paBHOZelCTBYIOUlasi BHYTPEHHHX YCHJIHH.

st ar060f TOUKH TOMIIH TOPHOH MOPOAbI, HAXOASAWEACS B paBHO-
BeCHH, PaBHOAEHCTRYIOINAS HampsiKeHHH, feACTBYIOIMUX IO BCeM IJO-
u1agkaM, KOTOpHle MPOXOASIT Uyepe3 3Ty TOUKYy, paBHa HyJaw. Ecau Bek-
TOp HampsKeHUs HaKJOHEH K NAOmajike MOR YIJAOM, TO ero MOXKHO
Pa3/oKuTh Ha ABe COCTABASIONIHE: HOPMAJbHYIO, MEePICHAUKYASAPHYIO
K MJOCKOCTH IIOIMAafKH, U KacaTeJbHVI0, LeHCTBYIOINYIO B IJIOCKOCTH
njoaaxkd (puc. 2,a).

IToaoxeHHe TOUKH B TOJlle IOPHOH NMOPOAH ONPefessiioT ¢ MOMO-
WIbIO MPSIMOYFONBHOH CHCTeMBl KOODAMHAT, HA4aJOM KOTODOH CUHTAIOT
TOUKY Ha rpaHule AefCTBAS BHEINHHX CHJA U ropHoii nopoabl. Ocb z
RamnpasjeHa BHH3, OChb Y — CJEBa HANpaBo, OChb X — NEPHeHIHKYJSP-
HO XK ocH ¥ (cM. puc. 2,6).

JInsi OleHKH CKHMAaeMOCTH IODHOH NOPOAL MOA AeHCTBHeM BHell-
Hell Harpyskd oOBIUHO PAcCMAaTpPHBAIOT TOPH3OHTAJbHble H BePTHKa/b-
Hble MAOCIIAAKH, B Takom ciayuae peuleHde 3agaud O CXKAaTHH TOPHOH
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Opojbl B HEKOTOPoil Touke O CBOAMTCS K PEIIEHHIO 3a1auH O CKaTHH
3aMCHSIOIEro 3Ty TOYKY 3/AeMeHTapHOro IapaJjefenunena, CTOPOHB
KOTOPOro THapasjelbHel OCAM KOODJIHHAT, 4TO JONYCTHMO B CHJY €ro
maaocTu. Ha kaxpoii rpany napasienenunena gefiCTBYIOT TPH COCTaB-
JsoniHe NOAHOrO HamPsKeHHs: O Ha HOpMaJibHAd H [Be KacartesbHBIE.
HopmasabHble cocrapasiioniie HanpsnkeHnst 0603HAYaTC Gz, Oy, Ox-
Hujiekesl 2, y H X yKa3HBaT, 4TO COOTBETCTBYIOIIEE HOPMaJbHOE Ha-
npsyKeHHe JeHCTByeT Ha ILIOmAAKe, NEPNEeHIHKYJIAPHOA K ocu, 06o-
3HauyeHHoO# 31Ol 6ykBo#l. B 0603HaueHHH xacaTe/IbHBIX COCTABJSIOMIHX
HanPsKEHHH: Ty, Tox, Tyz, Tyx, Ty U Ty — NepBas OyKBa HHJAEKCE yKa-
3bIBaeT HampasjieHHe HOPMajH K MAOMafKe, Ha KOTOPO#H Ae#cCTBYET
KacaTenpHas COCTaBjsiiouiast HanpsikeHWd, a BTOpas — Hanpap/eHHe
nocdeHeli, Takum o6pasom, KacateapHasi COCTaBAsOmast HanpsiXKeHus
T,y ACACTBYET Ha mjaomajixe, HopMaab K KOTOpO# mapasielpHa HiIH
COBNALAeT ¢ OChI0 2, a4 CaMa COCTapnsuas napanaeibHa ocH y (CM.
puc. 2,8).

Taxum o6pasoM, Ha NapaJjenenunesn JeACTBYIOT 1IeCTb HOPMAJb-
HBIX M ABEHAaAlAThL KacaTelbHBIX COCTABJASIONINX HanpsiKeHHH.

Jas mapaasenenunefa, HaxOAsimerocs B pPABHOBECHH, Hanpsixe-
HHs Ha NPOTHUBOMOJIOKHBIX TPaHsX pasHbl. [lo3ToMy AJAR XapaxkrepH-
CTHKH HaNpsiKeHHOro COCTOSHHS 3TOr0  3JeMeHTa TOPHOH TNOPOZBI
HeoOXOAHMO 3HATh TPH HOPMAaJbHBIE U IIECTh KaCaTeJbHBIX COCTABJSIO-
UIHX NOJHOro HanpsikeHus. OLHAKO NPH PaccMOTPeHHH 3JeMeHTapPHo-
ro napaJJjeseninena 4HCJAQO KACATeJbHbIX HanpsSKeHHH MOKeT OHITh
yMeHbpllleHo BABoe. C 3TOH UeABIO ONpefesdM MOMEHT TeX CHJ, KOTO-
pble ZefCTBYIOT Ha BbIAENEHHBIH 3JeMeHT, HalPuMep, OTHOCHTEAbHO
ocH x. B 3TOM cayuae, OYeBHJIHO, BO BHHUMAHUE CJAENYeT NPHHUMATh
TOJIBKO T€ HANPsiKeHHs] Ha TPaHAX 3JeMeHTa, KOTOphle OKa3aHbl Ha
puc. 2,e. O6beMHBle CHIB NPH YMEHbLUIEHHH pa3Mepa mapasiejenune-
Jla CHHXKAIOTCS NPOMOPUHOHAABHO TPeTheil CTeneHyu AMuHBL pe6pa, B TO
e BpeMsl yMeHblIeHHe NOBEPXHOCTHBIX CHJ MPOHCXOLHT NPONOPIHO-
HAIBHO BTOPOH cTeneHH AAHHHE peGpa. CuenoBarenbHO, AJdst (ecko-
HEYHO Manoro 3JeMeHTa 00beMHBlE CHJbI ABJAAIOTCS 6&CKOHEUHO MaJibl-
MH BEJHYMHAMH BBICUIEr0 NOPSAKA MaJOCTH MO CPABHEHHIO C MOBEPX-
HOCTHBIMH, W NPH PacCMOTPEHHH pPaBHOBECHH 3TOTO 3JeMeHTa HMH
caenyer npeHeGpeus. [lono6HBIM 06pa3zoM MOXKHO NOKAa3arth, 4TO MO-
MEHTH HOPMAaJ/bHBIX YCHAHH BCAELCTBHE HepaBHOMEPHOCTH HX pacnpe-
AeJCHHS TaK:Ke BeJHUHHBl BBICIIEro NMOPsiiKa MAaJOCTH MO OTHOIIEHHIO
K MOMEHTaM, CO34aBaeMbIM KACATeJIbHBIMH HAnpSXKEHHAMH, H B IIpele-
Je o0pamaloTcs B HyJb. YCHJHUS, AENCTBYIOU{HE HA KaXAVIO IPaHb,
MOXKHO CYHTATh PaBHBIMH NPOU3BEJEHHIO HANPSKEHHA B lleHTPe Tpanu
Ha ee maomaab. O603HAUNB pasMepnl §eCKOHEYHO MaJjgoro 3JgeMeHTa
dx, dy n dz u Haiiiss MOMEHTH CHJH OTHOCHTEJIBHO OCH X, MOAYUHM
VPaBHEHHS pPaBHOBECHS 3TOrO JE€MeHTa B BULE

1,ydxdydz=r1,,dxdydz. (14)

ﬂBa APYTrHX yYpPaBHEHHUA AAS HAXOWKIEHUA Ty H Taz, Txy H Tyx COCTEB-
JATCA aHaJOTrHYHbIM O6pa30M. Hs 3TUX ypaBHeHHﬁ CAaeayer, 4To
Tiy=—Tyz; Tax—Txz, Taxy=—Tyx-
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Taxum o6paszoM, HaNPs2KEHHOe COCTOSIHHE B KaxKAOH TOUKe TOJIUIH
rOPHOH MOPOAHB MOXKHO OIleHHBaTh C IMOMOMIbIO TpeX HOPMalbHHX (07,
Oy, Ox) W TPEX KACATeJABHBIX (Txy, Txz, Txy) HANpAKeHHH.

§ 2. HATIP)KEHUSA W NAE®OPMAILHUHU NPU CKATHH
HA TOPU3OHTAJIbBHbIX U BEPTUKAJIbHbIX NJIOIIAIKAX

[Tox peiicTBieM HOpMAaJbHBIX HaNpsKeHWH (o, Oy, Oy} NPOHUCXOJHUT
cXKaThe TOPHOH MOPOJABI, KOTOPOe COIPOBOXKIAETCS yMeHbllleHHeM ee
o6beMa. MaMeneHue o6bemMa 3J1eMeHTAPHOro NapaJJeneninena NpPoOuc-
XOIUT 3a cyeT yMeHbIIeHUS ero CTOpPOH. BBeneM NOHSTHE OTHOCUTEAb-
HoU 06veMHOU degopmayuu cxarus, NOA KOTOPOH NojapasyMeBaercs
OTHOIlleHHe H3MeHeHHs o0beMa 3/JeMEeHTAPHOrO NapaselNenunena Iox
JefiCTBMEeM HODMAaJbHOTO HAINpsRKEeHHS K ero IepBOHA4aJbHOMY 00b-
emy. O6beM napanenenuneaa dV mo cKaTus cOCTaBIsieT

dV=dxdydz. (15)

OrHocurenpHble AehOpManuu CKaTHs B HaNnpaBjaeHuu ocefl 2, x, ¥
0603HaUNM COOTBETCTBEHHO &;V, &:V, gy¥. BC/leAcTBHe cKaTHA mapad-
JejellMNexna AJUHE €r0 CTOPOH CraHyT paeHeMH (1—e;V)dz;
(1—e,V)dx; (1—eyV)dy, a ymenbmerHHil 06bem (dV’) cocraBur

dV'=(1—e,V)dx (1—e, V) dy (1—e.V) dz. (16)

Ecan mpenebGpeup mponaBejeHHeM OTHOCHTEJNBHHIX aedopMmanui Hz-3a
HX MaJjOoCTH, TO MOJAYY4HM Bbipa)keHHe aias dV’ B Buze

dV'=(1—e,V—se,V—e,V) dxdydz. (17)
OTHOCUTEIBLHOE HaMeHeHHe 06BLeMa, WU OTHOCHTeAbHas oO6beMHas j1e-
dopmanusi O, onpefeauTCs U3 BHIPAKCHUSA

g &V —dv :dxdydz-— (1 — <) —ef — <V )dxdydz

dav dxdydz

CaenoBarenbHO, OTHOCHTENBHAST 00beMHAast nedopManus HEKOTOPO-
ro BBIIEJNEHHOTO 3JeMeHTd B TOJme NOPOJ PaBHA CyMMe OTHOCHTE/b-
HBEIX JUHelHBIX medopmauuil, NPOUCXOASINX B HANpaBleHHUH KOOpDAH-
HATHBIX OCeH.

Kax ymxe yKa3plBajgoCh B TJI. |, OCHOBHBIM 33KOHOM JIHHEHHO-je-
dopMHDYyeMO# cpeabl siBAsieTcst 3aKOH ['yka, KOTODBI xapakTepH3yeT
JUHeHHYI0 3aBUCHMOCTb MeXKAy OTHOCHTENBHON medopmanueil e (B Ha-
NpaBjJeHUH HeHCTBUS HaNpsi’KeHUs]) W HanpsixkeHdeM o, T. e. e=g/E.

KoaddunveEToOM NOPONOPHHOHAABHOCTH B 3TOM cJyyae sBJSICTCSH
BenHuuHa FE, HasblBaeMas mMoOyaem ynpyeocTu. s ropHBIX nopom,
paccMaTpuBaeMHBX Kak JHHeHHO-nepopMHpyeMasl cpeaa, TaAKHM Ko3ag-
(HUHEHTOM MPONOPUHOHATLHOCTH CAYKHUT MOOyab obwell degopmayuu
Eo. B oprOM H TOM Ke HHTeDBaJie HANPSIKEHHI FOPHEIE NOPOABl MOTYT
XapaKTepH30BaThCsl KaK MOAyJeM YOPYTOCTH, Tak U Mmoay/aeM obuieH
negopmanud, [lepBHil OOBIYHO ONpene/sieTCsl MO BeTBH Pa3rpys3ku, H
AJISL €rO pacyera HCIOJAB3YIOT TOMLKO yhpyrie gedopmanuu (puc. 3,a)

E,=0/e,. (19)

=&V —1—8‘; + V. (19)
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Puc. 3. Tpaux zedopMHpOBaHIst TOPHHX MOPOR NMOX HATPY3KOi:

4 — 33aBMCHMOCTb MeXIY OTHOCHTeJNbHbLIMH nedOpMaLHAMH M HanpsAXeHHAMHE; 6 — KOMNPEeCCHOH-
Haf KpHBasl IeCUAaHO-TJHHHCTBIX MODOI H ee napaMmeTphl

Yr0 ke KacaeTcs MOAyJst obuiell geQopMamMu, TO MpH ero OUEHKe uc-
IOJ1b3YIOT BeNHUUHYy MNOAHOH gedOpMaUHH NOPOAH, KoTtopast OOBIUHO
CYMMHPyeTCsl H3 YNPYroHl e, U OCTATOUHON gocr HacTell U MoXeT OHTH
HafileHa Mo BeTBH HATPY3KH NpPH OJHOKPATHOM 3arpyKeHUH MOPOXHI
(cM. puc. 3,a) '

EOZG/(8y+SOCT)' (20)

[Tockoabky anas GOABIIHHCTBA TUPHLIX MOPOA BEeJAHYMHB YNPYFHX
nedopManHit MeHpiie, 4eM MOJIHBIX, MOAYAbL YIOPYrocTH Bceraa Godbine,
yem monyJIs obmeld pedopmanuu. Mcekaouedre cocTaBasioT CKaJbHHE
HeTPeUHHOBATHEe MOPOAH, AJf KOTOPHX MOAYJAH ymnpyrocTd H obuieff
nedopMaltn COMOCTaBHMHE Mexay coboit, C pocTtoM CTeneHH Tpeliy-
HOBATOCTH M BEIBETPe]OCTH HabJawgdaeTcs yBeluUeHHe PacXOKAEHHs
MeKIy 3THMH nmapaMerpaMu aeGOpPMalnHOHHBEIX CBOHCTB FOPHEIX NOPOX
(rada. 1).

Has cnabuix rIHHHCTEIX MOPOX, B KOTOPBIX OCHOBHYI POJb Hrpa-
IOT OCTaTO4Hble AeOPManHU, MOAYJb YOPYrOCTH MOIKET OTJAHYATHCA
oT MonyJas gedopMaiHu Ha ABa MOpAAKa H GoJee.

Ta6nuna 1. Cpasnureichaf xapaxTepucTHXa moaynedl ynpyroctu E,
¥ nedopmauun E, rpanHTOB pasiuuHofi crenesH TpewuunoBatoctu (no JI. Mioinepy)

Tlopoast CTelNeHb TPEUIHHOBATOCTH Ey;"EO
HeBriBeTpe.1ule HertpeunnoBarbie 1,42
MaunorpeiluHOBaThIE 1,80

MagjosniBeTpe.lnle TpeumHoBaThlie 1,88
BriBeTpeJinie » 3,22
CHIbHO TPeutMHOBaThIe 3,70
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Cxkarde 2/eMEHTApHOro MNapaJJiefenunesa B HANpaBAeHHH OCH 2
OOBIYHO CONPOBOXKAAETCS €ro IONePeuHbIM pacIiHpeHHeM, KOTOpoe B
HampaBJeHHH OCell X H y MeHblle AedopManHH cKaTHs BJOJAb OCH
z—(g;). B cBsi3u ¢ 3TUM, BHIPAXKEHUS [AJs ONPeae/eHHs] OTHOCHTENb-
HHIX TOMEPeuHHx gehopManuil B HAMPaBJAEHHAH OCH X— (&x) H y— (&y)
UMET CJIeAVIOUIHH BHI:

ex:—“szz_f"%§ 21
By == ME, = —1 '%, (22)

rae g — KOoahhHIHEeHT NPONOPUHOHANLHOCTH, KOTOPHIA B ciyuae Ma-
JAblX pedopmanuii iMeer NOCTOsIHHOE 3Hauenre. Heo6X0HMO OTMeTHTh,
YTO B MEXaHWKe TOPHBIX NMOPOA 3HAKH nedopMalHy¥ NMPUHHMAIOTCA MO-
JIOXKHTENbHBIMH IIPH CXKATHH H OTPHUATEAbHBIMH MPH PACIIMPEHUH.

s 0HOPOAHON W U3OTPONHON CPEABl ey=Ey. lOrma U3 cONOCTaB-
aennst (21) u (22) cneayer, uro

: (23)

€z €z
Jlis cpeanl reopuu YNPYrocTH p HOCHT Ha3BaHHE Koapgpuyuenta [ly-
accona, 1 B 3TOM cJlyude OH OIpejiensieTCs TOJNbKO IO BeJHUHMHE YIpPy-
rux gegpopmanuii. Ecau pacyer p Begercss ¢ yYeTOM MOJHBIX OTHOCH-
TebHbIX JAepopMauui, 10 10T KO03hPUUHEHT NosaydyaeT Ha3BaHHe KO-
s dunnenTa nonepeurHo2o pacuiupenus.

Beauunna xoadgunuenta [lyaccona (kosddunueHta nomepeusHoro
pacmupenusi) usMmensiercs or 0 no 0,5 u He 6osee, TaK Kak HpU 3HAE-
YEHHUAX, NPeBHIIAMAX YKA3aHHYIO BeJHUHHY, HalJjiomaerca cyulecr-
BeHHOe u3meHeHHe 00beMa. B atom cnyuae TeOPHs ynPyroCTH yiKe He-
npuMeHuMa, u6o Bce 3aKOHB HaNPsKeHHO-AedOpPMHUPOBAHHOIO COCTO-
SHUSL QA YOPYroi (JauHeHHO-1ebOpMUPYEMOit) Cpelbl NMOJYUeHB TPH
YCAOBHH NOCTOSHCTBA o6beMa AedOPMHUPYIOUIErocss Martepuana.

Ilpu Hanuuuu JHHEHHON CBA3H MEXKAY HampsKeHHSIMH H pedopma-
UUAMH MOXHO MPOH3BOJHTH CYMMHPOBaHHe nedopManufi no Kaxkaon
U3 Ooceill OT AefCTBHS HOPMaJbHHEIX COCTaRAsOmMUX Hanps:xkeHu#. Tax,
HalpHMep, OTHOCUTENbHYIO Ae(OpPMAIHI0 1O OCH Z—e, MOXKHO Ipel-
CTaBUThb B BHJE cJjaraeMblx OTHOCHTENBHEIX AedopManuii, BO3SHUKAIO-
mHX OT AEHCTBUS HANPSKEHUH G;, Oy H Gx OTHOCHTEJIBHO yKa3aHHOH
ocH:

Ezzsll_*_ellz_*_slllz’ (24)

rie &', — OTHOCHTe/NbHAas AehOopMauHs CXKATHS MO0 OCH 2 OT AEHCTBHA
oz, PaBHas o./E; &’,— oTHOcuTenpHAs fedopMauus paclIMpPeHHs MO
OCH Z OT AeHCTBHsI Gy, paBHAst —uoy/E; ¢'’/; — oTHOcuTeannHast pedop-
Malldsl PaciliPeHUsl MO OCH Z OT AEHCTBHSI Gx, PaBHast —uo,/E. Ilox-
CTaBUB MOJYUEeHHbIe BbIpaXeHHA 1/ OTHOCHUTEIAbHBIX LLECpOp,\’[aLLHf[ B
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ypaBHeHne (24), noayuum
e, =0, /E— P‘cx/E”'—p‘cy/E = ——2—[32——u(3x—'7—cy)]. (25)

Taxuwm ke MyreM MOMXKHO BHIBECTH GOPMYJIbl AJS ONpPefeJeHNs] BeTHUHH
OTHOCHTEJNbHBIX Je(hopMalnUid nmo OCsM X H Y, KOTOpble HMEKT CAelyio-
WUl BHA:

ey = — [y —p (5, +5,)]; (26)

E

gy, = —; [cy——p.(cz -+ c()l. (27)
@opmyanl (25) —(27) npencrasasiior 06o6iienHbi 3akoH 'yxka a1d
OAHODOAHHX, W30TPONHBIX JHHEHHO-NeDOPMHUPYEMHX (YIPYTHX) CpEn.
M3 stux dbopMya cieayer, YTO 3aBHCHMOCTH MeXJy aepopMaiHsIMu
CXATHS M HOPMAaJbHLIMH HANpSIXKEHUSIMH NPH AeHCTBHH NMOCAeAHHUX 110
BCEM TpeM oCAM (X, y H Z) oIpenedsiorcs AByMs AedOpMalLHOHHEIMH
XapaxkTePUCTHKAMHU CpPeAbl: AJsi FOPHBIX MOPOL — Moay/deM obmel ae-
dopmanuy 1 Ko3(pHUNHEHTOM MOMEePeyHOro PaciukpeHus, AJAs YIPYTHX
MaTtepanoB — MOAYJAeM ynpyroctu H kKoddpopunuerdtom [lyaccona.

Jis omnpeneneHus BeJAHYHHBI OTHOCHTEJbHOH oGbeMHOH nedopma-

uud O mpocyMMupYyeM JIeBble W NpaBble yacTH ypaBHeHu# (25)— (27)
ofiobuieHHoro 3akona I'yka:

8x+8y+sz:LE[(cx+sy"‘}_cz)*g}’“(cx’*‘cy%—cz”:

| — 2
E

((3y 40, + 3.)]- (28)

3aMeHuM B JEBOH 4aCTH CYMMY OTHOCHTEJBHHIX AedopMmanuii mo tTpem
OCSIM OTHOCHTENbHO!H 00beMHOH nedopmanueii cxkatus © (18), a cym-
My HODMaJbLHBIX COCTABAAIOINHX HANPSLKEHHI, CTOAIUX B Npamoit ua-
ctu ypaBHeHHus (28), o6o3nauum 6. Torna (28) sanumiercss B BHAe

0=t g, (29)

CiefoBateqbHC, VTHOCHTEIbHAs oGbeMHas medopMapust CKATUS NpPs-
MO TPONOPIHOHA/bHA CyMMe HOpPMajbHHIX HampsikeHud. Ecan BBectH
o6osnauente E/(1—2p)=Kjy, 1O

0=>0/Ky, (30)

T. €. MOJIYYHM BbIpa)KeHHe, Mo OOLIEMy BHAY COBINALAIOIIEE C 3aKOHOM
I'yxa.

B cayuae paBeHCTBAa BCeX TpPeX HOPMAaAbHEIX COCTABJSIOMIHX Ha-
NPSUKEHHH 0,=0,=0,=~0¢ (paBHOMepHOe BCECTOpPOHHEe CxKaTHe)

g 312 31
E
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=Ky, MOXHO 3anicarth, 4TO

HJH, NOJ0KHUB
3(1— 2p)

®=0/Ky, (32)

rae Ky — MoAyJab 06beMHOA pedopmallti.

Mexay HOPMAaJbHBIMH HANpPSDKEHUSIMH, AeACTBYIOUWMMH Ha ropu-
30HTAJBHBIX (0,) W BePTHKaABHHIX (0y H Oy) NIOIIAAKAEX, CYUIECTBYET
onpejeeHHast B3aHMOCBSI3b. [10CKO/IbKY monmepeuHsie pedopmannn (ex
H g,) BCerna MeHbllle, YeM NpOfOJAbHBIE (g;), TO B TAKOM K€ COOTHO-
IIeHWH AOJXHbI HAXOAWTbCH W BHI3bIBAIOWIMe HX HanpsnkeHus. Koag-
(PMUHMEHT, MOKAa3bIBAWOWMHH, KaKast yacTb BePTHKAJbHOTO HANPSXKeHUSA
(o.) mepepaercst B CTODOHBI, Ha3HBAeTCS KOIppuyuenton 60K08020
Jdasaenuss MOPOABI B COCTOSAHHH MOKOA (IPH HEBO3IMOXKHOCTH GOKOBOro
paCLInpeHHs)

e (33)
CnenoBaTenbHo, IPH OTCYTCTBHH GOKOBOro pacUIHPeHHs! B OAHOPOAHON
H U30TPONHON cpene

S, = 0, = f—pcz = Ecz, (34)

drta 3apucuMocTe Obla npemgoxkesa A, H. JIMHHHKOM AJsI ONHCAHHA
pacnpenesieHdHs HAnpsAXeHHA B ToJule TFOPHBIX MOpPoa, paccMarpHUBae-
MbIX Kax yNnpyras, COJOUIHAS W H30TPOIHAs cpexa.

BennuHHB! p H COOTBETCTBEHHO & ONPEAE/ISIIOTCS THIOM FOPHOH HO-
poan. Jaa cKanbpHHX MOPOA p BO3pAcTaeT BMECTe C yBeJHUEHHeM CTe-
neHd TPEUIHHOBATOCTH M HAJHYHEM APYrHX AedEKTOB: B IecKax — 3a-
BHCHT OT ILIOTHOCTH, CPaHY/JIOMETPHUECKOTrOo COCTaBa, ero OAHOPOAHO-
CTH M B MeHblnell CTelNeHH OT BJA)XHOCTH;, B IVIMHHCTBIX MOPOAAX —
onpegeasieTcsi NPOYHOCThbIO CTPYKTYPHHIX CRs3ei, BeTHUHHAMH IIOTHO-
CTH M BJAXKHOCTH, HAJTHYHEM MaKpPo- H MHKDOTPEUIHH.

CaenyeT OTMETHThH, UTO KaK MoayJb obmeit pedopMannu, Tak H
BeJHYHHA L PACCUHTHIBAIOTCS TOABKO AJS HHTEDBAJa HArPY)KeHus, rie
CBSI3b MeXAy HaNpshKeHUSIMH u ZedopMmauuamu Jgudelinaa. Coorser-
CTBEHHO K03 (huitveHT GOKOBOro AaBjJeHHS TAaKKe 3aBHCHT OT THNAa H
0coBeHHOCTell CTPOeHHs TOPHOH NOPOABl, KAK H KO3 duuuent p. Bme-
cte ¢ Tem eule B. A. ®1opuH oTMeyas, YTO u H COOTBETCTBEHHO £ ompe-
neJsoTCst 00beMHBIM HANPSIKeHHbIM COCTOSIHHEM, KOTopoe 00yCaI0BIH-
BaeT BO3MOXKHOCTH [Iepexofa MOPOABl B IIACTHUHOe cocTosiHhe. B Ta-
KOM cjayuae E—1 H cocTaB/siOllie HOPMAaJbHBIX HANpSKeHHH# DaBHH
MeXAy coboit (ox=0,=0;). Kosdpduunerr GoKomoro pasjeHuss &
B ¢J1a0blX MJACTHUHBIX FJIMHHCTBIX MOPOLAX paBeH eAUHHIE IPH Ha-
npsiKenusix, Menpnx 0,1 MIla; npu HaGyxamuu aubo ynpyrom pas-
YNJIOTHEHHH TIOPOA E MOXKET NpeBbIaTh eAWHHIY, NOCKOJALKY Hamps-
JKEHHS] O, YMeHbINAKTCH, & Ox U Oy OCTAITCH HeH3MeHHHIMH.

Kax yxe orveuajiock B I, 1, necYaHO-TIHHHCTHIE TMOPOAH HMEOT
CBOH clelH(pHYecKHe 0COOeHHOCTH, 00YCAOBAEHHbIE HX AHCNEPCHOCTRIO,
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KOTOpas, B CBOIO OUEPe.b, MOPOKLAET OlpeleSeHHble 3aKOHOMEPHOCTH
HX 1e(OpPMHDPOBAHHA, B YaCTHOCTH, npu cxkarui. CiaenoBarensHo, 1Jd
pellleHHs 3a7ay yWJIOTHEHHS TAaKHX NOPOA K 3aBHCHMOCTSIM, yCTAHOB-
JIEHHBIM B TEOPHH YIPYroCTH, cjenyer n00aBHTb 3aKOHOMEPHOCTH, Xa-
paKTepHU3yIOUlHe CKMMAeMOCTh NOPOALI B pe3yabTare H3MeHeHUs 06b-
eMa mop.

Kax u3BeCTHO, H3MeHeHHe MOPUCTOCTH FOPHOI MOPOABI B 3aBHCHMO-
CTH OT AEHCTBYIOUIEro AABJeHHST NIPH HEBO3MOXHOCTH ee GOKOBOTO
pacmupeHust Moxer GBITH H300paxKeHO KOMIDECCHOHHOH KPHBOH (cM.
puc. 3,6). CxumaeMocTp FOPHOH MOPOABLI NMPH AAHHOM [ABJEHHH p,
XapaxrepHsyercs HaKJOHOM KPHBOH K FOPH30HTa M B TOouke M,, oTBe-
yamoueil 3Toil Harpyske. B ciyuae npupailleHMs Harpy3ku Ha BeJU4HHY
Ap K03 dHIIHEHT TOPHCTOCTH €1 YMEHBIIHTCSH A0 €y, T. €. HA B&JIUUHUHY
Ae. Jas Touku Mgy, cooTBerCTBYyIOLICH P1, HMeeM

lim 2 =_tga. (35)

3HaxK MUHYC NOKa3blBAaET, YTO HpH YBeIHYEHHH AABJIEHHUS IIPOHUCXO-
JIUT yMeHbllleHHe Ko3(pduumuenta nopucTtocTtH. Bepasum tga uepes a,
Toraa

lim 2 — (36)

UK B AH{deperuuanbroit popme de/dp=—a, oTKynA
de=—adp. (37)

Bripaxente (37) mMareMarHyeckd OMHCHIBAET OAMH H3 OCHOBHHIX H
nepeHlx (MO BPEMeHH YCTAHOBJEHHsI) 3aKOHOB MexXaHHKH TOPHBIX NO-
PO NPHMeHHTEeNbHO K 3ajd4YaM YMJIOTHEHHS MeCYaHO-TJIUHHCTHIX OTJAO-
wenuft, B 1934 r. H. A. LlnITOBHY NpensoOXHJI HA3BaThb €0 3AKOHOM
YnAOTHEHUS, KOTOPHH MOKeT GbITh CHOPMYJHPOBAH CAELYIOUIUM 00-
pasoM: npu #eboabuux 3HAYEHUAX YnAOTHAOWUX GUBAEHUL yMeHbULe-
HUE Ko3(uyenta nopucTocTy nopodel NPONOPUUOHANBHO POCTY 0as-
AEHUSR.

M3MeHeHHe BeaHUHHB KO3 (HIHEeHTa NOPUCTOCTH 3aBHCHT, NPH
NPOYHX PaBHbIX YCAOBHAX, OT CKUMAMOINUX HanpsxeHUi, neldcTBylo-
UIHX KAaK 10 TOPH3OHTAJBHBIM, TAK M MO BEePTHKAJABHBIM IJOULAAKAM.

[lpu pemeHuH 3aAayH, KOTAA C:KaTHe ocyulecTrasercs 6e3 BO3MOXK-
HOCTH OOKOBOTO pacuiMpeHHs U ey==g,=0, COCTOfiHHE paBHOBeCHs Gy-
LeT ROCTHraThbCsl NPH PaBeHCTBE ¢. BHemHeld Harpyske p. B Taxom
clyuae cyMMa HOPMaJbHBIX COCTaB/SIONIMX HanpsikKeHuil, ofo3HayeH-
Has paree 0, 6yner

e=Gz=p. (38)
Ilpu cxatuu, Koraa e,=0, a g,%0
8=0xt-0:=F0:+0.=(14E) o= (1+E)p, (39)
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CJ1e/0BATENbHO
U]
p=—. (40)
14E
Ilpu neficTBHH BCeX TPeX HOPMAJbHBIX HANPSIKEHHHA

=0, 40, +o, =t 4k, 40, =(14+2)c, = (14+2X)p;
]

P=

(41)

Takum o6pa3oM, BeandnHa KO3 UUHEHTA TOPHCTOCTH AHCIEPCHOH
NOpPOABl 3aBHCHT OT CYMMH HOPMAJbHBIX COCTABJSIOUIMX HANpPAKEHHHA
6 1 He 3aBHCHT OT HX COOTHOWIEHHS. JTO NOJOXKEHHE, BIEPBHIE yCTa-
HoBJaeHHoe H. M. I'epceBaHOBBIM, ObLIO HA3BAHO UM HPUHYUHOM 21ODO-
emkocTu epynrosgoll maccol. H. M. I'epceBaHoB paccmarpuBasl BOJOHA-
CBILIEHHYIO AHCIEPCHYIO NOPOAY, B KOTOPOH CxKaTHE NPOMCXOAHT BCJe]-
CTBHE H3MeHeHHs 0ObeMa IOp 10 Mepe OTTOKa BOXABI, H KO3(pduuueHTt
NOPHCTOCTH YMEHBbIUAETCH NPOMNOPUHOHAJIBHO POCTY daBJEHHS.

Kak wu3BecrHOo, ropHble MOOpOAbl NPEICTABJAIT CJO0KHBIE MHOTO-
¢asHBle CHCTEMBI, COCTOSIIHE M3 MUHEpaJbHON YacCTH, BO3AYyXa H BOAB!
B PA3JHYHOM arperaTHOM COCTOSTHHH, 3aNOJHsOLlell TPeUWHHBl H TOpPHI.
Ouu moryr OBITh MOMHOCTBIO HJM YaCTHYHO BOJOHACKHILEHHBIMII,

Cikatie cyxofi ZHCMEePCHOH NOPOABI OOBIUHO MPOHCXOAHT LOBOJALHO
6bICTPO U OBYCJAOBJEHO B OCHOBHOM IMPEOAOJEHHEM CHJ CUENJeHHS H
TpeHHss Memxay uacTunaMH. MHas kapruHa Habgamoaaercss B nporecce
CKaTHSl BOAOHACHILIEHHbIX ropublx mopold. Ilpu npunoxkennu BHewHeh
Harpy3KH dacTtp ee OyaeT BOCHPHHHMATBCS CKeJEeTOM TOPHOH MOpOAbI
Yepe3 TOUKH KOHTAKTa TBEPABbIX 4aCTHI, a YacCTh — BOJAOH, 3aKJ/IOYEH-
HOfi B nopax ropuo# nopoxasl, IIpH orcyTcTBHM CHJI CcuellJleHHs BCs
BHEIUHAS HACPY3Ka NepelaeTcss Ha NOPOBYIO BOAY, CO3]laBas HATMop,
paBHbIi

H,y=fo, (42)
it

rie po — daBJjeHHE B BOJE; ys — MJIOTHOCTB BoABL. Ilox ngeficTBHeM 3TO-
TO Hanopa HayuHaerTcs GHJABTPALHS BOLBI H3 TOPHOH NOPOXHI, YTO U
NPHBOJUT K ee ymiaorHenuio. [lo Mepe ynaorHenHus 60/abluas 4acThb
BHEIUHETro [aBJeHHs BOCNPHHHMAETCS CKeJIeTOM, MeHbLIas — BOIOH.

Heo6xo1HM0 NMOXYepKHYTh, UTO AaBJeHHe, KOTOpPOe Nepegaercs Ha
CKeJieT TOPHOH NOPOAbI, aKTHBHO BO31efiCTBYeT Ha Hero, NMPHBOASA K
ynirorHenHo. UTo ke KacaeTcs AaBJeHHS B BOJAE, TO €r0 POJb OrpaHH-
yHBaeTCss B OCHOBHOM CO3JaHHEM Hanopa, noj JAefiCTBHEM KOTOPOro
NPOHCXOAHT QUIABTPAnHS BOABI H3 ropHbIX Nopox. CorJacHO COBpeMeH-
HbIM NPeACTABJEHHSM, 3TO JaBJEHHE MOXKET NPHBECTH TOJBLKO K Hecy-
IIECTBEHHOMY CJKATHIO MHHeDaJ/bHBEIX 3e€PeH, CIaralouix ropHym mopo-
ay. Kak H3BecTHO, CXKHMaeMOCTb MOCJAE€AHHX Ha HECKOJBbKO NOPSAKOB
HHUXKe KCMIPeCCHOHHOH cnocoBHocTH ropHoifl nmopoas. CaeaoBaTtedbHO,
JUIsl IPaK1.iueCKHX PacuyeTOB YIJIOTHEHHS AHCHOEPCHOA NMOPOIBI CKaTH-

30



eM MHHepAaJbHBIX 3ePeH MOJ AefACTBHEM JaBJeHHS BOJbl MOMXKHO Mmpe-
Hebpeub.

Hanpsxenne ot BHellIHeH HArpyskH, jaeiicTBylolilee B CKejeTe rop-
HOHA nopoabl, 6;aroxaps ero akTHBHOH DOJIH, NOJYYUI0 HA3BAHHE IP-
hexkTuBHO20 pap, A NABJEHHE, NepeAadlolieecs HA BOLY, — HEUTPAAbHO-
20 WU noposozo po. CaeroBaTeJqbHO, 18 BONOHACHIIEHHOH MecyaHo-
IJIHHHCTOH MOPOALI B J1000H MOMEHT ClpaBelJHBO PaBeHCTBO

P=PagptPos (43)
rae p — AelicTBylolllee AaBJeHUE.

Cienyer OTMETHUTB, YTO MOpPOBOE AapdeHHe IO BeJMYHHe O6oJblle
aT™MoChepHoro. B ¢Bsi3W ¢ 3THM ero HHOr1a HA3bIBAIOT U3OLITOUHLIM
noposvim odagaeruem. COrjacHo onpenesneHuio, npuasitoMy MexayHa-
POAHOH acconHanHell Mo MeXxaHHKe FPYHTOB U GyHIAMEHTOCTDOEHHIO B
1965 r., TepMHH nOpogoe dagaerue MOXHO IPHMEHSITb TOJBKO B OTHO-
IIEHHH BOJOHACHIUIEHHEX IOPOL.

Ecau nopoxa CoxepHT He TOJBKO BOAY, HO M BO3AYX, TO HA HEro
TaK¥Ke GYAYT NneperaBaTuCs HANPsKEHHs OT BHElIHeHd HArpysku. B ra-
KOM cJyyae, kak ykasbiBaer A. bumoH u [I. XeHkess, ypaBHenue (43)
nepefiier B CJAEAYIOUIYO 3aBHCHMOCTD!

pP=pspt+[ps—x (Ps—po) ], (44)

rie ps — AaBJEHHEe B NMOPOBOM BO31YyXe; y — NapaMeTp, 3aBUCAULIHHA OT
COOTHOLUEHHS MeXKAy o0beMaMH BOAB H BO3AYXa, 3aKJI0UEHHBIMH B 11O-
pax mopoabl. B cyXo#i mopoie oH paseH Hy.1i0, IPH MOJHOM HaCHIIEHHH
ee BOJAON — eqHHHE.

YcraHopseHHble MOHSATHS 00 0 (EeKTHBHOM H MOPOBOM JAaBJEHHH
MOJKHO PAaCHpOCTPAHUTh Ha J10Oble HOpMaJbHBlE HAMPSIAKEHHS, BO3HH-
KallHe B BOJOHACHILEHHOH mecyaHo-rauHucTo#i nopoxe (CHHuIL
2,02.01—83). BeauunHa moJHOro HaNpsiKeHHs1 ¢ CKjaaiblBaercs u3 3¢-
(eKTHBHOTO HANpPSKEHHS Opp, KOTOPOE NeperaeTcss Ha CKeJeT MOPOIHL,
W HanpszKeHHs, CO3LAawUEro HaAmop B moposoil Boxe, 4, T. e.

0=0sp+ U, (45)

0oTKyZa 3¢¢deKTHBHOe HANPsKeHHe DABHO PA3HOCTH MeXK/Y NOJHBIM H
HeHTpAJbHBIM HANPAKEHUAMHU: Gap=0—U.

YpasHeHHe (45) ABAAETCA OXHHM H3 TJABHBIX B MeXaHHKe FOPHBIX
Nopox H WIHPOKO HCNOJb3YyeTCsi, HalpHMep, IPH OneHKe KOHCOJIHAANHH
BOAOHACHIIEHHBIX TJIHHUCTBIX [OPOJ, pacueTe OCAaAKH COODYXKeHHH BO
BPEMEHH H 1p.

B 1945 r. K. Tepuaru npea/o:Kua pacnpoCTPaHHTh KOHIEMHIO 3-
dexTUBHBEIX M [OPOBBIX JaBJieHHH HA BOJOHACHILIEHHBIE TPEUIHHOBa-
Thle CKaJbHble nopoadl. [locaeayoonikne necaeroBaHus NOATBEPIUIH He-
06XO0AHMOCTb OUEHKH 3THX Jdap/eHHH TNpH YCJAOBHH HAJHYHS B CKalb-
HOH [opoje CHCTeMBI CBSI3AHHBIX MexIy co6of TpewHH u mop [5].
IIpn HajuyHH NOPOBOTO AaBJaeHHs MOXKeT HAOJMI0IATbCS BO3HUKHOBE-
HHEe HOBBLIX TpeulHH JHOO CHHMKeHHe NPOYHOCTH nopox B ueaoM. OxHa-
KO 3TOT BONPOC MOAJEXUT AanbHelilleMy 6osiee rjyb0OKOMY HCCJIeLOBA-
HHIO.
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§ 3. HAIPAOKEHUA U NE®OPMAILLIUM MPH CABUTE
HA TOPU3OHTAJNIbHBIX U BEPTUKAJDBHLIX MJOIAIKAX

Tlox neficTBeM KacaTesibHBIX HANPSXKEHH{i B MOPOJe BO3HHKAIOT CIBH-
roBble AeopManHH, IPHBOASALIHEe K H3MeHeHHo HOPMBL paccMaTpHBa-
€MOro 37eMeHTa nmopodsl (pHc. 4,a). Ecau 310 H3MeHeHHe IIPOHCXOLHT
BCJEACTBHE NPHJIOKEHUSA K IPaHsM 5JeMeHTa Iapbl PaBHBIX IPOTHBO-
f10710.KHO HAaMpPaBJeHHBIX KacaTe/JbHBIX COCTABJASAIOUIHX HaMNpsKeHui
Tzy==Ty:, TO TOBOPAT O 4HCTOM cABHre. [Ipu 3ToM Mepoil capura sApag-
ercs yroa cisura 8. HeGoablide mo BeaHYHHe KacaTe/JbHBIE HATPH-
JKEHHS BBI3bIBAIOT TOJbKO ynpyrue gedopmaunud. [Ipu Bo3HHKHOBEHHH
YOPYTHX AehopManHi yroj CABHrA OTHOCHTENBHO MaJ H €ro BeJHUH-
Ha 3aBHCHT OT THNA FOpPHOH mopoxasl. B ciayyae Manawix O 3HaueHUs
YLJOB H HX TAHIEHCOB MPAKTHYECKH COBIIATAIOT:

dy
Sxtgd =L, 46
gd =" (46)
Hpn YUCTOM CIABHIe npeanoJgaraercd, 4To cxKarTHe He IIPpOUCXOAUT
¥ o0beM Tela He MeHsieTcs. B npopecce caBHra mpOHCXOZHUT H3MeEHe-
HYe IJHH AHaroHaJjiei Kpazapara, oiHa us KOTOpBIX yAJHHSACTCA, 4 APY-
ras yKkopaunpaercs (CM. puc. 4,6):

6yz:‘6]+62. (47)

B oaHopoAHOM ¥ H30TPOMHOM MaTrepHaJe §;==0,.

Ecau KacaTeqbHOe HalpsikeHHe NeHCTBYeT 10 TPaHH 3JEMEHTa,
{cM. pHuC. 4,a), TO H3MEHEHHEe yrJa MeXAY ABYMS KOODIHHATHBIMH OCs-
MH 33BHCHT TOJBKO OT COCTABJSAIOWIHX Hanps:KeHHH, mapaJlesbHbiX
ITUM OCSHM,

3aBHCHMOCTE MEXKAY KacareJpHBIMH HAMPSKEHHAMH H COOTBETCT-
BYIOWAMH CIBUTOBHIMH 1eOPManHsIMH ONHCHIBAETCA 3aKOHOM, aHaJso-
rHyHbIM 3akKoHY I'yka, JlokKa)ieM BbICKa3aHHOe yTBEPKIEHHE.

Ecau 3akpenutb pebpo AD HenoiBHKHO, TO IO AeHCTBHeM Kaca-
TeJbHBX Hanpsxkenuit pe6po BC cMmecrdrcs napaiieiabio AD Ha He-
KoTOpylo EBeauwuudy CC,=BB, (cwm. puc. 4,8). Ilpu 3ToM yrab 3.e-

a
Z
Ty c
8 T [
Seispassay
. 1
.:uyzl - 1
| 1] 1
s HH
A . H
fzy

Puc. 4. CxeMH AJf ONPEJE]eHAs COOTHOINGHHS MEXKIy KacaTelbHBIMU HANPAKCHAAMA
Ha FODH3OHTAJBHBIX H BepTHKAJBHBIX INIOMIAJKAX H BEISHIBAEMBIMA HMH Hepopma-
LHSIMHU:

a — 37leMeHT MNOopoAbl A0 CHABHTa, 6 — 3MeMeHT NOpOJbl B pe3vabTare 4YHCTOrO CABHra, & —CXe-
Ma OJ8 BbiBOJA 3aBHCHMOCTH MEXAY KacareJbHbIMH HanpsixeHHAMH R AedhopManuaAMK
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MeHTa H3MEHSTCA Ha BeCbMa MAaJyio BEJHUHHY o, KOTOpasd B TAKOM
cayyae COCTABHT

cc,

dxtgé= b

(48)

[Ipu mepexoce sjemeHta auaroHanb AC yaaudutcs. AGCoJIOTHOE
VAJMHHEHHE THATOHAMH MOXKHO MOJYUUTh, OTJOKUB OT TOUKH A Ha Iua-
rouaqu AC, orpesok AC,=AC.

[Ipu ycaosuu, uto Aedopmanus CABHra MaJjga, a MOITOMY YIoJ
BC,D ue3nauuteapHo oTauuaerca oT npsamoro, yron CC A pasen 45°,
CunenoBatenbuo, yaguuedhe auarouanu AC cocrasaser CoCi=
=CC, cos 45°, a ee OTHOCHTEIbHOE YAJHHEHHE

e =S, (49)
Tak kak AC=CD/sin 45°, 10
o, CCicost5°sing5® _ 1 CCy 50)
CcD 2 CD
[Ipurumas BO BHUMauue (48), moayyum
g = ¢ (1)

OrHocuTe bHOE YAJHHEHHE AHaroHadu O6YCJIOBJeHO HANPsiKeHHs-
MH, AefiCTBYIOLHUMH 0 IBYM B3aHMHO NepNECHAUKY/JASAPHBM ITOIAAKAM
(cMm. puc. 4,8). PaccMOTpHM yC/I0BHsI DAaBHOBECHS NpPH3MBI, BBIAEJIEH-
Ho# TakuM obOpPa3oM, Kak nmokasauo Ha puc. 4,8. COpoeKTHUpOBaB Kaca-
TeJbHBIE HANPSKEHUS HA HalpaBJeHUs ACHCTBUS HANDPSAKEHUH O H 0o,
MOXKHO JIerKO J0KAa34Th, UTO 61=T H Gs=—T.

HMcnonpayem moJivueHHOe pdHee Bbipa)kKeHde s 3aKoHA ['yKa ¢
YUeTOM, UTO HANPSKeHHS B IJIOCKOCTH, NEPHEeHAUKYJ/IAPHON K IJIOCKO-
CTH YepTe)ka, pPaBHO HYJIO, &= (01—po2)l/E uin e.= (t+pt)l/E.
HUmesa B Buay (51), moayuum

§ = 2 +p) (52)
E

Ecnu E/2 (1-+u) o6o3Hauuts yepes Gy, Toraa
0=1/Gy. (53)

Cpasuus dopmyas (19) u (53), cBs3bIBalOLIME HANPAKEHUA H OT-
HOCHTE/bHBle 1eDOPMAlHH NIPU CKATHU U CABHUrE, MOXKHO YOEIHThCsS B
nosHoft Ux aHajoruu. KosdduuHeHT nponopuHoHaIbHOCTH (y HA3HI-
Baercst modyaem cOsuea. Tenepb MOKHO JErKO NOJYUHTb BbIpAXKEHHSA
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AJS OTHOCHTEJbHBIX AedopMmannil cAsura npu AeficTBUM KACATeNbHBIX
HANPAXKEeHHA HAa pasHbIX NJ0MIA]KAX.

2(1

62!/ — _(___}E._p_)_ sz;
2(1

Box = —(—Zi T (54)
2(1

8yy = _(%)_ <y

Heo0Xo1HMO nOAYEPKHYTH, YTO CKATHE 3JEMEHTA H HCKaXKeHHe ero
YIJIOB NIPH CABHIe HE3ABHCHMBI APYT OT Apyra.

Ecau yuereift (ynpyrufl) caABHr He OPUBOJIHT K Pa3PYLIEHHIO MOPO-
JAbl, TO NPH YBEJHUYEHHH KacCaTeJBHbIX HalPsiKeHH{i B Hell HAUHHAIOT
pPa3BHBATbCS OCTATOUHble AedopManH, 0OBIUHO NMPOTEKAIOIIHE BO Bpe-
meHH, [Ipu 3TOM snHHefiHas 3aBUCUMOCTb MEXAY HaNPSIKEHUSMH U Je-
dopMauusiMH yacto He cobsrogaercs.

B npakrnueckofi 1efiT€JbHOCTH yaiie BCEro NIPHXOXHTCS CTAJKHBATD-
Csl He C YHCTO CABHrOBBIMH ge(OpMaUHSIMH, KOIZLAa HOpMaJbHbEIe HATPS-
JKeHHs] OTCYTCTBYIOT, a CO CJIOKHOHAIPSI’KEHHBIM COCTOSIHHEM MODOJHI,
IPH KOTOPOM BO3MOKHbLI H3MEHeHHs] Kak 00beMa (mpH CXKATHH), Tak H
¢dopMbr (Npu CABHUTE).

Ilo mepe pocTa HanpsikeHHA B NOPOJe Pa3BHBAIOTCS BHYTPEHHHE
CHJIbI COMNPOTHBJEHHA, KOTOpPble YBEJHUHBAIOTCH OLHOBDEMEHHO C Ha-
npsikednamMy. OgHako BO3pacTaHHe BHYTPEHHErO CONPOTHBJEHHS IO-
pPOLBEl TPOHCXOAHT He OeCKOHEUHO, 4 A0 HEKOTOPOro ONpeaelecHHOro
npelena, X4paKTepPH3yeMOro COMPOTHBJAEHHEM CIABHIY, HJAH MNPOYHO-
CTBIO MOPOXHI.

HMccnenoBatue W aHalu3 Da3pylUeHHs MAaTepPHaJOB B HacTOsAllee
BPEMs MPOBOASITCH C HCIOJb30BAaHHEM CTATHYECKHX (He YUHTHBAMOWIHX
CKOPOCTH ge(OpMHPOBAaHHSA) H AHHAMHYECKHX T€OPHH nmpouHocTH. Cpe-
JH CTAaTHYeCKHX TeODHH HaubOjee WIHPOKO PacnpoCTpaHeHa Teopus
Kyaona, cornacHo KoTtopolt yc/l0BHE NMPELENbHOr0 HanpsKCHHOrO Co-
CTOAHHSA, KOTZAa AeHCTBYIOIHE HalpsXKeHUs PaBHb CONPOTHBJEHHIO
NOPOAB CABHIY, 3aIIHCHIBACTCSH KakK

=0 tg ¢, (55)

rie T U 6 — COOTBETCTBCHHO KacaTeJbHble H HOpMaJbHbie Hanpsxke-
HHSI;, ¢ H ¢ — NMapaMeTpbl CONPOTHBJIEHUS CIABHTY, Ha3biBaeMble COOT-
BETCTBEHHO Y2A0M BHYTPEHHE20 TPeHus H CYEenAeHueM.

Ilpu orcyrcrBuu CBA3H MeXAy 4acTHuAMH, 06JOMKaMH H OJOKaMH
TOpHBIX NMopold (c¢c=0) yci0BHe npexenbHOr0 HANDPSMKEHHOIO COCTOA-
HHA NpHHHMAaeT BHJI t==01g ¢. IT0 Xe ypaBHeHHe CIpaBelJHBO NDH
pPacCMOTPEHHH NPOUYHOCTH HA CIBHI CKAJbHHIX NOPOX MO HE3anoJHeH-
HOH TpeulHHE.

B BoJgoBacHmieHHBHIX TOpPHBIX NOPOAAX TNepepaclpefejeHHe HOp-
MaJIbHBIX HanpsaMeHufl 3a CueT CO371aHHA HaNDsKEHHHA B CKeseTe U
noposoii BOJAe NPHBOAUT K TOMYy, 4ro ypaBueHHe Kysoxa (55) c¢ yue-
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TOM BBIpaxKeuuss (45) npumer Bl
1= {(0o—u)tgp+c. (56)

DTa 3aBUCUMOCTb DACHpPOCTPAHSETCH H Ha TPEUIHHOBATbIE CKaldb-
Hble [OpPOIbl, 3a HCKJIIOYEHHEM CJyyaeB, KOrga nmox aefiCTBHEM BHCO-
KHUX HOpMAaJbHBIX HANpSKEHHH IJOuladb KOHTAKTA (CMBIKAHHs) MeX-
Jly OTZeJbHBIMH TPEU[HHAMH COCTaB/IseT 3HAYHTENbHYIO A0J0 Obuiei
MOBEPXHOCTH TPpeuHHu |[5].

§ 4. OMPEOEJIEHUE COCTABJISIOULYX HANPSI)KEHHH
HA HAKJIOHHbIX MJOHMIAAKAX

[Ipu nepepaye HArpy3KH H H3MEHEHWH HANpSKEHHOrO COCTOSHHA NO-
pOIBl MOCJENHsISi NOABEPraeTcs ONHOBPEMEHHOMY [eHCTBHIO HOpMalb-
HBHIX H KacaTeJbHBIX COCTABISIOUWHX HANPAXKEHHS, BO3HHKAIOWHX
B Ka)KA0H TOYKe TOJuIH nopoxbi. s yao6GCTBa pacyeToB H ynpoule-
HHSl BBIBOAOB 3aBHCHMOCTEH, NO3BOJSAIOIIUX onpelesuTs aedopmupye-
MOCTb H YCTOHYHBOCTL MOPOA, 3TH COCTABJAAIOLIHE PACCMaTPHBAIOTCS
paszenbHo. KacaTedbHble COCTABJAAIOUIHE HATPSKEHHH CTPEMSTCA
CMECTHTb OAHY YaCTb TOJH NOPOIbl OTHOCHTENLHO ApYyroi. B pesyis-
TaTe peakUMH Ha BHELIHHe BO3AeHCTBHsS B TNoOpoae MOOHIH3YIOTCS
YCHJIUsI, CONPOTHBJsIOUHECs TaKoMy cMmeinexunio. Kaxnas nopoxa
B KOHKPETHBIX YCJOBHSIX, ONpeneseMblx BeJHUYHHOH AeHCTBYyMOIEro Ha
Hee [aBJEHHS, CKOPOCTbIO MPHUIOKEHHS, YCIOBHAMH IDEHUPOBAHHSA
A 1p., obJdafaer npelesbHON CIOCOOHOCTBIO CONPOTUBAATLCS CABHTAIO-
maM ycuausiM (tnp). ECaH KacaTenbHble HanpsikeHHs, CO3qaBaeMble
BHelllHell Harpy3KOH, NPeBHILAOT Tnp, TO IOpOAa pa3pyllaercs ¢ obpa-
30BaHHEM IOBEDXHOCTH CKOJbXeHus. Ecln KacaTeqbHble HanpsaXeHHs
MeHbIlIe Thp, HO AefiCTBYIOT AJHTeNbHOe BpeMsi, TO B 3aBHCHMOCTH OT
HX BeJIHHHHEI H BPEMEHH JACHCTBHA HOPOJA MOXKeET pazpyllaTbCs B IPO-
ecce pa3BHTHSI He3zaTyxamwuiefi nossydectd. Hakowel, npu Kacaresb-
HBIX HaNPAXKeHHSX, BeJHYHHA KOTOPHX MeHblUe HanpsiKeHuil, NpHBO-
AAUIHX K BO3HHKHOBCHHIO H DAa3BUTHIO He3aTyxawuiefi mnojasydectH,
JdedopMalliH Nopok CTabHIH3HPYIOTCH BO BPCMEHMU.

B TeopuH ynpyrocTd CABHUT pacCMaTpHBaeTcss Kak Mpolecc, Npoxo-
Asumfi 6e3 uaMeHedudl o6bema MaTepuata. [opHBle MOPOaE, KaK mpa-
BHJIO, He MOAYHHAKOTCH 3TOMY 3akOHy. CHABHI B IJIOTHBEIX [eCKax
OOBIYHO CONPOBOKIAETCS yBeJlHUEHUEM UX 00beMa, B MeHee MIOTHBIX—
NPHBOAHT K YMeHbIIeHHIO 06beMa NOpoJ.

Aunanorudsble sBIEHHS MPOHCXOAAT H B TVIMHHCTHIX MOPOAAX, OLHA-
KO H3-33 HX CBSI3HOCTH AHJATaHCHs (HM3MEHEHHe MJOTHOCTH NPH CIBH-
re) nposABAAeTCS B 3HAYHTEJbHO MeHblIefl cTermeHH. HaMeHenus
ofbeMa OTMeuawTCs H B mpouecce acQOPMHPOBAHMA TPELUIHHOBATBHIX
nOpOJIL.

[Ipu oueske c:KHMaeMOCTH MNOPOXBI HaHUGOJBUIMI HHTepec npexa-
CTaBJAIOT HANpPSXKCHHS, BO3HUKAIOUIME HA TOPH3OHTAJIbHLIX H BEPTH-
KaJbHBIX NJomankax. Uro xe Kacaercsi pacyeToB YCTOHUHBOCTH OCHO-
BaHUH COOPY:KEHHIi, CKJOHOB H OTKOCOB, MOA3EMHLIX COODYKEHHI, TO
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B 3TOM cJiyuae HeOOXOJAHMO OIpe-
P JNeJSaTh HalpsiXeHnds Ha nJowal-
«@ Y KaX, HaKJOHEHHBIX K TOPH3OHTY
6z N0j HEKOTOPHIM YIJIOM.
H 7 Ha puc. 5 nokasana touka M
Gy é’ B TOJILE TNOPOjbI, Uepe3 KOTODPYIO
A~ * NOa YrJOM @ K TOPH3OHTY NpOBe-
3 aeHa naomaaxka mn. Ilox aeficTeu-
eM BHEUIHero naBJeHHs, a TaKxke
z cOGCTBEHHOTO Beca B Touke M Ha
Puc. 5. CxeMa 1as ompexedemns coc- 1WIOLIAJKE /171 BOSHHKAeT Hanps-
TABAAOIIHX HampAXeHHA Ha HaKJ/OH- HHe o, Ha3biBaeMo€ NOJIHBIM Halpd-
HBIX (J10agKaxX xeuueM. PacknagwiBasi o 1O NpaBH-
Jy pas/ioKeHHS BEKTOPOB, NOJyua-
10T HOPMAJIBHYIO Oq H KacCaTeJ/bHYIO Tq COCTaBIsOMHe. BequuuHsl HOP-
MaJbHOI H K4acaTeJbHOH COCTaBASIOWMX H3MeHSIOTCS B 3aBHCHMOCTH
OT yrJa Hak/JOHA NJIOuAaAKU. [[Jg HAaXOXK/IeHUS Oy H Tg B TOJILE NOPO-
Abl Yy TNPOH3BOJBHOH TOuKH M BbIZeJSHM OECKOHEYHO MAayl NPIMO-
YyroJbHyI0 NpH3My, I'DaHb KOTOpOH, MepNeHJAHKYJAsapHas K IJOCKOCTH
yeprexa (cM. puc. 5), paBHa eauHuue. ['pap Mn pacnonoXkuM na-
paanaeasHo ocH y. Torga no rpauun Mn pgeHdcCTBYIOT BepTHKAJIbHas
HOpMaJibHad O: M KacaTejbHas T,, COCTABJSAIONIHe HaNpsiKeHHs, a no
rpaHd Mm — ropH3OHTaJbHAS HODMajbHasi Oy H KacaTedbHas Ty,.
B paccmarpnBaeMoM clyyae Tpebyercsi MO H3BECTHBIM O, Oy, Ty H Q
HalTH 3HaueHHS COCTABJASIOHIHX HANDSKEHHH Oy H Ty, AEHCTBYIOWIHX
no niomaznke mn. Ilpn atom, KaK ¥ paHee, npeanoJaraercsi, uTo
TOJINIA NMOPOABI HAXOJAHTCS B PaBHOBECHH. DTO O3HAUaer, uTo CyMma
NpoeKkuHH BceX CHA, NPU/AOXKEHHBIX K FpaHAM NPU3ME, HA JIO6YI0 OCh
AOJKHA OHITE paBHA HYJI0, B KauecTBe TaKux ocell BbibGepem BHauaJje
HanpasJ/JeHHe NeHCTBHSA O, 4 3aT€M H HanpaBJ/eHHe JeHCTBHA 14 [lpn
NPOEKTHPOBAHHH CHJ cOGJI0AaeTcs cAeAYIOLlee NPABUIO 3HAKOB: eClu
HanpaBjAeHHE TeHCTBHSA CHJBI COBNAJAeT C NOJOMKHTEJbHBIM Halpas-
JIeHHEeM OCH, TO NPOEKLHS HMeeT 3HaK «IJIOC», B IPOTHBHOM cJydae—
3HAK «MHHYC>.

BennyHHa cHabl, BO3HMKaWLIeHd OT AeACTBHS BEPTHKAJIbLHON HOP-
MaJbHOH COCTaBJAUEH 0, HAa TOPH3OHTAJbHYIO TpaHb, ONPELLTHTCH
IPOH3BELEHHEM 3TOTO HANpPsIKeHHd Ha MJOIAaAb TPAHH M COCTABHT O
(Mn-1). CooTBeTcTBeHHO OCTaf]bHBle CHJABI GYAYT paBHH T,y (Mn-1);
oy (Mm.1}); vy, (Mm-1).

HafizeM o'y kak npoekunto o.(Mn) Ha Hanpas/ieHue AeHCTBHR
Ox, YUHTHIBAsi NPABHJO 3HAKOB:

| —
sl = —o,Mncosa,
HJIH, NOCKOJAbKY Mn=mncos «, T0

sl = —e,mn cos’a. (57)
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AHaJOTHYHO

i _ M2 e
ol = —o, mnsin®a; (58)
ol = <, mncosasina; (59)
v 7
olV =, mnsinzcosa. (60)

IIpocymmupoBas BCe CHJB, AeHcTBYIOLIHe Ha HampaBJeHHE Hanps-
HKEHUS Oy, NOAYYHM

O MN—0, Mn cos? a—aoy, mn sin? a-+

+ 1y Mma sin a cos a-1.y mn cos asina=0. (61)
Orcio1a, NPUHHMAs BO BHHMAaHHe, UTO Ty, =Ty, UMeEEM

00 =0:c0s? a0, sin? a—1., sin 2a. (62)
Touno Takum Ke 00pa3oM MOXKHO HaliTH, 4TO

To MN—0; M COS @ SiN ¢+ 0y mn sin a cos a+

T.y mn cos? a==0;, (63)

41y, musin? q

z— 0%, . ¢
T = ——5—— sin 22 4 5,, €08 2a. (64)

Ocobbplit HHTepec NPeACTaBJSIOT NOJOXKEHHUS TeX NJAOWAA0K, N0 KO-
TOPBIM JAeiiCTBYIOT HauboJbliHe H HAUMeHblIHe HOpMaJbHble H Kaca-
TeJbHble COCTABJAILINE HANPAXKeHH,

J/1s HaxoXKIeHHS YIJOB HAKJAOHA TAKHUX INVIOWIAa0K K TOPH30HTY
HeoOXOAHMO B3siTb NePBHIe NPOH3BOAHBIE MO « H3 BhlpaxXenu# (62) u
(64) u npupaBHATb uX Hya0, 1. e. do/da==0;sin2a+ 0, Sin 20—
—21,y cos 2a=0. Otcrona

T
tg 2, = T (65)
GZ—G!/

B3sB BTOPYIO NPOH3BOAHYIO OT Oy, JETKO YOeANTLCA B TOM, YTO
OoHa obpamaercs B HyJb T0AbKo nph 2=0. Takum obpa3oM, Bepaxe-
HHe (65) onpenesascT yroJ Hak/JAOHA K TOPU3OHTY JIBYX ILIOWIAAOK,
B KOTOPHIX JeACTBYIOT HaHOOJblUHEe H HAaHMEHbIIHEe HOpMaJ/bHblE Ha-
npsixkenns. M3 ypasHesus (65) caexyer, 4To 3TH TNJ0WAAKH B3aHMHO
nepnenAnKkyaapub. OnpenennM, ueMy paBHB KacaTejbHbE Hanpsike-
HUS Ha 3THX Ivomlaakax. Has sroro nmpeacrasum (65) B Buie

Gz — Gy __ cos Qa. (66)

=g 227
2 2¥ sin 2o

u, noacTtasus (66) B (64), noayuum

cos 2u

Tq = — Ty sin 2a -} T,y €0s 2a = 0, (67)

sin 2a

CilenoBaTe/IbHO, B KaXKAOl TOYKE TOJIIH MOPOAH CYLUIECTBYIOT ABE
B3aHMHO NePNeHJIUKYJ/SIPHble NJOIAAKH, Ha KOTOPHX AedCTBYIOT HaH-
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GoJiblllee U HauMeHbllee HOpMaJbHBE HaNpAXKeHHs, a KacaTe/bHbe
HanpsaXKeHUs Ha 3THX [JOH@AKaxXx paBHEE HYJIO, T. €. 31eChb NOJHHE
H HOpMaJibHEE HanpsxKeHHS COBNAJaOT NO BeJHUHHE H HANDPABJEHHIO.
Takne nMJomagKH Ha3BIBAIOTCS 24Q8HLLMU, a JNEHCTBYOIHE B HHX Ha-
NpAXeHHd — 2aa8HbiMy Hanpsaxcenuamu. Hanbodbllee riaBHOe Hanps-
JXeHHe NpUHSITO 0603HAaYaTh O;, 4 HAHMEHblee — O,

51 onpenesneHus HanpasJ/eHHS NJIOLAJAO0K, B KOTOPHIX NefACTBYIOT
Haubosblllee U HaWMeHbllee KacaTeJbHble HanpsKeHHs, npoaudde-
peHUHPYeM no o BeipaxKeHHe (64) u lIpHpaBHSAeM pe3yJabTaT K HYJIO,

dzs/da = (s, —o,)c0s 20 — 21, sin22 = 0,
oTCI0Ja

o — 0y

tg QU.t = -thy—- (68)
W3 ypasuenuit (65) u (68) BHAHO, UTO YIJBL ap H @y ONpeaesse-
MBle 3THMH BHIpaXKeHHUSMH, oTanYaloTcs Ha 45°. CieloBaTesbHO, NJIO-
WAadKH, Ea KOTOPHIX HedcTBYlOT Haubojbllee (Tmax) U HaHMeHbIlee
(Tmin) KacaTe/bHble HaNpsKeHHs, HAKJIOHEHHl K [VIABHHIM NJ0m[ajAKaM
oa yraom 45°. BeauuuHbsl HanpsXeHUHA 0, U Oy, 4 TAKKE Tmax H Tmin
MOXKHO HAaHTH Tak¥XKe 4epe3 o, oy H T.y, NOJCTABHB B ypasBHeHue (62)
BHpaxenHe (65) u B ypaBHeHue (64) poipaxkenue (638). Torma

s+ o 1
LA VAR IR R (69)
1
=t —V (e, — o)+ 4 (70)

min

W3 Buipaxenus (69) ciaenyer, uTo cyMMa TJlaBHBIX HANpPsXKeHHH B JaH-
HOH TOYKe paBHa CyMMe HOPMAaJbHEIX COCTABJSAIIIHX, NeACTBYOIHUX
Ha TOPH30HTAJLHOR U BepTHKAJBHOH NIJOmMAnKaX B TOH 2Ke To4Ke, T. €.

01-+02=0,+ 0y. (71)

U3 tex ke BBIpaxKeHHUH JErKo NOJYYHTH, UTO

o+ o ¢
0, ,=—5—% “imas (72)
nJin
6yt o .
% = - 9 : "‘.“ Tmax> (75)
o+ o
5 = — g in (74)

Pewns (71) u (73) OTHOCATE/NBHO Tmax, HaHLEM

01—62

Tmax — —'2—- (75)
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§ 5. KPYI HANIPA)KEHHW MOPA

Jas onpereseHHsi COCTABASIOUIHX HANPSKEHHH Ha DA3JHUHBIX IJ10O-
nIajKax, noJoXeHHs MIOWAA0K, a TakmKe JJIs pelleHHs LeJoro psiga
JPYrHX 3ajxay MeXaHUKH TOPHBIX MOPOJ HCIOJAB3yeTcsl Kpyr Mopa, nan
kpyr Hanpsikenuii. Kpyr Mopa mnossonser rpaduueckn H306pa3HTb
HanpAXKeHHs, LleﬁCTBy}OLuHe H& pPa3HbIX MNOJaAOLIaxKax, NpOoXOoAAIIHX
yepes JaHHYIO TOUKY B NOpPOIE.

Kpyr Mopa cTpouTcsi B NpsAMOYro/JpHOR cHcreMe KoopAuHaT. [lo
ocH abcupce OTKAAAbIBAIOTCS HOPMaJbHBIE COCTABJSIOLIHE HaNpsxe-
HHS, @ 110 OCH ODAHHAT — KacareJbHble.

Ecig pacuosoXHTb HeKOTOpYIo maomaaky AB no oTHOIeHH:O
® riaB4ofl maowanke BC mox yriaoM o (puc. 6,a), TO ¢ yueToMm, uTo
Ha TJABHOM MJIOWIAZKe OTCYTCTBYIOT KacareJblibie HalpsKeHHS, BbI-
paxKeHHus AJsl ONpepeJqeHHs] T, H 0o HA OCHOBE BbIBEAEHHBLIX paHee BbI-
paxenufi (62) u (64) sanuiyrcs B Buge

S0 7= 3, C0S? ® + 6, Sin® ©; (76)
gy = —°’;2°—2— sin 2. (77)

[lepenuuem ypaBHetne (76), yuutelBas, 4to ¢os? = (1-+cos 2m0)/2;
sinfo= (1-—cos 2w) /2, B BHIE

1 4+ cos? 1 — cos 2 —
Ow = 9 + 22 +°2 < o g °1+ i + % %2 CcOS 20)
2 2 2 2
HIN
o o —
Go = lt"- 43 . 2 cos 2a. (78)

BosBexs B xBaapat dopMyasl (77) n (78) u CJIOXKHB HX, MOJYYAM

<%—°1_4;12_>2+13):<ﬂ%"2—>2. (79)

Bripaxkenne (79) ecTo ypaBHEHHe OKDYKHOCTH C LIEHTPOM B TOUKE
O ¢ xoopauHataMu (Ce=0;+09/2; v=0) u paauycom (o;—02) /2.
STa OKPYKHOCTH HasbiBaercs xpyeom Mopa.

Koopausarel Touk# Ha Kpyre Mopa XapakTepu3yIOT HOPMAJBHYIO
H KacaTeJIbHYIO COCTaBJsiomHe Ha miaouiadke AB, nmposeleHHOl K Ha-
NPaBJIEHHIO TJAaBHBIX I0OUIaJ0K NOA yrJaoM @ (puc. 6,6).

Hns pokazaTelbCcTBa 3TOTO COEIMHHM TOYKY B ¢ LEHTpOM Kpyra
Mopa. Koopannartel toukn B n3o0pamaioTcs rpadHyeckH OTpPe3KaMH
BC x O,C. ¥roa BOC, kaKk BHellHHH mo oTHOWeHHIO K yriay BAC,
paBeH 20. Toraa u3 tpeyroabduka OBC

% = BC = OBsin 20 = 1= sin 20,

YTO COBIIAJaeT C BhbIpa’KeHHeM AJs KacaTeJbHOH COCTaBJAsONlel Ha-
npsxkenusa (77), AeACTBYIIero Ha MJOmaAKe, HaKJIOHEHHOH K TJaB-
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HOH IVIOUIALHM NOJ, YIJOM ®:

50 = 0,C = 0,0 + OC;
0,0 = —l‘-;—“‘*’—; ocC =L2‘—°—’—cos2m,

cJjie10BaTe/bHoO,

Sw = 61_262 - 61_*242 cos 20.

BulpaxeHue 175 G, COBIagaeT ¢ npuBefeHHOH panee dopmyJsoi (78)
4J151 OpesesieHUs Og.

TakuM o6pasom, st TOrO YTOOLI HafiTH HOPMAJbHYIO H KacaTelb-
HYIO COCTaBJAIOLIHE HANPAKEHUH, NeHCTBYIOUHX HA IVIOIIafKe, HAKJO-
HEHHOH MO OTHOILEHHI0O K INIaBHOH IJOLlafKe MOJ YIVIOM @, HAauo
NpOBeCTH M3 KOHIa Auamerpa Kpyra Mopa (Touka A) ceKylymo OOX
3THM YIVIOM H HaliTH KOOpPAMHATH MepeceyeHHs CeKylled € OKpyXK-
HOCTbIO (CM. pHuC. 6,6).

C mnomompbio Kpyra Mopa MOXKHO pelluTh H 0O0paTHYH 3ajmauy,
a HMEHHO — 10 M3BECTHbIM HOPMAaJbHBIM O; H Gy H KacaTeJbHbIM T,y
COCTaBJSIOIIUM B BEPTHKAJbHOH H FOPH30HTAJAbHON NJAONIAAKAX HaHTH
[JIaBHBIE HANpPsiXKeHusl H yroJ HaKJIOHA IMJOHMIaJKH K HalpaBJeHHIO
[JaBHOIO HanpsizKeHus oy. g 3Toro B JeBOH BepxHeil 4eTBepTH
IVIOCKOCTH CTPOHMTCA TouKa C € KOOpDAHHATaMH Oy, Tyz, @ B IPaBoOi
HU:KHeH 4eTBepTH — TOuKa D ¢ KOOpAHHATAMH O;, T,y (CM. pHuc. 6,8).
JluHus, coepuHAlmAs NOJyYeHHBle TaKHM OGpPa3oM TOUKH, sIBASETCH
aMaMeTpoM Kpyra Hanpsixedui. CooTBeTcTBeHHO o;=0,B, 0,=0,A.

B tpeyroabuuke AOC<<AOC=180°—2w; KO=(0:—0,)/2; KC=
=1y.. [lo3TOMY yroa HakJoHa IJOUIaJKH K HaNOpaBJeHHIO [JaBHOIO
HanpsKeHUs ONpefeNHTCs ClelylomuM o6pasoM:

2
tg (180° — 20) = —c—%c—- WY

P

tg 20 = — my
4TO COBNajaeT C paHee MOJYyUYeHHBIM BBIpaxeHuem (65).

Hns xkpyra Mopa c:kuMawmmie HalpsiaKeHHs NMPHHATO CYHTATH MO~
JIOXKHTeJbHEIMH H OTKJAaJBHIBAaTh HX BIPABO OT HayaJa KOODAHHAT,
a pacTAruBaloUIHe — OTPHIATENbHBIMH H COOTBETCTBEHHO H306GpaKaThb
OTpe3KaMH cJeBa OT IepeceyeHuss KOOPAHHATHBIX OCeH.

C nomoiblo Kpyra Mopa Jerko moJyudTh COOTHOLIeHHE, BbIBeleH-
HOe paHee aHaJuTH4YecKH (75).

OueBuaHzo, uTO B Npenedax Kpyra HauboJbllee KacaTeJbHOe HaMps-
JKEHHE Tmax COOTBeTCTBYeT oTpesky OD, T. e. paguycy Kpyra (cM.
puc. 6,2), cienoBaTeNbHO,

81— 9%
mnax o .

“
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g
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g[e; AN 0 Cf dw

&r 5,

Puc. 6. Tpaduueckoe HaobpaxeHHe HanpsKeHHOTO COCTOSIHHSL TOPOJ € NOMOIIbIO
kpyra Mopa:

@ — CXCMa pacnoJOXKeHHs TIJIaBHBIX IMJICULANOK; 6*ﬂaxo>l(11e}me HOpMaJBbHBIX, KaCaTeJlbHBbIX H
NOJHBIX Hanpmxenm‘i Ha HaKJOHHOM naoianke; 8 — onpeneieHde COCTABAAKINHUX HanpsAXXeHHR

Ha TODH30HTAJBHOH M BEPTHKAJbHON MNAOWANKAX; & ~— ONpedejeHHe NOJHOTO HalpSXKEHHs H Mak-
CHMAJBHOTO YrJd OTKJNOHenus npu c¢==0; O — KpYyr HanpsixXewdd npd @0 u c¢¥+0; e — Kpyr

HanpsKeHudl UpH ¢=0 H c7*0

[Moanoe nanpsixenne, nedcTeylouee Ha maomaake AB, paBHO
— 2
0—1/01—{—110 = 0,B,

a TaHreHC yIja OTKJOHeHHs @ MOJHOro Hanps¥XKeHHs OT HOpMaJH
K TJIOIAfKe — To/0u (CM. puC. 6,6).

HauGoabliuit yroa OTKJIOHEHHs] COOTBETCTBYeT KacaTebHOH, MpoBe-
nenHoll Kk Kpyry Mopa. M3 npsimoyroasHoro tpeyroiabiuka O;0K (cMm.
puc. 6,2)

0K 03— 09 9+ 33—

sin §, = = : =
e 00, 2 2 o1+ 92

Jasi mopon, oblanamomux cuenjeiHeM U TpeHHEeM U3 TPeyroJbHHUKa
0,0L (cMm. puc. 6,0),
. . oL 6, — o
b= = = L2 80
S lmax =SI0 P 0,0 oy + 9+ 2¢/tg ¢ (%)
MOCKOJABKY 0:0=0:0,+0,0=(c/tg @) + (01+02)/2, a OL=
= (01—02) /2.
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Jlas nopoa, ob6aajanouinx TOAbKO cuelieHHeMm (eM. pac. 6.e),

A0 =17 — ¢
? * (81)
um J
5, —o, = 2¢.

Yroa makaona naomainkn AK, Ha KoTOpo#l (HKCHpyeTCcs MaKCH-
MaJbHHE YIOJ OTKJOHEeHHs, K IVIaBHOH IJouiajke (w;), MOXKeT ObITh
onpefesnes M3 pasHoGexpenHoro TpeyroabHnka AKO (cm. puc. 6,2):

1800= (goo—emax) —*—20)1,
OTKy[da

6.,
o, = 45° L —'2“"—" (82)

Wiy, ecan Omax=¢ (rae ¢ -— yroJ BHyTpPeHHero TPeHHs [OPOALI),
01=45"+¢/2. (83)

§ 6. MIOCKASS H OBBEMHAS 3AJAYH PACNPENEJEHUA
HANPAXXEHUH

Kak yxe 610 n0kazano B § 1, aaa onpene/eHnss HanpsiAKEeHHOTO CO-
CTOSTHMS B KAXKAOH TOUKe TOMIH TOPHBIX IOPOA HeoOXOAMMO 3HAaTb
LIeCTh COCTABJAIOMINX HanpsiKeHu# (0, Oy, Ox, Tzy, Tay H Tax), C IO-
MOUIbIO KOTOPHIX MOXKHO HaHTH JI0OBle HANPAXKEHHUS HA Pa3JHYHO OPH-
eHTHPOBaHHHX muomanxax. OIHAKO YKCIO COCTABJSIIOMIHX HarpsKe-
Huil  ompejedsieTcsi yCJAOBHAMHM KOHKDETHOH 3ajauy, pellaemorn
B KaxKAOM cJyuae WHIMBHAYAJ/bHO.

B Teopuu ympyroctu pasnuualOT ABe 3alauu paclpepeNeHHs Ha-
TIps2KeHHH: MJIOCKYI0 ¥ IIPOCTPAHCTBEHHYI0 {06BEeMHYIO).

Ilnockast 3agaya BO3HMKaeT, KOTJA xapaKTep paclpejeleHHs Ha-
IipSiKeHUsT MeHsIeTCsl TOJAbKO B OAHOH ITOCKOCTH, d& B HEpHEHAHKYJAp-
HOI K Hell IJIOCKOCTH HanpsikeHus JAuOO MOCTOSIHHBI, Jau0GO paBHH
nyao. [luockas 3agaya pelaercs B cjayuae, KOrja BHEUIHAS HATPY3Ka
paciipeaedacia Ha noJjoce 3HAUUTENbHOHU JAJIMHBl H XapaKTep HArpysKu
MeHseTCA TOJBKO IO ee IiupuHe (puc. 7,a). B nmaockoi sapaue pac-
CMaTpHBAIOTCA JHUIb HANPSKEHHUd, NEeACTBYIOMHE B ILIOCKOCTSX, Ma-
paJJIe/ibHBIX MIOCKOCTH (02, cliel0BaTe/IbHO, ONpeNe/eHHI0 TONJIeKAT
TPH COCTaBJSAIONINE HANPAXKEHHH: NBe HOpMaJbHBle (0, H O,) H OAHA
KacaTeabHas (T:y=Tty;) B Touke M. Mx HaxomsT c nmomMomplo ABYX
ypaBHeHHH PaBHOBECHS COOTBETCTBEHHO Ha TOPH3OHTAJ/LHON M BepTH-
KaJbHOH IO aAKaX W OJHOTO yDaBHEHHs CBSI3H MeXAy HANpsIKeHHs -
MH U AedOopMaUHUAMH, MOJYYEHHOTO M3 YCJOBHS HepaspbIBHOCTH Je-
¢opMauu# NpH pacCMOTPEHHH TOPHBEIX NMOPOJ Kak CIVIOUIHOH ORHOPOJ-
HOH M jMHeliHO-nedOpMUPYyeMOll cpenbl H 0000meHHoro 3akoHa I'yka.

YcaoBusi paBHOBeCHs] HAa TOPH30HTAJbHOH H BEpPTHKAJBHON IJ1O-
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Puc. 7. Xapaxtep pacnpeieneHuss HanpsixKeHHH B njockoii (a) u o6beMHOR
(6) 3anauax

H1aJKax 3anucbiBarwTCAa B BHIE

ds, 0ty .

02 +Tyy+F2 =0; (84)
Ot Js,

5ty +F =0 (85)

rae I, u F, — neficTBylomue o6beMHble CHJIBI.

JJas nJockoll 3agaud ycJ0BUe Hepa3pblBHOCTH AedopManui, T. e.
coxpaHeHue CnJOMWIHOCTH cpedbl (KOHTHHYyMa), MOXKeT ObiTh BbIpaxe-
HO caenyomuM qHddepeHIHaTbHBIM YpaBHEHHEM:

Doy P T, (36)
02* oy? 0zoy

ONHUCBHIBAIONIAM 3aBUCHMOCTb MeXK]y BTOPBIMH NPOH3BOAHBIMH OT ABYX
autelinbix pedopmanuft mo och 2 n y (&, H &) U OT yrJaoBsoit aedop-
Malluy 8y

YpasHenne (86) MoxkeT ObITh Npeo6pasoBaHo € NOMOMBK 0006-
mieHHoro 3akona I'yka. st nJI0cKo# 3afayud npH YCJIOBHH, UTO £x—0
1 0,=0 ypaBHeHusi 0060buUIeHHOTO 3aKoHa ['yKa uMeloT BHJ

1
g, = ' (o, —1o,); (87)
&y = — (5, — bo.); (88)
2(!1
5,, = (_‘bf”)_ Ty (89)
B3sis BTOpBle MpoM3BOAHble U3 Bbipaxenuit (87)—(89), noayunm
0%, 1 0%, 0%, \
0yt —T< oE & o—zf)’ (%0)
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022 E (9

002y _ 2(14-p) Pray (92)
020y E  oz0y

0%, 1 ( d%,, 0%
g )

N

[MoactaBue (90)—(92) B (86) u coxpartuB Ha 1/E, moayuydm ciaenyio-
{IYIO 3aBHCHMOCTD!

0%, 023, 0%s,, 0%s, 0%y,
o P oz + 02 N TR 2(1+w) 20y 0. 93)

[MonyyenHoe BbipaxKeHHe npuMeT Gosee MPOCTOR BHJ, €CJH B HEM Kaca-
TeJpHOE HANpSIKeHHE T,y BHIPA3UTh Yepe3 HOpMaJbHble HampsiKeHHs
¢ noMompblo auddepeHnUanbHbEIX ypaBHeHHH paBHosecus (84)—(85).
Bssas mpousBoanble o 2 u3 (84) u nmo y u3 (85) u mpHHMUMAas BO BHH-
MaHHe, 4T0 06 beMHble CHJBI MOCTOSHHBL, MOJYUYUM

22 oyoz 020y oy?
C/0XHB 3TH ABa ypaBHEHHS, HaleM BbIpaXKeHHe BTOPOH IIPOHU3BOI-
HON NI Tay:

Py 0oy 0%y

o0y 02 0

(9%)

Tloacrasus (94) B (93), mocae coKpauleHHsl MOJyYHM

%0, 0%s,

oy P P
o + 022 + o2 + gz !

HJIH

0% (s, + sy) 0%(sz 4 oy) -
02 + 022 =0. (9‘))

Ucnoawsysa onmepatop Jlamnraca, ypaBHeHue (95) nepenullleM B BHIE
VZ(0,4+0y) =0. (96)

VpaBHenue (95) mpuMeHHMO JHIL B Tex clyuyasx, Koraa obbeM-
Hble CHJIBl TOCTOSSHHHL HWJIM MOTYT OBITb MPHHSATH PABHBIMH HYJIO.

Takum obpasoMm, 15 OlpeneNcHUs TpexX HEH3BECTHBIX HAIIPRKEeHHH
B I10CKO#l 3ajaue (0;, Oy H T;,) peliaeTcs cucTeMa U3 Tpex audde-
PeHLHa/bHBIX YpaBHeHHH: ypaBHeHHs paBHOBecHst (84) u (85) u ypas-
Henue copMecTHocTH (96). HeobxomuMo TakXKe mOAYEpKHYTH, YTO B Me-
XaHUKe TOPHBIX mMopold OObeMHON CHJIOH siBasieTcss COOCTBEHHEBIH Bec
TMOpPOJA, KOTOPHI MOMKeT paccMaTpuBaTbCsl KaK MOCTOSHHBIH B KaKmoil
TouKe aHa/u3upyemoil Toauid. Ilpu npuHATOM pacmonoxenHd Koop-
Aunatobix ocefl (cm. § 1) och 2 HampaBjieHa BepTHKAJIbHO BHH3, H
notomy coOcTBeHHbIH Bec OyaeT nQaBaTb COCTABJSIOMYIO JHINL [O
OCH 2, MNPHYEM €eCNH y— INIOTHOCTb NOpPOAH, To F,=vyz, a F,=0.
Caenosatenbio, cHeTeMa Tpex AHGQEpeHIHANbHBIX ypaBHEHHH a9
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pelieHus MJIOCKOH 3a/aul HMeeT CJeAyIOWH:A BUA:

Os, 0%z

Tty t1E=0

95y L0 0: 97)
oy = dz

vV (s, 4 0,) = U.

Tlaockas 3agaua pacOpeAes]eHHs] HAanpsXKEHHH paccMaTpHBaercs
fpU onpeneJeHHH HANDSKEHUH I0A BHITAHYTHIMH B IJ1aHe COOpYiKe-
HUSIMH, TAK, HampuMep IOA 3MaHHSMH, pPacNOJOXEHHbIMH Ha JIEeHTOY-
ubix GyHAaMeHTax, MIMTaXx GoJbLIOH NPOTHXKEHHOCTH, B OCHOBAHHMH
NOANOPHBIX CTEHOK, Hackbimeil, naMm0, NIJIOTHH, a Takke NpHMeHseTcs
npH peweHUH GOMBLUIMHCTBA 3ajxay yCTOHYMBOCTH OTKOCOB H MHOJ3eM-
HbIX BbIpaBOTOK.

[Tpu 6GeckoHeyHo MaJoil HMpPHHE MOJOCH 3arpyxeHus (b—0)
MOJIYYHM peuieHde 3aAayH O paclpenejJeHHH HanpsKeHHH OT MOCTOo-
STHHOH Harpy3KH, aeiicTBylome# BAOAL MPAMOH.

Jlnst mpakTHUECKHX pacyeTOB IJIOCKAs 3alauya paclpeaesNedHuss Ha-
OpsXKEHUH UCIOJb3yeTCs, Koraa MJNHA 3arpy:XeHHOd miowank [ mpe-
BBIILIAET INHPHHY mMOJOckH b B TpH pasa.

[Ipocrpancreennas (obObeMHasi) 3amaya pacnpejpesieHdst HarpsiKe-
Huli peuraeTcsi, KOraa BHEUIHsis Harpyska aeHcTByeT Ha MAOIAAb C CO-
oTHoweHHeM [/b<C3. Jra 3amaua GoJee CJ0XKHAs, TAK KaK qUC/JIO He-
H3BECTHBIX COCTABJSIIOUINX HANpsKeHHH yBeJAHUWBaeTCs A0 IIeCTH:
TpeX HOPMAaJbHBIX O;, Oy, Ox H TPEX KAaCATEJIbHBIX Tuy, Tzx, Txy (CM.
puc. 7,6).

B Teopun ynpyrocrtu AJds pelieHus NpOCTPaHCTBEHHOH 3ajayd Hc-
NOJAB3VIOT cHcTeMy M3 wecTn aHddepeHIHadbHBIX YpaBHEHHA: Tpex
ypaBHeHHH paBHOBeCHs Ha OAHOH BEPTHUKAJIBHOH W ABYX rOPH3OHTAJb-
HBIX ILTOIAAKAX W TpPeX ypaBHeHHH coBMecTHocTdH. OmHako B Mexa-
HHKEe TOpHBIX NMOPOJ 3TH yDaBHEHHR HCNOJAB3YKTCH KpaiiHe PelKo H
AJIs1 OLEHKH HAIpPsKEHHOro cOCTOSIHMs B 0ObeMHOH 3amaye OpUMEHS-
10T CreiliiajJbHble IpUeMBl, CyThb KOTOpBIX OYIeT H3J0xKeHa B . 4.

O6bemMHast 3ajaya paclOpene/eHHs HAnpsixeHHid peiiaercs mpH
OlleHKe HaNpsXKeHHOro COCTOSSHHS B OCHOBAHHH COODYMKEHHUIl OrpaHu-
YEeHHONI [POTAXKEHHOCTH, BHICOTHBIX 3AaHHH, 3J€BATOPOB, CHJOCHBIX
fauled, HePTEHAJUBHBIX DE3€PBYAPOB, TEJCBH3HOHHBIX BBILEK, IBIMO-
BHIX TPyO, OIOD MOCTOB, & TaKXe IOPH pacyeTax ycTOHYHBOCTH OTHAEJb-
HbIX 30H OTKOCOB NPH YydeTe BJUSHUS pPEeAKUHH HENOJABHKHOH TOJIIH
NOPOJ, yCTOHYHBOCTH LEJAHKOB B MOJA3€MHBIX BRIpaGOTKax H Ap.

Ecan BeqnuuHa 3arpyxeHHoil miomaau B o0beMHOH 3apaue cTpe-
MHTCSl K TOYKe, TO HOJY4aloT pelleHue AJasl COCPEAOTOYEHHOH CHJIBL,
T. €. CHJIbl, MPUJIOKEHHOH Ha OECKOHeYyHO MaJyw IJIOLLafb, KOTOpas,
IO CYILECTBY, ABJSIETCS OCHOBHOIl TeOpeTHUeCKoll 3amaueil s pacuera
HampsKeHHnH.

Kountpoasreie sonpocut

1. Haiite onpeleinenne NOHATHA OObeMHBIX M MOBEPXHOCTHHX cHJ. [IpusemuTe mpH-
Mepbl.
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2. Yro Taxoe Hanpaxenne? OcoBeHHOCTH ero ompelejelysi B TOPHBIX NOPOJax.
IlafiTe oObsiCHeHHE MNOHSATHIO <HANPsIXKEHME» KaK BEKTOPHOW Be/NHUYHHE.

3. Kakne HanpseHHs HeOOXOAHMO OnNpele/siTh IPH OLUEHKe CKUMAaeMOCTH rop-
HpIX TOpoX? lafite X 06O3HAUEHHS ¢ yUeTOM NPHHSATOH NPSAMOYTOJbHOH CHCTEMBI KO-
OpAMHAT. .

4. Kakne xacaTe/bHble HanpsiKeHUs AeHCTBYIOT Ha TIOPH3OHTAJbHBIX K BepTH-
KanbHHIX Onomagkax? Jlafite X o6o3Hauenusi. JlOkaxKHuTe, 4TO KacaTeabHble Hanps-
JKeHHsl NONApHO PaBHBI MexJAy Cofof:

(sz:‘Tyz; Txz=Tzx H Txy=1.'yx).

5. OxapakTepu3dyfiTe nokasaTtenn AeOpMalHOHHBIX CBOHCTB rOpHBIX NOPOJ. Kax
pa3nuyaloTesl MexAy Cco00i MOAYJH ynpyroctH u ofmelt gepopmaumu? i KakHx
NOPOJ 3TH NapaMmerphl OJM3KH IO BeJHYHHe, ]S KaKWX TNODOJ PasjMude MaKCHMallb-
Hoe? JlaliTe BHMBOA 0606meHHOTO 3akoHa ['yka.

6. Uro Takoe KoadhHuHeHT GOKOBOro naBieHusi? KaKme yCJIOBHS XapaKTEpH3YIOT
3T0T Ko3¢hdHUMeHT? B Kaknx Impefesax H3MeHsIeTCsl €ro BeJHYHHa s DAa3JIHYHBIX
THNOB rOpHbIX nopox? Bumsier au oObeMHOE HanpsiKeHHOe COCTOSIHHE NOPOJ Ha KO-
a¢pPruuneHT GOKOBOTO AaBJIEHHSA?

7. Kak MaTeMaTHYeCKH BBIPaXKaeTcsi OCHOBHOH 3aKOH YIMJIOTHEHMS NECYAHO-IJH-
HHCTBhIX nopoa? UTO Takoe NMPHHUMI THAPOEMKOCTH TPYHTOBO# Macchl mo H. M. Tep-
CeBaHoBY?

8. Jlafite onpepaeienye moHsTus 3¢ ¢pexTusHoro ¥ noposoro Aabjenuii. Kak onpe-
JleINTh 3TH JaBJeHHs B mopode? Ha kakne nopoibl pacnpocTpaHsieTcsl HCINOJAb30BaHHe
KOHUeNu#H 3QdeKTHBHBIX H TIOPOBLIX JaBJEHHIH?

9. BbiBeanTe 3aBHCHMOCTh MeXJAY KacaTeJbHbIMH HanpsikeHHAMH H jAedopMa-
uuAMH cjBHra. IlokaXuTe cBsi3h MeXKAY MOAYJEM CABHra H MOAYJEM YyIpyroctH. YTo
TaKO€ YHUCTBIA CABHUI?

10. Kak onpefeJnTb HaNpsXCHHS1 Ha JIOGON HAKJIOHHOH miomafke? M3 kakux
YCJIOBHII BBIBOAATCH 3TH 3aBHCHMOCTH? UTO Takoe riaBHbie HaNpsKEHUs] W FJaBHble
naomaaxku? Kak onpejpeints MNosjoKeHHe DJIaBHBIX IJOWAjJ0K B toame nopox? Kak
pacmosoXelibl NAOmMAAKH, Ha KOTOPbIX JAeHCTBYIOT MaKCHMaJbHBEle M MHHHMajlbHble
KacaTeJbHblE HANPSKEHUs, O OTHOLIEHHIO K FJaBHBLIM NJomajikam? MoxHo am pac-
CUNTATh 3HAUEHHS TJaBHBIX HANpsXKeHHH, 3Hasl COCTABJAIOmHe HanpsiXKeHHH Ha roOpH-
30HTaJbHLIX H BEPTHKAJBHBIX MJIOmAJLKaX?

11. ObbsicHnTe TNPHHUHNB NOCTPOEHHs] Kpyra HanpsixKeHuii Mopa. Jlokaxute
C noMomplo Kpyra Mopa, YTO cyMMa rJaBHbIX HaNlpsiKeHu#l (B JaHHOH TOYKe) ecTb
BEJMUHHA NOCTOSHHAS H paBHAfd CYMMe HODMalbHbIX HalpsiXKeHHil Ha FOPU30HTAJb-
HOH M BCPTHKaJbHOMN IJOMAajAKax. BblBelAnTe 3aBHCHMOCTb /JIsI ONpeJeleHHs] MaKCH-
MAaJIbHOrO yrila OTKJIOHEHHS AJIA NOPOA, XapaKTepH3ylomMXCs TPEHHeM H ClellJIeHHEM.

12. Haiite onpexenennst miockofi m o6beMHOH (NpOCTpaHCTBeHHOH) 3afau pac-
npeiefeHus HanpsxeHuH. Kakoe 4ncjio COCTABJSIOMMX HaNpsiKeHHHA HeOGXOAUMO pac-
CUNTHIBATb NPH PEIUEHHH IJOCKOA 3ajauH, KakKoe — NPH DellleHHH IPOCTPAHCTBEHIION
3anaun? CocraBhTe CHCTEMY H3 TpeX AHdPepeHUHaNbHbIX ypaBHEHHH A8 pacueTa
COCTaBJSAIOMUX HAaNpsKeHWA B MIOCKoN 3ajpaue. IlpuBeanTe KOHKpeTHble IpHMEDH
HeOOXOMMMOCTH pelleHNs TUIOCKOH M IIPOCTPAHCTBEHHOH 3ajlad.

I'masa 3

ONPEJEJIEHUE HANIPSI)DKEHUH
OT COBCTBEHHOT'O BECA TOPHbIX MMOPOL,

§ 1. OBIIHE MOJOXEHUA PACHETA

Ceenennst 00 ecTeCTBEHHOM HAINpSKEHHOM COCTOSIHHH TOJIIH TOp-
HBIX MOPOA A0 CTPOHTENbCTBA PA3/JIMYHONO THIA HA3EMHBIX M IOJ-
3eMHBIX COODYXeHHH Aal0T BaxHYl0 H HeoOXOAHMYWw HHpOpMAalHIO,
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KOTOpas MCIIOJb3yeTcst AJad IPOeKTUpPOBAHHSI W pacyeTa YCTOHYH-
BOCTH KOHCTPYKUIHHA COOPYXKEHHH.

Hanpsixendst B ToJile TOPOJ BO3HUKAIOT IJaBHBIM 00pasoM Iof
JeHcTBHeM TpPaBUTALMOHHHIX H TEKTOHHYECKHX cuJ/. BMmecre ¢ Tem
BaXXHy10 DOJAb IPH aHA/JIH3€ HANPAXKEHHOIO COCTOAHHUS HIpaloT IOA-
3eMHBle BOJBI, BJHSIHHE KOTOPHIX OOBIYHO MpOsiBAsieTcss B AeHCTBHU
TUAPOCTATHYECKUX W THAPOAUHAMHUYECKHX CHJL

KpoMe TOro, nmpu olneHKe HampsiKeHHH B MPUIIOBEPXHOCTHBIX 30-
Hax cJexyeT YUHMTHIBaTh pacujleHeHHOCTb peJbeda JHeBHOH MNOBepX-
HOCTH, OHHAKO c rayOHHOH BJusinHe GopM pedbedpa ociabepaer.

Bce mnepeuncientble Bblllie (GaKTOpbl ONpeAeNslOT HayaJbHOE Ha-
NpsAXKeHHOe COCTOAHHe TOJMmHN nopox. IIpH BoO3BereHUH Ha3eMHBIX
COOPYKeHHH BO3HHKAIOT AONOJHHTeNbHBIE HaNpsKeHHsd, KOTOpble
OOBIYHO CYMMHUPYIOTCSA ¢ HayaabHBIMH. OTpBITHE KOTJOBaHOB, YCTPOEH-
CTBO KapbepOB BH3bIBAOT, HAODOPOT, B IPHOTKOCHOH 30HEe YMEHb-
lieHHe HayaJdbHbIX Hanps:keduil. Hanbonee cnoXHble H3MeHEHHs
NPONUCXOJAT B TOJIIe MOpPOA IpU HPOXOAKe IOA3EMHBIX BbBIPabOTOK,
NOCKOJbKY BOKPYI HHX (HQOPMHPYIOTCS KaK pasTpyXeHHble 30HBbl,
Tax 1 00JaCTH IOBbILEHHBIX HAIPAKEHUH.

OcHoBHOl aKTHBHOH cuJIOfi cyuTaeTcs TrpaBuTanuonuas (o0bem-
Has cuJa TAXKECTH), OIpelelsieMas BecOM BHIUeJdeXauled TOMIH
Haj TOYKOH, B KOTOPOH DPaccuuThiBAIOTCH HampsikeHus, [loBceMecTHO
AdelicTByonias rpaBHTalMOdHAs CHJa XxapaKTepH3yeTcs BepTHKaJlb-
HbIM BexkTOpPOM. Ec/im pHeBHas IOBEPXHOCTH TFOPH3OHTaJ/J bHA, TO HOP-
MaJ/ibHble HaNpsKeHHsT OT CcOOCTBEHHOrO Beca Ha TOPH30HTAJbHBIX
naomaikax (o,%) OyayTr pactu MO Mcpe YAajeHHs OT AHEeBHOH Mo-
BEPXHOCTH M Ha HEKOTOPOH riayOHHe cOCTaBAT

z

5,8= 5 v (2) dz, (98)
¢}
)

rae y(z) —nAOTHOCTb MOPOABI B TOYKe, PACHONONKEHHOH Ha TJyOH-
He =z.

Be/lMynHBH TOPH30HTA/NbHBIX HANPsiKEHUH O.f U 0,f, BO3HHKAI-
IUX Ha BEPTHKAJbHBIX NJIOMAAKAaX, 3aBHCAT OT THIOa W CBOHCTB MO-
pox, a Takxke OT NPHHATOR pacuyeTHOi momenu. Ecau Ttosia ropHeix
IOpOJ paccMarpHBaeTcs KakK CIJIOWIHAA YHOpyras OAHOPOAHAA M H30-
TPOIlasi cpefla, HaNPAKEHUA Ox® H O, NPH YCJOBHH OTCYTCTBHA TO-
PH3OHTANbUBLIX neQOpMalHil MOKHO MOJYUYUTb U3 BHIPAXKEHUS

5,8 =0 = CSY (z)dz, (99)
b

rae [ — yXe U3BECTHHE KO3(duIneHT 6OKOBOr0 AaBJeHHS B TOJUIE
ropubix nopoa, pasubtii p/(1—p). Paseuncrso (99) mossoaser pac-
cMaTpHBaTh BCe BO3MOXKHBIE cayyad AeHCTBHS HaNpsxEHHH OT rpa-
BHTAMOHHBIX cua: ot Gespacmopuoro (£=0, p=0) no rugpocrarn-
yeckoro ({==1, p==0,5).
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I'inore3a O BO3MOXKHOCTH THAPOCTATHYECKOIO 3aKOHaA pachpepe-
JieHns HampsiXKeHHH B TOJlle FOPHBIX NOPOJA Obl1a BHICKa3aHa BIEPBHE
mpeiinapckum reojorom A. TefimoMm Bo BTopoil nogosuue XIX B.

Ecau 1HeBHAs TOBEPXHOCTbH TFOPH3OHTAJbHE, TO  HANPABJEHHS
AefCTBUs TOJHOTO HANPSXKeHWs (CHAB TAXKECTH) M ero HOPMaibro#
COCTaBASWOINEH Ha TOPU3OHTaNbHON Miolianke (o0;) coBnapawoT. Cie-
J0BaTe/IbHO, KacaTesbHbLIE HaNpsXKEHHA, [eficTBYIOIIMe Ha TOH Xe
NJIOMAAKe T,y ="Ty,==0. Kak y»e 6blJ0 NmoKazano B IJl. 2, Takue IJo-
L{aJKH Ha3biBAIOTCS [VIABHLIMH, 4 AeHCTBYIOLIMe B HHX HaNpsIXKeHHs —
rJaaBHbIMH HaNpsiKeduaMHu. [loatomy Be/nuMHa HanpsKeHus o0f.=qé,
COOTBETCTBEHHO HaNPSXKEHHA O 6=0,¢=028 ¥ BEPTHKa/JbHLIE JO-
IaAKH OyAyT TaKxKe [JIaBHLIMH.

Ecau Tosa mpeactaBsgeHa OJHOPOAHBIMH 1O NJOTHOCTH TOPHHI-
MH fopoaaMu, T. e. y(z)=y==const, To HOpMaJbHBIE COCTaBJSIOIIHE
HanpsizkeHnH OT COOCTBEHHOrO Beca MOTrYT OBITb ONPEIEJEHH N0 Npo-
cTedwinM dopmyaam

ngzolngZ;
0:9=0,8=08=[yz. (100)

Ilpu HeOAHOPOAHOH TOJme, COCTOSIIIEH W3 CJOeB ¢ PasHOH NaoT-
HOCTBIO, BEAHYMHBL HODMaJibHHIX COCTABARIOUIUX HanpsixeHUd wony-
YaloT, 3aMeHss HHTerpupoBauue B dopmynax (98) u (99) cymmupo-
BaHHECM:

028 = X Yifti = Vil + Yoty + Taha o+ Yaltos }

i=1

. Y oaon
0, f = oyg _— 2 thi = thl +- 7,0, + 53‘{3/73 4+ o 8,10, II
)

i=1

rae vy, hi;, i — COOTBETCTBEHHO MAOTHOCTb, MOLLHOCTL H KO3(duiu-
eHT OOKOBOTO JaBJeHHs i-TO CJ0s IOPOIbi;, A — YHCJO CJOEB.

KospdHuuueHTE OGOKOBOTO AaB/JEHHs SIBJASIOTCA /sl NOPOA (MpH
Olpe/e/eHHbIX YCJAOBUAX) HEKOTOPOH MOCTOSHHOH XapaKTepPHCTHKOM,
Ha ocHOBaHHH 3KCIEpUMEHTanbHLIX HccaepoBansii Bo BHHUMHU pas-
paGoTaHa ynpoleHHas KaaccuHUkAuusl TOPHHX TOPOA B 3aBHCHMO-
CTH OT BeJHUHHH K03 duunenra { (Tada. 2).

Tabauna 2

Karteropus nopoj no
60KoBOpMy paé’nopy TMopoas CpepnHee 3Hauenye §

1 BhICOKOTO TIHHUCTRIE OTJIOKEHUS >0,8
Il cpennero AJIeBPOJIMT, aprunnuT, TIHHHCTHIHA CJaHen 0,5—0,8
11] manoro Tecuanuku Ha Kpenkon LeMeHTe, U3BeCTHS- <0,5

KM, GOJBHIMHCTBO MarMaTHYeCKHX H MeTa-
MOphHUECKHX 1opoa
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Puc. 8. Xapakrep pacrnpejeieHus Hanmpsixke- Puc. 9. Cxema 1Js onpedeleHnus
Huli OT COGCTBEHHOTO B€Ca MNOPOA no rAybH-  COCTaBJSIOIHX HANpPsiKEeHHHA oT cob-

He: CTBEHHOI'O BCCa Mopoj Ha rOpH30H-
g — B 0AHOPOANOIT Tomue (y==const); 6 — 8 neon- TaJabHOH MMOmMAjKe HHUXe INOBCPX-
HOpopHO#H Toanie (Y15 Y:55Y:) HOCTH OTKOCA
a )
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T =}
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Puc. 10. Xapaxtep gedopmupyemMocTn 00pa3snoB NopoJ B 3aBHCHMOCTH OT BEJHYHR
60okOBOrO JaBJeHHs (a) ANsi Mpamopa u TemIepaTypsl (6) ans rpaHura [5]

XapakTep pacnpefeseHHss HalpsiXKeHHH (3miopbl) 6,6 B OZHOPOX-
HOH H HEOIHOPOAHOH TOIAaX NOpPOJ MpHBeAeH Ha puc. 8, U3 KOTO-
poro cJjeayeT, 4TO [O Mepe yBeJHYeHHS TayOHHBI H IJIOTHOCTH IIO-
poABl HanmpsixKeHHs OT COOCTBEHHOrO Beca CYUIECTBEHHO BO3PACTalOT.

Ecau pmueBHass NOBepXHOCTb TOPHBIX MOPOA He TOPH3OHTa/bHA
(oTKOC Kapbepa, MIPHPOAHBI CKJOH), TO TOPH3OHTaJbHBIE H BePTH-
KaJbHble IVIOWIAJKH B TOJINe HHXKe IIOBEPXHOCTH OTKOCa He SIBJsA-
I0TCsl TJIABHBIMH H HaIpsiXeHHsl B HHX MOTYT OBITb OIpeje/eHbl cJe-
nyoumum obpasoMm (puc. 9). BblxeauMm 3neMeHTapHYIO IO ALKY
mn, HAaKJIOHEHHYIO TNOJA yrIOM B K TOpH3OHTY. Ha a3Tolf mJjomanxe
AefCTBYIOT NOJIHBle HATpsiKEeHHs1 3a cueT Beca CTon6a NMOPOAH 0=%Z,
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BEKTOD 3TOr0 HaNpPAXKCHUA BCPTHKAJEH, CJeI0OBaTENbHO, BeJHYHUHBI
HOPMAaJbHOTO U KacaTeJbHOTO HaHpH}KGHHﬁ Ha NJIoLlagKe mrn paBHHI,

op=yz cos f3;
Tp=yz sinf. (102)

[IpoekTupya 3TH HaNpsXKeHHS HA TOPH3OHTAJBHYIO MJOIIALKY, IIO-
JIYUHM

0, =9z cos? B;
T;y==y2 sin B cos P. (103)

Kax nokasplBaloT HabGJdIOIeHHd, CHJIE TSXKEeCTH NPOTHBOLEHCTBYIOT
CHJbl YOPYrod nxedopMaluum NOOpoJ, KOTOPHe CO3JAKOT pPaBHOBECHOE
coctosinue B rouiule [15]. CrexoBaTesnbHo, B (opMHPOBAHHH Hamps-
JKEHHOTO COCTOSIHUS TOPHBIX [OPOA MOJ JeHcTBMeM WX cOOCTBEHHOTO
Beca CYIIeCTBEHHYIO pOJIb HTpPalOT MeXaHMYeCKHe CBOHCTBA MOPOL,
H IIpeXXJe BCer0 BO3MOXKHOCTb HUX TpaHCcGOPMAallMH BO BpPEMEHH MpH
IJAHTEeNbHOM JelicTBMHM HampsikeHuid. Buausinue d¢axktopa BpeMeHu
Ha HanpsKeHHoe COCTOsIHMEe TOJIIIM HOpOJ [POSABJASETcsi B TOM, YTO
Bce TOpHBle NOpoAbl 06JafaloT CBOHCTBOM MOJ3Y4ecTH, HHTEHCUB-
HOCTb KOTOPOIl 3aBHCHT OT HeficTBYIOIMUX HanpsiKenuit. 3a Bpewms,
Nopsil0oK KOTOPOr0 COMOCTABHM CO BPEMCHeM TIeOJOTMUEeCKHX 310X,
FOpPHBlE MOPOAB MJacTHUeCKH JAeGOpPMUPYIOTCS, 3HAUEHHS HOPMaJb-
HbIX KOMIIOHEHTOB HamMpsXKeHHT cOIIXKATCH 10 BEJIUYUHE, 4 Kaca-
TeJbHbIC [OCTENelHO HCUYe3al0T, T. e. HaNpSAXKEeHHOe COCTOAHHUe Co-
OTBETCTBYeT THIPOCTATHYECKOMY 3aKOHY  pachpelesfeHUs Hamps-
JKEeHHuH.

CornacHo HabJ/ifOJEHHAM MHOTHX HCCJeNOBaTesgell, AaKe BecbMa
IpOYHble CKa/dbHBle MNOPOABLI HPH AefcTBHM BHICOKHX HaOpPSiXKeHHA H
TemrnepaTyp 00/azal0T CBOHCTBOM MNOJ3YyYeCTH H NePeXoAdT B MJa-
CTHYHOE COCTOSIHMe, YTO AaeT BO3MOXKHOCTb HCHOJNL30BaTh THHOTE3Y
TMAPOCTATHYECKOrO 3aKOHa pachpeleJeHdss HalpsXeHHH [pH pac-
CMOTDEHWH YCTONUMBOCTH MOJ3eMHBIX BHEHPaOOTOK, NPOHIEHHHIX HAa
6oabiminx raybunax. IlogTBepxjieHueM BbllllecKa3aHHOMY cJiyXKar
pesyJbTaTh HCObITaHHIA 00pa3uoB CKaJbHLIX NOPOA HpH PasJHYHLIX
3HayeHHAX G60KOBHIX AaBjenuil (puc. 10,a). B saBucumocTH OT Be-
JHUYHHB OOKOBOro 00XKaTUs Op HCC/AELOBaHHbIE CKaJbHHE OOPOILLI
00HapyXHBaIOT 1Ba TUna KpusbiXx AedopmupoBaHusa. Ilpm GoxkoBoM
gasaednn Hmxke 5,0 MIla paspymaloresi, Kak XpynKue pPasHOCTH C
NHKOBLIM 3HaueHueM M[pouHocTH. PocT OG0OKOBOro jaBJjeHUs BhilUe
6,85 MIla OpuBOIHT K MJacTHYHOMY XapakTepy nAehOpMHPOBaHHs
o6pasiuos Mpamopa (cM. puc. 10,a). Cxonsblii 3pdeKT BLIBHBaeT H
noBblllleHne TeMnepatypu (cM. puc. 10,6). Tlpu KoMHaTHO# Temie-
paType 25°C o0pa3unl rpaHuTa BeZyT cebs Kak Xpynko paspyuiaio-
muecs Ttesa, npu 800°C mepopmupoBanue rpaHuTa OJH3KO K MJjia-
ctuueckoMy (60koBoe mnaBsaeHuwe coctaBaser 50 MIla). Bmecre ¢
TeM IPH HOBLILIIEHHH TEMNEPATYPH OTMedaeTcs CHHXKeHHe MPOYHOCTH
06pa3ioB (npH MmOCTOSIHHOM OOKOBOM JaBjieHHH). 3HaHHE 3aKOHO-
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MepHOCTeH mMepexoZa TMOPOI M3 XPYIKOrO COCTOSHHS B MNJaCTHUHOE
HMeeT 0OJibloe NPAKTHYECKOe 3HAUEHHE NPU OlleHKe pachpeaeseHHs
HaTpsKeHu#l B TOJIEe TOPHHIX M[OPOJA H COOTBETCTBEHHO MPOTHO3U-
POBAaHHH HX TMOBeJEeHHs [PH NPOXOXKAEHHH BbIpaGOTKH Ha ONpefeseH-
noii ray6une. H. C. Dysbi4eBbiM MOJyYeHa TeopeTHYeCKas 3aBUCH-
MOCTDL JJIl OHEeHKH TOH TayOuHbI, HHXEe KOTODPOH TOJ/iIia TOPHBIX M[O-
pOI JOJKHA paccMaTpHBaTbCs KakK MJaacTHUHasA cpexa [4]:

Re
2, = (104)

(-0

rae Rex — OPOUHOCTL MOPOX MPH  OgHOOCHOM cxaTud; P=(l+
+sing)/(l—sing) (@ — yros BHYTPEHHEr0 TPeHHA [OPOABI).

OTa 3aBUCHUMOCTbL Obija NpPOBepeHa 3KCIEPUMEHTAJIbHBIMH 3aMe-
paMH HanpsXeHHWH B TOJILe TOPHBIX OOPOA H MOATBEpPIW/iACH JJd
OCaJOYHBIX UEXJIOB APEBHHX H MOJOABIX naatdopm.

Ha pacnpejesiedue HamnpsiKeHHil B ToJlle TODHBIX MOPOJ OT OG-
CTBEHHOTO Beca OoJblloe BJIHAIHHE OKa3biBaeT XapakTep penabeda
IHEeBHOH MOBepXIOCTH. DPO3HOHHBIH Bpe3 AOJUHB peKH, (OpMHPOBa-
Hue OBParoB MNDHBOAAT K MNepepacnpele/eHHIO HaNps:kKeHHA H Bbi-
3bIBalOT HUX KOHIEHTpauui0 B O60pPTaXx H OCHOBaHHH, Teopusl KOHIEH-
TpaUWH HaNpsKEHMH H Teopua paspyuenusa, padpaboTaHHbe 1A
Pa3JIHYHBIX KOHCTPYKUHi, MOTYT ObITb NPHUMEHEHb H JJMf OLEHKH
HanpsKeHHH B TOJe TOPHBIX MOPOA NPH YCJAOBHH BJHSHHS T4KHX
$axkTopoB, KaK KPHBOJHHEHHOCTb JHEBHOH NOBEPXHOCTH, HAaJHYHE
TpeUHH ¥ ochabJaeHHblX 308 U ap. [34].

§ 2. BJUAHUE TEKTOHUYECKHUX CHJ

Hakonnennsii K HacTosiliieMy BpeMeHH OO0JIbIUIOH SKCIEPHMEHTaMNb-
HBIH MaTepuas, a Takxke HalJdlOJeHUS 32 [OBEJEHUEM [OPOJ [pH
BO3BeJeHUH MJAOTHH B TOPHO-CKJA/4aThIX 00JacTAX, [PH [OPOXOIKE
TyHHeJeil, BepTHKAJbHBIX, FOPDH30HTAJbHbBIX U HaKJOHHLIX BLIPabOTOX
NO3BOJIMJIM cJenaTh BLIBOJ, UYTO /i ONpenesteHHblXx o6JjacTell 3eM-
HOTO INapa NpPH aHaJ/iu3e HAMPSXKEHHOro COCTOSIHHS HCHOOJb30BaHHE
JHIIp TUMOOTE3H JEeACTBHS TPaBHUTALMOLHBIX CHJI MOMET MNPHBECTH K
CYlleCTBEHHbIM M BeCcbMa ONAacCHLIM OWMOKaM npu MNPOTHO3e YCTOH-
YHBOCTH P43JMYHOTO THMIA COOPYKeHHH. Bo MHOrHX peruoHax ro-
pU30HTAJbHAS COCTaBJAIOIlAS HANPAXKEHHA B HECKOJbKO pa3 [mpe-
BOCXOIUT BeJUUHHY, PAacCUHTAHHY!O TeOpPeTHYeCKH M  [pPeBHIIaeT
naBjende Beca cTonba nopox (yz). Hxk. PeHeyyin u T. YUeHnnep B
pesyabTate o0o0uieHHs MaTepHaJa 00 W3MEPeHHIO eCcTeCTBEHHBIX
HampsiKeHHH B TOJIE NOPOJ CAeJAaMN BaXHble BbIBOABL. [loponsi
KPHCTA/M/IH4ecKOTO (YHIaMeHTa [pPeBHUX MJAaTHOpM H JOehOPMHPO-
BaHHbIE NOPOABI CKJAAAUYATHIX MHOACOB OObLIYHO OOHADYKHBAIOT Mpe-
BLULIEHHS TOPH30HTA/IbHLIX HaNnpsXKeHHH Hal BEePTHKAJbHBIMH, BH-
3BaHHLIMH JaBJieHHeM OT Beca BBIllIeJeXalmUX OOPOA; B NOpPoxax
OCaj04YHOr0 uexXJa TOPH30HTaJbHble HAaNpsAXKeHHd MeHblie BepTH-
KaJbHLEX [5]. OcoleHHo OTUETIUBO <«H3OBLITOUHLIE» TOPU3OHTAJbHBIE
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Puc. 11, Xapaxrep pacnpefenensiss TeKTOHMUECKHX HANDSIKEHHI B 3€MHOH Kope:

@ — OPHeUTHUPOBKA ACHCTBHA TCKTOMMUCCKHX HAnpsKeHUH B 3cMilofi Kope; 6 — H3MCHelnHe TOKTONIYECKHX HANPsKeudit Jo rayGude; [—3 — unauboapuine
OTHOCHTEABIME CHKATHRT 4 — 6 — HAHGOALUING OTHOCHTENLHLIC pacTdXennd (Hanpaprenue MUHHMAJLHOTO 1JaByoro Hanpsmeuns: [, 4 -- NeoupeaciecH-
HOe; 2, 5 — BepTHKANbHOE; &, 6 — FOPH3ONTAABHOE); 7 ~ OPDHEHTHPOBKA CHKHMAIOUWAX HANPAXKCHUN NO AawpbiM 3amepos B pyauukax: |- XuGnuckuid
 Jlosooaepckmii Maccusm; Il — Kypckasn maruarnas auomaaus; (11— Cpeannit Ypan; IV — Jdxeskusrad: V — Fopuas Lopus [4, 5



HAMPSKEHHA MPOSABIASIOTCA B 004acTAX aKTHBHBIX HOBEAIINX M CO-
BPEMEHHBIX TeKTOHHHYecKMX ABMXKeHHH (puc. ll,@}). 2Tn un36wuiTOuU-
Hble TOPH3OHTAJbHLIE HANPSIKEHHA HMEIT TEKTOHHYECKOe IIPOUCXOXK-
nenue u, coriacio runorese I1. H. KpomorknHa [25], cBf3aHbl Kak
¢ 0co0eHHOCTAMH TMO3JHeKaHHO30HCKNX AedopMaluil COOTBETCTBYIO-
Llero yuacTkKa 3eMHOH KODH, TaK W ¢ rjo0a/jbHLIM TNIOJEM HalpAxKe-
HUIl, KOTOpOe 3aBHCHT OT COKpAalIeHHA pajuyca 3eMJH B COBpeMeH-
Hylo reosorndeckyto smoxy. II. H. KpomoTkuu mosaraer, 4To BpeMs
peJiaKcallun HampsKEHHH B BEPXHHX CJOAX 3eMHOM KOpHl COCTaBJAET
npumepio 20000 mer. «IdT0 COOTBETCTBYET ecTeCTBEHHOMY YMeHb-
LIeHUI0 HanpsxKeHHH B MHJMIHOH pa3 3a 300000 ner —Bpemsa, Ko-
Topoe B NATb pa3 MeHbLIe MPOJOJYKHUTENbHOCTH HOBeHllero, caMoro
KOPOTKOIQ M3 reoJOTHYECKHX HePHOAOB — ueTBepTHUHOro» [25, c¢. 21].
Xapakrep H3MeHeHHS «H30BITOUHBLIX> CPEAHHMX TOPU3CHTaJbHBIX
HanpsoXeHun mo raybuHe Hh B pa3JaMYHBIX peTHOHAX MJIAHETHL MO
CPaBHEHHIO ¢ pACCUHTAHHBIMH HO THAPOCTATHYECKOMY 3aKOHYy pac-
npeneienus Hanpsixeuwi (anuus OA) npusemeH Ha puc. 11,6, 3tu
Hanpsokenuss Ha tepputopun CoBerckoro Cotoza obHapy:KeHu B Mo-
poxax baaTuiicKoro muTa, KPpHUCTAJNJIHUECKUX moponax pailona KMA,
B HHXHemajeo30ficknx oTnoXKeHuAX Ausrae-CasiHCKOH CHCTeMEl, B
BepxHenaJaeo30HcKHX o0pa3oBaHMAX CKJAajuaThix 30H YpaJa, HoHeu-
Koro Oaccefina, LlenTpanbnoro Kasaxcrana, a Takxe B 00J/acrsx
Me30300cKoll H kafHo3o0fickofl ckgaguatocTedi (cM. puc. 1l,e). Tiay-
OuHa MOpOoABJEHHST «H3DOBLITOYHBIX» TEKTOHHUECKMX HampsAxeHHHd pas-
JIMUHa: OT NEePBLIX METPOB A0 COTEH M THICAY MeTpoB (cM. puc. 11,6).
Obpamaer Ha cebs BHHMaHMe KOHUEHTPANHA BLICOKHX TODH30HTaJb-
HBIX HanpsyKeHH# BOGJAW3H gHeBHO# MOBEPXHOCTH. B HEKOTOPHIX TOU-
Kax HOxuo#l Weeunu, 3anaguolt @unaguiuy u CLIA TekTOoHHYeCKHe
HanpsizkeHus Habalogannch Ha riay6udHe 6—15 M [25]. Ilo pgaHHbiMm
wBeackoro ydeworo H. Xacta, ropHsoHTaJibHBIE COCTaBJAIOLIME Ha-
npskeHnit B CkaHAHHABHHM MOXKHO paccuyuTaTh MO 3aBHCHMOCTH

oty = (19,1 =0,1) + (0,099+0,003)z, MIIa. (105)

CaenoBartesabHO, Ha JHEBHOH MOBEPXHOCTH NpH Z==( BeJHUYHHA TO-
PH3OHTANbHLIX HANpPSXKeHHNI (0x+0,) cocraBiasger npUOIH3UTENbHO
19 Mlla.

Ha ypanosom pyaunke B Kanage Ha ray6uHe 390—420 M ro-
pH30HTaJIbHble HalpSiXKEHUs] BJBOe IpeBblIIain BepTHKaJgbHble. Ha
ogHoM u3 pyauukoB B CIIJA Ha rayGude 150 M ropH3oHTa/blible Ha-
HnpsizKeHus BOJIM3M re0JIOTHYeCKOro HapylleHust cocTasnasan 31,5 Mlla,
a BepTHKaJbHble — quuib 4,2 MIla. Ha HekoTopblX pPYAHBIX MecCTO-
poxaennsx CpepHefl AswM ropusonra/bHble HalpsXKeHHS B ABa-TPH
pasa mOpeBHIAlOT BepTHKaJbHBIE (yZ) M OPHEHTHPOBAHLI MNepIeH-
JUKYJSPHO K TPOCTHPaHHI0O TOPHHIX XxpebToB. Ha HekoToprlXx pyx-
HHKaX ¥Ypaja B CYOIIMPOTHOM HAMpaBJeHHH HEHCTBYIOT «H30LITOU-
Hble» CXKHMAloUlWe TOPU30HTAJIbHbEIe HAMpAMKEHHH, DaBHbIE COOTBeT-
cteHHo 49 u 33,0 MIla, a B cyOMepHIHOHANBLHOM — pacTACHBAIO-
myue — 90 u 13,2 MIla. Xora B GosblIMHCTBE cJydaeB OCHOBHOe Ha-
HpaBJieHHe TEKTOHHYECKHUX HANpPsKEeHHH ropH3OHTaJbHUE, O1HAKO B

53



Ta6anua 3

2 3aMepennme
8w ganpaxenus, MIla
ng)%i%i{;u Ko 3dhd nuseur % E:
MecTo n3MepeHufi Moposa lya cwarue MOnepeyHoTo T
MIla | DPactunpenus E |28
X! R2Y Sy Se
| B2E
2| & EE
Pacmypuoppexuii  pyn- | Watpy- | 120220 0,20--0,30 | 100 3,0(23,0]23,0(57,0
HAR (XuOHHbBI): 3MBHas
ropusont 600 u
» 400 m 120—220| 0,20—0,30 |600|18,0]15,0(18,078,0
(Fopuan [Hopus): »
Pypuuk Tawraron
(Uophas illopus):
ropugont 410 M 60—120] 0,20—0,35 [410]12,0]12,0]18,0(22,0
. 550 M 60—1201 0,20—0,30 }550|15,0115,0}19,038,0
Pynpunk Tewmup- Tay: Y
ropuaoHT 340 M 120—150| 0,25—0,30 [340| 9,0, 9,0| 9,0(32,0
Jxeskasran:
ropuzont 180 M Ocapou- 200 0,22 240 7,5| 7,0(15,0|54,0
HO-Me-
Tamop-
(uue-
CKas

OTICNLHBIX DpafioHaX 3aUKCHPOBAHBI 3HAUUTENbHEE [0 BeJHUYHHE
BeDTHKaJblble CXKHMAIOUIMe HAMPAXKEHHst TEKTOHHYECKOTO MPOHCXOXK-
nepud. Ha page maxt Jonbacca B 30HaX TEKTOHWYECKHX HapyINEHUH
BepTHKaJIbHBIC HANpSXKeHH B HECKOJNLKO Das MNpeBblllaloT JaBJEHUE
cronba mopoX. Tak, manmpuMep, MaKCHMAaJbHBIE 3HaueHHS] 0) 3apHK-
cupoBannl B llenrpanbHom paiione Jloubacca B 3amagHoii yacTH
antHkJuHagun (3,8y2), B onenko-MagkeeBckoM pafioHe Ha ydYacTke
IOJIOTHX CKJIOHOB KPYNHBIX KOTIOBMH (2,8y2), a MHHuManbHbie
(1,8y2) —Ha yuacTKe cuHkiapHajsn B AsmasHo-MapoesckoM pafio-
e [25].

3aMmepnl TVIaBHBIX HallpsikeHHH B pasauuynsix objgactax CCCP
HENOCPEACTBEHHO B TOJIIIEe NOpPOJ NOKa3dJH, uTO paclpegesieHHe «H3-
OBITOUHBIX» TEKTOHMUECKHX HAaNpAKeHHAi CYIIeCTBEHHO aHU30TPOIHO
(raba. 3). B XubuHckoM MaccuBe HampaBJieHue geficTBHA HanbOJMb-
IIEr0 HanpsiXKEHUsl COCTaBJiseT NMPAaKTHUECKH NPAMOH yros ¢ OPOCTH-
paHHeM COBDEMEHHHIX TEKTOHHYECKHX 30H, NPOXoasfmux BOJMH3H Mac-
cua [20]. B Jlxke3kasraHe OHO HaNpaBJEHO BJOJb IIDOCTHPAHHA
JIPeBHHX CTPYKTYPHBIX 3JIEMEHTOB.

B ropHo-ckjAajguaTeiX pafioHaX Ha paclpegesieHde HampsKeHuH
B MPHUIOBEDXHOCTHOM uyacTH TOJIIM TOPHBIX Iopoj OoJblIOe BJIHS-
HHe OKa3blBaeT pe3Kasi pPacu/ieHeHHOCTb pelibepa. OTmeueHO, 410 B
pafioHaX BbLICOKHX TIOP H3-32 Pa3HOCTH HODMAJbHEIX HalPsXKeHHI B
KpaeBHX yacTaX XxpeOTOB IpOc/exKHBAlOTCA 006JacTH, B  KOTOPBIX
MaKCHManbHble KacatesabHble HanpsixeHus coctasiaspr 80—85 Mlla
[34]. Ha puc. 12,0 npusenensl KpHBBIE, XapakTepH3ylouHe pacrhpe-
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Puc. 12. PacnpejeneHye OTHOCHTCALHBIX MAaKCHMaJbHBIX HANPAMKEHHH Tmax B TOJIIE
HOPOJ C YUEeTOM BJMSIHHSI DacujeHEHHOCTH Denbeda:

a4 — Npu pasNuyHOH KPYTH3He U BHcoTe pesbeda; 6 — NMPH 3pO3MOMUOM Bpese (CHJOWIHBIE JH-
Hud — [0 FPO3HOMHOrO Bpe3a, MyHUKTHPHbIe — focje uero) [34]

IeJieHHe MAaKCHMaJbHBIX KacaTeJbHbIX HanpsxXeHHil (Tmax) B TOp-
HBIX palfioHaX B 3aBHCHUMOCTH OT pacujJeHeHHOCTH pesbeda. M3 aHna-
Jusa pHc. 12,a caenyer, uTo KOULEHTpPallHs HanpsKeHHH OpUypoYeHa
K 30HaM HauboJibllero H3MeHeHHs KPHUBM3HbLI pejibeda, mpHueM TJaV-
OuHa, Ha KOTODPYIO MHPOC/NeXUBaeTcCH BJIMSAHHE ocCoOeHHOCTEH peJibe-
¢a, 3aBHCHT OT BBICOTBHI ropbl (HJH rayOHHbI Bpe3a), ee IIHPHHBLI H,
B Menbllieli cTeMeHH, OT KPYTH3HH (KDHBH3Ubi) pejbeda. YcuieHHe
PO3HOHHON efiTeJbHOCTH BO BpeMeHH — yray0OJjclite 3PO3HONHOTO
Bpe3a Bbi3blBaeT 3aMeTHbIH pPOCT KOHLEHTpalHii HanpsKCHHA B €ro
OCHOBaHHH (cM. puc. 12,6). DTo 0OCTOATENbCTBO HEOOXOAHMO YUH-
TEHBATb INPH NPOeKTHPOBAHHH KPYMHLIX Ha3eMHBIX COOPYXKeHHIH (B
YacTHOCTH, THAPOTEXHHUECKHX), IIPH OLleHKe YCTOHYHBOCTH NPHPOA-
HBIX CKJIOHOB B TOPHO-CKJQa4aTbiX o0JaacTsiX B npH o00CHOBaHHH
YCTOHYHBOCTH MOA3EMHBIX BBIPAGOTOK.

Peiienne 3agaun o0 W3MeHeHHH HaNpsXKEHHOrO COCTOSHHS B TOJI-
e nopojJ NpH pacunedHeHHOM pesabede M HaAuuuH rop ObLIO fApen-
jaoxeno Bo BHHMMM [15]. 3nauenns BepTHKaJbHbIX (0,), TOPU30H-
TaJbHbIX (0,) N KacaTeJbHBIX (T;y) HANpPSXKEHUH MOXKHO PacCUUTATD,
IPHHAB OYepTaHHe TOPbl TPEYroJibHBIM H IMPEeANOJNoXKUB, YTO MOPOILI
SBASIOTCA  JHHeHHO-ge@opMHpyeMoil, OAHODOLHOH M  H30TPOMHOM
cpenoli:

O, = — (pk + "(Z); l
o,=—plk—z[In@EE+y°)+InE +y°)—2In &+ a*)]}—Lyz
Ty = P2 (A + L4 1), |
(106)
yH

e

k= a’l +ry1A + !le A= arctgy—‘; C = arctg ﬁ;
z z
5 =— 2arctg %,

55



31ecb z—TJy0HHa OT MNOBEPXHOCTH; [ — BHCOTa TOPBI; Yy H Yo —
COOTBETCTBEHHO TOPH30HTAJbHOE DacCTOSHHE OT JIeBOTO M IIPaBOFO
NOTHOXMA TOpH; a=(y1+y2) /2.

Crnepyer OTMeTuTh, YTO B TOPHO-CKJIAagdaThIX o6JaacTsx bHKCH-
pyercsi CywiecTBeHHAsi HEPaBHOMEPHOCTb HaNpsiKeHWH B TOJIie TOp-
HBIX nopox. Ilpu pacrnonoXeHHWH TOPH3OHTAJbHOH I1013€MHOH BHEIpa-
GOTKH B MyJbjle CUHKJIHHAJBHON CKAAagKH Ha0JI01agoch yCHAeHHOE
NposABJeHHE TOPHOTO JaBJieHHsA, NPHYEM C BO3pACTAHHEM KpYTUIHDL
KPBIJIbEB CKJaJKH YBeJH4YHBAJACA M YPOBEHb HAMNPSKEHHOTO COCTOS-
HHs NOPOJA B LEHTPafbHOH YacTH MYJAbAH. Bosiee ycroiluuBoIMH Oiin
nojseMHble BHPa0OTKH, NPHYPOUEHHbie K 3aMKaM aHTHKJAHHAABHBIX
CKJIAOK, TaK KaK B 3TOM CJlyyae eCcTeCTBeHHBI] CBOJ CKJAAAKH CJAyXKHUJI
KaK Obl 3aIUTHONH KOHCTpykuueil [15].

IIpH onenke HanpsiKEHHOrO COCTOSIHUS TOJMIM TOPHHX MOPOL ¢
Yy4eTOM TEKTOHHYECKMX CHUJI, BJHSHUA pelbeda HeOOXOAUMO MNpPOBO-
IMTb HCCAelOBaHMsA HENOCPeJCTBEHHO B HATYPHBIX yCJHOBHSX. B Ha-
cTofimee BpeMsA A 3aMepa HaNpAXKEHHUIl 1IMPOKO HCHOJb3YIOTCH
METONBl pasrpy3KH, H3MepeHnHd nedopMalHi CKBaXXHH, Henocpei-
CTBeHHBle ONpejesfieHHs Ha TOPLAX CKBaXUH, NPOMIEHHHX H3 COPHBIX
BbipabOTOK.

CrexyeT Takie OTMETUTb, YTO NOJ BO3JA€HCTBMEM T'DaBHTAIHOH-
HBIX M TEKTOHHYECKHX CHJ B BEPXHHX CJOSIX 3eMHOH KOpB IOCTO-
AHHO NPOHCXOAAT H3MEeHEHHs ee HaNpsiKeHHO-Ie(OpPMHPOBAHHOTO CO-
cToanusi. B HacToAwmee BpeMs mpexnjaraeTcl yyHTHIBaTb HalpsiKe-
HUSl 3eMHOl KOpbi H CBfi3aHHbBIE ¢ UHMH JedOpMaunuH TOMIH HOPOX
BCJIeACTBHe MNpHAUBHOrO BO3xeficTBus Jlynnl u Cosanya, ocobeHno
NpY NPOEXKTUPOBAHMUU TaKHX COOPYXKeHHH, KaK aTOMHBIE 3JEKTPO-
CTAHUMK, YCKODHTEIH 3JIeKTPOHOB M PAN IPYTHX [NPENU3HOHHHX 006b-
€KTOB, JJis KOTODhiX CYIIECTBYIOT 3KeCTKHe HOPMB IO HepaBHOMEp-
HOCTH OCaJOK, 9acTo COCTABJAMUINE HECKOJbKO MHJJIMMETPOB Ha
100 M niuHB coopyxeHusi, PacdeTnl OCaikH 4YeTBEPTUUHBIX OTJO-
JKeHUfl MoJ NPUJIMBHBIM Bo3igcHcTBHeM JIyHH MOKaszaau, YTO Pa3HOCTh
ocazok npu moxayne nebopmauuy Eo=10MIla m p=0,3 moxer co-
ctaBuTh Oosiee | cm [34]. Hanpskenus B 3eMHOIN Kope, BO3HHKAIO-
mde B peay.bTaTe JIYHHOLO NpPHTsAXKeuus, ObiiH onpegeneHn A. Ha-
pan. Ilpm wmomHOCTY TOMmH Topold nopsaka 100 kM Han6onb-
llee 3HauyeHWe [VIABHBIX HanpsixKeHuil BeaelcTBve HeficTBua JIyHb
cocraBasier Bcero ~7-10-% MIla, ogHako ecan B pacyeTax NMPUHATH
MOIIHOCTb TOJIM MeHblIyio B 5 pa3 H OoJsee, TO COOTBETCTBEHHO
Bo3pacTaer M BeJuuuHa wanpsikenuil. IIpu yueTe HEOZHOPOZHOCTH
CTPOEeHMS] 3€MHOI KOpbl, BLI3BHIBalolledl MECTHYIO KOHIEHTPalHuio Ha-
npsixeHufi, cJgelyeT NPUHMMAaThb BO BHUMaHHe 3HaYMTeJbHOE YyBe/u-
ueHWe 3THX HanpskeHuil [34].

§ 3. PACYHET HANPS)KEHUM OT COBCTBEHHOI'O BECA NOPOJ
C YYETOM THUAPOCTATHYECKUX U TUAPONUHAMHUYECKHUX CHJ

Kak yxe ykKasblBa/joch Bhillle, NOA3eMHble BOABI, 3ajerapuye B
TOJIme TOPHBIX MOPOJ, OKa3hBAalOT CYLIECTBEHHOe BJMSHHE Ha Xa-
pakTep pacnpencseHus B HHX HanpsxeHuil. B BOZOHOCHbIE TOPH3OH-
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THl ToApasjensiorcss Ha Ge3HamopHble W HamopHble. [/ mepBBIX U3
HHX XapaKTepHO Hajuune CBOGOJHOH MOBEPXHOCTH, CayXallel Bepx-
Heli rpaHuleld TOPH30HTA, Ha KOTOPOH rujapOCTaTHUeCKOe [aBJje-
HHe paBHO aTMochepHoOMY. BepxHell rpaHmieil HamopHOTO BOACHOC-
HOrO MJjacTa sABJseTCS KOHTAKT € OTHOCHTe/IbHBIM BOAOYMOPOM, Ha
KOTOPOM TuIpocTaTHYeCKOe JaBjeHHe 60/iblue aTMOcdepHOro. B atom
cjyuae Nbe30MeTpHYECKAasl NOBEPXHOCTb OKa3blBAaeTCsl BhIlle KOHTaK-
Ta ¢ BopoymopoM. Ciie0BaTeJbHO, NPH PACCMOTPEHHH HAMOPHOrO
BOJOHOCHOTO TOPH30HTAa HeO0XOAMMO VYHTHBATHL CHJOBOE BO3JEHCT-
BHe THAPOCTATHUECKOTO ZAaBjieHHS BOABI Ha KPOBJIO BOJOYIOPA.

B Ge3HanopHOM BOJOHOCHOM TOPH3CHTE CHApPOCTaTHYECKOE aaBJie-
HHe, NeACTBYIOIee HHXKe CBOOOAHON MOBEpPXHOCTH,

p=ysh, (107)

rle ys— MJIOTHOCTb BOABL, A, —TIay6uHa TOYKM OT CBOOONHOH TO-
BEPXHOCTH TOPH30HTA, B KOTOPOHl PacCCUMTHIBAETCH THIPOCTATHUYECKOE
ZLaBJleHHeE.

B BopoHacHIieHHBIX MOPOAAaX, HMEOUUX B nopax cBOGOAHYIO
BOAY, @ TakKxke MHHAMAaJbHYIO [JIOLIAAb KOHTAKTOB BCeX YACTHIL
(meckun), 006/ioMKOB nopoa (KpynHOOG/JOMOYHBIE pa3HOCTH), GJIOKOB
(ckasbHBIe TpeUIMHOBATBiE NOPOAbl), BCSH [OBEPXHOCTb KaXIO0T0 U3
BblJEe/JeHHBIX 3/IeMEHTOB BOCIPUHMMaeT JaBJieHHE BOJABL, H MO3TOMY
HeoOX0AHMO YUUTHBATbL MX NOJHOe B3BelllmBaHue. CuselyeT Takxke
OTMETHTb, 4TO B3BellWBaHHe KaXKAOH vacTUUbl wiu Gsoka 06YyC/ioB-
JEeHO TeM, 4YTO paBHOAEACTBYIOIIAsd HOPMAJbHBIX J[aBJieHHH Hanpas-
JeHa BBepX, M MNOTOMY JAjisl OnpeaesieHHss NJOTHOCTH MOJHOCTbIO
BOJOHACHIIIEHHOH MOPOABI CiedyeT YuecTb 3aKOH ApXuMena

Y'="(yu—7ys) (1—n), (108)

rle Yy, — OJAOTHOCTb MHUHEDAJbHOIl 4acTH [OPOABl; A — HOPHCTOCTD
MOpOAbLI.

YMeHbllIeHHe TJIOTHOCTH HOPOABI € YueTOM apXHMENOBBIX CHJI
OpUBOAUT K TOMY, 4TO 3M[I0pa pacnpeiesieHds HaOpsKeHWil no riy-
OMHe Jaxe B OIHOPOAHBIX NOpojgax M[OJydaeTrcss JOMAaHOH BCJaen-
CTBHe De3KOro M3MeHeHus Beca nopoan (puc. 13,a). Bompoc o He-
00XOAMMOCTH B3BElIHBAHHA BOJAOHACHIIIEHHBIX TJIMHHCTBIX [0pOa B
HACTOAILlee BpeMf He MOXeT CUHTaTbCs OKOHUATeJNbHO pelleHHbIM.
YuHuTbIBas, Y4TO YacCTh [OPOBOTO MPOCTPAHCTBA TIJIHHHCTBHIX MOPOA CO-
JepXUT HMMOOMJIM3OBAHHYIO BOAY, NpHYeM CBOHCTBAa BOABI BCJel-
CTBHe BJIMAHHA NOBEPXHOCTHBIX CHJI TVIMHHCTBIX YacTHIl B 3HAYHTeJb-
HOM o0beMc OTJHYHBI OT CBOHCTB cBOOOIHOH BOABI, CJenyeT MHNpH-
3HaTb, 4TO BO3MOXKHOCTb apXHMen0OBa B3BelIHBAHHA [AOJIKHA pac-
cmaTpuBatbes AuddepeHUHPOBAHHO M5 Pa3JUYHOrO THIA OTJOXKe-
Huft. Jia TIHHACTHX NOpOA MaJioH CTeNeHHW JUTUPHKALUN [PH HHU3-
KOM cOllepXXaHHH TOHKOAMCHEPCHOH ¢pakuum (cylecuaHbie Pa3HOCTH)
MOXKHO TOBODHTb O 4YaCTHYHOM B3BelllUBaHMM NOPoAbl. B cpepHe- u
BBLICOKOJHTHPUIUPOBAHHLIX TJHHHCTBIX Pa3HOCTAX, NMPAaKTHYeCKH He
cojepxalUX cBOOOAHYX BOAY H 4YacTO HMMEIOI{MX LEMEeHTalHOHHbIE
CBSI3M MeXJy 4YacTHiaMu, B3BelUUBAHHe BCJEACTBHE THAPOCTATHYE-
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Puc. 13. XapakTep pacnpelesicliusi HaNPSKCHHE M HADOPOB B ToAlLE NOpO1 NpH Ha-
JHYHM OAHOro OC3HANOPHOIO BOMOHOCHOTO ropH3oHTa (@), OBYX (6e3sHalopHOro H
HaNOpHOro) BOAOHOCHBIX TOPH3OMTOB (6) M majeHHe HANOpPOB B NPH3MC BOJAOYIOPA

(8)

CKHX cnJa HckJtodaercs. Clenyer ymomsHyrs, uto B, A. ®uopun
OTpHLaJl HeOGXOLMMOCTb B3BeIUWBAHHUS NJAOTHBIX TJAHHHCTBIX pAasHO-
creil nmopox [38].

Ilpy Hannuup B paspese TOJIIH TOPHLIX MOPOJ HAMOPHOTO BOIO-
HOCHOro ropHsonra (cM. puc. 13,6) nHeo0XxoguMO paccMOTpeTh JBAa
caygas. IlepBolil W3 HHUX HpeamoJiaraeT, 4To BOJOYIIOP, pasesisiiolHi
IBa BOJOHOCHBIX T[OPHU3OHTA, — OTHOCHTEJBHBII M BO3MOXKHA (DHJIb-
TpaUis M3 HHKHEro (HAOOPHOTO) BOJOHOCHOTO TOPH3OHTA B BEpPX-
HUfi, DTOT Ccjaydyall ¥MeeT MeCTO, eCJH HAYaJbHHIN rpajWeHT Halopa
!y mopoa Bojaoynopa Menblue, yem peificTBytomuii rpaguest [z Co-
[JIaCHO JaHHBIM, MPUBeJeHHHIM Ha puc. 13,0,

J =i (109)

pi g h3

Ilpu ¢uabTpalun BOAbl M3 HHIKHErO TOPH30HTAZ B BepXHHIT MO-
POAbI MCHBITHIBAIOT THAPOAHHAMHYECKOE JaBJaeHHE, HaNnpaBJAEHHOE B
KaxKJ0oH TOYKe BJOJDL JHHHH TOKA, MPH 3TOM (HUIAbTPALHOHHBIE CIJbI
IeHCTBYIOT Ha KaXAYO eIHHHIY of6beMa TOpHbIX mopoiA. I'mApomHvHa-
MHUECKOe [aBJIeHHe MNpencTaBiaseT cO60H CyMMy HOPMAaabHOTO 1aB-
JeHUs GWILTPAUMOHHOIO MOTOKA HA CKeJeT MOPOAbI M 1aBJeEliud,
3aTpavyuBaeMoOro Ha MpeoOjoJieHHe CHJ TPeHHSs, KOTOpbie BO3INHKAIOT
B [IOPOBOM MNpPOCTPAHCTBE I[PH IBIKEHHH BOAL. Bbigenum B BOJO-
YIOPHOM ¢€JIOE HEKOTODPYI0 3JeMeHTapHY0 MpH3MY BhICOTOH fi3 M ce-
YeHHeM ©. B 3TOfi mpu3Me IaBJjenue (QUILTPAUMOHHOTO HOTOKAa Ha
cKeJeT mopoanl (ee MHHepaJbHYIO 4acTb) MOXKeT OLITh ONpeneneHo
H3 BLIpaXeHust

O =1y, (1—n) o (H—H,). (110)
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Ecaun ydects BopaxeHnue (109), morxywsum
H—Hy=/Ihs,

clefoBaTenbHo, 3aBucuMoctb (110) MoXHO mepenncaTb B Buje
D=yl (1—n)V, (111)

rie V — o6bem BbldeleHHON HPH3MBI, paBHBIN 0ha.
ConporuBieHue cusiaM TPEHUS NPU PABHOMEeDHOM [BUKEHHH pas-
BUBaeTCA TOJBKO B OPOBOM [POCTPAHCTBE U COCTABJAAET

T=vyulunV, (112)
a I[MoJiHad BeJHYHUHA THAPOIUHAMUUYCCKOTrO gaBJieHUA
N=0+T=ysl,V. (113)

I'uppoauHaMuyeckoe JaBJeHHUE CHUMaeT uyacTb HaNpsiKeHud oy,
JelicTBYIOUUX B BOAOYmopHOM cJioe. HauGosplilee yMeHbIUIEHHC HA-
npsaxeHud HabialogaeTcss B HOAOLIBE BOojoylopa. Dniopa pacnpene-
JICHUAL HanpsXeHHil ¢ y4eTOM TCHAPOAMHAaMHUECKOrO JaBJeHUs B
TOJIEe BOLOYMOPHBIX HOpPOA MoKa3aHa NYHKTUpPOM (cM. puc. 13,6).

Ecnu paccmarpuBaTh BoaOynop Kak aGCOMIOTHHIN, a JBHKeHUeM
BOJAbl uepe3 HeTo MOXKHO mnpeHebpeub (/,<Cl.), TO clelyeT MNPHHATH
BO BHHMaHHe ToOJbKO JIelicTBHe Ha NOJONIBY BOAOYNOpa aaBJellus,
BeJUUYMHA KOTOPOTO 3aBHCHT OT CYUieCTByloulero Hamopa H M uuc-
JeHHO paBHa ysH. B Takom ciydae HaupsKeHUs YMeHbIIAMOTCH TOJb-
KO [0 MOJOLIBe BOJOYNOpa W 3HAUeHWe HATpsKeHufi o, B Touke M
OT 1aBJeHHUd Bblelexamel ToJlM nopoi (OpHHUMAasi BO BHHMaHHe
NnpoTHBoaaBaeHue ysH) onpenenurtcss W3 Bmpaxenus (cum. puc. 13,6).

o=y 4y 1ot (vehs—veH ) v shs. (114)

CremoBatrenbHOo, NpH GOJbIIHX HANOPax, cOCTABJAIOMIMX ecAr-
KH W COTHH MeTpOB, NPOTHBOJABJEHHe HJH THAPOAHHAMHYeCKoe HaB-
JeHHe MOXeT HMeTb 3HadeHHe, NOCTHCAlOIee eJHHMI[ Meranackarnefi.

Ilpn oTkaukKe NOA3€MHBIX BOA B Mpollecce MJIHTeJIbHOH HX 3KC-
nayaTtanuu ads gejged BogocHaG:xKeHHs HJIM NPH APEeHHDOBAHHH MOII-
HBIX BOJOHOCHBLIX TOPH30HTOB BO BpeMsfl pa3palGOTKH MeCTOPOXKIeHHI
MOJIe3HBX MCKOMaeMbiX OTKPHITBIM JHOO [OL3EMHBIM CHOCOGOM [pO-
HCXOAUT CHATHE HamopPOB M COOTBETCTBEHHO BO3pacTaeT jJaBJeHMe
Ha TOpOLH, KOTOpble 3aJ/eraloT HHXKe ocyllaeMbiX BOJOHOCHBIX TO-
pusontoB. IlonnkeHne HamopoB Ha Kaxjable 10 M NPUBOINT K POCTY
HanpsiokeHHin B ckelere (3hdexkTHBHLIX Hanmpsxkenuid) na 0,1 Mlla.
C noHuXKeHHeM YPOBHsS TPYHTOBHIX BOJ NPH HX OTKauke (S) B no-
ponax, HaXOAAUNIUXCS HHKe 3TOrO YpPoBHA, OyAYT BO3HHKAThL JOMNOJ-
HHTeJbHBle HaNpsxeHHsA (Ao,), KOTOpbie MOXHO paccuuTath ¢ yde-
TOM CHATHS PHAPOCTATHUECKOTO B3BeLIMBaHMSA

Ao, = (v—Y') S, (115)
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rje y— IJIOTHOCTb MOPOJEI BHIlIE YPOBHA TPYHTOBBIX BOR; ¥y’ — maor-
HOCTB MOPOJbl HHXKE YPOBHS TPDYHTOBBIX BOA C YYETOM THAPOCTaTHYe-
CKOTO B3BeLIHBaHUs.

Poct nopMa/bHEIX HampsXKeHUHl NPHBOAHT K CXKATHIO TOPOX H
BbI3bIBAET 3HAUUTEJBHYIO O0CaJKy JAHEBHOH NOBEDXHOCTH Ha IJO-
HiaAH, COHOCTaBUMOH ¢ ILIOLIEAbl0 Da3BHBAlOUIeHCH [elpeccHOHHOM
BODOHKH, B pe3ysbTaTe CHHXKeHHS YPOBHA moja3eMHBIX Box. B Tokuo,
rjle apTe3daHCKHe BOABI AJNHTEJNbHOE BDPeMs HCHOJB3YIOTCH 14 BO-
LOCHabKeHHs, TJolladb TaKOH BOPOHKH Jocturda 300 kM2, a B
Boabwom Jlonione — 1800 kM2, MaxcumaabHoe ocefaHHe AHEBHOI:
mOBepXHOCTH B ToxHo 3a 50 Jser npesoliuaerT 3,3 M, OPH 3TOM CKO-
pocTb ocaakd paBHa 18 cMm/rof. B Mexuko oceiaHde AHEBHOI Tep-
putopun npesmuwaer 9 M, B CIHA B wrare Texac na Gepery Mexk-
CHKaHCKOro 3aauBa 3a 30 JieT u3BJAeueHUsd NOJI3EMHBIX BOJ MaKCH-
MaJjbHasg ocaaka nosepxHocTH Jocturaa 120 cum. B CCCP na Be-
JO3€PCKOM MecTOopoxaAeHHH (mo panHeim BHUWMMUM) cHuxenne Ha-
NOPOB B NaJeoreHOBHIX IHeckax Ha 250 M BBI3BAJO cXKaTHe MOACTH-
JaWUHX NeCYaHO-TAHHUCTBIX H MepreJbHO-MEJOBHIX TOJMHI, 3aJerao-
mux ua raybuse 300 m. Ocajgka 1HEBHON NOBEPXHOCTH HPH 3TOM
npeBeicHaa 2,5 M.

Anajornynble sBJenust HabJIOAAIOTC NPH OTKauke HedTH H H3-
BJeueHnu rasa. Otkauka rasza B I. Huwurata (Smonus, o. Xoucwo)
BBI3BaJa OCaldKy IIOBEPXHOCTH cO cKopocthio 50 cMm/roa. 3axauka
BOAbl B 00paboTaHHBle Ta30BBlEe CKBaXKUHBl CHH3WJIa OCeraHHe JO
25 cm/roa. Eme Oosbmias cKopocTh ocaiku Habalopasjach BOJH3N
r. Jloc-Anaxenec (CIHA) —75 cm/roa, B aTom palione MeHee ueM
3a 20 geT 6ulno po6eiTo 148 man. T nedTH [32].

3axkauka BOJbl, NPOMBIIUJIEHHBIX CTOKOB B TJYGOKHE TOPH3OHTH
NPUBOAHT K OOpaTHOMY 3(pbhexTy — NageHHI0 3(p(EKTUBHBIX HaNps-
KeHUH, AeHcTBYOUMX B cKejgeTe nopoabl. CHHMKeHHe 3THX Hanps-
KEeHWH TIpY OJHOBPEMEIHOM pOCTe HOPOBHIX (HEHTpaJbHBIX) JAaB-
JeHHH cnocoOCcTByeT MOABAEHHK 3HAUUTEbHBIX PacTATHBAMOUWIHX Ha-
OpsikenuH# B TOJIE INOPOX, YTO BHI3BIBAET YBelHUYEHHE DacCKPHITHS
TPeillMH, POCT NPOHHIAEMOCTH M CHIXKEHHe NPOYHOCTH NMOPOA B TOJA-
ute. O xapakrepe H3MeHeHHs IPOHHUIIAEMOCTH BCJEACTBHE YyBeauue-
HHs TPEIUHOBATOCTH NPH 3aKaukKe BOIbBl MOXKHO CYAHTHL NO rpaduky,
npusegennoMy Ha puc. 14,a [24]. Jlumeiinas 3aBHCHMOCTb MEXIY
JaBJeHHeM HarHeTaHHs p., U PacxojoM OTBeuaeT HeM3MEeHHOCTH MpO-
HHIAeMOCTH — TpeuluHosaTocTH (otpe3ok OA), OTKIOHeHHe OT JH-
Helnoi 3aBHCHMOCTH (0Tpe3oK AB) XxapakTepusyeT Hauaao Tpe-
IHHOO6PA3OBaHUs, Pe3Koe NajeHHe JaBJEHHs HarHeTaHHs IPH OXHO-
BPeMeHHOM POCTE pacxoja CBHAETeJbCTBYeT O THAPOpa3pblBe II1acra.
AT0 sABJeHHE WHPOKO HCIOAB3yeTcsl NPH He(dTenobbiue pas yBejaHYe-
HUS TPOM3BOJMTENBHOCTH CKBAXUHB B cJayuae MajeHHs IJIACTOBHIX
naeaeHuii. [lpu ruapopaspbiBe IjacTa NPOHHLAEMOCTb MOPOJ MOXKET
BO3pacTH Ha JBa-TPH NMopsaLKa.

Hargeranue MXHAKOCTH B TJYOOKHE TOPHU30HTBI HACTOJBKO H3-
MeHsieT HaNpPSIXKEHHOE COCTOSIHHE BEPXHHX (¢JO€B 3eMHOH KOpPHI, uTO
9T0 MOXKeT BhI3BaTh HCKYCCTBEHHbie 3eMJIETPSACEHHS, O 4YeM CBHIe-
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Puc. 14. Bausanue 3aKaukM Ha H3MEHEHHe HanpsKeHHOro COCTOAHHSA TOPHBIX NMOPOA:

a -— XapaKkTep MU3MeHeHMA UNPOHMIAEMOCTH nopoa; 6 — cBA3bL UHCJa 3eMJaeTpceHHA ¢ 0GbeMOM
3akaundBaeMod XKHAKocTH [5]

TeNbCTBYIOT Raunble Habnawojaenn# B wrate Konopago (CIHIA), mpo-
BEIEHHbIX B TeyeHHe psja JeT (cM. puc. 14,6).

OnpeneneHnass W HanpaBJeuHasl CUCTeMa c0aJlaHCHPOBaHHOTO CO-
3J12aHUA BBICOKHMX MOPOBBIX AaBJEHHMH € TOMOWIBIO 3aKaUKH JKHJIKOCTH
B TOJLY HOPOA HIPHU OJHOBPEMEHHOM YBeJHueHHH 3(DQEKTHBHHIX Ha-
NPSXKEeHHH Ha COCeIHHUX Y4acTKaX 3a CyeT OTKAuKH JaeT BO3MOXK-
HOCTb YNPaBJATH HANPAXEHHBIM COCTOSHHEM BEPXHHX CJIOEB 3eMHOIT
KOpbl, TNpeAynpexXaaTb KOHUEHTPALHI HaNpsXEeHHH H CYLeCTBEHHO
yMelbliaTh TeKTOHHUecKue Hanps:Keuns. OcofeHHO BaXHO pelaThb
BOIIPOCH YNPaBJEHNs HalDPAXKEHHBIM COCTOSIHHEM TOJIl INOPOR B
CeiCMHUYeCKH aKTHBHBIX DalOHaX C UeNbIO PETryJUPOBAHHUS CHJbl 3eM-
JeTpsAceHu .

KonrpoavHote sonpocs:

1. Kakue ¢axtops! onpelensioT HadaibHoe HaNpAXKEHHOe COCTOSIHHe mopon (Ko BO3-
Bellenusi coopykenuit)? OxapakTepH3yiiTe poJb KaKAOro H3 yKasaHHBX (aKTopos
B 3aBHCHMOCTH OT KOHKDETHOH, pellaeMOH 3afauH.

2. Ina KakHX paftoHOB Hameit cTpaHn Gonbluoe 3HadeHHe GYAYT HMeTb U36H-
TOUHBlE TEKTOHHYecKHe HanpsikeHua? Kakosa ux sennunHa? Kak obbsacusercs cy-
IIeCTBOBAHKHE H30LITOUHBIX TEKTOHMYECKHX HaNpsiiKeHMit B ToJlle mopol?

3. Kak onpezensioTcs HanpsiKeHHs B ToJile NOpold B pe3yapTare JHefcTBHSA
TOJIBKO PaBHTAIHOHHBIX CHJI?

4. Kak onpejensorcst cOCTABNAIOLIHE HANpsKEHH{l HA rOPH3OHTAJNBHON IJIOWLAX-
K€, eCJAH [HeBHAs ITOBePXHOCTb WMeeT HAKJIOHHOE oYeprande (IPHPOIHBIY CKJIOH,.
OTKOC BHIPaGOTKH)?

5. MoXHO /N aHAJNHTHYECKH, MMesl JaHHHeE O MOKa3aTeasX CBOHcTB nopoi, olle-
HUTb Ty IJIyGHHY, HAa KOTOpOH NOpOABl NMEepexoddT B IJAacTHYHOe cocrosinne? Kakue
napaMeTpnl CBOHCTB Halo ONpelesNHTb, KakKo# M3 3THX napameTpoB OyleT BelyIUHHA?”

6. Kak yunThiBaloT BJHSHHe pacWieHEHHOCTH peJbeda Ha pacnpele/ieHHe HANpPsA-
Kennit B Tomwe nopod? OueHHte NpHOJHIKEHHO BIHAHHE [IYGHHBI 3PO3HOHHOTO Bpe-
3a, ucnoub3ys Gopmyast BHUMU. [lna Kakux THNOB COOpyXKeHuit Gyner uMeTb 60Jb-
Hlee 3HauyeHHe KOHIEHTPAllWsl HANpPsKeHHH, BHI3BaHHAA XapakTepoM peJbeda: AJd
NOJ3eMHBIX BBIPAGOTOK, TyHHesefl, pacnosoXeHHBIX Ha ray6unax 100 M u Gojee uan
M1 THAPOTeXHHYeCKHX (MJIOTHH, AepHBAMOHMHX COOpYJKeHHi, GeperoB BOZOXpa-
HHAUIL) ?

7. O6bsAcHNTe POJb THAPOCTATHYECKHX M TUAPOAHHAMHYECKHX CHJ NpPH OIleHKe
HanpsixxeHnit or co6CTBEHHOro Beca NOPOAB. B Kakux moponax HeobXO0AMMO YUHTHI-
BaTh B3BellWBalONlee JelCTBHe B pe3y/apTaTe rHApocTaTHYeCKHX cua? Kak oueHHTE.
BAAAHHE TMAPOAHHAMHUYECKOrO AaBJEHHA?
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8. Kak u3MeHfeTCs HanpaXKeHHOe COCTOsSiHHEe NMOPOJ NpH CHATHH HanopoB? Kakike
HanpaXeHnus BO3PACTAIOT NPH CHATHH HANOpPoB — 3Q(eKTHBHbIE WIM AaBieHHs B 1O-
poBoit Boje? Kak uamenseTcs HanpsaXeHHOe cOCTOSIHHE Ipu obGpaTHoMm 3addekTe —
3aKayKe TNPOMBIUINEHHBX CTOKOB B TOMMY Nopoa? UTo Takoe IuApOpasphiB miacra?
B pesynbrare Kakux MpoIeccOB BO3HHKAeT THApOpa3pbiB?

I'maBa 4

PACONPEAEJIEHHE HANPS)KEHHHW B OCHOBAHHUHU
NPH NENCTBHUU JABJEHHUA OT COOPY)XEHMUS

§ 1. NOHIATHE Ob OCHOBAHHWY COOPY)XEHUA

IIpu BosBelenun CoopyKeHHs HAefiCTBMe OT €ro NaBJEHHs Paclpo-
CTpaHseTcsl Ha 3HAUHTeJpHYIO TJAYyOuHY W B CTOPOHBI, COHNPOBOXK-
Naschb POCTOM HanpsxeHUl B ToJille nopoA. Toslna TopHBIX NOPOA,
HaxoAsIasACcs B 30HE BJHUSHUA COODYXKEHHWS, Has3blBAeTCS ecTecTBeH-
Holy OcHOBQHuesm. I'pasHuell 30HBI eCTECTBEHHOIO OCHOBAHHUSL COOPY-
XKeHusl CUMTaeTCsl COBOKYNHOCTb TOueK, B KOTOPHIX HampsKeHusl OT
DeHCTBUSL COOPYXeHHs He BHI3BIBAOT aedopmauuii TOPHOH MOPOABI
uau 3TH AedopMauuy HACTOJLKO MaJjibl, YTO HMH MOXKHO npeHebpeub.
EcrecTBeHHBIM OcHOBaHMeM MOTYT CJYXHTb OJHOPOAHLIE INOPOJIH, a
TdKKe CJOHCTas TOJLZ, COCTOANLAs M3 OTJOKEHHH, PasJHyHBIX MO
CBOHM JIMTOJIOTO-TeHeTHUECKHM TNPH3HAKaM H (PH3HKO-MEX2HHYECKHM
cBoficTBam. KpoMe TOro, B NpakTHKe CTPOMTEJ]bCTBA PasjuyaloT HC-
KyCCTBeHHble OCHOBaHHs, K KOTOPBIM OTHOCSAT HachlllHble HJW HaMBIB-
Hble OTJOXKeHHs, a TaKXe HCKYCCTREHHO YJyullleHHBle TOpPHBlE MO-
poan [10]. EcTecTBeHHBIM OCHOBZHHEM MOTYT CJAYXHTb Pasjnubblie
ropuble MNOPOIBI: CKaJdbHble, KPYyNHOOGJOMOuUHBle, mecuatlble, TJIHMHH
crole. IlpumaTo cuntath, uTo Haubosee HAAEKHHIMH OCHOBRHHAMMU
ABJSIOTCA CKaJbHble MNOpOAB!, 00Jaanaloline 3HAUHTEJBHOH NPOYHO-
cTbi0 U MajoH aedopmupyemocToio. OnHaKo MPU CTPOUTENBLCTBE TH-
XKeNBX COOpYMKeHHH — BBICOKHX TI'DaBHUT2IHOHHHX OETOHHHX, 3eMJs-
HBIX W KaMeHHO-3eMJISIHBIX IIJIOTHH, BEICOT2 KOTOPBIX B HacTosllee
Bpemsi npeBbluaer 300 M, NpOMEBIILINEHHBIX 11€XOB, HepelaloUIUX 3Ha-
9HTeJIbHEIE HAarPy3Kd Ha OCHOBaHHe, jaedopmaumuu, B OCOOEHHO He-
PaBHOMEDHOCTb pa3BUTHs aedopMauuil, CKaJbHbIX TPeU[HHOBATHIX
TOPOA MOTYT OBITL 3HAuuTeJbHB. B TO XKe BpeMsl M3BECTHO, 4TO
HEKOTOpHeEe COOpY2KeHHsl, HanpuMeD aTOMHBble 3JEKTPOCTAHUMH, THI-
PO3JIeKTPOCTAHUNH, CHHXPO(A3OTPOHB! U ApYrue, TpeOYIOT MUHH-
MaJpHOH pasHocTu Aedopmaunuii (HECKOJbKO MHUJJIHMETPOB). B Taxom
Clyyae Aa)Ke HaJEXKilble, Ha NEPBBIA B3I/, TOPHBIE MOPOAB MOTYT
0Ka3aTbCsl B KaueCTBe OCHOBAHWH NOAOCOHBIX COODYXeHHH, Tpedylo-
IIMX CHEeUuaJbHOH NOArOTOBKH W yJyulUeHHs. HeoOXoauMo NOMHHTB,
4yTO MPH HCCAEJOBAHHUH M OUEHKe CKaJbHBIX MOPOJ HEMb3sl MoJaraTbhCd
TOJIKO Ha JafopaTopHble HCObITaHus HeGOoJAbIINX MO pa3Mepy 00-
pasuoB. [aa BbINOJHeHHs HaJeXKHBIX NPOTHO30B O YCTOHUHBOCTH,
NpoyHocTu W gedopMauMOHHOH CHOCOOHOCTH CKaJbHBIX HOPOA He-
00X0AMMO HUMeThb, npexae Bcero, HHQOPMauHilo 08 0COOEHHOCTAX
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CTPOEHHs TOJIIHU B YCJOBHSAX ee eCTeCTBEHHOro 3aJeraunus. Ilpexae
BCero, cJejlyeT H3yYUTb XapaKTep W CTeleHb TPEHIMHOBATOCTH MOPOL
C MO3MLUHH OPHEHTHPOBKM TpPeLlMH B 30HE OCHOBAHHS COOPYXKEHHS,
pa3MepoB OJIOKOB IOPOA, Ha KOTOpBle Pa3fHTa ucciaenyemas TOJLIA.
OTu JaHHble COBMECTHO C TNOKa3aTeJsaMH AeOpMaunuOHHBIX CBOHCTB
6J0KOB W TpeilMH HO3BOJAT PACCUHTATb KPUTEeDHH KBa3HCHJOLIHOCTH
U KBa3HOAHOPOAHOCTH. VICHOJB3YSA 3TOT KPHTEPHIl MOXKHO ONpeneuTh
TOT MHHHMAJbHBIA 3jdeMeHTapubifi 00beM, AJ51 pacueTa KOTOPOTO
CIpaBe/J/IBO NPHMEHEHHEe anmapaTa MeXaHHKH CILIOWIHBIX Cpef.
CpaBuuBasl Taxko#i 06BeM € pa3MepaMH 30HB OCHOBaHHS COOpykKe-
HUS MOXHO CYAHTb O BO3MOXKHOCTH HCHOJIB30BAHHSI MOJE]H CHJOLI-
HOH CpeJbl B KaueCTBe PacyeTHOM.

Paspurne aepopManufi ¥ HX HEPABHOMEPHOCTL B TOJILE CKadb-
HBIX M TpPEWHHOBATLIX NOpPOL OCHOBaHHA OYyJACT ONpeaeNdaTbes He
CTOJIBKO J1epOPMHUDYEMOCTbIO CaMuX OJOKOB, CKOJBKO CBOHCTBaMH
32NOJMHUTENs] TPEuIMH HJAH OCOOEHHOCTAMH HOBEPXHOCTH TDEUIHH MpPH
OTCYTCTBUM 32 HOJMHUTEJS.

KonlenTpauHus HanpsxKeHHH Ha KOHTaKTax MeXAY OTAeAbHBIMH
0JI0KaM1 OCHOBAHHH, INpPeJCTaBJEHHBIX CKaJbHBIMH TPEIIHHOBATBIMHU
NOPOJaMH, MOXET BLI3RaTb AOMOJHHUTEJNbHYIO TPELiHHOBATOCTb, OcJab-
JAA0IYI0 TOJHLY KW CHOCOOCTBYIOULYIO YBeJHUeHHI0 ee aedOopMaumuon-
HOH CIOCOOHOCTH.

Ecan paccMaTpHBATb OCHOBAHMs, CJO¥KEHHbIE TJIHHHCTHIMH OTJIO-
KEeHHsIMH, TO, Tpexje BCero, HeOOXOLHMO OLEHHBATL 3ITH HOPOAH
C TOYKH 3PeHHs UX HOPHPOAHOH JAHTHQHUMDOBAHHOCTH: MaJoH, cpen-
Hefl wau BeIcOKOH. Ilpw 3ToM ocHOBHasi 3azava — o6OCHOBaHHE H
pacuer OnpeaeJsieHHHIX JaBJeHHH Ha OCHOBaHHE OT COOpYKeHHs, NPHU
JeHCTBHM KOTOPBIX pa3BuTHe JeopMau¥d H HX HePaBHOMEDHOCTb
He TPEBOCXOAMJH O JOTMYyCKAaeMOro 3HaudeHusl A5 BHIODAHHOH KOH-
CTPYKUHH. [amuuCTble NOpOABI Pa3JHYHOH CTeNeHH JUTHDHKALHY
HMEIOT CBOM clenndHUecKHe 0COOEHHOCTH, KOTOpble HeODXOAMMO YuH-
THIBATh HPH HOPOEKTHPOBAHHH OCHOBaHHUSA. YINJOTHEHHble TJAHHUCTHE
nopoar! (CPeAHHX H BLICOKOH cTemeHefl auTudukauui) oO6pYHO Obna-
Jal0T BbLIpAXKEHHOH MHKPO- B MaxkDOTPemMHOBATOCTbIO, HO B OTJAHYHE
OT CKaJbHBIX M TPEH[HHOBATHIX HOPOJ pa3BHTHe AedopMauuil B Ta-
KOM OcHOBanMu OyjeT NPOUCXOAMTH u3-3d HAJHUYHs Kaxk TpelllH,
Tak ¥ HeNocpencTBeHHO OJ0KOB mopod. ['JnHHcTHe nopoabl MaJoh
CTeNeHH JAUTH(OHKAUME MOTYT aedOPMHPOBATBCH B OCHOBAHHH Kak
OxHO0-, ABYX- HaH Tpexdaznas cpexa. Ilepeeifl cayyali OOBIYHO BO3-
MOMKEeH AJ5 MOPOA C MaJol cTelmeHbI0 BOJOHachllleHHs (Mmenee 0,6),
BTODOH — AJI1 BOJAOHACHIEHHBIX IOPOJ, TPEeTHH — INPH HaJHUYUH B
NOpPOJLE Ta30HaChIEHHOH KHAKOCTH.

Haubomee caoxHbl gAs1 H3yueHHS] B TNPAKTHYECKOM OTHOLIEHHH
OCHOBaHUs, NPEICTaBJsIIONIHE COOOH mepecJanBaHHe NOPOA, HEOJHO-
POAHHIX TO (H3HUECKOMY COCTOSIHHIO, CBOHCTBAM, OCOOEHHOCTAM HX
CTPOEHHSL.

OCHOBHHIMH KPHTEPHSIMH TPH OLEHKE YCTOHUYHBOCTH COOPYXKeHHH
cayXarT abcoJioTHass BeauuuHa JedopMauHii MOpPOJ OCHOBayHsI H
HEPaBHOMEPHOCTb HX PAa3BHTHSA, KOTODHE He NOJKHBI HPeBOCXOJHTH
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P g . Puc. 15. CxeMul onpefeiedusi 30HH 0oC-

fe———= HOBAHHA COOpPYIKeHUA:
p p=const
@ — 10 COOTHOWEHHIO HalpfKeHHH O, H
CTPYKTYPHOH UPOYHOCTH UOPOAB!I HA CKATHR
AP G..; 6 — 3aBHCHMOCTb pPa3MePOB 30H OCHO-
BaHHA OT BeJHYHAM O, (9cp, > OS¢, > T¢r
&, > 6, [ 1 2 s)
52'6571
51'551‘,
Sz=6cr
G; <E¢r

JONYCKaeMbIX 3HAUEHHH 1JIg MPOEKTHPYEMOH KOHCTPyKuUHH. B cJayuae
MPeBHILUEHHs TaKHX HOPM Tpebyercs NpHMeHEHHE APYTUX THOOB Gyu-
JAaMeHTOB JAH60 MNPHCNOCOOJeHHe KOHCTPYKUHH COOpYMKeHHs K G60Jib-
M fgebopmanuaM. IlpakTHueckn JoGOe eCTECTBEHHOE OCHOBaHHE
HEOJHOPOAHO, YTO olpenenserca paAaoM (akTopoB; 1) 3HauuTedbHOH
M3MEHYHBOCTBIO CBOHCTB MOPOJ MO TyOHHe i IJIOILAAH; 2) pasjanuueM
B BeJHuMHe HaNpsAXeHWH; 3) BJAMAHHEM COCEIHHX COOPYXKeHMH.
IlockoMbKY B OCHOBaHWH 3HauuTeJbHas Yacth Aedopmauuil obyc-
JIOBJleHa JeHCTBHEM HOPMAaJbHLIX HanpsiXKeHH# ©,, TO pasMep 30HHI
OCHOB2HHSl COOpPYXKEHHH ONpefesieTCsd HCXOAH H3 COOTHOILIEHUS Be-
JUYUHE AeHCTBYIOULMX HalpAMXeHAH o, W CTPYKTypHOH HPOYHOCTH
MOpoJ Ha CxXKaTHe (O¢r), NPeBBILIEHHE KOTOPOH NPUBOAHT K pa3BH-
tuio aedopmanuit [1, 12, 33]. [IprueM s HETPEUNIMHOBATHIX MOPO.,
O¢r OIpEJeNsieT Hauaso pa3pylueHHsl CTPYKTYpHBIX CBs3el, AJd Tpe-
LIMHOBATHIX — NPOYHOCTb NMOPOAL B KOHTAKTHOH 30HEe MEXKAY OTHeNb-
HEIME 6J10KaMH, KOTOpasl Oyjaer 3aBUCeTh JHOO OT THUNa 3aNOJHHTeNs,
nu60 OT XapaKTEPHCTHK TPeHHA W 3auemljenua no tpemune (sf) Cie-

JL0BaTeNbHO, TpaHMleH 30HBI OCHOBAHHS COOPYXKeHHH ABJsSeTcs COBO-
KYITHOCTb TOUYeK B TOJIle HOPOJ, B KaKAOH H3 KOTOPHIX BbIIOJHAET-
csl yCJIOBHE:

0,==0cr (JJs HETPeLHHOBATHIX NOPOL); (116)

©, = oI (A1 TPeUHHOBATLIX NMOPOA). (117)

Ilpy 0.>0.; OTMeuaeTc pas3BUTHe AedOpPMalUil CXKATHA B 30He
OCHOBaHHSA COODYXKEHHH, HPH 0z<I0cy WJIH 0;< 0], — TOJLKO YIPYTrHuX

nedpopmaunu (puc. 15,a). Takum o6pa3oM, ueM NpoyHee MOPOAA, TEM
MeHblie OyjaeT NpH NPOYHX PABHBIX YCHOBHAX (OXHOM U TOM IKe
naBaeluHH, Tumne (GYHIaMEHTOB, e[HHOH TEXHOJOIHH CTPOHMTENbCTBa
W 3KCIIyaTamMH) 30Ha OCHOBaHHs cOOpyxkeHus (cm. puc. 15,6).
JlaHHBIll KPUTEpUU OLEHKH 30HB OCHOBAHHA COOPYXKEHHS Omnpe-
JenseT JHUIIb H3MEHEHHEe HANPAMKEHHOTO COCTOAHHA IOPOA B pe3ylib-
TaTe [aBJIEHH OT COOpyxkeHud. BMecTe ¢ TeM BJHAHHE COODYXKEHHA
Ha TOPOJABI OCHOBaHHs HMeeT GOJiee CJOXKHBIAL XapakTep, uTO HE0O6-
XOAHUMO YYHMTHBaTb B TIpoUecce H3BICKaHMH, NPOEKTUPOBAHHA H
3Kcmayatauud. Tak, Hampumep, AAs OOJbLINHCTBA NPOMBILIJIEHHBIX
COOpYXKeHHUil XapaKTepeH «MOKDHH» TeXHOJOTHYECKMA pPeXHM B Ipo-
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lecce 3KcnJayaTalMM, CBs3aHEBIH ¢ 6GospliuM  BOAonoTpeGneHHeM
H COOTBETCTBEHHO CYUIECTBEHHBIMM YyTeUKaMH, 4YaCTO arpeCcCHBHBIMH
N0 OTHOIIEHHK K IOPOAAaM OCHOBaHHA. B mpouecce AMUTeNbHOU 3KC-
IJyaTauud COOPYXeHHH BCJeNCTBHE HaJMuus MPOMBILIJEHHBIX CTO-
KOB IPOUCXOAAT IOXbEM VDPOBHS TPYHTOBHIX BOJ (UOATOWeHHE)
H H3MeHeHMe HX XHUMHUeckoro cocraBa. OcofGeHHO aKTUBHO HIOJTOI-
JleHAe TIPOMCXOAMT B TPEIIMHOBATBHIX TOJIaxX, B TOM YHCJIe H TJW-
HHUCTHIX TOPOAaX, a TakXe B IEeCYaHHIX OTJIOXKEHHAX. 3HauUTeJbHO
MeAJieHHee 3TOT HPOLleCC pa3BUBAaeTCd B [VIMHHCTHIX IIOpoAax IpH
OTCYTCTBHM TpelmMHOBaTOCTH. IloabeM YypOBHSI TPYHTOBHIX BOJ BHI-
3pIBaeT IMOSBJAE€HHE THAPOCTAaTHYECKHX CHJI, B pe3yJbTaTe JaelCTBHA
KOTOPBIX MeHseTCs NepBOHAYaJbHOE HANpsKeHHOe COCTOSIHHE IODOZ,
3HAUYUTENbHO YMEHbIIAITCA 30 (PeKTHBHbBle HaNpPsIXMEHUs U YBeJIHYUBaeT-
Cl TOPOBOe JaBJjeHHe. B3auMopeHdcTBHe IPOMBIIIJIIEHHBIX CTOKOB €
[MIMHACTHIME IIOPOJaMH MOXKET BBI3BaTh HalyxaHHe MNOPOJA OCHOBaA-
HUSl NIPH YCJAOBHH, YTO [AeHCTBYIOILME HanpsXKeHHs O, MeHblIe IO
BeJnuMHe, yeM JaBJjende Halyxauusi o, TakKoe B3auMOjelCcTBHE
TaKxkKe CIIOCOOCTBYeT H3MeHEHHIO IPOYHOCTH INOPOJA, 3a4acTyIo IpH-
BOAST K €€ CHHXKEHMI0 H3-32 IPOTeKawomux GHU3HKO-XHMHUUYECKHX IPO-
[IECCOB MexAY NOopoxoit 1 QHALTPYIOIMMH B OCHOBaHHH CTOKaMH.

VMenbllledye IPOYHOCTH I[OPOJ BJeYeT 3a <COOOH pacIIHpeHue
30HH OCHOBAHWS COOPYXEHHS M DOCT AOMOJHMTENbHBIX Aedopmaiini
yXKe Ha CTaJUW 3KCILIyaTalHH.

CnefqyeT TakXe OTMeTHTb, YTO H3MeHeHHe HAIPXKEHHOTO COCTOs-
HHUSl TJAHHHCTLIX IIOPOJ B OCHOBAHMM MOXeT IPOHUCXOAHMTH B pe3yJb-
TaTC CMeHb TEMIePaTyPHOrO peXHUMa B Ipolecte IKCIyaTalHu CO-
OpY¥KeHHS.

Taxum 06pa3oM, TOJbKO KOMILIEKCHAsl OlleHKa HO3BOJHUT IPOBECTH
JOCTOBEPHBIA KOJMYeCTBEHHBIA IIPOCHO3 HPOYHOCTH, YCTOHYMBOCTH H
1ehOpMHPYEMOCTH MOPOJ OCHOBAHHS COODYKEHHS B IepHO] €ero
CTPCHTEJBCTBA M FKCIIYaTalHH.

Croxyass KapTuHa HaNPsXKEHNHOr0 COCTOAHHA BO3HHKAaeT W IPH
ero oleHKe B OCHOB@HHH THAPOTeXHHYecKHX coopyxenuit. Tak, na-
IpuMep, B OCHOBAHHH IIIOTHH CJelyeT OLeHHBaTb He TOJbKO Ha-
Npsi>KeHUss OT HMX Beca W JaBJeHHs BOJAB, HO H OT GHJbTPALHOH-
HBIX CHJ, KOTOpPble BO3HHUKAMOT MNpH JBUXKEHHH TPYHTOBOrO MOTOKA
noj MNJOTHHOH 3a cueT pa3HOCTH HamnoOpOB B BePXHEM H HHXKHEM
6bedax. DTu CHJBI OKAa3bIBAIOT B3BEIIWBaOllee JAeHCTBHe Ha ILIO-
THHY, yMeHblIasi TE€M CaMbIM ee COIPOTHBJEHHE CJBHTAOLIUM YCU-
JuAM, a Takke CIHOCOOCTBYIOT pa3BUTHIO pa3JIHUHBIX MPOLECCOB B
ocHoBauuH, OOYCJOBJEHHBIX JNeHCTBMeM THAPOJAHMHAMHYECKOro HaB-
aenitd  (cyddosusa, GUABTPAUUOHHBIH BHINOP, BBLIHOC 3aMOJHHTENA
TPEwMH U T. X.).

Oanako B NpakTHKE HHXKEHEPHbIX pacueToB OCHOBaHH{I COOPY-
KEHHH, NIpeXje BCEro HEOOXOAMMO OIEHMBATh T€ HaNpsXKeHHH, KO-
TOpble BO3HHKAIOT 1I0J /[AeHCTBHEM Beca COOpY¥KEHHs, BO3BOIHMOTO
Ha Pa3JUYHBIX THIax (QyHAaMeHTOB. Kak yxe YKa3bBajaoCh B TN 2,
B 3aBUCHMOCTH OT OTHOIIeHHf IIMpuHbl (QyHAaMeHTa K ero [JHHe
caepyeT paccMaTpHBaTh OOBEMHYIO (IPOCTPaHCTBeHHYIO) JaH6O ImIOC-
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Ky10 3ajaud pacnpejesenus Hamnpsikenuil. Xapakrep pacupegeneHusi
HanpsAXeHWH B 3THX 3ajgavax MOXKeT CYIIEeCTBEHHO pa3jHuarhes.
3HaHue WHTEHCHBHOCTH paclipelesenwns HalpsxeHud B mpeenax
30HBl OCHOBAHHA COODYXE€HHs TO3BOJSIEeT ClelHaNUCTy B 00JacTH
WHXKEHEPHOH TeoJIOTHH M THAPOLeOJOTHH Has3HauaTh TAYOUHY CKBa-
XKUH, HX Da3MellleHne, yCTaHaBJAuWBaTb MecTa ort6Gopa mpob6. Hcecae-
JAOBaHue MOBeJeHHs MOPoJA B KOHKDPETHOM HAaNpsXKEHHOM COCTOSHHH
JaeT BO3MOXKHOCTb NDOTHO3HPOBAaTb HM3MeHEHHS HX HPOUYHOCTH H
deopMHDPYeMOCTH ¢ HapOoOJblieH CTeNeHblO NPHOJHKEHHS K Dealb-
HBIM ycaoBuaAM. OueHxa HanpsXKeHuf B ToJlle HOPOA TO3BOJSIET
peuwate 3ajlayd NPOYHOCTH, YCTOHUMBOCTH IODPOJA, ONpeAeeHHs X
pedopMauri, n Mpexae BCETo 0CAaJ0K COOPYKEHHH.

B nacToslllee BpeMs pacuer paclpe/e/eHUs HaNpsiKeHHH Hpo-
BOAHTCSI Ha OCHOBE PAacCMOTDEHHs TODHBIX NOpOA Kaxk JWHelHOo-Je-
topMupyeMofl CHAOIIHON OAHOPOAHON W W3OTPOMHON Cpean TpH
OTCYTCTBUM B Hell oOsacTefl NyacTHYeCKUX nedopMauni.

§ 2. PACYET HANPAKEHUW B OCHOBAHHUU COOPY)XEHHWH
NPU PELMEHUU NPOCTPAHCTBEHHOW (OBBEMHOM) 3AJAYH

Pacnpepeneniie HanpsokeHHH Noj, JefCTBHEM COCPENOTOUEHHOMH CHJABI,
OcuoBuoli 3agaueli, Ha KoTOopOH OasupyloTcs pelleHus pacHpenele-
HUsl HampskeHMH B ToJIlle HOPOA HOA JAeHcTBHEM pPasJHYHOrO BMJA
BHelHe# Harpysku, aBjasercad 3apaua K. DByccunecka (pacuer Ha-
OpsiXKeHHd mnoj aeHcTBUeM BePTHKaJMbHOfI  COCPEIOTOUEHHOH CHJIHI,
TIPUIOKEHHOH K TOBEPXHOCTH Cpeibl), peluenHas um B 1885 r. B mpen-
MOJOXKEHHH  HEBECOMOCTH, OJIHODOAHOCTH MW H3OTPOMHOCTH CpPeah
U JuHEHHOH CBA3H MexK1y BO3HMKAIOUIMMH HaNpAXeHHAMH H Aedop-
Malus MU,

JIns HaxOXJeHHs COCTaBAAWINMX HamnpsaXeHHH (oz, Oy, Ox, Txys
Txz, Tzy) OT 33J1aHHOH BHEIUHEH COCPeAOTOUEHHOH cHJB P paccMOTpUM
HEKOTOPYyI TOouKy M Ha rayOuHe 2 oT NOBEDPXHOCTH TODHOM MOPOJEL
Tlonoxenune Toukn M omnpepensiercs B HOJSIPHOH cHCTeMe KOODAHMHAT
¢ moMombi paauyca R W yria  Mexay HalpaBJieHHeM AeHCTBHSA
cudnl W papuycoM (pHc. 16,a). Bennunna mnepeMemnenuss TtoukH M
B HamNpaBJeHHH pajuyca R 3aBHCHT OT ero IJHHBI H 3HaueHHs yraaf.
OueBugno, uem Goasiie R u $ (nau mensbuie cos B), TeM MeHblue Iie-
pememniente touku M. Iloatomy mnepememenne S toukn M mo Ha-

NpaBJeHHI0 paanyca R MOXHO NPHHATh
s = Acosh (118)
R
rie A — koadduument nponopunoHanbHoctd. IlpuBeneHHas 3aBucH-

MOCTb YIOBJETBODAET NMOCTABAEHHHM Yyca0BUAM. i Touku M;, oT-
crosimed or TouKH M B HanpaB/JeHUH paauyca R Ha pacCTosiHHH

dR, nepeMelllennie S; COCTaBUT
__ AcosB
' R+dR”
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Puc. 16. CxeMa pacueta HanpsgXeHH# npH AeHCTBHH BEPTHKAJbHOM COCPEAOTOUCHHOR
CHIEBLL

@ — 1J3 paiuaibHbIX HaNPAXeHHA Op; 6 — ANS HOPMalNbHBIX HaNpsXKeHHA C,; & — pacmpele-
JleHHe HANpPSKEHHH B NOJYLIaPOBOM CEYeHHH

OrtHocutenpnaa gedopmanusa orpeska dR

. __S—Sl___l_( AcosB Acos B )__
R "@R TR R R+dR )~
__AcosB dR AcosB

dR  R(R+dR) RE+RAR

Tak kak u3-za MaJgocth dR BeauuuHa R? 3HAYHUTENABHO GOJbLLUE
npousBefenuss RAR, nocjiefHUM MOXKHO mpeHe6pedb, TOTAa

__AcosB

i (120)

HoBepenne aunefino-gedopMupyeMbix TeJl NOAUUHSETCH 3aKOHY
I'yka, mosToMy BeJHYHHa HalmpsXKeHHs, AeliCTBYIOIlero B HampaBie-
HuK paguyca R,

€R

cr = erB, (121

rie B —koadouunent npomopuuoHaiabHocTd. IloacTaBisis 3HaueHue
er B BHpaxenue (121), nonyyum

ABcosB
R2 '

Op =

(122)

Jaa onpepesiends BeJMYHHE HaNpSXKEHUS Or [OPOBEAEM TOJY-
IIapoBOe CeuyeHHe ¢ LEHTPOM B TOUYKe INPHJIOKEHHS COCPEeAOTOUEeH-
HOYi cHabl. [lo Bcelt MOBepXHOCTH moaymapa OYAYT HNPHJIOXKEHB CXKH-
Mamouue HanpsKeHHd, BeJHUYHHA KOTOPHIX oIpejelseTci Bbipaxe-
HueM (122). B moayuiapoBOM CeYeHHHM BbIeJqMM IHapoBoOfl mofAc ¢
ueHTpaJbHEIM yriaom dB (cMm. puc. 16,8). MureHcHBHOCTH pacmpene-
JIEHH HanpsKeHdwd 1[0 3TOMY MOSACY MOXKHO CYUMTATh [OCTOSHHOM,
Kak M AJA BCAKOH 3JIeMeHTapHOfl MJIOmajnkH, U paBHOH Og.

ITockonbky BHpeseHHHIT 00beM HaxOAHUTCH B PaBHOBECHH C CH-
Jofi P, To BHmOJHAETCH CAeAYIOlUlee YCJOBHe: CyMMa NpoOeKiHil Bcex
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BHYTPEHHHX YCHJMH, B TOM uucCJe H paaualbHHX HanpsiXeHHH, BO3-
HUKAOUIHX B cpejle OT aeficTBHS CHAB P Ha ocbh 2, paBHa BHeUIHeH
cuge P, 1. e.

/’
2

P_. g‘oRcosBdF=O, (123)
0

rie dF — noBepxXHOCTh 3JieMEHTapHOTO IIAapOBOTO mnosica ¢ YrioM
dp,
dF=2x(R sin B) (RdP).

[MoxctaBuB BhIpaxeHHs s op B ypaBHehue (121) wu dF —p
(123), moayuum

=
P— 2nAB Scos2 8sinBdp =0
0
HAU

P— 92AB ‘ _cos*B l% —0,

3
otkyaa P=2rAB/3 u, c1e10BaTeALHO,

ap=-22. (124)

IloacraBuB nosmydyennoe- 3HaueHue BeAudWHHl AB B  dopMmyay
(122), nonyuum

3P cos

op = SPC0sB (125)
2rR?

Kak ynomunajoch BHILe, Gg-— lanpsiKeHde, HeACTBylollee B Ha-

npaBJeHHH pajauyca R, T. e. Ha 3/]eMeHTapHOll NIJouIajiKe, NepIeH-
IUKYJApHOH K paauycy R u umewoomeii pasmep F. Hanomuum, uro
3ajlaya COCTOHT B OTHICKAHMH COCTaBASIOMIMX HaNpsiKeHHA, AeHcT-
BYIOUIUX Ha TOPH3OHTAJbHYIO M BepTHKaJbHyl IiouiadkH. Ha ro-
pH3OHTasbHYyl0 TJomanxky F’ neficTByeT unampsixkenue o'z, KOTOpoe
HaxoAHuTcsl U3 cooTHOweHUs1 orFr=0'F’. 13 Tpeyroarnuka ABC (cM.
puc. 16,6) Buauo, uto F/F'=cos B. Toraa

0'r==0¢ cOs B
HJH
P

’ 3
OR = T R? cos? p. (126)
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Hopmanbnas cocraBagoonias HanpsXKeHdd TIPpH HIPOEKTHPOBAHHH
0’r Ha BePTHKaJb K miomaake F’ Gyger

cos® B. (127)

3
’ 2

g, = 6,C0S S = CpCoS = —
2 R B R p 2 nR2

YuHTHBag, 4TO €OS B=2/R, mOJAyYnM

=3 P2 (128)

c .
z 2 =nR®

IMoxcrasum B ¢popmyny (128) snauenue R, paBHOe Vr?+-z?%, toraa

o, = P 1 . (129)
2n22 r \215/2
[+ (5]
Ipuuss
3
= — (130)
=1+ ()]
MONYUHM
o, =KL (131)
22

®opmyna (131), ompepensonias BeJHUHHY CHKHMAIOUIMX Hanps-
JKeHn#l ¢, B FOPH3OHTAJbHHIX IJO2AKaX, HMeeT HauboJsblnee mnpak-
THYECKOE TIPUJIOKEHHE, TaK Kak MNOoj AEHCTBHEM 3THX HalpsXKeHHH
TIPOUCXOANT YINJIOTHEHHE TIOPOJHL.

Kosdduunent K 3aBUCHT TOJBKO OT KOODAHHAT TOYKH, B KOTOPOH
OTHICKHBaeTCsl HaupsAXeHWe o,. Ero 3Hadenns B 3aBHCHMOCTH OT
OTHOCHTEJILHBIX KOODJAHHAT TOUYKH 7/Z TpHBeNeHH B Taba. 4.

Paccyxpaa amanoryusbiM o6pasoM M TIpHHHMasi BO BHUMaHuHe
COOTHOILIEHHS Ty==0¢ Sin B; sin p==y¢/R, MOXKHO TOJYUHTh,

3Peos? sin B 3P (132)

T, = ogsinBcosf = .
2y = orsin fcos § 2 R? 2 & RS

Touno Tak XKe MOXKHO NOJIYUYHUTDb BbIpa2KCHHE /A

3 P xz
12x=7_;— RS (133)

Caenyer OTMeTHTb, YTO BHIDAXKEHHS [IJas HanpskKeHHH B TODH-
30HTaAbHOH msomagke (131)—(133) ne 3aBucAT oT AedOpPManHOH-
HBIX XaPakTePHCTHK cpefan (MOAyJs YIUPYrocTH HJAH HedOpMalHH
1 xosdpduunenra llyaccona) u moryr GHITH HCIOJNB3OBaHb AJA JIO-
GEIX OJHOPOJAHBIX FOPHHIX TOPOX.
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Ta6arpa 4

riz K “ riz K “ r/z K “ riz { K
(

0,00 0,4775 | 0,56 0,2414 H 1,12 0,0626 \ 1,63 | 0,0167
0,02 0,4770 0,58 0,2313 1,14 0, 0595 1,70 0,6160
0,04 0,4756 0,60 0,2214 1,16 0,0567 1,72 0,0153
0,06 0, 4732 0,62 0,2117 1,18 0,0539 1,74 0,0147
0,08 0,4699 0,64 0,2024 1,20 0,0513 1,76 0,0141
0,10 0,4657 0,66 0,1934 1,92 0,0489 1,78 0,0135
0,12 0,4607 0,68 0,1846 1,94 0,0466 1,80 0,0129
0,14 9,4548 0,70 0,1762 1,26 0,0443 1,82 0,0124
0,16 0, 4482 0,72 0, 1681 1,28 0,0422 | 1,84 0,0119
0,18 0,4409 0,74 0,1603 1,30 0,0402 1,86 0,0114
0,20 0,4329 0,76 0,1527 1,32 0,0384 1,88 0,0109
0,22 0,4242 0,78 0,1455 1,34 0,0365 1,90 0,0105
0,24 0,4151 0,80 0,1386 1,36 0,0348 1,92 0,0101
0,26 0,4054 0,82 0,1320 1,38 0,0322 1,94 0,0097
0,28 0,3954 0,84 0,1257 1,40 0,0317 1,96 0,0093
0,30 0,3849 0,86 0,1196 1,42 0,0302 1,98 0,0089
0,32 0,3742 0,88 0,1138 1,44 0,0288 9,00 0,0085
0,34 0,3632 0,90 0,1083 1,46 0,0275 2,10 0,0070
0,36 0,3521 0,02 0,1031 1,48 0,0263 2,20 0,0058
0,38 0,3408 0,94 0,0981 1,50 0,0251 2,30 0,0048
0,40 0,3294 0,96 0,0933 1,52 0,0240 2,40 0,0040
0,42 0,3181 0,98 0,0887 1,54 0,02°9 2,50 0,0034
0,44 0,3068 1,00 0,0844 1,56 0,0219 2,60 0,0029
0,46 0,2955 1,02 0,0803 1,58 0,02N9 2,70 0,0024
0,48 0,2843 1,04 0,0764 1,60 0,0200 2,80 0,0021
0,50 0,2733 1,06 0,0727 1,62 0,1092 9,90 0,0017
0,52 0,2625 1,08 0,0691 1,64 0,0183 3,00 0,0016
0,54 0,2518 1,10 0,0658 1,66 0,0175 3,50 0,0007

BesHuyHB COCTaBAAOMINX HANPSAXKEHUH AN BepTHKaJbHHX IJIO-
fa0K Oy, Oy H Tyy ONPENENsIOTCS He TOJBKO BeJHYMHOH BHelIHel

CWJB W KOODPAMHATAMH TOYKH X, Y, 2, HO M Koaddunmentom Ilyac-
COHa :

_ 3P [y 1—2p L @R+z7) 2T, 134
W= Ve T s lR(R+2) (R + 2)°R® RJV (14
c,,=_3!11*22+1‘2“[ L (ORE2)d iﬁ]\. (135)

on | R® 3 |R(R+2) (R+2)2R2 R3[|’
. _ﬁ[xyz 11— (2R~I—z)xy] (136)
T on | RS 3  (R-+2)2R8

Bece cocTaBasiiollHe HANPAXKEHHN Mo Mepe NPHOJMKeHHs K TOY-
Ke INPHJOXKEHHS COCPENOTOYeHHOH CHJBL BO3pacTaiT, CTPEMACh K
Geckoneuno GoJbwiol peanmgude NpH R—0. B neficTBUTenbHOCTH NpH
JelcTBUA ONPEAEeJIEHHOTO HaNpAXKEHHHN HauWHaeTcy MX nepepacnpe-
JeseHne, NPUBOASALIEE K TOMY, YTO HanpsXeHus BOJH3M TOYKH NpH-
JIOXKeHHsl CHJB MMEIOT KOHeYHyl0 BednunHy. Tem He MeHee NpH pac-
yere HanpsiXKeHWi paccmaTpuBaercss 006JacrTh, yJajeHHas Ha HEKO-
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Puc. 17. CxeMa ans pacuera Hanpsxe-
HHI OT pgeficTBHA HECKOJNbKHX COCPENO0-
TOYEHHBIX CHJI

7y

M

Topoe paccrosinde (okoso 0,3—0,5 M) OT TOUKH NPUJIOKEHHS CHJBIL.
B saxniouenye npyBejeM 3aBHCHMOCTH, MO3BOJISIOLINE BBIUHCIHTH
fepeMellenysi, napaJagaeastele ocsMm z(w), y(v), x(¥):

P L. 37
w= AR fo0—n ], (137)
_P4+p [yz 9 Yy 138
v onE [m (1 “)R(RH)]' (39)
SR [ (o ] 139
4= [Ra =2 ) (159

HMesi BblpaxKeHHs IJisi COCTABJSIONMX HaNpsiKeHHH, MOXHO Npo-
H3BOJMTb pacdeTbl HaNpsXeHHH B pa3JHYHBIX TOYKaX OCHOBAHHH
OT HMeHCTBHS HECKOJBKHX COCDEIOTOYEHHBIX CHJ METOAO0M CYMMHpO-
BaHus Hanpstkenuil. Tak, HalpuMep, K MOBEPXHOCTH TOJIH IOPOL
HPHJIOXKEHO HEeCKOJbKO cocpefoToYeHHbIX cua P, Py, P, P, Tpe-
OyeTcs HalTH BeJMYWHY HaIpSKeHWii B Touke M, Haxomsmeiics Ha
ray6yne 2, OT JeHCTBMS 3THX deTblpex cHa (pHc. 17). Beanunmna ua-
OpsiKeRuit o, B Touke M, oTcTOslel OT JHHHUM AeficTBus cuibl P; Ha
PacCTOAHUH ry, ONpeNeNnuTes 1o Qopmyse

p g P

Gt = Kl 7.
rae Ki=f(r,/z). 3uauenne K, Moxer O6uTb olpefeneHo rno tabi. 4,
AHalornyHo MoOryT ObIThb HaiijleHbl HaNpsIKeHHss OoT JAeHCTBHS CHJ

P
Py, P;, P,, xotopble OyAyT paBHB COOTBETCTBEHHO cf’-——KgT:—;

P P .
ofs = | Z—: uols = K4—j, ¥ IIPH OJHOBpEMEHHOM JNeficTBHH cocpe-
ROTOYEeHHBIX cunt P, Py, Ps, P4 BenunHa HaNpsRKeHHH onpeieldTes
CYMMOH

P, P P
0: =t ol fols ol = K, > K, 2K, =

223

. P
+ Kt

4

:é (K1P1+K2Pa+ Kapa +K4P4)- (140)

Ecin 3Hadeiinst BceX COCPeOTOUEHHBIX CHJ PaBHBI MexJay coboii:
Py=Py;=P3=P,=P, 10 B Touke M

o, = (K, + Kyt Ky + K. (141)
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Puc. 18. Tpapuueckue cnocobbi H300paXeHHs PaclpeleNenHs HANPAXKEHHA B TORLIE
TOpOA:

a — 3nppa IO TOPH3OHTANBHBIM CeyeHHAM,; 6 — T0 Xe noO BEPKTHKAJAbLHBIM; B—HBOGapbl Hanpg-
WeHH#t @,; 2~ B3aUMOJeficTBHe HBYX COCDEIOTOYEHHBLIX CHJ {(3amTpuxoBaHa 30HAa CyMMapHBIX
HanpsxeHns)

[ns pacyera HanpspKeHHH B TOJLIe IIOPOJ TMoJ IeHCTBHEM He-
CKOJIbKHX COCPEeNOTOYEHHBIX CHJI MOMKHO HOJb30BATLCS METOZOM JIH-
HUH BIUSHHSA.

XapakTep pacHpene/feHHs HaNpspKeHH B ToJile NOPOJA OOGBIYHO
HOKA3hIBAETCS € NOMOIIBIO 3HIOp H H306ap. dmopbl HPEACTABIAIOT
coboii rpaduueckoe mM300pa}KeHHe HNHTEHCHBHOCTH paclipejiesieHHst Ha-
HPSKeHUA 110 TOPU3OHTANBLHOMY HAH  BePTHKaJbHOMY CEUCHHIO
(puc. 18,a0,6). Dmiopel HanpsKeHHfi 1O TOPU3OHTAJbHBIM CEUEHHAM
JAIOT BO3MOXKHOCTb CJeJaTh BBIBOA O KOHUEHTPAaUWH HaNpsKeHui
BOJIM3M JMHAHM JAeHCTBUS I[IPHJIOMKEHHOH COCPEAOTOYEHHOH CHJIH, C
rayOHHO MPOUCXONNT CYIIECTBEHHOE YMEHblIeHHue HanpsukeHuil. Pac-
npefleieHAsT HaNpSKEHUH O BEPTHKAJbHOMY CEUeHHIO HOKa3blBaloT,
4TO NpH NeHCTBHH BEPTHKAJbHOH COCPENOTOUCHHOH CHJIBl HANpsiKe-
HUs §O TyGMHE pesKo 3aTyxamT. B MeXaHHKe TOpHBEIX HOpon IpH-
HATO CYHUTATh, YTO HANPSKEHHS Ha JIHeBHOA IIOBePXHOCTH 3a JIH-
guefl JefcTBUs cusbl paBHb Hydaro. CrenoBaTenbHO, 30I0pa pacHpe-
JeJieHHMs1 HanpsiKeHuii HO BepTHKAaNbHOMY CeYeHHIO HAuyHHAeTcst OT
HyseBoli ToykH. Jasi TOCTPOCHHS 30D HEOGXOAHMO ONpPEACNHTDb
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Macmral HanpsKeHHH, BoIOP KOTOPOro 3aBHCHUT OT KOHKPETHHX pe-
HIaeMbIX 3a7ad.

DNIOPY HANpPSIKEHMH WHOTZA HA3bIBAIOT AUKUEL BAUAHUA.

H300ape npeacraBasior co00H JIHHHM PaBHBIX HaNpsKeHHH (CM.
puc. 18,8). Ilo n3ob6apaM HanpsaXeHAH O, MOXHO CYJAHTb O pas-
Mepe 30H OCHOBAaHHH COOPYXeHHMHl M HarisiiHO OLEHHTh BIMsHHE CO-
CeJIHHX COOPYXKeHHII Ha HalPsKeHHOEe COCTOSIHHE TOJLUIM OCHOBAaHHS
(cM. puec. 18,e). Caeayer OTMeTHTb, UYTO COCPENOTOYEHHHX CHJA B
npupoxe He cymectByeT. C olpefesieHHOH YCJOBHOCTBI) MOXKHO TpH-
HATb, YTO KOJIECO TPYXKEHOro TpaHCNopra INpeAcTaBjasger cob6OH CHIY,
IIPHUJIOKEHHYI0O B TOYKe, OXHAKO, H B 3TOM CcCJydae Harpyska mnepe-
IaeTcss dYepe3 HEKOTOPYIO KOHKPeTHYIO ILJIOMIajb, KOTOPas Jierko
onpeneasierca. Ilpaxkruueckoe npumenenue 3agaun K. ByccuHecka
peasH3yeTcs B HCIOJb30BAaHMM €€ pelleHHHd AJs OnpejelieHHs Ha-
OPSIKEHHWH B IpocTpaHcTBeHHOH (00beMHON) M IJIOCKOH 3ajmayax
IIPH PacCMOTPEHHH KOHKPETHBIX COOPYXKeHHuH.

Pacnpenesnenne HanpskKeHHi noa AEHCTBHeM 3arpyxeHHoro cyH-
AameHra. PaccMOTpUM, Kak pacnpenesioTcsl HaIpsiKeHHs MIox rub-
KUM (YHLAaMeHTOM C OTHOUIEHHEM CTOPOH, MeHbIIMM, PaBHBEIM TpeM
1 GoJee, ecid IO IVIOWAAM 3TOro ¢ynjpaMenTa JeHCTByeT paBHO-
MeDHO pacnpefeneHHas Harpyska. Jlis pellleHust 3TOro BONMpoca IpH-
MEHHTeJIbHO K JIHHeHHO-jedopMHpyeMOR cpelle HCIONB3YIOTCS 3aBH-
CHMOCTH, [OJY4eHHble JJs1 COCPEeAOTOUEHHOH BepPTHKaJbHOH CHJIBL.
C >3Toft Lesblo 3arPyXeHHYIO IVIOMAAKY pasGuBalOT Ha 3JeMeHTap-
Hble NpsSIMOYTONBHHKHM M 3aMEHSIIOT PaBHOMEDHO paclpeleseHHYIO Ha-
TPY3KYy, NPHJOKEHHYI0 K KaXKJIOMY H3 TaKHX IIPSAMOYrOJBHHKOB, Ha
COCPe/lOTOUEHHYIO CHJy, nefcTBywlmyio B ux ueurpax. Cocrasasio-
[IMe HalpSKEHUS B TOYKAX OCHOBAZHHSI PaBHbI CyMMe HanpsiKeHHH,
BO3HHKAIOUIMNX OT AEHCTBHS KaxKAoH M3 cocpeloToueHHHX cHil Cym-
MHDOBaHHe MOXKHO 3aMeHHTb HHTErPHPOBAHMEM IO Bcell mioliajke,
YMEHbIINB pa3Mepbl 3JIeMEHTAPHLIX HPSAMOYIOJLHHKOB 10 OGeCKOHEYHO
MaJo# BeJHYHHBL,

PaccmarpuBaeMas sagauga 6msa pewieHa B. I'. KopoTKHHBIM, KO-
TOPBIHi HWCHmOAb30Baa AAs 3Toro noaydenHyio b. T. TanepkunnM
naist 3afaur ByccuHecka dyHKUHIO HanpsKeHHH.

BupaxeHus 1718 XKOMOOHEHTOB HANPSXKeHHH HMelOT CJOXKHBH BUA,
M TI03TOMYy IIPUMeHEHHEe HMX B IPAaKTHYECKHX WeJAX 3aTPYIAHeHO.

Jast Todek, pacumoJIOKeHHBIX Ha BEPTHKaJH, KOTOpPas NPOXOAHT
uyepe3 LEHTP 3arpyxKeHHOH Iuomaxku (x=y==0), 3TH BHIpa’KeHHUsn
3HAuUTeJbHO Yylpowalorcsi. BepTHKajbHas HOpMaJibHasg COCTaBJISIIO-
i as HalpPsKEHUH Ollpefesifercs N0 QopMyJie

?n 22|/ 12 L b2 I 42
2blz( 12 + b2 4 822%) 142
* (124 42%) (02 -+ 422) |/ 12 62 + 422 ] (%)

rie p-— paBHOMepHO-paclpejeseHHas Harpyska, b H [ cOOTBeTCT-
BeHHO UIMPDHHA W AJHHA GyHAAMeHTA.
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Ecsg TOuKH, B KOTOPBIX ONEHHBAETCS HAaNpsiKeHHOe COCTOSIHHE
OCHOBAHHS, Je€XKAaT Ha BEPTHKAJIH, NPOXOJsuiefi yepes yroJ HJOMIAJ-
KM, T. € x={/2 y==b(2, T0 BHIpAXKEHHs [JS COCTABJSIOLIAX Ha-
NPSKEHUH 3alHChIBAIOTCS CJAEAYIOIIMM 06pasoM:

P Ibz (52 + I2 4 222) Ib
B — retg —————
> 2w[ B2t AV ET o T2 +acgzl/12+b2+z2}

(143)

Cocrapysiiollye HaNpsiKeHHH O, Ox H T, HE 3aBHCAT OT CBOMHCTB
NOPOAbI, 4TO OBIJIO XapaKTePHO MJSL TeX ke COCTaBJSIOUMX OT CO-
CPENOTOYEHHOH CHJIBl. DTO €CTeCTBeHHO, TaK Kak paccMaTpHBaeMoe
pelleHHe NOJAYY4eHO HCXOAsl M3 pelleHUst 3amadn Byccumecka. Kpome
TOTO, JJISI KBajpaTHOro ¢yuAamenta (/=b) HopMaJbHble cOCTaB-
JslollMe HAa BEPTHKAJbHBIX IJIOIIAfKaX G, H O, H KacaTesbHble CO-
CTABASIOUIHE Ty, H Txy HOHAPHO DAaBHBL, T. €. O0x=0y; H Txz=Taxy.

B T0 Xe BpeMs HOpMaJsbHble TOPH30HTAJbHBHE COCTABASIOLINE Ha-
NPSKEHHS] Oy, Gy, a TAKXKe KacaTeJbHas COCTABASIOIIAS Ty, 3aBHCAT
0T Ko3dHuUeHTa HONEPedHOro pacluUPeHus .

Yem MeHbIle AedopMupyeMa IOPOJa W MeHblIe 3HAUeHHE p, TeM
Gosplie BeJMYHHA YIOOMSHYTBIX KOMIIOHEHTOB HaIpS2KEHHI.

BBenem oGoswauenuss m=I[/b, n=z/b (rjge m — OTHOCHTE/bHAS
IJiMHa, 7 — OTHOCHTeNbHast ruy6una). IloxcraBHB HX 3HadeHHs B
Buipaxennsa (142)—(143), zamenus npu stoM 2z Ha bn wid nlfm,
HOJyudM CJeAyIOMHME 3aBHCHMOCTH COOTBETCTBEHHO NJs BepTHKaJed,
NPOXOASAIIAX Yepe3 LEHTP U YroJ IJIOLLaJKHY:

_2_ 2mn [ + m2 4 8n2
i % [[/1—{—17124,—4)12 (1 + m? + 4n2)4n2 + m2
i U - 144
-}~ arcsin Ve T e (L L d J, (144)
_ P mn(m? 4 2n% - 1) m
2 2n[(m2+n2)(n2+1)|/m2+n2+1 +arCtg nl,/Am2+n?+1 }

(145)

Takum 00pas3oM, coCTaBJSIOMHE HANpsKeHHsT B JIO00H TOUYKe
OCHOBAHHSI TNPsSMO NPONOPUHOHAJBHB HHTEHCHBHOCTH BHeIIHell Ha-
CPYSKH H ONpeAeflOTCsl OTHOCHTENbHHIM pa3MepoM (QyHAaMeHTa o
OTHOCHTEJBHOH TXyGHHOH pacHOJIOXKEHHs TOUKH, B KOTOPOH pacCyH-
THBAIOTCS HANPSXKEHHSI. DTO 03HAUaeT, YTO I[IPH MNPHJOXKEHHH OfH-
HaKOBOH PaBHOMEDHO pacIpelesieHHOH Harpy3kH K DPasHBIM IO MJIO-
mwagd rubkuM QyHLaMeHTaM HalpsKeHHs B TOYKAaX, Pa3MEILCHHBIX
Ha OJMHAKOBO PAaCHONOKEHHBIX OTHOCHTEJbHO IEHTPA 3arpyKeHHOH
IJIOLIafAH BEPTHKAJSAX, PaBHbI, €CJH DaBHbl OTHOCHTEJbHble DasMephl
¢yHmaMenTa M OTHOCHTeJbHble FJIyGHHBI PaclOJOMKEHHsS 3THX TO4YeK
(puc. 19,a).

B raba. 5 npuBedenbl 3HAYEeHHS HOPMAJIbHBIX BEPTHKAJBHBIX CO-
CTaBJSIIOMIMX HampsxkKenuil no yrioeofi Beptukaau (o, MIla) mpu
Pa3JIMYHBIX M W 1 M BHellHem paBjedHu, passom 0,1 MIla. Kak
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Ta6auna 5

OTHOCHTEALHE S OTnocuTelbubil pasmep dY¥agamenta, m
ray6Hua n 1,0 2.0 3.0 40 8,0
0,0 0,0250U 0,0250 0,0250 0,0250 0,0250
0,2 0,0249 0,0249 0,0249 0,0249 0,0249
0,4 0,0240 0,0244 0,0244 0,0244 0,0244
n,6 0,0223 0,0233 0,0234 0,0234 0,0234
0,8 0,0200 0,0218 0,0220 0,0220 90,0220
1,0 0,0175 0,0200 0,0203 0,0204 0,0205
1,2 0,0152 0,0182 0,0187 0,0188 0,0189
1.4 0,0131 0,0164 n,0171 0,0173 0,0174
1,6 0,0112 0,0148 0,0157 0,0159 0,0160
[,8 0,0100 0,0133 0,0143 0,0146 0,0148
2,0 0,0082 0,0120 0,0131 0,0135 0,0137
3,0 0,0045 0,0073 0,0087 0,0093 0,0098
4,0 0,0027 0,0047 0,0060 0,0067 0,0075
5,0 0,0018 0,0033 0,0044 0,0050 0,0060
7,0 0,0009 0,0018 0,0025 0,0031 0,0041
10,0 0,0005 0,0009 0,0013 ‘ 0,0017 0,0026

ciellyer M3 amaamsa Tabj. 5, ¢ POCTOM m HaNpsuKeHHss NO rayOHHe
3aTyXaloT MeHee HiTencHBHO {cM. puc. 19,6).

Meron yriosbix rouek. Kax yxe ykaswiBasoch, HauboJsiee NPOCTO
MOXKHO PacCUHTaTb HanpsiKeHHs B TOYKAX, KOTOpbiE JeXaT Ha Bep-
THKAJX, NPOXOAAINX Yepe3 YrJbl THOKOrO ¢ynpaMenta. B mpax-
TH4eCKoH paboTe NPHXOAMTCA ONPEALNATb HANPSAXKeHHS B OCHOBA-
HHH 110 JIIOOBIM BepTHKaJ/sM Kak Nol ®OyHZaMentoMm, Tak W BHe ero.
C >3Tofl meJsblo HCHOJb3YyeTcss IIPOCTOH IIPHeM, HOcAUMA Ha3BauHe
meroda yeaosoix TOwek. Vjest 3TOrO MeTO1a COCTOHWT B TOM, 4TO €CJH
3arpyKeHHy10 njomanky pa3buTb Ha OPIMOYroAbHUKH, TO Hamnps-
KEeHHsI B TOYKe, KOTOpasg fABJjdercs OOUEH Ans BceX MPAMOYTO/b-

J
a o u . g »
p _J
L Y a —gz5 y
; __é 5| =l \Becanst
z ’ 20 p=tonst
.=,
M, 22 3
M, —0—
-z /J:z_._
2

Puc. 19. Xapakrep pacupelenenus HanpsXeHHH 0. MO Pa3finyHHMH (YHAAMEHTaMH:
a — BAMAHHE OTHOCHTeJdbHBIX Da3MepoB (yHAaMeHTOB M OTHOCHTenbHON TAYOHHB Dacnosioxe-

6 — pacmpeneseHHe HANPAKeHHH IO
LeHTpadbHOX BePTHKaau noa (GyHAaMCHTaMH OAHHAaKOBOI WHDHKE, WO pasuofl IJHHBI

Ml 2
HUS TOYKH 00 YrOJOBOH BEpPTHKAMH (o, =5z )3
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Puc. 20. Cxema pazjeneHHa NpAMOYTOJbHBIX (YHAaMEHTOB HPH pacueTe HaMpsKeHHd
10 MeTOAY YFJOBBIX TOYEK, HaXOAALIHXCH:
a — BHYTPH KOHTypa ¢ydnamenTa; 6 — Ha kourype ¢dyuiameHnra; 6—4d — BHe koutypa ¢yuna-

MeHTA (8 — Ha NPOJOMKEHHH KOPOTKON CTOPOHBI; & — HA HEKOTOPOM DAcCTORHHH OT KOPOTKOM
CTUPOHBI, § — Ha MNepecevyedHH OPOAOJKEHHHA KOPOTKON W IJHHHOR cTOpOH)

HHKOB, DaBHbl CyMMe HallpsXkKeHH{l, BO3HHKAIOLWIHX B 3TOH TOYKe OT
JeficTBHSL KaKAOTO H3 3arpyXeHHBIX IMPAMOYroabHuKoB. Hexomst us
3TOrO, HJOWAAKY, 3aTPYyKeHHYIO DaBHOMEPHO paclipe/le/ieHHO# Ha-
Tpy3KoH, pas3buBalOT Ha INPIMOYrOJBHHUKKM TaKWM 006pa3oM, UYTOOH!
TOYKa, B KOTOPOH pACCUHTHIBAIOTCH HaMpsiKeHwus, OblIa YrJoBOH H
OOLIeH A1 3TUX IPSIMOYTOJNbHHKOB., MerTox yIJOBBIX TO4YeK IPHUTOLeH
AJIS. HAXOXK/EHUsS HallpsKeHHH B Jl0OOM cedeHHMH I0J, IOAOLIBOH CO-
OpyXKeHus.

Tlpu pacyeTe HamnpsiXKeHuil oy rubkuM HyHIaAMEHTOM MOTYT BO3-
HUKHYTH CJEAYIOIHE CAydau:

I. Touka O,, B KOTOpO#l Tpebyercsi HAHTH HATNPSKEHUS, JIEKHT
BHYTPH 3arpyXeHHO# IIONIALKH.

Yepes Touky O; NPOBOJATCS B3aHUMHO INePIEHAMKYJSIDHBIE JIHHHH
TaK, Kak 3TO MnokaszaHo Ha puc. 20,a. TeM caMbIM MPSIMOYTOJBHEK
ABCD pa30GvBaeTcs Ha dYeThiPe 4acTH. 3aTeM HAXOAWTCS Halpske-
HHEe, BO3HHKawmee B Touke () OT aefcTBMA Harpy3KH, paBHOMEDHO
pacnpelejeHHOR MO IJIOWAAM KaXKAOH H3 YNOMSHYTBIX uactell. Ilpu
39TOM 3HaUeHHs HalpsKeHwd Oepyrcs u3 rtaba. 5. TlpocymMupoBas
[OJydeHHble 3HaYeHHS, [IOJyYaloT BEJHYHHY HarnpsiKeHHH OT jel-
CTBHS BCEX UYEThIPEX BbIJIGJIEHHBIX MPAMOYTOJbHUKOB

Q1 = -pf’— [o- (0,EBG) 4 5, (0,GCF) +5,(0,FDK) 45, (0,KAE)],

rae p— AeficTBylollee JaBJjeHHe, DAaBHOMEDHO pacnpejiefieHHoe 10
rHOKOH TJIOWAjAKe; O, — HanpsXeHHe OT AeHCTBHS KaxKAOTO H3 Ips-
MOYTOJIbHHKOB IIPH JaBjeHuH po, paBuom 0,1 MIla (cM. Taba. 5).

2. Touka Q,, B KoTopoii TpeGyercs HaNTH HaNpSKeHH:, JEXKHAT
Ha JIHHUH KOHTypa 3aTPyKeHHO IJIOLLaAKH.
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Yepes Ttouky O, NPOBOIUTCSA JHHHS, IapajiejbHasi CTOPOHAM
naomaakyd (cm. puec. 20,6). O6uias BejHYHHA HANPSKEHHH paBHA
CyMMe HanpsiKeHHH, BO3HMKAIOUINX OT JaBJIEHHS, KOTOPOe pPaBHOMep-
HO paclipefeneno mno npsMoyronbuukam O,BCE u O,EDA:

o0t = iL [s, (0,BCE) o, (0,EDA)].
o

3. Touka Oz, B KOTOpO# Tpe6yeTcst HaHTH HANPSIKEHHS, JIEKHT
Ha 11POJOJKEHHH JIMHHH KOHTYpa (QyHAaMeHTa.

[Inomaabs 3arpyxeHHOfl IJIOMAAKH VYBeJHYHBAIOT TaK, 4TOOH
touka O3 oOKaszajack B BepIUHHE TOCTPOEHHOTO IIPAMOYTOJbHHKA
(cm. puc. 20,8). HampsizkeHHsI B 3TOH TOUKe BBIUHCHSIOTCS KaK pas-
HOCTb MexK/y HalpsKeHHsMH, BO3HHKAIOWIUMH OT IPSIMOYTOJbHHKA
O3BCE wu or ero nesarpyxeunodl yactu O3;ADE, T. e.

50 = -2 [, (0,BCE) — s, (0,ADE)].
- Do

4, Touka Oy B KOTOpO# TpebyeTcss HAHTH HANPSKEHHS, JEKUT
BHC 3arpyesHOfl NJIOIIAAKH HAIlpOTHB OJAHOH H3 ee CTOpPOH.

KoHTyp 3arpyXKenHO!l NJOWAAKH AOCTPAHMBAIOT TakuM 006paszowM,
4ToOb TOuKa Oy TNONasa Ha OJAHY M3 CTOPOH IOCTPOEHHOTrO TNPAMO-
YTONBbHHKA, a 3aTeM 4epe3 Hee IlapaJsiiesibHO COOTBETCTBYIOLIMM CTO-
pOHaM 3TOTO NPIMOYFOJbHHKA NpoBOAAT JauHHIe O,F (cum. puc. 20.e).
Tem cambiM Touka O, craHosuTcs yriaoBofi Toukoi. Hanpsixkenue B
Heil paBHO CyMMe HaNpsIKEeHHH, MOJyyaeMblX BCJICACTBHE 3aTpyXKeHHS
miaowagox O,EBK un O,EAF. Opuako MOCKOMbKY K MJIOAAKAM
0,GCK n O,GDF narpyska He NPHJOKeHA, TO U3 YNOMSHYTOH CyM-
Mbl cJe[lyeT BbIUeCTb HAIPSIXKEHHS, KOTOpble IIOJy4eHbl 32 CueT ILJIO-
wanok O,GCK u O,GDF. Torna ofuiee HalpsDKeHHe COCTABHT

o0 = ;’3_ [o, (0,EBK) + 5, (0,EAF) — g, (0,GCK) — o, (0,GDF)].

0

5. Touka Os, B kKOTOpO#l TpeOyeTcsl HA#TH HANMPSAKEHHS, JIEXKHT
BHe NJIOHIA/KH HAIPOTHB OJAHOIrO H3 ee YIJIOB.

ITpoBoast cooTBeTcTByOWIMe mocTpoeHus (cm. puc. 20,0) w pac-
CyXJas aHaJOTHYHO TOMY, KaK 3TO CJeJaHO paHee, NMOJy4HM BbIpa-
KeHHe 1Js NoJAcyeTa Hanpskenus B Touke Us

’ )

s = ﬁ—]cz (0,KBE)— s, (0,K AF)— s, (0,HCE) -0, (O,HDF)|.

[¢]

Bennunna o.(OsHDF) Gepercst cO 3HaKoM maioc, Tak Kak INps-

moyroabuuk OsHDF Bxoaut B npsmoyroabuikn OsKAF u OsHCE.

§ 3. PACYET HANPSI)XKEKHHA B OCHOBAHHH COOPY)XEHHH
fIPU PELUEHUH NJIOCKOHN 3ANAYH

JleficTBHe NaBJCHHR, pacnpeiejeHHOTo Mo OeCKOHe4YHOH IIpsAMOM.
Hasa ompegejieHusi HaNpsKeHWH B OCHOBAHHMM JIEHTOYHBIX (yHAaMeH-
TOB, MJIHT GOJBWION TNPOTSKEHHOCTH, 3€MJSIHBIX COOpYKeHHH (Hachl-
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Puc. 21. CxeMa aasi pacuera Hanpsixe-
HH# OT JeficTBHS HArPysKH, paBHOMEp-

&/ HO pacnpeieseHHON 10 GecKOHEUHOH
Dx p IpAMO#
0 ¥
W
A Puc. 22. CxeMH pns pacyera Hampsi-
XKeHHH OT JeHcTBHS Harpy3kH, pac-
npeaesensoll mo rubkoit noJjoce:
Gy @ — npH [OpOH3BOJLHOM XapaKTepe pacipe-
sz AeneHusl Harpysku; 6 — npW ZeficTBHH TIOC-
TOAHHON Harpy3k# B NpejenaX IMHPHEBI MHo-
_/‘1 dy JTOChl
gz bz
a [ 5
a | g !
Py -]
] EEERRRNRRN N
2o v i R 7 4
il P Pz P
Rdﬁ’/ ag
&z
iZ
Tyz v
Sy J i
Z 2z

nef, nam0, NJOTHH) HCHOJb3yercsl 3ajada O pacnpefedeHHH Hamps-
XKeHHH 0T BHemHeH BePTHKAJbHOH Harpy3kH, paBHOMEPHO pacllpe-
JeseHHoil 1o OeckKOHeuHOH Npsamofi. dra 3afaua Gnaa petena Pna-
mangom B 1892 r. Heckoabko nosxke (B 1933 r.) H. M. TepceBanos
pellima ee AJS CHJOWHOH OJHOPOAHOH H JHHeHHO-RedopMHpPyeEMOil
Cpenwt, paccMaTpHBas HArpysky, pacmnpelesieHHyo 1o 6GecKOHeYHOH
NpsAMOfi B BHAe CYMMBI COCPemOTOUYEeHHBIX CuJ/J. Mcmosib3oBaB 3amauy
byccunecka u pemnB cucremy aucdepeHUHAIbHBIX YpaBHEHHH pas-
HOBeCHSl IJisi mJoCKofl 3ajaym (97) metonoM xapakTepHctuk Koun
¢ ompejeseHHeM (YHKUHH HanpskeHWH HO 3aJaHHBIM CPAHHYHBIM
YCIOBHSIM, OH NOJIYUMJT BHIP QXKeHHS LA O, Oy H Toy.

3aBuCUMOCTH 1Js cocTaBjasifomux nanpsxkenuii no H. M. Tep-
ceBaHOBY (pHc. 21) MOMKHO NpeACTABHTbL B BHAE

— 2Px cos'B. (146)
T R’
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2p, sin?PcosP |
VST R

2p, sinpcos?f
W= TR

[ToncraBug B ypaBHeHus (146)— (148)

 sin f=y/R, noayuum

_ 2 2
2 . Rt y
o = 2Px 42
Yy x RS ’

20, y2*
Toy = —————.
T R4

[ockombky R =V y* +2%, 10

2px 22 2py 2

o, = =

o ® (2+22)2 7 =

BBenem o6Gosznauenye

K= &
§ 2
T (1 -+ ;)
TOraa BEIpaxkeHue (152) npamer BUA
Oz ) Km _&"_.
Z

(147)

(148)

3HadeHus cos f=z/r

(149)

(150)

(151)

(154)

3navenus Kn, TaGy/JupoBaHbl B 3aBHCHMOCTH OT BEJHYHHBI y/2

# npuBefeHbl B TalbJl. 6.

Ta6nuua 6

i

ylz Koa vz L y/z Kin
0,0 0,638 0,9 0,191 1,8 0,036
0,1 0,630 1,0 0,151 1,9 0,031
0.2 0,590 . 0,129 20 0,027
0,3 0,532 1,2 0,105 2,5 0,011
0,4 0,470 1,3 0,088 3,0 0,006
0,5 0,402 1,4 0,069 40 0,002
0,6 0,340 1.5 0,060 5,0 0,0007
0.7 0,285 1.6 0,050

0,8 0,236 1,7 0,042
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Anasoruuso

Oy == Krm 2’;" yz; (155)
=Kty (156)

22

B ornnune oT 0O6beMHOH 3alaud TOPH3OHTAJIbHAS COCTABJISIOLAS
HaNpsiKeHHH 0y B DACCMOTPEHHOM cJiydae He 3aBHCHT OT KO3 dHUH-
euta Ilyaccona m ompejensiercs TObKO HHTEHCHBHOCTBIO Harpy3KH
Px,» DABHOMEPHO pacnpejesJeHHOd O npsMoOH, ¥ KOOpAHHATAMH TOY-
KH, B KOTOpOH paccuuThiBaeTcsl HanpsixkeHune. Kpome TOro, BepTu-
KaJibHasl COCTaBJsIOUlas HanpsiXKeHHss B IHJOCKOH 3ajaue YOHBaer
no raybuHe MeAJeHHEe, 4eM B OODBEMHOH. IJTO OODBACHSETCS BJHS-
HHeM MNeHCTBHs BHEWIHHX CHJ, PacloJIoXeHHHX Nmo ofe CTOPOHB OT
BEPTHKAJH, B KOTOpPOH HAXOAHTCS paccMaTpuBaeMast TOUKA, Ha Be-
JHYHHY HalpsikKeHHsA B HocjaenHed.

JeitcTBHe NaBaEHHA, pDABHOMEpPHO pACHPELENEHHOTO To TuOKOMYy
JeHTouHomYy dynaamenty. PelleHne JaHHOH 3aJ44Y# PacCMOTPHUM AJS
(yHnaMeHTOB, NOCTABJEHHbIX HA J[HEBHOH INOBEPXHOCTM T[OPHOH TO-
poabl, 6€3 yueTa BJHsHUS 3arayOJeHus (yHgaMeHTa Ha pacnpefe-
JeHHE HanpsXKeHHH B OCHOBAHHMH CoopyXeHui. Ecsan BHelHss Ha-
Irpy3Ka nepejgaercss depe3 THOKWH ¢yHmaMmeHT, TO NOAOIIBA ¢yHIa-
MeHTa JOJKHA CBOGOMHO cJenoBaTh AdedopmauusMm ocHopaHusi, Cue-
IoBaTeabHO, THOKHe (GyHaaMeHThl paboTaiT COBMECTHO ¢ YIJIOTHSIO-
mEMCs OCHOBaHHEM M B TaKOM cJydae CXKHMaillde HanpsiKeHHA
Ha HOBEpPXHOCTH TOPHHIX NOPOJA B TOYKAX HeENOCpPeACTBEHHOTO NpH-
JIOXKEHWs HArpy3ku OyAyT Bcerja paBHBl HHTCHCHBHOCTH 3TOH Ha-
TPY3KH.

Pacuyer HanpsiXXeHHA TOA 3eMJSHBIMH COOpYXKeHHSMH Ha necya-
HO-TJIHHMCTOM OCHOBaHMH CJielyeT BeCTH TakK . ke, KakK H JJs THO-
KUX (PyHIaMeHTOB.

A5 HAXOXACHHUS COCTABJSIOMINX HaNpsiXKeHHA OT Harpyskh, pas-
HOMEPHO pacnpenesieHHOW Mo THOKOH noJjoce WHPHHOH b, HCOOJb-
3yeTcsi pewiende, noaydeHHoe H. M. [epceBaHOBHIM [/ Harpysk,
paBHOMepPHO pacnpejeJeHHON N0 OeCKOHeYHOH INPsMOH.

Ilycts Harpy3ka HHTEHCHBHOCTBIO p, IPOHM3BOJIBHO pacmpeieJe-
Ha 0o IIHpHHEe moJockl (puc. 22,a). Paspgenum mnoJsocy Ha OecKo-
HewHO y3Kue ydyacTkw wupwHo#l dy. Torma Harpyska, NpHXOAAINAsCs
Ha TaKO Y4acTOK, COCTaBHT

dpx=pydy. (157)

Kaxayio H3 6eCKOHEUHO Y3KHX 3arpyXeHHHBIX MOJOCOK ¢yHAa-
MeHTa MOXKHO OTOXIECTBUTL ¢ Harpy3koi, pacnpeaencHsofl no Oec-
KOHEUHOH NpsMOMn.

Tak kak wupuHa 6eCKOHEYHO Y3KOro y4acTka

y =% (158)

cosPp ’
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TO

dp, = p, = (159)

cosB’

[ogcraBus nonyueHHoe 3HaueHHe dp. B ¢opmyny (146), noayuum
BhIpakeHHe [J HOPMaJbHBIX COCTABJASIIOIIHX HalpsKeHWH, BO3HH-
KaloWH#X OT HarpyskH, paBHOMEDHO paclpeleseHHOH o OecKOHeYHO
y3KO# nogoce:

2dp, 0s*P_ 2p,RAP cossp__ 20y

do, = =——cos® id;. (160)

z n R ncos B R

Urobm Ha¥iTH BeJHMYHHY HOPMAJbHON cOCTaBASWILel HanpsKeHHH
OT nelicTBHSI HArpy3ku, pacnpefeJeHHOH NO IHpUHe Bcefl NOJOCH,
Hajl0 OPOCYMMHpPOBaTb 3HaueHHsi do, AJg BceX BhIJeJeHHHX OecKO-
HeyHo Y3KHX MNOJOCOK HJH INPOHHTErpHpoBaTh BHipaxeHHe (160) B
nperesax NOJOCH 3arpyxeuud ot Pr A0 Po:

Bt

5, = ij’ p, cos® g, (161)
F 2

Ananoruyto
2

o, =—§py sin® Bdp; (162}
= %,

2
%y =— | P, sin peos Bap. (163)

w

2

Ecnu B npefenax 3arpy:KeHusd [OeHcTBYeT NOCTOSSHHAsi HArpy3Ka
ny=p=const (cM. pHc. 22,6), TO B pe3yibTaTe HHTErPUPOBAHHS TNO-
JY49HM

oz=%[;3,+f78in2?,—(i?»z)——;—sin(i Qﬁz)]; (164)
oy = L[ By — g sin 2y — (£ ) - sin (£ 26)]; (165)
Tzy = _2% (COS 2@2 —COs 2}31) (166)

g Todek, JeXallMX BHe MOJOCH 3arpyXeHHd, Yroj B NpHHH-
Maercs MOJOXHTEJNbHBIM, a AJd TOUeK, pacloJOKEeHHHX BHYTPH 3To¥
f10J10CH, — OTPHLATEJIbHEIM,

Ecsu Bupasute m uepes y/b v n uepe3 z/b, To B NPIAMOYTOJb-
HOM cHCTeMe KOODAHHAT Bhipaxenus (164)—(166) moryr OhITh nmpen-
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TabGauma 7

CTHOCHTeJIBHOR ropHu3oH TaJibHOe paccTosiHue
O -
oo 0,00 0,25 0,50 0,50 1,00 1,50
rJay6una n o - < o T - o B s g T s T
z v 2y °z v 2y z v 2y z v 2y %2 y T2y
0,00 0,100 0,100 0,000 0,100 0,100 0,000 0,050 0,050 0,032 0,000 0,000 0,000 0,000 0,000 0,000
0,95 0,096 0,045 0,000 0,090 0,039 0,013 0,050 0,035 0,032 0,002 0,017 0,005 0,000 0,007 0,001
0,50 0,082 0,018 0,000 0,074 0,019 0,016 0,048 0,023 0,026 0,008 0,021 0,013 0,002 0,004 0,000
0,75 0,067 0,008 0,000 0,061 0,010 0,013 0,045 0,014 0,020 0,015 0,022 0,016 0,004 0,007 0,002
1,00 0,055 0,004 0,000 0,051 0,005 0,010 0,041 0,009 0,016 0,019 0,015 0,016 0,007 0,014 0,010
1,50 0,040 0, 001 0,000 0,038 0,002 0,006 0,033 0,004 0,010 0,021 0,008 0.013 0,011 0,010 0,010
2,00 0,031 — 0,000 0,031 — 0,083 0,028 0,002 0,006 0,020 0,005 0,010 0,014 0,007 0,010
3,00 0,021 — 0,000 0,021 — 0,002 0,020 0,001 0,003 0,017 0,002 0,006 0,013 0,003 0,007
4,00 0,016 — 0,000 0,016 — 0,001 0,015 — 0,002 0,004 0,001 0,003 0,012 0,002 0,005
5,00 0,013 — 0,000 0,013 — — 0,012 — — 0,012 — — 0,011 —_ _
6,00 0,011 — 0,000 0,010 — _ 0,010 — — 0,010 — — 0,010 — —
CTaBJieHbl B BHe z u___—w g
. = m=0,56 Yy P m=108 iy viiv” J
, . (m—n—) ==
| . \ . —
Oz = —7:— al’C‘Lg I , (167) n=0,56 — Z ] ﬂ:ﬂ’ﬁﬁ G'Z:ﬂ, 42/7
m2+fl2_‘T (mz—nZ “T) + 4m?n? — H 062
7 ] n(mz_nz,ﬂ 4 g a Ty
oy = | aretg —+ ] aes) = : [
m2 - n2 —— <m2—n2———4'> —+4m2n? H
p 2mn? G 8
Ty = — , (169) 28 g - 28 0,31p 03Ipy 0200
t_pt— ) Ldmnt T T
(m n y ) —+4m2n g
I'ne m — OTHOCHTEJbHOe I‘OpI/I3OHTaJIbH06 paCCTOHHHe, a n— OTHOCHU- Z z

TeJbHas raAybHHa.

W3 Bmpaxenuit (167)—(169) cJuemyer, uTO COCTaBJAMIIHE Ha-
NpsKeHH! B IUIOCKOH 3ajade He 3aBHCAT OT XaPaKTEPHCTHK CpPenHl.
Ouy npsiMo NpONOPUHOHAAbHBE BelWuMHe BHellHeldl HArpy3kyu W ompe-
NeJFITCs NOJOXKEHHeM TOYKH B TOpPOje, 3ajaHHBIM OTHOCHTEJbHBI-
MH KoopaMHaTaMu m W n. B taba. 7 npuBeneHb! 3HaueHHS Hamnps-
KEHHHl 0., 6y H Oy (B MIla) or neficTBHa paBHOMEDPHO pachpeje-
JeHHoro JasJjeunusi, paBHoro 0,1 MIla B ToykaX, pacnoONOXKeHHBIX
BHYTPU 11 BHE NOJIOCHI 3arpyKeHHs.

[as ompenesnenvs HanlpseKeHHH OT geHCTBUS BHEIUNHEro 1aBJIEHUS,
oranuarmwerocas or 0,1 MIla, HeoOxonumo TabGauUHBE 31aueHHd Ha-
NpAXKeHHH A 3aJaHHHX KOOPAMHAT YMHOXHTb Ha BEJHUHNY, I0O-
Ka3blBalOlIYIO, BO CKOJLKO pa3 jAaHHOe AaBjeHue Oojbllie HAH MEHb-
we 0,1 MIla.

OnIopel  pacnpeneseHHss HOPMAJbHHX COCTaBJAKIHX Hanpdxe-
HHE o, 0O BepTUKaabHBIM  (pHC. 23,@) ¥ TOPU3OHTAIbLHBIM (CM.
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Puc. 23. dmoppl HanpsixeHHd O

HOMY (YHLAMEHTY

N0 BepPTHKaJbHHM (a) H TOPU3OHTaJbHHM (6) ce-
YeHUAM TpH NeHCTBHH HArPY3KH, DABHOMEPHO pachpefe/ieHHoH Mo THOKOMY JeHTO4~

a 8
-26-6 [loe 28
o3 mur d v L
oINS
Yo' iN1® 26 -8 7 I Z) -1566 [TA}|P 6 /58
03 28 7 13
36 /// ’:Z}’ "312 az
7T A == AN N |
48 /ﬂ,lp\ V \l
C a1 | oip
V1€ a7 :
Ue A se ~"
z z z

Puc. 24. Usobapu manpsixeuui 0:(a), oy (6) H T,y (6) OT AeHCTBHA Harpyskd,
paBHOMepHO pacmpehenichHOll no THOKOMY AenTounoMy QysIaMenty
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Ta6anua 8

OtHocuTensumit paaMep dhynZameuta [ /b

OtHoCHUTEbHASA
rayGuna s 1,0 3,0 5,0 10,0 20,0 ©
0,25 0,0956 0,0956 0,0957 0,0959 0,0960 0, 0960
0,50 0,0701 0,0814 0,0818 0,0819 0,0820 0, 0820
1,00 0,0336 0,0626 0,0545 0,0548 0,0550 0,0550
2,00 0,0108 0,0241 0, 0285 0,0303 0,0308 0,0310
5,0 0,0019 0, 0053 0, 0080 0,0108 0,0125 0,0130

puc. 23,6) ceueHusAM IIOKa3bBalOT, 4TO MaKCHMaJbHble CXKHMAIOIHE
HanpsykeHusd ACHCTBYIOT II0 OCH CHMMETPHUH IIOJOCOBOH Harpy3KH H
YMeHBbIIAITCA KakK ¢ TJYOHHOH, TaK M C yBeJHYeHHeM pacCTOSHHA OT
0OCH CHMMETPHH, KOTOpOH aBJAeTCH OChb 2.

Pacnpegesnenue cOCTaBAAOUINX HANPAKEHHH G, Oy H T,y B OCHO-
BAaHUH TOJ THOKHM JeHTOUHBIM (YHZAMEHTOM XapaKTepH3yeTcs H30-
Bapamu wanpsikenuit (puc. 24). Hanpskenuss o, O4yeHb MeAJeHHO
yO6bIBalOT ¢ ray0HHOA u AOBOJBHO OBICTPO B CTOPOHH (CM. pHC. 24,a).
CocraBasionine HampseKeHHs 0, pe3ko yOHBawT 1o rayfune W 3Ha-
4HTeJbHO MelJIeHHee B CTOPOHHI OT ocH Z (cM. puc. 24,6). Kacarens-
Hble HalpsKeHUs] KOHUEHTPHpYITcs moj Kpasmu ¢yHmameHToB. I[log
OeHCTBHEM HaNpsKeHHH T, NPOUCXONHT BHJaBJHBaHHe NOPOIBI H3-
nox ¢yumamenToB (cm. pHC. 24.8).

Ogepranus H306ap HanpsXKeHHNH NO3BOJAKT CYyAMTh O pasMepax
30H BJHSIHHA COOPDYXKEHHs HHKe ero NOAOWIBH B Ipejesax OJIOCH
3arpy»eHHsl H B CTOPOHBI OT Hee.

ITockonbKy B 30He LEHTpaJbHOR BepTHKaJH KacaTeJbHHe Hampd-
JKeHHST OTCYTCTBYIOT, TO TOPH3OHTAaJIbHbIE W BepTHKAaJjbHbIe MJIONLAAKH,
Ha KOTOpHIX ACHCTBYIOT TONBLKO HaNpskKeHUA O, H Oy, OyAYyT ABJIATL
¢d IJ1aBHBIMH H 0,==0|, 0y=—0g.

Kag yxe ykasnBaJOch paHee, NJOCKasi 3ajadya paclpesieseHus
HaOpsKeHHH pellaercs B TOM cJydae, KOrAa OTHOlIeHHe [JIHMHH 3a-

)
Cf6 26 a8 48

47 )TN
0.1
NI,
309
+0.02 7 ‘ l
|
0,01 /
Puc. 25. Mzob6apu HnanpsKeHHH o,
npH JeHCTBUH HAarpyskKH, paBHOMEp-
106 I 0005, i HO pacnpeieleHHoll no ruOKoMy
\\0'05” JEeHTOYHOMY (@) H  KBaApaTHOMY
{ (6) dyunamenram (no J1. Jleounapa-
126 _ i cy)



rpyKeHHOH nuollanku [ K ee wHpHHe [/b>>3. IlefcTBUTENbHO, NPH
BO3pacTaHuH BeJHYHHB [/b BoJiee TpeX pa3HOCTh B HaNPSIKEHHAX
cocraBnsier meHee 20 %. B rtaba. 8 npuBeieHbl BeJUYHHH HANps-
XKeHHH o, (B MIla) mad pasnuyHHX pa3MepOB QYyHIaMeHTa NDH jgaB-
jgeunn 0,1 MIla (ueHTpasibHas BepTHKAJb).

Pacnpepenenne HanpsXkeHHH noa (yHpaMeHTaMH NpH m<Z3 cy-
HIECTBEHHO OTJHYaeTcsi OT paclipefesieHHs HanpsKeHUH B NJIOCKOH
sajgaye. M3 rabn. 8 caenyer, 4ro HanpsKeHHA NOJA KBajgpaTHHIM
(yHaaMeHTOM 3aTyXawT MO IMyOuHe 3HAYHTEJbHO GOjee HHTEHCHBHO,
YyeM NOJ JIEHTOYHBM. DTO NOJNOXKEHHE HMeeT NPAKTHYeCKOe 3HayeHHe
npH obocHOBaHHH TIJyOHHbI pPasBeJOUYHLIX BHIPABOTOK B  IIponecce
HHXKEHePHO-TeOJIOTHYECKUX HCcJef0BaHHi, HasHaueHH#t 00beMOB pa-
for. COOTHOLIEHHe Pa3MepOB BO3MOXKHBIX 30H OCHOBaHHH COOPYXKe-
HHH TIOJ KBajApaTHBIM W JEHTOYHHIM ¢yHHaMeHTaMH MOXeT OBTb
onpexeneHo ¢ nomowpio puc. 25. Ha orHocHTesbHO! TiyBuHE, OpH-
MepHO paBuo@t 7,0, HaOpPSAKEHHA ¢, NOA KBaAParHHM (yHIaMeHTOM
npubansurenbuo 8 10 pas MeHbllle, YeM NOJ JeHTOUHBIM.

§ 4. YYET BJAHUAHNSA )XECTKOCTH ®dYHIAMEHTA NPHA PACUETE
HATIPSOKEHURA

Ecan ¢yniament coopyxkenus obJafaer KeCcTKOCTbiO, HpPeBOCXOAS-
el XKECTKOCTh NOPOA OCHOBaHHSA, TO TAaKOH (PYHAAMEHT MOXKHO CUH-
TaTh OTHOCHTEJbHO HeAeOPMHPYIOIIHMCA NO CPaBHEHHIO C TNOPOAOil.
M. U. Topbynos-IlocanoB nNpeasioXKHJI OUEHHBATL CPaBHHUTENBHYIO
xKecTKocTh QpyHzamenta (') creayouM BhipaKeHHEM:

— “Eob(l—'llz)lla% 10__EL L3

, (170)
4E(1 — pp2) ] E By

rae Eo, po— Moayab pedopManud H KosgpdHUHeHT NONepeyHoro pac-
IIHPeHHd NOPOAH OCHOBaHHA; E, p— MOgyab ynpyroctu # Kosdou-
nuenr Ilyaccoma Marepuaja (yHpamesra; [y — noaygnusa ¢yHaa-
MeHTa; h;— Bhicora (TOMIHHA) (yHmpaMeHTa; [ — MOMEHT HHEPIHH
CeYeHHs TOJOCH, paBHbii bA3/12.

ITpu T'<<l ¢yngaMeHT MOXKeT CUHTAThCsi aBCOJIOTHO KECTKHM,
npu 1<<I'<C10 nosoca paccyuThiBaeTcsl Kak HMeION[ast KOHEYHYIO XKeCT-
KOCTb.

KoneTpyKkiua XecTkHX (yHIaMEHTOB NpEeANOJaraer, YTo NOCJHe[-
Hue paboTalT TOJbKO Ha cxkartve. [Ipy 3TOM NOBEPXHOCTH TOPOMHI

a | o cap

(i o w‘ f

—r — 1 =2 7

0 J_h- g 0‘{‘ y
S=ron

Puc. 26. CxeMbl mnepeMelleHHs KeCT- st ¥
KOro JIeHTouHoro ¢yHaaMeHTa [pH
JEHCTBHH HAarpy3oK, [PHJOXEHHBIX B . P

LEHTpe (a), H C 3KCUEeHTpHcHTeToM (6)
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npu pedopmalui noi GYyHAAMEHTOM MOMXKET ObIThb TOJLKO IJIOCKOH.
JKeCTKOCTh (QyHAAMeHTa ONpeAesasieT Xapakrep nmepepacnpefeselus
HANpsKeHHH N0 ero mojgolIBe M B CJIOe TOPHON MOPOABI, NMPUMBIKAIO-
med K Hed.

Ecau Ha XecTKHH GYyHAamMeHT 1efiCTBYeT BepTHKalbHas Harpys-
Kd, MPUJIOXKEHHAsI 1O UEHTPY, TO BepPTHKANbHLE MNEPEMENIeHHS BCEX
TOUEK NOPOAH B KOHTAKTHOH IJOCKOCTH ¢ (YHIAMEHTOM AOJXKHBI
BuITh paBHB Mexay coboit (puc. 26,a).

B cayuae HArpy3ku C 3KCUEHTPHCHTETOM BEPTHKAJbHBE MepeMe-

[IeHHsI HemOCPEeACTBEHHO NoJ NOAOWBOH (QyHzameHTa (cM. puc. 26,6)
COCTaBAT

w(2)=Ay+B, (171)
rie A u B-—napaMerpH, 3aBHCAmHE OT XapaKTepa HPHAOXKeHHd Ha-
TPY3KH.

JonycTHs, 4To TpeHue MeXAY MOAOIUIBOH COOpYXKeHHs W TOpOoAoi
OTCYTCTBYET, PacCMaTpHUBAEMYIO0 33734y CBOAMM K PeEIIeHHI0 NJIOCKOM
3ajady TeOpUM YNPYTOCTH CO CMEUIAHHBIMH TPAHHYHLIMH YCJIOBHSIME:

1) B nmpenenax noJochl 3arPykeHHs HA KOHTAKTe «(hyHAAMeHTHAs
NJUTa — nopoga», T. €. npu —b/2=y<{+b/2 u z=0, BepTUKaNbLHbIE
nepemMelleHUs OnpenessiOTcss BupaxeHneMm (171);

2) BHe NOJOCH 3arpy:eHHs Ha NOBEPXHOCTH NOPOAH, T. €. IpH
y<<—b/2, y>+b/2 u z=0, BepruKaJbHble NepeMeIleHHs paBHH
HYJIIO.

M3 pacuera GanouHbix naut (6ajJOK) KOHEYHOH KEeCTKOCTH M JJIH-
HIBl, PaclOJNIOXKEHHBIX Ha JHUHEHHO-IedOPMHUPYEMOM OCHOBAHHUH, d TakK-
Ke U3 TeOpHM YNPYTrOCTH M3BECTHO, YTO BEJHUYMHA [EPEeMEeUleHHs B
npefedax NOJOCH 3aTpyXKeHHss MOXKeT OHTb onpejeseHa H3 cle-
AYWOLLETO YPaBHEHHS:

xol o

w(2) = Az + B—Q(I—”) j pyln(y— y)dy, (172)

2

rae py — QYHKUMS, ¢ NOMOUbID KOTOPOH ONpefessioTcss Hampsixe-
HHUSl B TOYKe, PAacCHOJNOXKEHHOH B KOHTAKTHOH IJIOCKOCTH H OTCTOS-
el OT OCH 2z Ha paccTosHdM y;. M3 unrerpanpHoro ypasuenus (172)
HAaXOmMTCs (YHKUMS pacnpeiesaeHdst Hanps:kenust p(y) Hemocpen-
CTBEHHO NOJ NOAOMIBOH GYHIaMeHTA.

Pemenue MHTErpasbHOTO ypaBHeHHs (172) npHUBOIMT K CAeAYIO-
I[eMy BHAY 3aBUCUMOCTH [AJIg OlpeleseHHsl Xxapakrepa pacnpeueneﬂm
HanpsiKEHUIl 10 KOHTAKTY KECTKOro (GYHAaMeHTa ¢ OCHOBaHueM *

P
2(1 —p2) Y

e
Ve

* K. E. Eropos pewms 3To uHTerpajbHoe ypaBHeHHe HAa OCHOBaKHH CBOACTB
noTeHuHana ABOMHOro cjosf H uurerpada IlyaccoHa.
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rae P — BenuuxHa BBelLIBeH paBHOAEHACTBYIOLLEH CHJHL.

ITo ycaoBHio paBHOBecHst HeoOXOAMMO, 4TOOH BHellHee XaBJeHHe
yPaBHOBELIHBAJOCh BHYTPEHHHMH YCHJIHSMH, BO3HHKAIOIHMH B MOpPO-
L& NpH NPHNOKEHHH K Helt cHaH P, T. e.

+

P= { pydy. (174)
b

2

K)IQ‘

BesmunHa mapamerpa A ompefienisieTcss U3 YCJOBHsS PaBeBcTBa MO-
MeHTOB M OTHOCHTENbHO OCH 2, BHeUHeH CuJnl P H BanpspkeHuH,
AeHACTBYIOMHX MO MOJOLIBe (yHAaMeHTA:

b b

+2— +2— P nE A
o1 —p
M=Pe= { gp@ay= |y = dy =
b b aly 5——
=3 -7
bz
- * 4 (175)
4(1—p3)
OTKyja
Ao 180w p,
nh2E

ITopcrasue suausenne A B (173), moayuum dopMmysny Aas ompe-
JlesleHdsl HanpsiKeHHH HemocpeJCTBEHHO NHOJ XKeCTKHM (yHIaMeH-
TOM

_r __p (176)

[TapamMeTrp B Ba pacmnpefeseHHe HaUpPSKEHHH He BJHSIET, H, CJe-
JOBATEJNBHO, MOXKHO CUHTATh €0 PaBHBIM HYJIO.

Ecid 3KCUEHTPHCHTET IPHUJIOXKEHHs Harpysk#H paBeH HYJ0, TO
¢opmyJia AJs pacuera HampsRKeHHH, moJydaemasi MOJCTAaHOBKON e=
=0 B dopmyay (176), npuMeT BHA

p, = P _ Bep

v . T #
e T &

rae pep=~P/b.

Ilpu BHewHe# cHJe, MPHJIOXKEHHOH B LEHTpe, HAmps:KeHHs pac-
fpejessiioTCs CHMMETPHYHO ocH 2 (pHC. 27,a).

(177)
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a 8 e=6/%

c>8/4
P \ P

) R 0 SO,
0| 056 y Nl %56 ¢

Y Z YA

Puc. 27. DmOpn HanpsiKeHHH TO KOHTAKTY XECTKOTO JIEHTOUHOro (yHZaMeHTa NpR
NeHCTBUY BePTHKANbHOW HATpY3KH, HpHJICKEHHOH B ueHTpe (@), ¢ 3KCUEHTPHCHTETOM
e=g[4 (6), ¢ 3KCUEHTPHCHTETOM e>8/4 (8):

1 — 2 — xpuBhle (! — TeopeTHyeckasi, 2 — HeHCTBHTeNALHANA)

Ecau skcuenTpucuter e=b/4, T0 mo Mepe TpUOIMKeHHS K Jie-

BOMY Kpaiw GyHAaMeHTa (y=-—b/2) Hanpsikeuus yObIBAIOT A0 HY/s
(cM. puc. 27,6), Tak Kak

lim p(y) = lim
b

b
2
—_— ) —-———)O,
F) b
Y=~ y—>—z— ]/bT -y 2 Y

Ecnu sxcnentpucurer e>b/4, To mon JeBHM KpaeM GyHZaMeHTa
HOJIXKHB BO3SHHKATb PacTATrHBalOllHe HaNDsXKeHHs, OAHAKO B JAeHcT-
BHTEJNbHOCTH 3TOr0 He MPOHCXOAHT, HOC (yHIaMeHT He NpPeACTAaB-
JSeT OJHOrO LeJIOro ¢ NIOPOAOH M MeXIYy HHMH B TaKOM caygae obpa-
3yercs medb (cM. pHc. 27,8).

Ecin B dopmyne (176) nasi onpeneseHuss HampspKeHHH NO KOH-
TaKTy NOJOXHTb y/b==0, 49TO COOTBETCTByeT TOYKe, Haxoasimiefics B
LEHTPAJNBHON 4acTH (pyHIZaAMeHTa, TO

2P P

CunepoBarenpHo, B cpedHell uacTd (YHAAMEHTOB, MNPH IPOYHX
PaBHHIX YCJOBHSX, BeJHYHHA HAmpsKeHHA ¢ JIOOHM 3KCUEHTDH-
CHTETOM MNPHJIOXKEHHON Harpyskd ocraercss nocrossHHoH. [lomcraBuB
y==b/2 B ypaBHenne (177), nmerxo ybBemuTbcs, 4TO 0NOJA KpasiMu
(yHIaMeHTa pacueTHble HANPSKEHUS HOCTHrawT OecKoHeYHO OBoab-
WIOH BeJUYMHLL. DTO He COOTBETCTBYET HeHCTBHTEIbHOCTH, TaK Kak
BeJIMIHHA HAMDSIKEHHI OTpaHHYeHa NPOYHOCTLIO NMOPOAB OCHOBAHHMS.
TIpn HeKOTOPOM e 3HAYEHHH HAYHHAETCH MJIaCTHUECKOoe TedeHHe IOo-
pPOAB, 9TC NPHBOAMT K CHHXEHHIO KOHUEHTpPaluH HaNpaxXKeHuil, H
3MI0pa pacnpeneseHHs MOcJAeIHHX HpHobGperaer celNooOpas3HbIil Xa-
pakrep (cM. puc. 27,a).
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HanpsaxeHnua B Ja1060H TOuKe OCHOBaHMS NOA MKECTKHM JIeHTOU-
HbIM (QYyHAAMEHTOM ONpPeNeNsIOTCs HCXOAsi M3 pelleHHH, NOJYYeHHBIX
/i KOHTAKTHHIX HampsKeHH#. 3HaHMe Xxapakrepa pacnpeieneHus
HanpsiKeHHs B TOJIIE NOPOJ NO KOHTAKTy (2=0) MO3BOJNSET HCMOJb-
30BaTh paHee NOJYYeHHbIE pelleHHs [Js HOJOCOBOH HArpy3kdH NpHU
NPOU3BOJLHOM XapakTepe pachpelesleHHs BHEIUHETO JaBJEHHA. [Ton-
craBuB B ypasHeHus (161)—(163) weipaxenne (176) u mpounre-
TPHPOBAB HMX, MOXKHO MOJYYHTb GODPMYJH AJs OHNPENENEeHHS COCTaB-
JAMHAX B J000H TOUKe OCHOBaHHS.

CocraBysiioniue HalpsKeHHH B TOYKax Ha UEHTPaJbHOH BepTH-
kanu (npd y==0) u npd BesJuunHe paBJeHus P onpeneisTcs M3
CAeAYIOWHX BHpaKeHHH:

<'-'z:i __I___+ __2_2—_ N (178)
i b2 b2 3
Ve e

o=t | — 1 2 1. (179)
T ‘/b_2+22 b2 . 3
i (5 +2)

o= Zez ) (180)

4 “m_bi:2‘3
<4+2)

Ananus cdopmya (178)-—(179) noxkaswiBaer, UTO HOpMaJlbHBIE CO-
CTaBJSIOLIME HANPSKEHUH O, H O, MO 1EeHTpaJbHOA BEPTHKaJH He
3aBHCAT OT 3KCUEHTPHCHTETa NpHJOKeHMs Harpysku e. M3 cpasmue-
HUSl pacHpelesieRdss HaNpSAXKeHHH NDH UeHTPaJpHO H 3KCLEHTPEHHO
NPUAOKEHHHNX HArpy3KaXx BHAHO, 4TO Haubojblle€e OTIHIHE 3aMETHO
TONBKO B 30HE, paBHO{ MOJyTOpHOH wMpHHe dyHAaMeHTa (pHc. 28).

a P
ELIE N LW % - Big & 128
/ \l,éf, J ‘“0; 3
/AR ,,"J,&f " // 0.5://\
3 0,'2/ j8 j o —
w o | [ q XT
L\t\ o M NG
Q/p‘[ }—55 —

Puc. 28. U306aps HanpsKeHWli 0, B OCHOBaHHH KecTKoro JEHTOYHOTO (QynnamenTa
GpH BCPTHMKAJbHOH Harpyske, IPHJIOXKEHHOR B mentpe (a), A CIKCUEHTPHCHTETOM ==

=g/4 (6)
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Ta6.auna 9

Orgochrensyas rayGuna n
OTROCHTENLROE
TOPH3OUTANDb-

Hoe paccroanye 0.0 0.5 1,0 1,5 2.0 3.0 4,0 5,0

0,100 | 0,082 | 0,055 | 0,040 | 0,031 | 0,021 | 0,016 | 0,013
0,0 0,064 | 0.068 | 0,051 | 0.038 | 0,030 | 0,021 | 0,016 | 0,013

0.050 | 0,048 | 0,041 | 0,033 | 0,028 | 0,020 | 0,015 | 0,012
0,5 o | 0,054 | 0,041 | 0,033 | 0,027 | 0,020 | 0,015 | 0,012
0,000 | 0,008 { 0,018 | 0,021 | 0,020 | 0,017 | 0,014 | 0,012
1.0 0,000 | 0,010 | 0,019 | 0,022 | 0,021 | 0,017 | 0,014 | 0,012

0,000 | 0,005 | 0,003 | 0,006 | 0,008 | 0,010 | 0,010 | 0,009
2,0 0,000 | 0,006 | 0,003 | 0,006 | 0,008 | 0.010 | 0,010 | 0,000

IIpuMedanune B yucaHTere nOpHseIeRH HanpuXKeHHA HOR ruOkuM GYHAAMEHTOM, B 3Ra-
MeHaTesie — GOL MKeCTKHM

B 1o e BpeMs NpH yYCJIOBHH 3KCUEHTPHCHTETA I[IPHJIOKEHHS BHEI-
Hed Harpy3sku KacaTeJbHble HanpsKeHHS BO3HHKAIOT 110 LEHTPAJb-
HOH BepTHKa/IXM H BeJHUYMHA HUX BO3PACTaeT IO Mepe YBeJHYEHHSH
3KCLEHTPUCHTETA.

B rta6a. 9, no gamemM K. E. EropoBa, npusefedbl BeJHYHUHB
HODMAJbHBIX CHKUMAWIUHX HanpsxKenu#l (B MIla) noxm XeCTKUM H
ru6kuMm ¢yHxaMmeHTamu npu aasienuu 0,1 Mlla. M3 cpasuenus atux
AaHHBIX cJjefyeT, YTO 3aMeTHas PasHHNA B BeJUYHHAX HanpPsKeHHH
nox THOKMM H KeCcTKHM (yHxamMeHraMHu HabJlogaercss MO UEHTPaJb-
HOH BepTHKaNH 10 TayOHHBI, PABHOH yXBOEHHOH HpuHEe (QyHIAMEH-
Ta. IJo Mepe ypajeHuss OT UeHTpa (GyHAAMEHTa pasJdyusi B HAIpPI-
JKeHHAX B OCHOBaHHUHM TI'HOKOIO H XeCTKOTO (YHIAMEHTOB OILYTHMbi
TOJBKO Ha HeGoabliux raybupax. Jasa y=>b/2 u y=—> pasHuua B
HallpsDKEeHUSIX Hcye3aeT Ha TJyOWHe, DaBHOH IIMpPHHe (GYHIAMEHTA.
Has y=2b HopMasbHble BeDTHKAJbHbE HaNDsiKEHHs B ONHUX H
TeX XKe TodKax rmojx rufKUM M KeCTKUM (yHNaMeHTaMH paBHBl IPYT
opyry.

§ 5. OCOBEHHOCTH PACHPEIAEJEHHUS HANPS)KEHHH C YYHETOM
COBCTBEHHOI'O BECA NOPOZ B OCHOBAHUH

Pellennss 3agay o pacnpejiefeHdH HanpsiZKeHHH B OCHOBaHHUHM CO-
OpyXKeHHH, npusefennvie B § 2—4, BLINOJHEHB NpH YCJAOBHH, UTO
rOpHbe MNOPOAB ABJIAITCA JUHEeHHO-nedOpPMHPYeMOH, OAHOPOAHOMH,
H30TPONHOH M HEBeCOMOH cpenoll, T. e. HalpsXKeHUs1 B TAKOH cpexe
BO3HHKAIOT TOJLKO NOJX JNEHACTBHEM BHEUIHETO [aBJeHHA OT COOPY-
*Keuust. Kpome rtoro, npemnonaraercs, 410 (GyHIaMeHTH COOPyKe-
HUH TOCTaBJdeHH HEeTOCPEICTBEHHO Ha JHEBHYH noeepxnocts. Ha
caMoM Jese (MyHIaMeHThl Ha3eMHbLIX COODYXKEHMH mpH YCJIOBHH HX
BO3BeJEHHS HA €CTeCTBEHHOM OCHOBAHHHM  BCerjga 3arayO6JeHhl.
O6ocroBanne BHOOpPa TAYGUHB 3aJM0XKEHHS (YHIAMEHTOB H, CJIENO-
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BaTeJNbHO, TJYOHHBI OTKPBITHS KOTJOBAaHOB, B KOTODHIX yCTpaHBa-
01Csl  QYHAAMEHTBI, NPOH3BOAHTCS C Y4YeTOM psxa OODBeKTHUBHLIX
nokKasaTeJjiefi, TIaBHBIMH H3 KOTODHIX SIBJSIOTCS cJeAyoinue: 1) riy-
Ouna nmpoMep3aHHs NOPOA B AAaHHOM paloHe; 2) moJoXKeHHE YDOBHS
TPYHTOBHIX BOX; 3) 3aJieraHue B pa3pe3e CJ0eB MNOPOX, NOCTATOUHO
OPOUHHX H MaJjio AedOopMUDYIOIUUXCS TNMOA HAeHCTBHEM HampskKeHHH,
BO3HHKAOIIUX OT COOPYXKeHHS; 4) KOHCTPYKTHBHHE OCOOEHHOCTH H
HasHaueHHe BO3BOZHUMOTO COODYXKeHHsl (3Ladue C NMOABAJOM HJIH Oe3
nojxsana).

Hus psama coopykeHHil rayGiiHa 3aJoXeHUs KOTJOBaHa MOXKeT
JOCTHTaTh HePBLIX HAECATKOB MeTPOB; OCOOeHHO TJiyOOKHe KOTJOBa-
Hbl OTPBIBAIOTCS] MOJ 3MaHHS THADPO-, TENJO- H aTOMHBIX 3JEKTDOCTaH-
HHfI, TAXKEJB X NPOMBIUJCHHBIX HEXOB. B sasucuMocTH oOT OTHOIIE-
Husl TAYOHHB 3ai0KeHHs ¢yHAaMeHTa hy K ero IIMPHHe b pasJH-
qalT ¢yHAaMeHTH Mmeakoro (he/b<<0,5), cpenuell riayburs (he/b=
=0,5+2), ray6okoro (he/b==2--4) u ouens ray6Gororo (hey/b>4)
sagoxenus [2, 8].

Ecan yuutneath HanpsixKeHHs COOCTBEHHOrO Beca INOPOA B OCHO-
BAHHH, TO OTPLITHe KOTJOBAHOB H COOTBETCTBEHHO CHATHE HAarpys3Ku
MOXKET CYyuieCcTBeHHO IOBJHATL Ha pacHpejpesjeHHe HauajJbHBIX Ha-
npsikeHult (coGCTBEHHOTO Beca), a TakXe BHI3BaTb M3MeHeHHe Ha-
OPSIKEHHOTO COCTOSIHHSI BCJEACTBHE BO3BOJHUMOTO coopyxkenus. Ilpn
3TOM CJejyeT PaccMOTDPeThb IBa OCHOBHBIX BapHaHTA.

Mlepesifi Bapumaunt. OTpeiTHe KOTJOBaHA H 3aMeHa Beca
BRIHYTOH H3 Hero mnopojabl BeCOM (yHAaMeHTa H COOPYKeHHs MNpo-
H3BOJATCA OLICTPO BO BPeMeHH. IIpH TakKoH 3aMeHe CUHTAeTCs, UTO
Ha YDOBHe JHa KOTJIOBaHAa COXDaHSIOTCS HampsKeHHs OT COOCTBEH-
HOTO Beca NMOPOXE, CYILECTBOBaBIIHE A0 HadaJia CTPOUTEJHLHBIX PaloT.

0,6=vyhs,
rie ¢ — MJIOTHOCTH MOPOJB, 3aJeramiield BbII€ OTMETKH [Ha KOT-
JoBaHa TAYOHHON Ag.

Ecan warpyska ot Beca COOpyxKeHHsi DaBHa Becy HODOJABI, BbI-
HYTOH M3 KOTJIOBaHa, TO HaNpsXKeHHOe COCTOsHHEe B OCHOBAHHH He
OyzeT oTauuarbest oT HepBoHadassHOro. JlioGoe H3MeHeHHe Hamps-
KEHHOTO COCTOSIHHS B OCHOBAHMM COOPYXKEeHHsI IIDU BO3BEAEHHH IO-
cJefHero BO3MOXKHO TOJLKO NPH YCIOBHH, YTO BEC COOPYXKeHHA 6oJb-
liie Beca H3BJedeHHOH M3 KoTJopana nopoas (puc. 29,a). B takom
ciaydae, uem Gojbllle BeJHUHMHA 3araylJeHHs KOTJAOBaHA, TeM MeHb-
Lle no BeJHUYUHe JONOJHHTeJbHble HANpsXKeHHs B OCHOBAHHH CO-
opyxeHus. Ilpu atoM BeJHUHHa HaNpsKeHHA OT COODYKeHHH ompe-

JeJseTcss C Y4eTOM HAarpy3KH pc, YMEHbUIEHHOH Ha BeJHUYHHY Yhg,
T. e.

or=[[ (pe—vhs); m; n].

Hanpsixkeruss Ha rJay6uHe OyAyT oOnpenenaTbcsd CYMMOH Hanps-
JKeHHH cOOCTBEHHOTO BeCa M COOPYIKeHHS.

Bropo#t sapuanT. OTpHTHe KOTJOBaHa M 3aMeHa Beca

BLIHYTOH M3 Hero NOpPOAH BecOM (yHIaMeHTa H COODYXKeHHf Ipo-
H3BOAATCS MedJeHHO. [IpH TakoM cmocoGe NMPOM3BOACTBA CTPOHTEJb-
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Puc. 29. Pacnpesenenue. HanpsxXeHuit B OCHOBAHHH COOPYMEHHH Npu GHCTPOH (a) n
MeAJIeHHOH (6) 3ameHe Beca NMOPOAH, BHIHYTOH W3 KOTJOBaild, BECOM COODYXKEHHA

Aniopsl HanpsKeHH: | — or COGCTBEHHOTO Beca nopon; 2 — or BeCa COOPYXKEHHSA; 3 — or orpA-
HaTeJbHOro JaBJeHHs '\(h%

HbiX paloT IMojx [AeHCTBHeM CYHIeCTBYIOIIHMX Ha YPOBHe JHA KOTJO-
BaHa W HHYeM He KOMIIEHCHDYEeMBIX HanpsiKen¥H, DaBHBIX yhg, 1po-
HCXOJHUT pa3ylJIoOTHEHHe NMOpOJ OCHOBaHHsA. Dro Pa3yIOTHeHHE MOXK-
HO IpEeACTaBHTb KaK «OTpPHUATeNJBbHYI0 OCajikKy», NPOHCXOAsillyd B
pesysibTaTe NPUJIOKEHHS KO JHY KOTJIOBaHa <«OTPHUATeJbHOH Ha-
rpy3ku» (cM. puc. 29,6), paBHOMepHO pacnpefeleHHOH 1o IoJoce.
Ulupura mOJMOCHI COOTBETCTByeT IUHpHHEe NpoeKTHpyeMoro QyHia-
MeHTa.

Pacuer pacnpejesiendss HanpsixenHuii or coOCTBEHHOro Beca IO-
ponsl o rayOuHe TNpPOU3BONSAT TaK Ke, KakK u A/ THOKOro dyuna-
MeHTa, K KOTODOMY IpDHJIOXKeHa OTpHLlarelibHasi Harpy3ka HHTEHCHB-
HOCTbI0 yhe. Takum oOpasoM, BejHUHHA HafipAXeHHA OT OTpH-
IaTeJbHOH Harpy3sku — yhy.

—1h —1h

Oz ¢=f(p (b’ m, I’L).

Hayasnouele nanpsixkenHsi oT coOcTBenHoro BeCa MNODOJEHL, Cyille-
CTBOBaBILHe A0 BCKPLITUSI KOTJOBaHa,

04 =vho+7y02,

rae Yo — IJIOTHOCTH NOPOAB Ha TJIyOHHe z oT OTMETKH JHA KOTJO-
BaHa, a KOHeYHble WJIH OCTaTOYHbIE —

g —1h
o f=0f—g, ¥

Ilpu TakoMm yCHOBHHM HanpsKeHHs Ha OTMETKE AHA KOTJOBaHA
cTaHoOBsiTcsi paBHBIMH HyJsio. CllefoBare/bHO, HalpPSKEHHs, BO3HH-
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KalIlHe OT COOPYKeHHs, AOJIKHBI DacCUHTHIBAThCS € yd4eTOM IOJ-
HOTO Beca NOCJeRHero: o,°=f(pc; m; n), a BeJHUHHA IOJHHX Ha-
npsiKeHui, KakK cyMMa, T. €. 6, = oz + &,

BTopoii BapuaHT OOGBIMHO BO3HHKaeT JUOO IPH OTPHITHH GOJIb-
WYX IO TMJIOMaAM M IJyOuHe KOTJIOBAHOB, KOTAa DaGoOTHl 1O €ro co-
OPYXKEHHI0O BeiyTcs B TeueHHe HECKOJbKHX JeT, Ju60o npu Hapylle-
HHHM TEXHOJIOTHH BeleHHsI paloT HyJaeBoro uukia. OcobeHHO cylle-
CTBEHHOe Pa3yIJIOTHEHHe NpeTepleBaloT IVIHHUCTbie nmopoabl. [lo paH-
HBIM HCC/lefOBaHUH, NpOBedeHHBIX B I'uxponpoekre, pasynioTHeHHE
NOPOA HUXKe AHA OJHOTO H3 KOTJIOB2HOB 3JaHHH THAPOJIEKTPOCTaH-
LHH, BO3BOJAMMON Ha TJIHHHCTHIX OTJIOXeHHAX, ObuIo 3adHKCHPOBAHO
Ha ray6ude 50 M. OOLIYHO yMeHbUieHHe HalpsiKeHHHi B OCHOBAHHH
IpH CHSATHH HarpyskH yhg CONPOBOXKIaeTcs He TOJbKO AedopMalHs-
MH, HO M H3MeHeHHeM CBONCTB NOpPOJ HUNKe J[Ha KOTJOBaHa — CHH-
XKeHHeM HX NPOYHOCTH, yBesHdeHHeM nedOpPMAalLHOHHON CHOCOGHOCTH,
ITO0 06CTOATENLCTBO HEOOGXOAHUMO YUHTHIBATh NPH IPOTHO3HPOBAHHH
OPOYHOCTH H YCTOHYHBOCTH OCHOBAHHHA COOPYIKEHHI.

§ 6. SKCNEPUMEHTAJIbHBIE HCCIENOBAHUS PACHPEREJIEHHA
HANPSH)KEHHW B OCHOBAHHWH COOPY)XEHHUN

Hccnenosanue npobaembl HaKTHYECKOro paclpefeseHdsi HalpskKeHHH
B OCHOBaHHH COOPYXeHHH MO CPaBHEHHIO C DacCUMTAHHBIMU IO Teo-
pHH yIpPYrocTH (JHHEHHO-TedOopMUPYeMOH cpeabl) ObuIo HauaTo elle
g Hayase XX B. Eme K. Htpownetizepom 8 1911 r. u Il. A. Munse-
BbIM B 1916 r. OblI0 MOKa3aHO, 4YTO CTPOTOE IPUMEHEHHE IOJOKEHHH
TEOPHH YINPYroCcTH MRJis 1eCYaHO-TVIMHUCTHIX INopoj BO3MOXKHO, Ha-
uuHag ¢ TJyOHHBE, THe [efCTBYIOUlMe HaNpsaxKeHUs OKa3uBalOTCH
MEeHbIIMMH, YeM NaBJeHHd, NDPH KOTOPBIX IPeOLOJieBaeTCsT CBA3HOCTh
JacTHI MOPOAH (CTPYKTYypHas npoddocts). Mccaenosauusamu ®. Ker-
jgepa u A. Weiigura ycTaHOBJeHO, 4TO HallpSgXeHHOe COCTOSIHHe Iiec-
YaHO-TJIMHHCTBIX IIOPOJ IOJA INTaMIOM HWJIH (YHIaMEHTOM MOMKeT
OLITh B CXeMATHYECKOM BHAE IpencTaBJeHO TaK, Kak H306paxkeHo
Ha puc. 30. Huxke 30HH HapyWeHHOTO COCTOSHHS mnopoxa Aedop-
MHpyeTcsl B COOTBETCTBHH C 3aKOHaMH TEODHH YIPYTOCTH.

[oayuenue peasbHOH KapTHHB paclpefesieHHs HaNpsKeHHH B
OCHOBAHHH WITAMIOB H QYHAAMEHTOB BO3MOXKHO TOJBKO IIpH HpOBe-
HeHUU CleluHaJbHBIX 3KCIePHMEeHTAJbHHX HCCIef0BaHHH.

BosbumindcTBo ONBITOB NPOBOAHJIOCh HAa NecdaHLIX MOpPOAax, 3Ha-
YHTEJbHO MEHBIIHH O0beM 3KCIepUMEeHTOB BBINOJHEH Ha TJIHHHCTBIX.
ITH HCCNegoBaHUS HAOT BO3MOXKHOCTL YCTaHOBHTb OTKJOHEHHS B
xapakTepe pacnpenesieHus HanpsXKeHHH OT TeopeTHYeCKH NOJY4eH-
HOTO 1O pellleHHI0 JHHeHHO-med@OpMHUPYeMOH cpennl, YTO, B CBOIO Oue-
peab, NMO330JseT BHOCHTb IONDPABKH B CYIIECTBYOIIHE MeTORH Dac-
yeTa OCHOBaHHH.

[Tox weGoabluuMu B NJlaHe INTaMIaMH H IpH OTCYyTcTBUH GOKO-
BO#l MpUrpy3Ku (3ariyGyieHusl) pasBHTHE NJaCTHUeCKHX AedopMaluil
HauHHaeTcs MPH CPaBHUTEJIbHO HEBBICOKHX 3HadeHHSX Harpys3KH.
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Tadauna

TTopoRa

XapakTep pachpege/leHHs Halps:xeHull Ipy PaslHYROA IAyOHHE 3aJ10:KenHs

wTaMna, cM

) 20

P

30

Tlecox cyxoit

Tauna cyxas

launa Baax-
HoCThIO 32 %%

ITapaGondyeckuii
(p (y)male r36pcp)

Cen1006pazybli
MaJblX HarpyaKax
(P (#)n=0,98D.p;
p (y)ma)(:l’gspcp)
Ceno06pasubiit

(p (y)u=0,95pcp;

npu

lCeMoo6pa3Hmﬁ opu
MaJ/IBIX Harpy3Kax
(¥4 (y)LL:ngspcp)
CennooGpasuuii  npu
MaqblX HArpysKax
(p (y)IL=0’98pCp)

Cea1006pa3HeIl
(p (y)uzo ) 97pcp)

[TapaGosnyeckufi  Mpu
60JIbIUNX HArpyskax

(p (y)male H lspCp)

[MapaSonuueckuft  NPH
6oNbWLX Harpy3KaX

p (y)max:I ! 26pcp)

(P B ax=" > 13)Pep)

ITpuMeyanue, pcp*cpegﬂee JaBJIeHHe ua wWramn; p (y)u—HanmeeHHe nog LeHTPOM
wramia; p (§hnax —MaKCHMaJNbHOC HANpPsKERHE NOg UITAaMIoM.

B rakux caydasix XapakrTep paclipefesieHHs! KOHTAKTHBIX AaBJeHHI,
oco0eHHO AJS MAaJoyIJIOTHEHHBIX NOPOJ, oNMchLIBaeTcs mnapalosoil.
INoa mraMnamu GoablinX pPa3MepoB, 3arayOJieHHHIMH B IJIOTHBIE
HEeCKH WJIM CBSI3SHBIE TMOPOABI, 3MIOPA KOHTAKTHBIX HamPsKEHHH HMeer
cepnooGpa3Heil xapakrep. Ilapabosnyeckass 3mMopa paclpefeneHHs
HanpsxKeHuii oOLIYHO HAOMIOZAETCH NIDH 3HAUHUTEJNbHBIX BHCUIHHX Ha-
Tpy3Kax, NPHBOXSIUHX K BHIOPY TOPOAH H3-Tox wramna. Takde
pesyabratel gaau onsitel I1. Tlpecca (1934 r.), koTopee NpPoBOAH-
JHCh € KeCTKHM KBajpaTHBIM wmraMioM pasmepom 60X60 cum
(taba. 10).

A. T. Poamrelin B 1959 r. u3yuyasg pacupepeseHHe HalpsaxkeHHH
MO0 KOHTAKTy XKecTKHX (GYHAaMEHTOB TOCTHHHHB «YKpauHa» B Mo-
ckBe, pasmepom 48,5X6! M, nuMOBoOi TPYyGw KOKCOra3oBOTO 3aBO-
da AmameTpoM 14,5 M, a Takke psiga APYrHX oGbekro. Coopyxe-
HUsi OBJIM BO3BeJeHLI Ha IlecyaHOM OcHoBagHu. Bo Bcex ciayugasx
SMIOPHl HMeJaH cexoo0pa3Hoe OHepTaHHe C COOTHOINEHHEM Hamnpsi-
KeHHfi 1O UeHTpaJbHOH M Kpaeso#d meprukadsm 1:4. Ouepranus
3M0p OTBEYAJNH MOJyueHHBIM DPacyeToM AJs IVIOCKOH 3ajayd O KOH-
TAKTHBIX HANPSXKEHHsX ToJA XKecTKUM dyHpaMentom. Ha ocHoBaHHH
atux ganHEBXx A. I'. Pogwmrefin npepsoxuja IPH TOCTPOEHHH 3IIOD
pacupefeseHds HanpsoKedus TOA 3arayOjeHHRIMH (YHIAMeHTaMH
HCIOJL30BATh TEOPeTHUYECKHe pelleHHs, MNOoJYYeHHBEe AJAS JIMHEHHO-
ReopMHDPYEeMOH cpeXn!, oTpaHUUHBas KpPaeBYyK OpAHHATY SMIODHI Be-
JAMUHRON cooTsercTBYIOmed 4p(y)., rae p(y).— 3HadyeHHe HampsxKe-
HHsl B 1I€HTPaJbHOH YacTH PyHAaMeHTa.

B onmtax 0. H. MypseHko, npoBefeHHHX B 1965 r., 0TMeuasocs,
4TO NPH OXHOKPATHOM NpHJIOKEeHHH Harpysku go 0,4—0,5 npenesn-
HOli ee BEJHYMHBl 3M0pa KOHTAKTHBIX HANPSIKeHHA uMegda celdo-
o6pasublii xapaxTep. Ilpu yBejiudeHHH Harpysku Gosee 0,6 ee mpe-
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Puc. 31. Xapakrep pacrnpejefeHHss HanpsoKeHHil [0 PC3YJabTaTaM 3KCIEPHMEHTAJb-
UBIX HCCJAENOBAHMH B OCHOBAHHH KPYIJBIX JKECTKHX HITaMIIOB:

@ — 3MI0PH KOHTAKTHbIX HanpsAMXKeHHH OpPH DasjHUYHLIX AapjeHHAX; 6— pacnpeflesieHHe HanpsiKe-
HHHA no ray6Hue. ITYHKTHPOM NoOKa3aHa reoperTHucckas kpHsas (mo K. E. Eroposy)

JeJIbHOTO 3HAueHHUsl Hanlps:KeHHs B cpejHell yacTH LoTaMma Bo3pacra-
Jd, a BOAH3H Kpasi YMEHbHIAJHUCh.

I'. A. Ckopmus ¥ M. B. Manwimes 8 1970 r. nposoguau na6iro-
JICHHSl 3a Pa3BHTHeM KOHTAKTHBIX HanpsixeHWH NOJ IKECTKUM Kpyr-
JBIM HesarJy0JienHblM mTaMnoM jauamerpom 60 cMm B npouecce po-
oTa cpexHero AaeJjenus ua nero or 0,03 po 0,35 MIla (necku cpen-
Heli KPynHOCTH ¢ BJaxHOcThI0 2 %, mIoTHOCTH cyxoM mopoxnl 1,65—
1,67 t/M3, koadpduumentr nopucrocrn 0,62). XapaKrep u3MeHeHHs
KOHTAKTHbIX HanpsKeHHH B 3aBUCHMOCTH OT Harpy3KH, YCTaHOBJEH-
HBI B 3THX ONBITaxX, Takxe NOXTBEPK/[AaeT 3aKOHOMEPHOCTb Iliepexo-
la cemrJ00ODa3HHX 3MOp B HapabdojHYecKHe, XOTS Ha HEKOTOPOM
NPOMEIKYTOUHOM 3Tane HarpyxeHus npH gasnenusx 0,075—0,15 Mlla
OPOUCXOJAHNJIa KOHUEHTpauHs Hanps:KeHHH H 0o UeHTpaJbHOH Bep-
takanu (puc. 31,a). Kpome Ttoro, B onbiTe BesJHCh HalJ0deHHs 3a
H3MeHeHNeM BeJHYHHBI BEPTHKAJbLHBIX CXKHMAIOIIHX Hanpskenufi ¢
rnyOuHOl UPH pa3jMuYHbLIX 3HaudeHHsX Buewmned nHarpysku. Cpaghe-
HHe 3KCIePUMEHTAaJbHBIX JAHHBEIX C TEOpPeTHUecKOi KpUBOH, paccuH-
ranuofi no K. E. Eroposry (cm. puc. 31,6), nokasslBaeT, UT0 B Iec-
JaHOM OCHOBAHHH, 3arpy:KeHHOM KpYIJBIM He3arJgyOJeHHBIM [MTaM-
noM, Habuiogaercsi GOJblIass KOHUEHTpauHs HanpsixKeHuH ¢ riay0d-
HOH, ueM NpH pacyeTe MO TCOPHH YNPYTOCTH.

JI. T. A6pamosa, M. M. Kpsenikatosckuii u A. I'. Ilerposa, npo-
BoJuBIIHe B 1968 r. ONLITHI C KECTKHMH KPYIJIBIMH LITaMIlaMH JHa-
merpamu 250, 358, 506, 716, 873, 1009, 1128 u 1382 mwm, ycTaHOB-
JIEHHBIMH Ha CylnecuanoM OCHOBAHHH, MNOJYYHJIH HECKOJbKO HHYIO
3aKOHOMEDHOCTh pacnpegesendss Hanpsakenu#. [Jas  oxnHopoxHOro
CylecyaHOTO OCHOBAHHS 3HAYEHHS CHKHUMAIOILHX HANPsXKeHHH Ha riay-
6une or 0 go 1,4 M commagajiu ¢ BeJHUHHaMH, ONpeJesleHHBIMH TeO-
perudeckd. [IpH nBYXC/IOHHOM OCHOBAHHH, B BepXHell 4acTH KOTODOrG
3ajeraer 15-canTuMeTpoBbIH CJIOH leCHA ¢ pa3MepaMH dYacTdy 25—
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p=0,02MMa p=0,08HNa 70 MM, a HHXKe — cylech, HalJIO-

D=112¢cn D=11Zcn IaJHCh HEKOTODble OTKJIOHEHHS OT
K 7 IFIYYYYYY| TEOpeTHUYECKOH KPHBOM.
750 75 0750 P o
g 0 €3yJIbTaThl HCcJAe0BaHuM
450 !; N.C. Pazaunosa (1970r.), KoTOpHE
RS 627/ BLITOJHSANUCH HA BOJOHACHIIEHHEIX
’ EAATY cjabbplX TJIHHHCTHLIX TNopojax, 3a-
5o %, TPYXKEeHHBIX JKEeCTKHM IITaMIOM,
T NoKa3aJH, 4YTO 3MI0pa KOHTAKTHLIX
200 ! HalpsiXKeHUH TNOJ KPYIJbIM lITaM-
z

noM niomagnio 10000 cM?, yera-
Puc. 32. Xapakrep pacnpellesieHHsl Ha-  HOBJEHHBbIM Ha riyoune 0,8 M, ume-
o e ne potiacsy T, COLOOGPRIMA xapaxrep,
3KCMEPHMEHTAIbHBIX Hce/le[OBaHH| CaaGo BbipaxenHas cexsooGpas-
Ha mnax o03. Cueawl (cmmowmse ju- HOCTb HaGJlOgajach NpU Harpyske
HuH) ® pacueToB mo Tteophn ympyro- 10 0,04 MIla, pesko BhpaxeH-
cru (myHKTHpHBe nuHEH) [1] gasi —npu pasdenuau ot 0,04 go
0,06 MIla, nocseuero cegaoofpas-
HOCTb 3MIOpbl yMeHblIajach, YTO
OObsICHsI€TCS MHTCHCUBHBIM Dpa3BHUTHEM IIJIaCTHUECKHX nedopMaiui
nox KpasiMy miTaMna. Ilpu cpepHeM naBsJieHMH Ha IUTaMil, PaBHOM
0,045—0,06 MIlla, pacupenesesve KOHTAaKTHLIX HaNpsiKeHHH OKa-
3ajoch OJM3KHM K TeopeTHdeckoMy. PaclpejpeseHne BepTHKaJdbHBLIX
HOPMAaJIbHLIX HalpPsXeHUH B OCHOBAHHH wITaMia OTJHYAJIOCH OT Teo-
pPeTHuecKOro; 3TH OTKJOHEHHUS yBeJHYHBAJHCb C TJAyOMHON U npH
cpennell Harpyske 0,08 MIla Ha rayOuHe, cocraBisiioiledl aBa aHa-
MeTpa mramna, gocruragu 35 Y%. HecaexpoBalusi xapakrepa pacipe-
JeJleHHus1 HalpsidKeHUH B OCHOBAHHH MKECTKUX IITAMIIOB, YCTaHOB.
JeHHLIX Ha BONOHACHILEHHBIX TJIHHHUCTHIX NOpPOKax, NAajH BO3MOX-
HOCTb CHefaTh BaXKHble B MPAaKTHYEeCKOM OTHOlIeHHH BhiBoxb [1]:

1) pacnpeneneHne HanpsiKeHHH C, B TOJIle OCHOBAaHUS IPH cpej-
HeM IaBJeHUM Ha IITaMIl, paBHOM HJH MeHbIleM CTPYKTYPHOH NpoyY-
HOCTH IIOPOJ Ha CXKaTHe, XOPOIIO COTJacyercss € TeODeTHYeCKHUM,
NOJy4eHHBIM TO TEOPHH JHHEHHO-medopMHUDYEeMOH cpenbl;

2) npu yBesHYeHHH JHaBjeHHs Ha IUTaMIl IPUMEDHO O BeJHYHHBI
JOIIyCKaeMOoro J[aBJeHHsT Ha OCHOBaHHe INPH pacdeTe OCAXKH COODY-
KeHHH ¢ TpUMEHEeHHEM TeOPHH JHHEeHHO-IedOPMHPYEMOH cpebl
wabJjoaercs yBesHdeHHe Hanpsikennidi Ha 20—309 no cpasHe-
HHIO C TOJMY4YeHHBIMH MO TEOPHHU YIPYTOCTH;

3) naabHeHIUHH DOCT JaBJEHHs Ha LITAMIl BHI3BIBACT 3HAUHTENb-
HOE pacXoxXKJeHHe MexKAY 3aMepeHHHIMH U DacCUHTAHHbIMH Halps-
JKeHHSIMHM, TIpHYeM KOHUEHTpAalHs HaNpsXKeHHH INPOHCXONUT BAOJIb
ueHTpaJbHOH ocu nox wmwramnom (puc. 32). Haubosbpuias KOHUeH-
Tpaudst HanpspKeHUH H COOTBETCTBEHHO MAaKCHMAaJibHble OTKJOHEHHUS
OT TEODHH YIpyrocTH HaOJIOAATCA B NOPOJAX, XapPaKTepPUIYONIHUX-
¢ OOJbllIed CXHUMAaeMOCTLIO.

KpoMe KOJHUeCTBEHHOH OHeHKH H3MeHeHHs1 HANPsIXKeHHOro co-
CTOSTHHSI B OCHOBAHHHM IITAMINOB, HEOOXOXMMO 3HATh TakKXke Xapax-
Tep pa3BHTUS pedopMaluii B OCHOBAHMHM, 4YTO IO3BOJSET CYAUTb O
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POJIH Da3JIMUHBIX COCTABJSIOLUIHX HaNpsXMeHHH Ha INOCJAeI0BaATEIbHO
CMeHSIOIIHUX ADYT Apyra 3Ttanax jJedopmupoBaHus nopox. Ounltamy,
nposenensbiMu C. E. KaranoBcKOf ¢ TJIMHHCTBIMH MOPOAAMH, yCTa-
HOBJIEHO, UYTO HedopManus nOpox MSATKONJIACTUYHON KOHCHCTEHLHH
npoucxoxuia po raybussl 2,0—2,2d mramna, B TYromJiacTHYHbIX—
1,2—1,3d (rae d— anamerp mramna). BeprukannHnie nepewmerie-
HHSl (OPMHUDYIOT YUPYIVI0 4YacThb YIJOTHEHHOTO sjgpa MNoj WTaM-
moM. B nmopoxmax ryronsactHuHOfi KOHCHCTeHUMH TaKoe SIPO
BO3HUKAJIO NPH Harpyskax, cocraBigwomux 0,28—0,35 or mnpeness-
HOH HArpy3ku p, NPH KOTOPOH HabJjiogaercs pa3pylleHHe OCHOBa-
HUSA, JUIs TOPOJA MSTKOIUIACTHUHOH KoHcHereHnun — 0,38—0,45 oT pa.
@opma  YIJIOTHEHHOTO sxpa NpHOIMKATaCh K paBHOOeIpeHHOMY
TPEYrOIbHUKY ¢ BOTHYTHIMH OOKOBBIMH CTOPOHamMH M 0 HArpPy3KH,
cocrapaswowmwen 0,85—0,95p,, cyiecTBeHHO He Mensjach. K MOMEHTY
nepexoja MNOPOAH B TpejelibHOEe COCTOSIHHE MaKCHMaJbHasi 30Ha
Pa3BUTHS TODU3OHTAJbHBIX jedopMauuii Haxoguaack Ha TrJyOuHe
0,7—0,80 (rme b— mupuua wraMna). s HccienoBaHHBIX Da3HO-
crefl NMOPOX TropHU3OHTaNbHBEIE HeOPMAalUHH pa3BHBAIOTCH BJEBO H
BIPaBO OT OOKOBHIX rpaHeli IITaMna Ha pacCcrosiHde, papBHOE
(34=-3,6)b B mnopomax MSATKONJACTHYHOH KOHCHCTeHuuH n (2,0=
2,2) b — ryromyactuunoii. [opusoHTa/bHBIE TepemenlenHss B CPeA-
HeM cocTaBasanH coorgerctBeHHO 20—23 ® 20—12 9 ot noano#t
OCajKH LITaMmia.

§ 7. OCOBEHHOCTH PACHPEINEJEHWUS HANPAXEHHN
C YYETOM AHHU3O0TPONUH CBOWUCTB MOPOJ

B cBs3H ¢ TeM 4TO TeopeTHdeckoe pacupejelienre HalpsAXeHUd B
pale cJaydaeB OTJAHdaercss OT Hab.l10AaeMOro B 3KCHepHUMeHTaX, Io-
SIBUJHCb HOBble pacHeTHsle MOJeNH, OTJAHYAILHecs OT MONEJH JH-
HeliHO-1e(pOPMHPYeMOil cpelbl H HCIOJb3yeMble HenocpPenCTBEHHO AJs
pacdera pacnpejesieHHss HalpsKeHMH B OCHOBaHHUH. 1Ipu 3TOM MOXK-
HO BBIJEJHTb [Ba OCHOBHBEIX HamnpaBJieHUs, NOCBSINEHHHBIX JaHHOMY
Bonpocy. B paborax nepBoro HanpapJjeHHS HCNOJNb3YIOTCS DelleHus
TEOPHH YNPYTOCTH [AJs AHH30TPONHLIX HEJHHeHHO-edOPMUPYEMBIX
cpen (M. M. Top6ynos-lTlocamor, I'. K. Kuefin, M. B. MaJbiuies,
3. . ®panuc, B. H. Hlupokos, JI. Bapuen, B. Baiickong, X. Becrep-
raapj, K. Boasd u xp.).

s paGoT BTOPOro HaupaBjieHHS XaDaKTePHHLIM sBJSETCS TO,
uro (OPMY.Ibl [Jif BBLIYHCJEHHS DaclpejesieHUs HalpsiKeHHH BHIBO-
ISATCS Ha OCHOBe AONYIEHHH, HECTPOTHX B TEOPETHUECKOM OTHOLIe-
HHMH, OJHAaKO NPH 3TOM Yraercss INOJYYHTb XOPOUIVIO CXOLHMOCTb
MeXJy TeODeTHYeCKHM H 3JKCIePHMEHTaJbHLIM pacupeneseHHeM Ha-
npaxennii. O6b9HO 3TH GOPMYJE COAEDPKAT napaMerphnl, UHCJEH-
Hble 3HaueHHs KOTOPBIX NOAOHDPAIOTCS MO Pe3yJbTaTaM ONBITOB, Ta-
KOH TNOJYSMIHDPHYECKHH NOAXOH TO3BOJSET HCNOJAb30BaTh MNOJYYeH-
Hele (GOPMYJB B KOHKDETHHIX TeOJOTHYeCKHX VCJIOBHSX, OTJHYal0-
muxcsa 60JbIIMM pa3sHOOOpa3HeM.
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Kak wu3BecTHo, HanpsiKeHHsi OT JNeHCTBHs BePTHKaJbHOH cocpe-
IOTOYEHHOH CHJILI PACCUMTHLIBAIOTCS MO cJexylomled popMyie:

P
Uz:K'z—Z.

Eciau npunsite B 3710l dopmyse, uto KoadduuuenT K 3aBHCHT
OT pacunpepelsiiomed CHoCOOHOCTH NMOPOJ, TO COrJIacHo Mogean [ pudg-
durca — Ppesuxa MOKHO BHpasute K B BHIE

K=v/2m, (181)

rae v — K03dQUIHeHT KOHIEeHTpauuH Hanpsxenu#. Jsi ramHHCTHIX
nmopox O. K. ®penux pexkOMeHZOBaJ NPHHHUMAThb v DABHBIM 4, AJA
necuaHbx — 6.

I'' K. Knetin u . Xoasn nokazasd, 910 Pa3JiMUHbIM 3HauEHHAM
KO3 dHIHeHTa KOHUEHTPauHH HanpAXKeHHH OTBeYaoT CTPOTHe pe-
leHHsT TeOPHH YIPYTOCTH, eciu MoxyJab nedopmauuu Ey n3meHsercs
¢ TJIyOHHOH MO 3aKOHY, OMUCHBAEMOMY BHpaXKeHHEM

E,=E,_ 273, (182)

rane E,— — Monysns nedpopManuu npu z=I1, z—ray6uHa OT TOYKH
NPHIIOKEHHS] CHJB JO PacCMaTpUBaeMOro cedeHHsl.

Ilpn 37TOM JOMKHO BBITOJNHATBCH YCJIOBHe v==3, TaK Kak ypas-
HeHHe Hepas3pBIBHOCTH xedOPMauHuH YIOBJIETBOPSETCS TOJNBKO IpH
v—I=1/p, a p pas ynpyrux cpen He MoxKeT ObiTh GoJjee 0,5.

BenuunHa HanpsiKeHHs Og, HelicTBYIOIIEro B HanpaBJeHHH pa-
IUyca NDPH TPUJIOKEHHH K INOBEPXHOCTH NOPOAH BePTHKAJbHOH co-
cpenoTodeHHOH cuasl P B ciaydae u=0, Moxer OuiTb 3allHCcaHa B
BHIE

AP .
), (183)

Or =

roe A —ko3dduuMeHT NPONOPUHOHANBHOCTH; R — paccrosiiue OT
TOUKH NpPUAOKEHHs COCPENOTOUEHHOH CHJB 10 TOYKH, B KOTOPOH
pAacCUHTHIBAIOTCA HanpsikeHus; [(B) — dyHKuus, 3apHcsmias oT Be-
JUUHUHHEL NOJspHOTO yriaa f.

Ha ¢yuxuuw f(B) HarJagbiBaoICs ABa Orpanludenus, Takue xe,
KaKk U B 3ajmaue Dyccunecka, a umenHo, npu p=n/2, or==0 u npu
Bp=0 o mocruraer MaKCHMaJibHOTO 3Hadenud. TakKuM OrpanHUeHHSM
yaosJjersopsier ['(B)==cos" B (rme n-—INOKa3artelb paclupejeseHus,
KOTOPHH MoOXeT NpuHHUMaTh JoGoe HeOTpHilaTeJbHOe 3HaueHHe).

Hcnonb3ys pasi Haxoxpenus A ycjgoBue  paBHOBECHS, MOXKHO
MOJY4YHUTL BHDaXeHHe [JIst OlpejeseHHs

op = vP cos’B (184)

2=R?

rae v — KospduUUAeHT KOHIEHTpalluH HanpsxKeHHA, NPHHHMaeMblil
pPaBHBIM n—2.
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Ilpu v=n—1 dopmyna (184) ¢ ToyHOCTBIO 10 KO3dHUHEHTaA
K coBnagaer ¢ BBHIpa)XKeHHeM [UIS Og, [10JiydaeMbIM TIPH peLIEHHH
sanaun byccumecka. Ha puc. 33 nokazaHo pacnpepeseHHe Hanps-
JKEHHS 10 TOPHU3OHTAJbHBIM CEYEHHAM B OCHOBAHHH B 3aBHCHMOCTH
OT XapakTepa H3MEeHeHHs MOAYyJad ne@opMaUHH IOPOJA, a Takke IO-
KazaTejqs n no riyOHHe NOA peficTBHEM BEPTHKAJbHOH COCPENOTO-
YeHHOH CHJIH.

Cymecrsennass pasHOCTb B DpacClpelesieHHH HalpsikeHHH, MoJay-
YeHHasi Ha OCHOBAHHH pellleHHHd TEODHH YNPYTOCTH H B ONBITax, Ha-
Ourofaercd B NMOPOxax OCHOBAHHSA, O6GJajaloNHX SPKO BEPaXKeHHOH
aHH30TPOMHENR AeOPMALHOHHBIX CBOHCTB, T. €. KOTXa MONYJb Kedop-
MalUH B HanpasJeHHH ocH z(E,) orindaerca oT Monyna nedopMauHn
B HalpasJleHHH ocell x HIH y(E, E,).

K. BoanjpomM pavo pellleHHe 3ajgayd O paclpefiesieHHH HallpsiKe-
HUH B JHHeHHO-nedhOpMHDYEeMOHl Nopoae, HMelollell pasJHUHBE MO-
AyJnH 1edopMalHvH B TOPH30HTANbHOM U BEPTHKAJbHOM HaNpaBJeHHAX,
OpH [eACTBHHM Harpy3KH, DPaBHOMEDHO paclpeleleHHOH MO NPSAMOH:

o =K' -2 (185)
nriry®
" g 2P Y2 186
Oy K . r2f12 ’ ( )
[ 7] 2p yz*
Ty = K —1: rer ’ (187)

rjie r— paccTOssHHe OT TOYKH NPHJOMKEHHWS CHJB, AeHCTBYWOUled Ha
1 M npamo#i, g0 ueHTpa TAXKECTH 3JIeMEHTADHOH NJOWmAAKH, B KO-
E
Yy

E.

E,— monynn nedopmauiu B HalpasJeHHH ocell y U 2).

Ecjiu cpaBHUTbL BBIPaXKeHHS NJsi ONpeneseHHd HallpAXKEeHHH, No-
JyueHHble IJs1 aHH30TPONHBIX H H3OTPONHBIX TeJd, TO MOMKHO NPHHTH
K CJHEeAYIOLIHM IIPOCThIM 33BHCHMOCTAM, NAOUIHM BO3MOXHOCTb Ha-
XOIHTb BeJHUHHBl HaNpSIXkeHUH B aHU3OTPONHHIX cpejxax INo 3Ha-
YeHUAM HalPsiXKeHHH, NOJYUeHHBIX U9 H30TPONHBIX CPel:

’ qy’ o T2y
% T T T K

W3 npusepensbix dopmys (185)—(187) ciepyeT, uTo ecad MO-
AyJb pedopMauHH B HanpasJeHHH peficTeHS cHJBl 0oJblle, 4YeM
B TepHeHAHKYJSPHOM, TO BeJHUYHHBI HANpAXKEHHH YBeJUIHBANOTCA
IO CPaBHEHHMIO C HX 3HauUeHHAMH B H30TponHO# cpenme. Ilpm obpat-
HOM COOTHOIEHHH MOaYyJeH pedopManud B YKasaHHBIX HalpapJe-
HHAX BEJHYUHH HaNpAXKeHUH B aHU30TDPONHOH cpeje OKAa3bIBAIOTCH
MeHBLINMH, UeM B H30TPOINHOH.

X. Becrepraapx nosyuna 3aBHCHMOCTH, [O3BOJISIOI{HE DacCcCHH-
TaTh HaNpsIXeHHS B TPAacBepCalbLHO-H30TPONHON cpelie, B KOTOpO#H
ONHODOAHBI/I M YOPYTHH MaTepHaJBl IepecjaHBaijOTCA C TOHKHMH
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a 7 6 2 a

| 7 P |7 4 |7
= d 2] L
. | - 2 {;z_—

Puc. 33. PacnpepeneHue HanpsxeHHl OT NefiCTBHS BepPTHKaAbHOM COCPENOTOYEHROR
CHNH B TOPH30HTAJbHOM CEUEHHH B 32BHCHMOCTH OT 3Havenus K u mokasarens n
(B JeBoO# wacTH rpaduKa NMOKA3aHO H3MeHeHHe O, OT BeAHYHHH K, B mpaBoH — u3Me-
HeHHe MOAYJd AedopMauHu ¢ TayGHHOM):
a—K=024, E=E, ;-2-)5 6—K=048, E=E,_ -2%; g—K=056 E=E,_,-2%5 2—K=
=064, E=E,_,-2; 0 — K=096 E=E,_ 23

“5 ’KB

0%
Puc. 34. Hsmenenne Ko3dhHUHEHTOB,
UCTIOAB3YeMBIX B Dpacuerax HanpsiXeHni
0. OT JeHCTBHS BepTHKalbHON cocpe-
JOTOYEHHOH CHJAB, B 3aBHCHMOCTH OT
BEJHUYHHH r/z:

1 — o pewennio JK. Byccurecka (Kp); 2=
0,75 15 p/z no pewennio X. Becrepraapaa (Kp)

02

CJ0SAMH Heynpyroro Mmatepuana. [Ipu stoM 6nlio NMPUHATO Aonylie-
HHe, UYTO B Takoli cpelle BO3MOMKHO Da3BHTHE TOJIbKO BEPTHKAJbHBIX
pedhopmannfi M NOJHOCTbIO HCKJIOYAIOTCS TFOPH30HTAajbHBIE IiepeMme-
menust. Ilogo6HON MomenH COOTBETCTBYET OCHOBaHHE, CJOXKEHHOE
TIeCKOM, cONep¥XKall¥M TOHKHe BhIepXKaHHble TPOCJAOH IJacTHYHOH
TIUBHCTOH TOPOIKI.

Has cnydass NMPHJIOKEHHS K HOBEPXHOCTH CJOHCTOH cpelbl BEPTH-
KaJbHOH COCPEeNOTOUEHHOH cHJB HOopMaJbHas cOCTaBJjswollasi Hanps-
JKeHHs Ha TOPH30HTAJbHOH NJOHIALKe O, ONpejensercss Ho Chenyrwo-
el QopMmyJe;

p
cz = KB BVSE]
22

rIe




Pacnpenenente Hanpsixenuii npH Hcnosb3oBaHHH Mozead X. Bec-
Tepraapia M0 TOPDH30OHTaJbHBLIM MJollajkaM GoJjiee paBHOMEPHO IO
cpasuennio ¢ peutendeM K. Dyccunecka. Tak, nanpumep, BeJHUHHBI
HANpPsIXKEHHA O, N0 JHHHH JeHCTBHS COCPEAOTOUEHHOH CHaH P, no
X. Becrepraapay, cocrasJjsitor 67 % or BesHUHH Hanps:KeHH#, pac-
cupranubix 1o JK. Dyccumecky; npu r/z=1,5 BejuunHEl HalpsKe-
HAN coBNajaloT, a NpH r/z>>1,5 HanpsXeHHus, pacCUHTaHHHE IO MO-
aean X. BecTepraapia, Heckoabko Gonblie, ueM no Mopneau JXK. Bye-
CHHeCKa.

3uaueHds K03 HIHEHTOB, KOTOpbHle NPUMEHSIOTCS AJSl pacuera
Hanpsikeunii no gopmynaam JK. ByccuHecka (KB) n X. Bectepraap-
Aa (Ks) u omnpeneasior pasHHly B BeJHUYHHAX HalpSXKEHHH, Npube-
JeHbl Ha puc. 34.

B. Baiickond paccMoTrpesn yINpyryro cpely ¢ HH3KHUM 3HadeHHEM
Monynsi casura G, HAMHOTO MEHBLINM, YeM MOAYJb CJABHra H30-
Tponuoit cpeanl G=E,/2(1+4u). 3nauenus E, (Monyab YIDYroCTH)
n G B. Baiickon pekoMeHAyeT HaXOJHTb 3KCliepUMEHTaJbHO, NpH-
yeM Beanuuna FE,/G cunmrtaercs MM [OCTOSIHHOW. [ BepTHKaabHOM
paBHOMEpDHO pacHpelleseHHON Harpysku 1o npsaMo# p.. B. Balickond
IOJYYHJ] CNEAYIOUNIHEe BhIPaskKeHHS, MO3BOJSIOLIHE BBUUCAHTbL COCTAB-
JslonHe BalpsAXKeHHA B Touke ¢ KOOpJHHATAMH Y H 2:

cz=&< ‘~_‘); (188)
m(C2—1) \ R? R,?
e PCy (1 CE
A D) <62R3_R22 ) (185)
7:Cy 1 1
= st (rF — 7w ) (150)

rae R?=y?+22/C?% Ry?= (y*>+22C?); C?— napaMerp NOpPOA OCHOBA-
. [ E , E 2
HHﬂ, paB'HbIH ( 5G —'*14> - V (—Q—G‘——*L> —_ I .

Ecan G>E/2(14p), 1o C CTaHOBHTCS KOMIJIEKCHOH MHepeMeH-
HOH U TepsieT (HHU3UYECKHH CMBICIL.

Pewenre B. Balickonda npuBOANT K KOHIIGHTPAUHHW HanpsiXKeHHi
BOJMIH3H OCH Z H, CJE0BaTeqbHO, K GOJIBLIMM TNEpeMEeINeHHsIM B 3TOR
006/1acTH 0 CPABHEHHIO ¢ DeIleHHeM TOH Ke 3ajauM N0 TEOPHH ympy-
roctu (pHuc. 35).

3azaya o paclpefesieHHH HalpsKeHHH B JABYXCJONHOR cpene,
Korjna OGojaee cnabbleé MOPOABI MONCTHAAIOTCS KECTKHM CJioeM, Ha-
NpHMep CKaJibHBIMH Nopopami, O6ulia peitena K. E. EropoBum nis
cJjaydasi HarpyskH, PaBHOMEPHO paclpelesieHHOH 1o GeCKOHeuHOoH 1Mo~
Joce WHPHHOU b.

Ha puc. 36 nokasaHo pacnpenesenHe HanpsiKeHHsi O, 10 TayGHHe
HOJ IEHTPOM 3arpyXeHHOH MOJIOCH, KOTAa MOuHocTb cjiaboro ciaos
cocraBasier h=0,50 n Gomee. MakcuManbHasi KOHILEHTPANHs Hanps-
XKenuii ormevaercs npum h==0,5b m h=b. Tak, uanpumep, npu h=
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Puc. 35. Pacnpcrenense HampaXeHnit /
B II0CKOA 3agzadve (mo B. Bafickondy): / E 2
1—-G=4,1, E/G=1,73; 2—G=262, E/G=
=1,13; 3—G=231, £/G=57; 4— Teopern- | E=3
ueckas sajava—peureade Paamana; G=1,0, J
E|G=286 I
77777 4 //,1 /1777777
2

Puc. 36. DmopH pacnpesieneHHst HanpsiKeHHH O, 0O LEHTPANbuOH BEePTHKAAH NOJ
rHOKHM JEHTOYHHM (YHIAMEHTOM [DH 3a7EraHH¥ B OCHOBAHHH JKECTKOIO Clofl, MOA-
cTHnawuero Gojee cna6Hi caof:

1 — KpOBJISI KECTKOFO ¢JIOA; 2—3— 3MMOPH pachpesieieHHsi HaOPRKEHHH COOTBETCTBEHHO B JBYX-
CJOHHOM H OJHOPOAHOM OCHOBaHHRAX

=0,5b HampsiXeHHs To Mepe ylaajeHHss OT TOBEPXHOCTH NpaKTHUe-
CKH He MEeHATCs.

B Ta6a. 11 npuBemersl 3HaueHHs HANDSXKeHWH o0, Ha CpaHHIE
cjaboro H NPOYHOro CJI0eB NoJ 1EHTPOM MNPAMOYroJibHOrO H Kpyr-
Joro ¢ynpamenros, nonyuenusie M. M. Fopbynosmm-TlocamoBhim B
NPEANOJIOXEHHH, 4YTo Ha KOHTaKTe MeXAY CJOSIMH TpeHHe OTCYT-
CTByeT.

W3 npusemenubix B Tabi. 11 3naueHuil HaNpsKeHHH BHAHO, YTO
Hanbo/iblIasi HX KOHIEHTPAIHsl NPOHCXOAHT NPH Beanunhe 2h/b==
=0,75 nns BCcex THNOB QYHAAMEHTOB.

Crneayer oTMeTHTb, YTO €CJ¥ B cjyuae MPOCTPAaHCTBEHHOH 3axauH
npenebpeub XKEeCTKHM CJIOeM 3 pacCMaTpHBaTb OCHOoBaHHe Kak 6ec-
KOHEUHbIH OMHODOJHHH CJIOH, TO MOrpeliHOCTb B ONpejeseHHH Hamps-
JKEHHI HemoCpeaCTBeHHO NMOA dyHupamentoMm pocruraer 70%.

Ilpu manuuuu cnaboro CJa0s, 3aJerajolIero MO KECTKHM CJIOeM,
Ha KOTOpOM NOKOHTcs (yHAaMeHT, HabJalomaercs obparHas KapTHHA.
Bepxuuit 6onee xecTKHil CJOH pacmpelensieT Harpysky Ha GoJiblIyio
oI aAb, H HAMpsiKeHUs Ha KPOBJE c1aboro cJa0si OKa3blBarwTCs 3HA-
YHTENbHO MEHbIIMME, 4eM IDH OXHOPOJAHOM OCHoBaHuu. Huxke npwm-
BeleHbl BEJHUHHLI H3MEHEHHs] HampsiKeHHH Ha Kposiye cjaaboro cios
OTHOCHTEJbHO ORHOPOAHOH Toawu (h — rayGuHa 3asmeranns cnaboro
cios1) :

Bb 4 ir e e e e ... 05 1,0 15 2,5
Aoz, % . o o v e oo . ... 23 32 33 37
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Ta6aunuga 11

Hanpsxenue nox dyaramentamu, Mlla

2h
< ——— PAMOYTOVbHBIMH € OTHOWEHHEM cTOpOH m=I/b
¢ palHycoM 1 9 3 | 10
0,00 0,1000 0,1000 0,1000 n,1000 0,1000
0,25 0,1009 0,1009 0,1009 0,1009 0,1009
0,50 0,1064 G,1053 0,1033 0,1033 0,1033
0,75 0,1072 0,1082 0,1059 0,1059 0,1059
1,0 0,0965 0,1027 0,1039 0,1026 0,1025
1,5 0,0684 0,0762 0,0912 0,0911 0,0902
2,0 0,0473 0,0541 0,0717 0,0769 0,0761
3,0 0,0249 0,0298 0,0474 0, 0549 0,0560
4,0 0,0148 0,0186 0,0314 0,0392 0,0439
5,0 0,0098 0,0125 0,0222 0,0287 0,0359
7,0 0,0051 0,0065 0,0113 0,0170 0,0262
10,0 0,0025 0,0032 0,0064 0,0098 0,018]
20,0 0,0006 0,0008 0,0016 0,0024 0,0068
50,0 0,0001 0,0001 0,0003 0,0005 0,0014

JlaHnHoe peuleHHe NONYYEHO NIPH YCJAOBHH, UTO MOAYJb Aedopma-
ILHA BepxHero, 60siee XKeCTKOro cJjios B 5 pa3 60Jbllle, ueM IOACTH-
JawUiero ¢ja6oro. 3Hayenus HanpsKeHWit o, MPUBEACHBL IS TOHex
1O ILEHTPaNbHOH BepTHKAJIM NPH AeHCTBHM DaBHOMEPHO paclpeie/ieH-
HO# Harpysku o noJoce.

Kontpoavrsie gonpocet

1. Jlafite xapakTepHCTUKY 30HH OCHOBaHUE coopyXenuil. Kak BJuseT mpOYHOCTh 110-
pOA Ha pasMep 30HHI ocHOBanus coopyxenns? OxapakTepu3yiTe Te npOIECCH, KOTO-
pole MoryT HpOTeKaTb B OCHOBAHWUH B 3aBUCUMOCTH OT TEXHOJOTYYeCKOTO peXuma
coopyXeHHs. Kak BJIWSIOT YTEUKH HA H3MeHeHHe HaNpsXKeHHOTO COCTOSHYA Nopoj
H HA IapaMeTpbl WX CBOHCTB?

2. OxapakTepH3YiiTe OCHOBHBIE NPEANOCHJ/IKW pellenns 3aiain ByccHHecka. Ka-
Kue %ocrasngmmne HanpsXeHslt B 3Tol 3amade 3amucar or Kodbduuuenra Tlyacco-
Ha ?

3. Kakne rpaduueckue cnocolur ¥3oOpaxKeHHs HANpsKEeHHA ¥Cronp3ylOTCH B Me-
XanMKe TODHHIX HOPOA?

4. PackpoiiTe 0COGeHHOCTH HCHOAB30BaHUS METOAA YIJOBHIX TogeK A1 pelleHHs
00beMHON 3aayH.

5. Kaxk pausioT pasMepsl dyHAaMenta (npn AeficTBHH NOCTOSHNON HArpysKH) Ha
XapaKTep pacrpelesieRHs HanpsXKeHHH no rayOune? Hem o6bACHHUTH, 9TO OPH YBeau-
YEHHH QJIMHB (PyHA2MEHTa TpPH COXpaHEHHH NOCTOSHHON IUHDHHE HanpsXeHus no
rnybuHe 3aTyxaloT MexjeHuee?

6. Oxapakrepnsyfite, kak BJHSET eCTKOCTh (yHAaMeHTa Ha xapakTep pachpe-
AeneiiHd HAaOpsKeHHH B ocHoBaHHH coopyxenuii. Mcnonbays dopmyany (176) npoana-
JH3UDPYATE HA UHC/ICHHBLIX NPHMEPAX BJHAHWE SKCUEHTPHCHTETa NPUJIOKEHHS HArpys-
KH Ha pacmpejenense HalpseHWH B KoHTakTHOR maockoctd (Z=0).

7. Kak BausieT 3araybsende dyHNamenTOB nHa xapakrep pacnpejneneHus Hanps-
MeHU¥ B ocuoBanuH coopyxennit? Ilpoananusupyfite ABa caygas: 1) 6ricTpas 3ame-
Ha BRIHYTOH mOpOAB! U3 KOTJIOBaHA COOpYXEHHEM, 2) MeAncHHAs 3aMeHa — JJHTENIb:
Hoe IpOCTauBaHue KOTJOBaHAa OTKDHTEIM.

8. Ilpoananusupyiite, Kakue OTKIOHEHHE B pacmpeleneHHH HanpsixxeHu# uxcu-
DYIOTES TIPH NPOBCACHWH SKCMEPUMEHTAJNLHHEIX KCCACROBaHuil. B Kakux cayuasax orme-
JaeTcd NPaKTHYECKOE coBnajeHue SKCHepHMeHTaJlebIX AaHHBIX C Teope'mqecxnu Xa-
PaKTepOM paclpeleneHHs HanpIXKeHHH, B KakHX — HaHOONbIIHe OTEJIOHEHUS?
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9. Kax BausieT HeOXHOPOLHOCTb CTPOEHHS OCHOBaHHA (mepecsauBaHue oJee caa-
OHX OTMOKEHHH € NPOYHHIMM ManoJehOopMHPYIOUIMMHCA NOPOAAMH) Ha XapaKTep

pacnpenesieHHs HanpsiKeHnd? B Kakux cayyasx OCHOBaHHe MOMHO paccMaTpPHBAaTh
KaK OXHOpOAHOe?

F'masa 5

PACYET NE®OPMAILUT OCHOBAHU U
COOPY)XEHUH

§ 1. MPUHUUNBI NPOEKTUPOBAHHUSI OCHOBAHHW MO INPEAEJbHBIM
COCTOSAHUAM

Ilpr DpOEKTHPOBAHHM ¥ CTPOHTEJNbLCTBE DA3JMYHOIO THIA COODPYKe-
HHii OCHOBHOW 3alaueil sABJsieTCst ofecleyeHHe HX yCTOHUMBOCTH Ha
BECb 3KCIIyaTaUHOHHBIA mepHoA. AHa/iN3 aBapuil COOPYXKEHHH MOKa-
3bIBA€T, 4TO OCHOBHAS 49acTh HapylLlieHHH HOPMaJbHBIX YCJAOBHE 3KC-
IUTyaTaldy COOPYXKEHHH — pe3ysibTaT HEpaBHOMEDHOTO Da3BHTHA Ae-
¢opmannii B ux ocHoannu. Kpurepnii nepaBHomepHocTn gedopmainit
OCOGEHHO BaXKeH NDH NPOEKTHPOBAHWH NPOMBILLIEHHBIX M TI'Pa)KIaH-
CKHX 3[laHW#d, NOCKOJbKYy HEOAHHAKOBOCTb BeNHUHH Jedopmanuit
B pasHHX 4acTAX COODYKEHHs NPHBOAHT K BO3HHKHOBEHHIO AOMOJHH-
TEJbHHX YCWIHH B KOHCTDYKLHAX, Pa3BHTHIO B HHX 3HAYHTEJNbHbIX
pacTAruBaloIMX HaNPsKEHHH, He NDEeJYyCMOTDPEHHBIX 3IKCIJIyaTamHoH-
HbIMH TpPeGOBAHHWAMH, U NOCJAEAYIOLIEMY pa3pyMICHHIO 3JaHHs.

st 3eMAsHBIX COODYKEHHH, KOTOpble NMpEACTaBJsOT coboil 10-
BOJIbHO rHOKHE CHCTEMBbl, 3HAYHMOCTb NpO1eCcoB AehOPMHDOBAHHSA I10-
pPOA OCHOBaHHMs OTXOJMT Ha BTODOH IUIaH, M IJaBHOEe BHHMaHHe
B OI[EHKE YCTOHUHBOCTH TaKHX COODYKEHHH AOJKHO OHTL OOpauleHo
Ha HCCAEA0BaHHe NPOYHOCTH OCHOBAHHs, €€ H3MEHEeRHs B Npoiecce
CTPOHTENBCTBA W SKCINIYaTalUHH COOPYAEHHH.

B nacrosmee Bpems B Coserckom Coio3ze NPOEKTHPOBAHHE COODY-
KEHHII BeAeTCs MO TaK HasbiBaeMbIM NpeaesibHBIM cocTosuuaM. Ilpn-
4eM noj npedeabHbim COCTOAHUEeM KOHCTPYKYUU MOBHMAeTcsl TaKOE ee
COCTOSIHHE, NpPH KOTOPOM KOHCTPYKLHSI HEPECTAET yAOBJETBOPSATH
NpeabsIBAsIEMBIM K HEH 3KCIVIyaTainHOHHbIM TpeGoBanuam. Ilepexopn
KOHCTPYKUHH B [peNebHOE cOCTOsiHME BO3MOXEH IIPH CJAELYIOUHX
ycaoBusix: 1) mOpoAbl OCHOBaHHs MOJ A€HCTBHEM HArpysku OT COOpY-
JKEHHs PaspyulIaloTCs H, CiedoBaTeJNbHO, Bo3BeJeHHAs Ha HUX KOHCT-
PYKUHS TepsieT yCTOHYHBOCTb; 2) NODOAB OCHOBAHHMA HE paspyliaioT-
csl B XOJ€ CTPOHTEJNbCTBA H 3KCILIyaTalliy COODyXKeHHd, HO AedOpMH-
PYEMOCTb HX TakKOBa, UYTO aOCOJIOTHbie OCaJKH COOPYZKEHHS H
HEpABHOMEDHOCTL HX PAa3BHTHS B mnpeflejiax KOHTYDOB COODYXKEHHS,
MOTYT NPHUBECTH K pa3pyllieHHIO (PyHAaMEHTOB M Ha3eMHOM 4acTH CO-
OpYXKEHHsI, NOJHOMY HJIH YaCTHUYHOMY (TPEIUHMHBI B KOHCTPYKIHSX me-
PeKpBITHH, BO BHYTPEHHHX H HapyXHBIX CT€HAaX H T. I.).

B coorsercrBin ¢ 3tuM, CHuIl 2.02.01—-83 npemnaraer BecTH
pacueT OCHOBAHHH COODYXXEHHH IO ABYM IpyliaM INDEAEJNbHBIX CO-
CTOAHHN: 1) mo. HecymweH cnocoGHOCTH, 2) mo AehOpManusiM.
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Pacyer no Hecyme#i cnocO6HOCTH OCHOBAaHHS MOJIXKEH MPOH3BO-
JUTbCS B CACAYIOWHAX caydasx:

1) Ha ocHOBaHHe nepelaloTCsl 3HAUHTENbHblE TOPH3OHTAJbHEIE HA-
IPYy3KH, a TaKXKe NpHU AEHCTBHH CEHCMHMUECKHX CHIT,

2) coopyzeHHE PAacHoJOXKEeHO Ha OTKOce HJIH BOJH3H OTKOCA;

3) OCHOBaHHE CJOXKEHO MEAJEHHO YIVIOTHSIOUWIMMHCA BOJOHACHI-
INEHHBIMH IBEAeBaTO-IJIHHHCTBIMH, a TaKiXKe GHOreHHBIMH nopoxamu,
UMEIIWHAMH KO3 huunedT BojoHachmends G==0,85 u KoabdHuHeHT
CKODOCTH KOHCOJHIAUHH C,<<1-107 cM?/rox; B 3TOM caydae cyuiect-
ByeT OmacHOCTb BHINOpA MOPOJ OCHOBAHHS H3-3a KOHCEDBAlMH B HHUX
BHICOKHX 3Ha4€HHH NOPOBOr0 JaBJieHHs B NEePHOA CTDOHTENbCTBA H
3KCIUIyaTalHy COOPYIKEHHH, CONpOBOXKAAIOINErocs CHHKEHHEM Npou-
HOCTH HOPOJ,;

4) ocHOBaHWE CJOXKEHO CKanbHbIMH NOPOJAaMH.

OaHakO 3T CAyYaH IOJHOCTbIO HE HCYEPNLIBAIOT BO3MOXHbIE Ba-
PHAHTBEl pacyera COOpPYXkKEHHH IO MepBOMY NpelAeSbHOMY COCTOSTHHIO —
no Hecywes croco6noctd, Tak, M. H. [onbumiTedin ykasHBaeT, 4TO
NpH YCJOBHH 3aJIETAHHS B OCHOBAHHH IJIOTHBIX INIECKOB H KPYyMHOOO-
JIOMOYHBIX OTJIOKEHHH TakKe BO3MOXKEH BbINOD NMOPOAH H3-NMOJ MaJjo-
3aray6aenHoro (pyupaMeHnra, Ocof0eHHO moj JAeHCTBHEM HAarpysok,
MPHJIOKEHHBIX € SKCUEHTPHCHTETOM, XOTs OCaJKH COODyXeHHH, BO3-
BE/lEHHbIX Ha TAKHX NOpOAaX, BecbMa HE3HAuuTeJbHHL Jlaike NPH Bbl-
coxux nasneHusx [8]. Ilpu BBICOKOH MJIOTHOCTH 3aCTPOHKH B rOpoR-
CKHX YCJIOBHSX paspyllieHHe 3JaHHi BCJEIJCTBHE BBINOPA NMPOHCXOAHT
NpH CHATHH OOKOBOH MNMDUIPY3KH BOJHM3W CTEH 3JaHHA B CBS3H C OT-
pbITHEM KaHaBs, TpaHIeH§ M KOTJOBaHOB. Kpome Ttoro, mposepka
YCTOHYHBOCTH COODYXKEHHSI MO Hecylllell CnmOoCOGHOCTH JOJMKHA IPOH3-
BOJUTbCA TaK¥ke NPH HAICTPOHKe 3JaHHH HMJAM DpasMEIleHHH B HHX
TAXKENOro o6OpPYyNOBAHHS, HEe NPEAYCMOTPEHHOro paHee, HJIH TpPH
CKJaA¥pOBaHHH Da3JMYHLIX MaTepHaJioB BOJH3H CTeH 3RaHHH.

Oco60 cienyer OCTAHOBHTbCS Ha OCOGEHHOCTSIX NPOEKTHPOBAHHSA
cOOpyIKeHHH, BO3BOAMMBIX Ha CKaJibHBIX mopojax. Kak m3BecTHO, Ta-
KHe MOPOoJH 06,1a4al0T BHICOKOH Hecyliel CnOcOOHOCTBIO, 4acTO Heco-
HaMepuMoll ¢ Harpyskoli or Beca coopyxeuus. CiemnoBaTesnbHO, HX
Hecyuiass ¢cnocoGHOCTh BCerja HCNOJb3yeTcsl HENOJIHOCTbio H pacuyer
YCTOHYMBOCTH HA3E€MHEIX COODYXKEHHH Ha CKaJbHEIX IOPOAAX IO Iep-
BOMY INpele]bHOMY COCTOSIHHIO BO MHOIHX CJy4uasix HOCHT YHCTO Teo-
perHueckuit xapakrep. McknouenneM sBjisieTcss ciyuafi HeGaaronpu-
STHOH ODHEHTHDOBKM INOBEPXHOCTell OcjaabieHHs, KOoraxa Hecylias clo-
COGHOCTb OCHOBAHHS ompenesisieTcss JHGO NMPOYHOCTBI MO KOHTAaKTHBIM
NOBEPXHOCTAM, JU60 CBOHCTBAMH 3aNOJHHUTE/ ONpPENENEeHHON TPYTIIbI
TpELIHH.

Pacuer coopy:xkeHui#i no BTOPOW rpynme OpeAeNbHBIX COCTOSHHIF
(mo pedopmanHsiM) NPOH3BOAUTCH JJisi OCHOBAHHH, CJOMKEHHbIX He-
CKaJbHBIMH MOPOAAaMH, NPH YCAOBHH NEpeAaud Ha HUX BepTHKaJbHbLIX
Harpysok. Lleab pacuera ocHoBaHHl nmo JZedopMaluiM — OrpaHuueHHe
abCOMIOTHBIX W OTHOCHTENBHBIX OCaA0K (PyHAaMEHTOB H HaadyHAa-
MEHTHBIX KOHCTPYKUH{ JONyCKaeMbIMH mpeJesiaMH, KOTOpbie rapaHTH-
pPyIOT HODMAaJIbHbie yCJAOBHA 3KCIIYAaTaUHH COOPYKEHHS B  UEJIOM,
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a TakKXe OTAENBHHX ero KOHCTPYKuuH. IIpm sToM mpouHOCTH H Tpe-
ITHHOCTOHKOCTL (PYHAAMEHTOBR H Hal(pyHAAMEHTHHX KOHCTPYKUH
JOJKHa OBIThb TpOBepeHa pacueToM, YUHTHIBAIOHINM B3aHMOJeHCTBHE
coopyxeHns ¢ ocHopanuem [31]. B CHulle 2.02.01 —83 nedopmauun
OCHOBAHHSl B 3aBHCHMOCTH OT TNpPHUMH HMX BO3HHKHOBEHHS mOApa3je-
JIFI0TCH Ha JBa BHAA: 1) xedopMaupy OT HarpPY3KH COODYIKEHHS;
2) nedopmaupy, HE 3aBHCALINE OT BHElIHeH HarpysKH.

Pacuer mo pedopmMaiysM MOPOH3BOAMTCA H3 YCJIOBHA COBMECTHOH
paGoThl COOpYKEHHSi M OCHOBaHHs, KOTOpasi MOMKeT OBITh OXapakTe-
pH30BaHa CJAENYyIOLINMH MapaMeTpaMy:

— abcoNIoTHON OcagKoHd OCHOBaHUS OTAeNbHOTO GyHIaMeHTa;

— CpeJHeH OcalKO# OCHOBaHHSA;

— OTHOCHTEJIbHOH HepaBRHOMEDHOCTBHIO OCAZOK ABYX (yHIaMeHTOB,
T. €. Pa3HOCTbIO HX BepTHKa/JbHBIX NE€pPEeMEeU[eHHH, OTHeCeHHOH K pac-
CTOSHHIO MEXIYy HHMH;

— KpeHOM (YHIaMeHTa HJH COODYKeHHs, T. e. OTHOLIEHHeM pas-
HOCTH OCAaJ0K KpailHux TOuexk (yHIaMeHTa K ero LIHpHHE HJIA AJHHE,;

— OTHOCHTEJbHHM IPOruboM n/iH BHITHOOM (OTHOLIEHHE CTpPEeJHI
nporuba uau BHruba K AJiHHE OAHO3HAYHO H3rubaeMOro yyacTKa co-
OpYXKeHHsd);

— KDHBH3HOH M3ru6aeMoro yvacrka COOPYXKeHHS;

— OTHOCHTEJIBHBIM YIVIOM 3aKPYuHBaHHSI COODYMKEHHH;

— rOpPH3OHTAJBHBIM mepeMelenneM ¢GyHAaMeHTa,

Pacuer ocHoBauns mo aedopMalusM Ipeanosaraer, yTto paccuy
TaHHblEe 3HaueHUs KOHEUHBIX O0CAJOK Sk He IMpeBOoCXOAAT Mpejels-
HBIX Spp.

Eciu HandyHaameHTHBIe KOHCTPYKIHH COODYKEHHS He DacCyHTa-
HBl Ha BO3[€HCTBHE HepaBHOMepPHHIX AedopMalluil, TO 3HayeHUs mpe-
AeJbHbIX a6CONIOTHBIX H OTHOCHTEJbHBIX JAedopMalMil NPHHHMAWTCA
no CHull 2.02.01—83 (rab6u. 12).

Crnenyer OTMETHTb, YTO €CJH OCHOBaHHE CJIOKEHO TOPH3OHTaJb-
HBIMH, BBIJEPXKAHHBIMH IO MOUIHOCTH CJHOSMH NOPOA C YKJIOHOM He
Gonee 0,1, 3Hayenyus MaKCHMaJbHBIX H CPEIHHX OCajJlOK MOMKHO yBe-
Juauth Ha 20%.

[Ipu nabyxanwy nopoj HOIyckaemasi BeJHYHHaZ NOZbeMa COOpy-
xeHpi coctaraser 25% or npenesbHBHIX 3HAUeHHI JedopMauuil H
50% oT COOTBETCTBYIOWHX OTHOCHTeJIbHHIX BeanuuH. Ecan coopyxke-
HHS BO3BOISITCH Ha CILUIOMINBIX miuTax {cM. Taba. 12, 1—3}, 10 3Ha-
UeHus CPeIHMX OCaJOK MOXHo yBeJiwuHth B 1,5 pasa.

CjieyeT OTMETHTb, YTO B psilie ropoios n pecny6unk (Jlennnrpag,
ACCP n JlarCCP) pgeficTBylOT pernoHalbHble HODMBI, ycTaHaBJi#Ba-
ole Gojiee BBICOKHe 3HAUEHHS INpefejbLHelx Oedopmauuii (Hampu-
Mep, AONMyCcKaeMble OCafiKH AJisi TPaxKJIaHCKHX COOPYxKeHHH B JIeHHH-
rpage coctaBasiior 30—40 cM, yBeqHUYEHBl TaKxke W 3HA4YeHHs OTHO-
CHUTeJbHBIX Jedopmalnil).

UsBecTHH cjiyuaH, KOrAa HOpPMajbHad 3KCTUIyaTallHs COOPYXeHHH
Habjiofanach mpH ocafgkax, foctHrawouidx 0,5 M u Gosee, mpH ycio-
BHH, yTo Takue AedopManyn OblIM MPeAyCMOTPEHB NPOEKTOM H KOH-
CTPYKIHs cOOpy:KeHHs Gbljla K HHM NpuciocobJieHa.

106




Tab6auuwa 12

[Tpegencunle xedopMalliy OCHOBaHHS

Cpenuss
COOpYKeHHS OTHOCHTEJb- Kpen i %Jﬁ: cxggla(;ap;a
P(Iji’; n%a;‘z"s‘}'/"z " MakCHMaJsbHas),

M

1. TlpoussosicTBeHHBle W TPawAAHCKHe
OAHO- ¥ MHOTO3TaXHHE 3JaHUA C  TIOJI-
HBIM KaPKaCOM:

a) Xene300e TOHHBIM 0,002 —

8)
6) crTanbHHM 0,004 — (%2)
2. 31aHuA ¥ coOPyXeHH, B KOHCTPYK- 0,008 — (15)
1M AX KOTOPEIX He BO3HHKAET YCHJHSA OT
HePaBHOMePHEIX oCajnoK
3. MuorosTaxXunle fecKapkacHble 3aaHBs
¢ HeCYMHMV CTeHaMH H3:
a) KPyrHmiX maHe.eii, 0,0016 0,005 10
6) KPynHbIX GJIOKOB WJIH KHDPMUYHOR 0,0020 0,005 10
xiagky 6e3 apMHpOBAHAS,
B) TO Ke, C apmupoBaHueM (B T. Y. 0,0021 0,005 15
¢ YCTPOHCTBOM  Kene3006eTOHHBIX
M05ICOB)

4. CoopyxXeHUA 3JeBaTOPOB U3 Keje3o-
6eTOHHBIX KOHCTPYKIHIT:
1) pabouce 3panue U CHIAOCHBIE KOD- — 0,003 40
Nyc MOHOJMTHOH KOHCTPYKLHHM Ha
OfHOH (PYHAAVEHTHOH mnnuTe,

2) 10 ®e, cOopHO# KOHCTPYKLHH, — 0,003 30
3) O©OTHeNbHO CTOSWME CHTOCHBIN — 0,004 40
KOPNYC MOHOJIHTHOH KOHCTPYKLuH,

4) oTpenbHO cTOMULEE pabouce 3paHne — 0,004 25

5. HuiMoBeie TPYOH BhicOTOR /. M

1) H<100, — 0,005 40
2) 100< H<200, — 1/(2H) 30
3) 200< H<.300, — 1/(2H) 20
4) H>300 — 1, (2H) 10

Heo6x0aMM0 MORYEPKHYTH, HTO YCTOHUHBOCTL OONBIUHHCTBA Ha-
3eMHBIX COODYXEHHMH, B TOM YHCJHE H Te€X, KOTODbi€ NPOEKTHPYIOTCSH
0 HecylleH CmOcOGHOCTH, CedyeT NMpOBepsATh W Mo AeOopMaunuaM, H
npex/1e BCEro no j0NyCcTHMO pa3HOCTH OCajiOK.

IIpy nepaBHOMEDHOM pa3BHTHH OCAAOK COODYXKeHHH (Zaxke NpH
JONYyCKaeMOil BeJIHUnHe abCcoJoTHBIX Aedopmaumil) BclegcTBHE pac-
TATHBAIOMINX HATNPSKEHHH TMOABJASIOTCA TPEWHHB B KOHCTDYKUMAX,
KOTOpLIE MOTYT NMPHBECTH K HX pa3pylienulo. IIpHuMHb HepaBHOMEp-
HBIX OC3J0K B npelesiaX KOHTYDOB COODYXKEHHs YCJOBHO NOJADa3mesi-
IOTCA Ha TPH IPYIIIHL.

1 rpynna ob6beduHsier ¢dakToph, OOYCHOBIEHHbIE HHXKEHEDHO-reo-
JOTHYECKHMY OCOBEHHOCTSIMH CTPOCHHsI OCHOBaHHs, H TIpeXAe BCETO
HEOJHOPOXHOCTHIO pa3pesa ¥ H3MEHUHMBOCTbIO NOKa3aTesief NIPOYHO-
cTH u aedopMalHOHHBIX cBoficTB mopoa. HeoanopoanocTs ocnoBaHusi
BBIPAXKAETCsl B JIMH3006pDa3HOM 3ajieraHHH HJIH BbIKJIHHHBAaHHH GoJee
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¢1abblX MM NMPOYHBIX OTJIOXKEeHMH, HEeOAHHAKOBOH MOUIHOCTH NOPO.
C pa3/IMYHBIMH MOKa3aTeJsIMH CBOHCTB M COCTOSIHHS, B HAJHYUHM KPyI-
HOOGJIOMOYHbIX BKJIOYEHHHT M HX HE3aKOHOMEPHOM paclpefeseHHH
B OCHOBaHHH coopyxKenHs. K 3To#l e rpynme MoxeT ObITb OTHECEHO
TakK¥Xe BJHMSHHE KOJeGaHHSl yDOBHS NOA3EMHBIX BOX Ha HaNpsKeHHOE
COCTOSIHHE TIOPOJ OCHOBAaHHA M H3MEHEHHe MNOKa3aTtejel HX (DH3HKO-
MeXaHHYEeCKHX CBOHCTB.

II rpynna ¢pakTopos cBsi3aHa ¢ OCOGEHHOCTSMH BO3BEAEHHSI M pa3-
MEleHHsi COOPYXKEHHH 1o OTHOLUIeHHi0 K nopogam OcHOBaHus. Ilpm
3TOM 60JIblIoe 3HAYEHHE HMEIOT HapYLIEHHd TEeXHOJIOTHM I1POH3BO-
CTBa CTPOHTENbHLIX paGOT HYJNEeBOro IHKJA, AJHUTEIbHOE NMPOCTaHBa-
Hye KOTJOBaHOB B OTKDHITOM BHJE, NMPOMOpaXXHBaHHEe HOPOA JHGO
3aToNJIEHHEe KOTJIOBAHOB, NMHAMHYECKHe BO3AeHCTBHs paboTaioniux
MEXaHH3MOB B KOTJIOBaHaXx. Bce 3To NPHBOAHMT K Pa3AHUKEHHIO cia-
ObIX TJIMHHCTHIX M IbieBaThix NOpoA. [IpH BBICOKOM  NOJOKEHHH
YPOBHSI I'DYHTOBBIX BOJA (BHIUE JHA KOTJOBaHa) BO3MOXHO pa3BHTHE
cy(b(}O3UOHHBIX U APYTHX NPOLECCOB, BhI3BAHHBIX JeACTBHEM THAPOAH-
HAMHYECKHX cHJI. B 3Toifl rpynnie MOJ2KHBI GBITH pacCMOTPEHBI TaKiKe
¢ aKTOPHI, KOTODHIE OTPEJELJISIOT HEPABHOMEDHYIO CKUMAEMOCTL MOPOL
H3-3a pa3MELICHHsT TAXKEN0H 4YacTH cOOpYyXXKeHHs Ha caalbeHX MOpoxax
U Jerkoid — Ha GoJiee npoyHbIX. Kpome TOro, HeoOXOANUMO YUHTLIBATh,
4TO HepaBHOMEDHas 3arpyska OCHOBaHWSl B IIpejesiaXx KOHTypa CO-
OpYKE€HHS] TIDHBOAMT TaK:Ke K Pa3BHTHIO HEOAHHAKOBBIX OCAaAOK Ja)e
IpH CPABHHTENBHO OJHODOJIHOM OCHOBAHHH.

111 rpynna (hbakTOpOB, ONpEAENsIONHX DPa3BHTHE HEPABHOMEDHBIX
0CaJ0K, CBSi3aHa ¢ HEOJHOPOAHOCTbIO HANPSIXKEHHOTO COCTOSIHUSI MOPOA
B OCHOBAHHHM B pe€3yJbTaTe B3aHMHOIO BJIHMsHHS (yHAAMEHTOB OT-
JEeJbHEX KOJIOHH, HEONHHAKOROH MHTEHCHBHOCTBIO paclpeaesieHus Ha-
Npsi’KeHHil Mo LeHTPaJbHOH ¥ KpaeBbiM BEpPTHKA/JIbHLIM CEYEHHAM 3a-
IPYXEHHBIX JIEHTOUHBIX, CIJIOWIHEIX H ADYrHX TUNOB (PyHNAMEHTOB,
[lpu 3T0M HaumGosiblline HanpsiKEeHHsT OTMeJaloTcs B cpepHell yacTH
34aHHs ¢ TOCTOSIHHON 3arpy3Ko#i, MeHbLIME — B KpaeBbiX YacTsIX U
caMble HH3KHE — 110 yIVIOBLIM BepTHKansM. KOHueuTpauusi Hampsike-
HHUH, NPHBOAsAILAs TaKXKe K HEPaBHOMEpHHIM AdebopMaiusM, MOXKET
BO3HUKHYTH NPH CTPOHTEJIbCTBE COCEAHErO 34aHHs B HENOCpeJcTBeH-
HO{t GJM30CTH OT yzXKe 3KCIyaTHDYIOILErocsl, MpH CKJIaAHpOBaHHH
MaTepHajoB H NPOAYKTOB MPOMBIIMJIEHHOIO MPOH3BOACTBA BOJHU3H
cren. OTKpHITHE KOTJIOBAHOB, NPOXOAKa TpaHIIeii BOGJH3NM CTEH 37a-
HHsS TaK»Ke MOXKET IIOBJeyb 3a cOOOf KaracTpoduuecKoe pa3BHTHE
HepaBHOMepPHBIX AehopManuii OCHOBaHHS.

§ 2. OCOBEHHOCTH PA3BHTHSA AE®POPMALIUH B NMOPONAX
OCHOBAHUSA IO JEWCTBUEM JABJIEHUA OT BECA
COOPY)XEHHUA

Tlecuanbie ¥ rAWHUCTHIE nMopoabl. PasBuTHe aedopMaluul B OCHOBAHHH
COOpy K€HHH INPOMCXOAMT NOJA JAEHCTBMEM KaK HODMaJsbHBIX, TaK H
kacaTeJbHbIX HanpsixkeHH#. Posb KaXXAOH M3 COCTaBJAIOWIHMX Hanps-
JKeHuil npu aHanuse gedopmanufi 3aBUCHT OT psila (akTOPOB, OCHOB-
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Puc. 37. 3aBACHMOCTb MCKJAY Harpyskoff u AedopMauuCil AJs TOPHBIX MOPOA:

@ — HecBA3HMEIX: MJOTHOTO (1), cpeiHel NJOTHOCTH (2) M phixaoro (3) cinoxeHus; 6 — PAHHHC-
ThiX: BBICOKOH (/), cpeaHed (2) u Mamoli (3) cTeneHH AUTHGHKAUHH; 4——KpHBa§1 nedopmHpye-
MOCTH [OPOA HpPH TI.ayOGOKOM 3aJ0XKeHHH GYHAAMEeHTOB; 6 — 3MOphl AedOpMaUHA CXKaTUsA

(ko-
cas WITPHXOBKa) H ¢ABHra (TODH3OHTaNbHAs IUTPHXOBKA) [MOPOJA NpPH JAEHCTBHH Das3jHUYHBIX [0
BCJHYUHE Harpy3ok

HBIMH H3 KOTOpBHIX sIBAsIIOTCS: 1) oco6eHHOCTH pasBHTHS Jebopmanui
UOPOAL B OCHOBAHMM COQDYXKEHYWs, KOTOPbie ONDPEAENAIOTCS BO3MOXK-
HOCTBIO JIM6O OTCYTCTBHEM ee OOKOBOrO pacmnopa; 2) BeJdUuyHHa Jeii-
CTBYIOUIErO AaBJieHHs] H TeMIIBl €ro pocTa BO BpeMeHH; 3) THO MOpo-
Abl, IPOYHOCTL €e CTPYKTYPHHIX CBsI3€H, CTEN€Hb YIJOTHEHHOCTH, Be-
JUIYHHA BJAXKHOCTH H BOJOHACHIHICHHS, IPaHYJOMETPHUYECKHHA u MH-
HepasbHHI{l COCTaB (NpHYEM COCTaB NOPOA OcoBO BaKHOE 3HAUEHHE
npuobpeTaeT MPH PAcCMOTPEHHH Pa3BHTIi AedopMalul B TJIHHHCTBIX
nopozax).

Anamns paHabix HabaiOfeHHH 3a pasBuTHeM AedopMalHii coopy-
FEHHH TNO3BOJSET HAMETHTb TPH THIIA 3ABHCHMOCTH MEXKAY DOCTOM
JaBjyienHss u npHupaiiendem aedopmauun (puc. 37). I'paduxu, upu-
BEJICHHble Ha pHc. 37,4, XapakTepusyior AedopMauHH OCHOBaHHII,
CJIOKEHHHIX HeCBsISHBIMH MOPOAAaMy pazanuHoli mioTHocTH. Kpumas [
OMUCHLIBAET [TOBEAEHHE MecYaHbIX MOPOA IIOJ HArpysKo#l MIOTHOTO CJ0-
XeHHd, xpHBas 2 U 3 — COOTBeTCTBEHHO cpeAHero H pHIXJOTO CJio-
xeHus. [ledbopMauuy TrJHHHCTBIX NMOPOL B OCHOBAHHU COOPYKEHHIl
B IIpolecce pocTa AaBJieHHs pa3sBHBAIOTCS MO TeM XKe 3aKOHOMEDPHO-
ctam (cm. pHe. 37,6). OtaHuds BblpakaiTCs JHIIbL B TOM, YTO
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B IpezesJax HayaJbHBIX HHTEDBAJOB 3arpyxeHus JepopMailHH Ha-
CTOJABKO MajH, UTO MMH MOXHO npeHeGpeub. YUUTHIBas HOPOYHOCTD
CTPYKTYPHHIX CBsi3eH B FJIHHHCTHIX MOpOJaX, CjleAyeT TOBOPHThL O Ha-
TpysKe Hayaja cxKaTusi, Kotopasd OyZeT paBHa CTPyKTypHOH NpouHO-
CTH TOPOA (Scr,). KpuBbie I u 2 Ha puc. 37,6 XxapakTepusylT pas-
BHUTHe JepopMauHii COOTBETCTBEHHO B TIJIHHHCTHIX HOPOJAax BHLICOKOI
¥ cpennell cTeneHell JHTHOHKauHU. B caabbix FIMHHCTHIX OTJIOXEHHAX
HalJuaolaeTcs pe3koe Bo3pacranue AedbopMaunufi no Mepe Harpyxe-
HMsi OCHOBauHMsi (KpuBasi 3 Ha puc. 37,6). Bmecre ¢ Tem oTMeuaercs
ONnpelesieHHAasl TEHACHIMS POCTa BEIHYHHHE CTPYKTYPHOH NPOUYHOCTH
N0 Mepe mepexofa OT MAaJOJHTHRHUMDPOBAHHBIX FIHHHCTHIX Pa3HOCTEH
K YIUIOTHEHHBIM. B c/1abbiX INIMHUCTEIX OTJIOXK@HHSIX CTPYKTYpHasi NMpou-
HOCTh cr cocraBasier 0,03—0,05 MITa n menee, B cpeaneynoTHeH-
HHIX FIWHHCTbIX IOpPOAaX (B 3aBHCHMOCTH OT MX I'€He3HCa) BO3pacTaer
no 0,15 MIla, B BBHICOKOJHTUQPHNUPOBAHHBIX OTJIOXKEHHUSAX MOXKET J0-
cruraty 0,7 MIla. OnHako B TakHX OTJOXKEHMSX CjeayeT pasaHuaTh
CTPYKTYPHYIO MPOYHOCTL OTAeAbHHX 610KOB MOpOA (9F. ) W CTPYKTYD-

HYI0 NPOYHOCTHL Ha CXKaTHe TOJNIH MOPOA (cf, ),  KOTOpas 3aBHCHT
1

OT XapakTepa TPEIIHHOBATOCTH W NMapaMeTPOB NPOYHOCTH HOPOJ IO
TPeUHHAaM.

Ecau na kpuBux 7, 2 (cm. puc. 37,au6) ueTko BHIDA’KEHBbI y4acT-
KH JIMHEHHOofl cBsi3y MeXIy fAaBienvieM H aedopmanueil (ot 0 no py),
TO Ha KPHUBHIX J HeJWHeHHOCThL pas3BHTHsA Acdopmaluii oTMeyaeTcst
NpaKTHYEeCKH C MEePBBIX 3TaNoB 3arpPyXKeHHs, B 3TOM cjyyae COUPOTHB-
JIeHNe NOpoJ Mo Mepe yBeJHyeHus nedopmanyy npakTHYECKH He BO3-
pacTaeT ¥ IPH CPaBHUTEILHO HeOOJbIINX [aBJEHHSAX MOXeT HacTy-
NHTH BHHOOp NODOALI M3-noa ¢yHaameHTOB. OO6BIUHO CYHTAIOT, 4TO
B Tpefesax AaBleHHH OT HyJas A0 p; AedopMainug NopoAH onpeness-
eTcs raaBHHM oOpa3oM ee cxkaTueM (CTafust YMJIOTHEHHs IO
H. M. TepceBanoBy). Onuako ¥ Ha 3TON CTalWH BO3MOXKHO GOKOBOE
nepeMeleHe TOpoAb. BepTHKanbHhie nepemeumieHuss nHauboJgee uH-
TEHCHBHbI B NEHTpe (pyHIaMeHuTa, ODH30HTaJbHble (BOKOBBIC )— NOA
KpasMu (yHpamenta; nocjennve HanboJjee CyIIeCTBeHHb [JS OCHO-
BaHHM, CJAOKEHHBIX MecytaHHMH NMOPORAMH DHXJOrO CJAOXKEHHS H cla-
OHIMH TVIMHHCTHIMH TIOHIDKEHHOM NPOUYHOCTH (cM. pHc. 37,8).

T'opuzonranshpie gepopMauyuy HPOHCXOAAT noj] AeHCTBHeM Kaca-
TeJLHBIX HANpsKeHHH W HapyaioT HPONOPUHOHANLHOCTH MEXAY po-
CTOM HArpy3ok ¥ pasBuTHeM JAecdopMmauuii nopold B ocuoBanuH. IIpu
yBEJIHYEHHN [aBJeHHH BuIIE p; POJb FOPH3OHTAJbHHX CMeWIeHHH cy-
HIeCTBEHHO paCTeT, a BeJHUMHA BepTHKaJAbHLIX JAedopmauuif, ompe-
JNEJAI0as CAKEMAaeMOCTh TIOPOH, MeHsieTCs He3HAUYHTJHHO, MOCKOIBKY
BO3MOXHasi CTeneHb yIJIOTHEHMs nopojkl OblTa peasusOBaHa Ha mpe-
LHAyIeH cTaguyu upu p<<p; (cM. puc. 37,8).

PasBuTne cABHIoBHX AedOpMauuii onpenenseT HEJIWHEHHYIO 3aBH-
CHMOCTh MEXJy AaBleHyueM OT Beca cOOpPYXKeHHs u ero Aedopmannef.
Ha Bropoii craguu nedopmupoBanus (craaus casuro no H. M. Tep-
CeBaHOBY) YCTOHYHMBOCTH MODPOAH B OCHOBAHHH eule MoXKeT OHTh ra-
paHTHDOBaHa np¥M YCJOBHM 3aTyXaHHd CIABHIoBrlx JAedopmanuii Bo
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BpeMeHH, [lasi BecbMa caalBIX TOPOA AaXe NpH AeHCTBHH OTHOCH-
TeJbHO HeOOJBLINX Harpy3oK KacaTedbHple HaNpaXKeHUs OUPeReaaioT
BeJinyuny u Xxapakrep pedpopmanvu. [lopoma uUpaxkTHuecKH He TMpe-
TeprneBaeT HHUKAKOrO YNJOTHEHHS M JepopMalHsi OCHOBaHHS COOPY-
JKEHHS NPOHCXOAWT B pe3yapTaTe BhAaBIHBaHHA MOPOAH  (CM.
puc. 37,6, kpuBas J).

TloBcemecTHOe pa3BHTHe CABHTOBBHIX JAedopManuil Bo Bceil 30He
OCHOBaHHsl COOPDYXeHHsI NMPHUBOAUT K 0oOpa3soBaHHIO elNHOIl MOBEPXHO-
CTH CKOJbXKEeHHsI ¥ CMeU{eHHIo TOpoAb BMecTe ¢ coopyxeHHeM, Cue-
LyeT OTMETHTL, YTO paccMaTpHBaeMBbiil XapakTeD pPasBUTHA Jedpop-
Mauuid B OCHOBaHHWH COOPYXKeHHs oObluHO HalmaomaeTcs TPH HerJay-
6oxoM 3asoxeHun QyugamentoB (hy/0<<0,5). Ilpn ycaosun sarayo-
JeHdss (QyHIaMEHTOB BTopasi craius neopMHpOBaHHS OOGBIUHO He
3aKaHuNBaeTcsl pa3pylieHHeM [OpPoAkl B (popMe BHIIOPA, a HOCHT Xa-
pakTep AJUTENbHOTO HapacTauus JedopMauuy Bo BpeMeHH (cM.
puc. 37,6, xpuBasi 4).

Han6osnee cioxnas KapTHHa YIJIOTHEHHsS TOA A€HCTBHEM (CTaTH-
YeCcKHX Harpy3ok HabJaionaercs B BOAOHACHIUIEHHBIX TJHHUCTHIX [0-
ponax. Ilpy OTCyTCTBHH TPEUIMHOBATOCTH B TOJIIE TMIMHUCTHIX OPOA,
4YTO XapakKTepHO MJsl MaJOJHTHOHUNPOBAHHBIX Pa3HOCTEH, pa3BUTHE
pedopmannii NPONCXOANT, KaK yXKe YKa3biBaJoCh Bhilie, NOj AeHcT-
BHEeM HOpPMAaJbHBIX ¥ KacaTeJbHbIx HanpsukeHuuil., O6BYHO B 3THX NO-
ponax CTPYKTypHas NMDPOYHOCTH Ha CXKAaTHE MeHblle TeX HalpsKeHuH,
KOTOpHle [EeHCTBYIOT B OCHOBaHHM coopyxeunii., B Takom ciayuae,
B Tpollecce pa3BHTHs aeopMaunii rMaBHYIO pOJbL HauWHaeT urparhk
nepepacnpejesenne LaBJeHUH MeXAy CKeJI€TOM u HOpPOBOH BOIOH,
KOTOPOe MPHBOAMT K BO3HHKHOBEHHIO HAMOPOB, CO31AIOIUHX BO3MOK-
HOCTh ()HJIBTPALMH BOJABI M3 BOAOHachiuieHHoil mopoabl. Cieayer nojk-
YEepKHYTh, YTO YIJOTHEHHEe MOPOA BCJAEACTBHE OTTOKAa BOAbI — pellia-
ouMii (pakTop yBeJIWYEHHS] NPOYHOCTH U, CJEN0BAaTeJbHO, Hecylewd
cnocoBHOCTH OCHOBaHHs, BO3MOXKHOCTE JHOO OTCYTCTBHE BO3MOMHO-
CTH OTTOKa BOJBl U3 MOPOJABI ONpenessieT o0oCHOBaHHe CXeMBl pac-
yeTa OcCagKu COOPYXKeHHH BO BpPEMEHH, a TaKxke BHGOD METORMKH
noJyuyeHHusl mapameTpoB Ae(OpManHOHHBIX CBOHCTB H IPOYHOCTH MO-
poabl. F3BecTHo, uTO MeTOA¥Ka OLEHKH MEXaHHYECKHX CBOHCTB moposa
onpejeasieT WX XapakTepPHCTHKH H, CJEeL0BATEJbHO, OKa3blBaeT Ccylle-
CTBEHHOE BJIMSIHHE Ha De3yJabpTaThl PacyeToB jeopMauvu u Mpoy-
HOCTH OCHOBaHHS COOPYIKEHHS,

[Ipn cunxeHny kospdrurenTa BoJOHACHIIEHHS 1O MeHee eIVHHIH
AJsl OUEHKH YIJOTHEHHs TJHHHUCTBIX TOPONL CJAeAyeT YUHThIBATh CIKH-
MaeMOCTb NMOPOBOI BOABL, coaepKallell NMY3LIPbKHM BO3AYyXa, a TaKkKe
pacTBopeHHble B HeH rasbl. BJusanume mocjeinnx ABYX KOMHOHEHTOB
yuuThIBaeTcs CyMMapHO BBejeHHeM B pacueThl gaedopMannil COOTBET-
CcTByloUlero Kosg@HUNeHTa CKHAMAeMOCTH Tas3ocojepKailed Bo,1H
{cM. ra. 5, § 4). Ilpn cTenenn BogOHachiuienus Mmenee 0,85 pedop-
Mau¥H MOPOA Pa3BHBAOTCS TOJBKO B PE3yJbTaTe MoOJ3YuecTH cKeJdeTa
MOPOABI, T. €. NOPOJABI PaccMaTpHBAKTCA KaK  KBa3HoJHO(pasnas
cpena.

Onenxka peopMannii IIMHHCTEIX TOPOJ CPEAHEHl M BHICOKOH CTe-
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nenn JUTHPHKALKMH AOMXKHA NPOBOAUTHCS € YYeTOM HX TpellHNHOBaA-
TOCTH.

CkanbHble TPELIMHOBATblE MOPOABL. DKCIEPHMEHTAJIbHBIE HCCaEN0-
BaHHA, a TakKxe HalJioAeHHa 3a Ae(OpPManUsiMH BLICOKHX ILJIOTHH Ha
CKaJbHLIX TPEIMHOBATHIX MNOPOZAX TNOKasajH, 4TO HX VYIJIOTHEHHE
OPOHCXOANT B pe3yapTaTe 3aKPHITHS FOPH3OHTAJLHBIX H MOJOr0 3a-
JIETAI0LIHX TPeUIHH, CKaTHA H BBZaBIHBaHHA 0Opa3oBaHuil, 3anoJHA-
IOIUX TPEUIHHH W MYCTOTH. B TpemHHOBATHX nopoAax npH AeHCTBHH
BHICOKHX JaBJeHHH HeMalloBaxKHYIO DOJIb HIDaeT MHOJ3yyecTh CaMOH
nopoasl. Onuiter, npoBegennbie MHUCH na nuouiaiiKe CTPOHTENLCTBA
Hurypckoit T'3C, ycTaHOBHAH, YTO B JOJOMHTH3HPOBAHHBIX H3BECTH:-
Kax noxa AaenaenueM 7,0—11,0 MIla pasBuTHe ocajoK NpoZoJKaldoch
Gonee 1500 u [30]. [Ipupoma sroro Inpoumecca ZOBOJLHO CJIOXKHA H
B CXeMaTH3HDOBAHHOM BHIE MOXeT GbiThb MpeiCcTaBlJeHa KaK pe3y.b-
TaTl nepepacnpefesenus IefiCTBYIOIIMX BHYTPH MacCuBa IOPOAH YCH-
Jul, NPHUBONAINNX K NONBUKKaM OTHEIbHEIX €e GJOKOB, MECTHHIM
MHKPO- ¥ MaKpopaspylWIeHHsIM. IJTH MpPONecCH NPOTEKaioT He MTHO-
BEHHO, a NOCTENEHHO, CMeHss LPyr Apyra, NPHBOAS C TeuenweMm Bpe-
MEHH MOpPOAY K HEKOTOPOMY DaBHOBeCHOMY cocTosiHHIO. Habawonenns
Jaly BO3MOXKHOCTh YCTaHOBHTL, UTO 3aBHCHMOCTL MeXny nedopma-
UHAMH H JaBJeHMeM [JA CKaJbHHX TDENIMHOBATHX NOPOA HacTo
OKa3bIBaeTCsi HEJHHelHOH Jaxe T[pH CPaBHUTEJbHO HEBBICOKHX
{1 MIla) gasnemnsix. KpoMe TOro, mpd ymJOTHEHWH CKalbHbLIX Tpe-
UIHHOBATHIX MOPOJA MPOUCXOAAT GoxoBble AeopManHn ¥ BepTHKaJb-
Hple mepeMelleHHs] TMOBEPXHOCTH MOPOJ BOKPYr 3arpyXKeHHOH MJIolia-
Iy Ha paccrosnuu, paBHoM |—1,5 ee mmupunm (puc. 38,a). Ilpu
CTPOHTEJbCTBE H SKCIUIyaTauHy BRCOKHX miuoTHH (bpatckoii, Kpacho-
apckol n apyrux I'DC) ormeuarsocr pasBuTie ux AedopMmanHH BO
BpeMeHH, Tak, HanpuMep, ocaika miaotHHue DBparckolt I'9C npu nas-
JEeHHH Ha nOAcTHJamuide ee AHabasnt ao 2,5—4,0 MIla poctaraa
70 mM. [TpubausuTenbHO TaKas ke BeJHYNHA OCajKH 3apHKCHPOBaHa
B OCHOBaHMM GerTouHoil miaoTuHb Ycrb-Haumckoii I'SC, BossenenHol
TaKXe Ha TpeUIHHOBAaTHIX AHaGa3ax, MpHueM HHTEHCHBHOCTH Da3BH-
THS OCaAKH HO OTAEJNbHBEIM CEKIUSM TeCHO YBS3HBaeTcsi He TOJBLKO
¢ ZaBJeHUEM OT COOPYKEHHA H BOHBI, HO M C XapaKTepOM Tpeu[HHO-
BatocTH (cm. puc. 38,6) [35].

BinsiHMe TEXHONOT¥VM BO3BEJEHHMS COOPYMKEHHsi, pa3mepor, ¢opMmbl
M 3araybiaeHuss QyHnaMeHTOR Ha BeJWUHHy aedopmaunu. Beanuuna
KoHeuHOH nedopmanyiu COOPYXEHHS, BO3BOAHMOIO Ha Pa3jHuHBIX Td-
fax ropHBIX NMOPOJ, ONpele/sieTcss He TOJbKO H3MeHeHHeM HallpskKeH-
HOTO COCTOSIHHSI MOPOL NOA [NeHCTBHEM [aBJieH#ds, HO H TeMMaMll BO3-
BeJleHHsS COOPYXKeHHs, pasmepamu u GopmaMu QYHIaMEHTOB, XKECT-
KOCTHLIO W TJIYGHHOH MX 3aJ0XKeHud.

Texnosordst BO3BEJEHHs COOPYKEHHs wuMeeT GOJbIIOe 3HadYeHHe
NpH YCJOBHH 3aJeraHds B OCHOBAHHM OTHOCHTENBHO CJIabbX IJHMHH-
CTHIX OTJoXeHHH. [IpH CKOPOCTHHX MeTOLaxX BO3BEIAEHHS COOpyXKe-
HHH, KaK MOKasblBaeT NPakTHKa CTPOUTENLCTBa B JIeHuHTpane, TOJb-
kKo 20% ocaiaku mporeKaeT B CTPOHUTEABLHBIH MEePHOA, OCTalLEble
80% — B 3kcnayaranuoHHbf, JAWTeNbHOCTL PA3BHTHA M BeJHuMNA
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AedopManvy 3HAYHTEIBHO BO3PAcCTaT, €CJaH LEHCTBYIOT HUK/JIHYECKHE
KpaTKOBpeMeHHEIe HarDY3KM, Hallpumep, NpH 3arpys3Ke pe3epByapoB
XpaHeHWsi HeTH B OCHOBaHWH BOJOHAMOPHBIX DalleH, CHIOCHLIX KOp-
nycoB, saeBaropoB [8]. CaenoBartensHo, npy oueHKe XapakTepa pas-
BUTHS JedopMauufi B OCHOBAaHWH HeoOXOIHMMO YUMTHIBATb TeMIbl BO3-
BeCHHS] COODYXKeHHs: HHTepBaJ nepefauyl AaBJeHHS M ee CTYHeHb.
Hanmenbwve pedopMannu (QUKCHDPYIOTCS NPH MeNJeHHOM 3arpyke-
HHH MAaJBM¥M CTyleHsIMH, HauboJbliHe — IIPH HeNnpepHBHOM 3arpy-
JKEHMH, HalpHMep [IPH 3alOJHEHHH Das3jHYHHX eMKocTeld (puc.39,a).
DKcnepuMeHTalbHEe HCCIENOBaHHs, NPOBeNeHHBe C Pa3IHYHbIMH TH-
HaMu caabblX IVIMHHCTHX OTJIOXKEHHH, MOATBEPKAAI0T Pe3yJabTaTH Ha-
OJI01€HUI 32 Pa3BUTHEM OCaJKH COOPYKEHWH NMDH pa3HYHBX TeMIax
NpUJIOKeHHs fNaBiaenus (cM. puc. 39,6,8). Conocrasienns pesyJabra-
TOB HCCJeLOBaHHsl MPOYHOCTH IVIMHHCTBIX NMOPOJL HPH OTCYTCTBHH JKe-
CTKHX UEeMEeHTAuMOHHHX CBs3eH (NO3LHE/JIeIHHKOBLIE OTJOMKEHHs) H
NpH HaJWYMH TaKHX CBsizedl (MOCJENEHHKOBLIE OTJIOXKEHHHA) I0Ka3a-
J¥, YyTO HaWMeHbIIHe 3HaUeHHs TIPOYHOCTH 3a(HKCUPOBaHBI B Tipe-
me/ax NMepBHX ABYX YacCOB 3arpyxeHHs B MO3JHEJNeJHHKOBHIX TJIHHAX.

Boapacranne HHTeDBaja BpeMeHH MeEX/Iy CTYNEHSMH [ aBJeHus
APUBOLMT K HajpHellleMy MOBHLIIEHHI) NPOYHOCTH 3THX OTJOXEHHH.
B nopopax ¢ KeCTKHMH nE€MEHTauMOHHBIMH CBS3fMH XapakKTepHA
B OCHOBHOM TeHJeHIMs K MajeHuio npounoctd (cM. pHuc. 39,6). Jla-
BHHHOe pa3pylleHHWe JKECTKHX HeoGpaTHMO pa3pylIawllMxcs CTPyK-
TypHBIX CBSiI3eH INPH NIPAKTHYECKH MaJoil 3HAYHMMOCTH MNPOLECCOB HX
BOCCTAHOBJICHHS [IPHBOAHT K CYULECTBEHHOMY YMEHBLICHHIO IIPOYHOCTH
H COOTBETCTBEHHO K PAasBHTHIO JJIUTEJNLHO He3aTyXalouux aedopMa-
LU} OCHOBaHHIl COOpYIKeHHH.

Q6061ueHe naHHBIX HabmoAeHUH 3a pa3BHTHem aedopmanuyu mpr
NOCTOSHHOM [aBJeHHH Ha OCHOBAHHWe PAa3jHYHHX I'paXAaHCKUX COOpY-
KeHHH, BO3BeeHHHX Ha MecyaHo-IIMHACTEIX IOPORAX, MOAYJIb Aedhop-
Manuu Koropblx mnpeBocxoaua 10 MIla, nano Bo3moXKHOCTBL ycTa-
HOBHTb, YTO MexXay pasMepoM yHniaMenTta (b — wupuda oyHaa-
MeHTa) u OCajiKof CYLIECTBYeT JOBOJBHO CJIOXKHasg 3aBHCHMOCTb
(puc. 40,a) [9]. Ilpn manmx 3nauennsx (Ao 0,2—0,4 M) wramna
ocajika BO3pacTaeT NPH YMeHbUIEHHHW b, YTO CBsI3aHO C pazBHUTHEM
30H ITaCTHYECKHX (CABHroBBIX) nedpopMauuii B ero ocHoBannH, C po-
CTOM IUMPHHEI (pyHOaMeHTa 30HB IIacTHueckKux nedopMauuifl yMeHb-
WaTC H YBEJWUYHBACTCS CONPOTHBICHHE TIOPOAL  BaBJIUBAHHIO
wraMmna, [Ipu >0,4 M 32BHCHMOCTE MEXIY POCTOM OCAaJIKH M IIU-
pHHO{i pyHIaMeHTa NpaKTHUYeCKH JaMHelina. Takas cBf3L CcyllecTByeT
B uHTepBaje H3MeHenus b or 0,4 no 3 M. [ansHeiillee yBenuueHue
b mpHBOAHWT K 3aMelJIeHHI0 pocTa ocalkH, u npu b, pasuom 10—15m,
pasMep ¢QynlaMeHTa NMPAKTHUECKH He CKa3niBaeTcsl Ha BeJIHYHHE fde-
¢opmauun. Takoe siBJeHHe MaJjoll 33BHCHMOCTH AethopManuyu oT pas-
Mepa WITaMna MoXeT ObiTh OObsCHEHO BJHSHHEM HalpsKeHMH OT
coOCTBEHHOTO Beca NMOPOIL Ha yMeHbllenne ee JedopmannHonHod cro-
co6roctr [9]. Ilpu Goapmnx niomagsix 3arpyxenusi B paboTy BK.JIO-
4yapTca TAyHOKo 3ajlerawnine cJoH, MOAyau AehopMauHH KOTODPHX
OpY 3HauWTeIbHOH OOKOBO#I TNPUTPy3Ke BO3PACTalOT [0 CPaBHEHHIO
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Puc, 38. Xapakrep pa3BuTHsi AeOpMauHil CKa/bHBIX MOPOA:

@ ~ BHe 30HBI 3arpyxeHHs wrtamna d==100 cm (3amTpuxosana 06JacTh 3KCHEPHMEHTAaJbHBIX
AaHHBIX, NIYHKTHPOM JaHa TeOPETHYeCKAas KPHUBAsN); 6 — KPHBble POCTa OCAJKH OTJeNbHBIX ceK-
uuid GeToHHOH naoTHHM Ycrb-Haumckoii I'DC, B ocHOoBaHHH KoTOopoil 3aieraT AuaGassl (I —
BecbMa TPEHIHHOBAaThle; 2 — CHJABHOTPeHIMHOBATBlE; 3 — CPegHeTPEU[HHOBaTHe, 4 — MaJOTDEeIXH-
Hoaa-rgle)é) l')IyHKTHpOM NOKa3ana KpHBaf NOBBIUICHHH Haliopa Bojgbl Ha IVIOTHHY (YDOBenb BepX-
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Puc. 39. Xapakrtep pasBHTHS OCafkd H H3MCHEHHS TPOYHOCTH CAAOHX TJAMHHCTHIX
T0poJ B 3aBHCHMOCTH OT pDEXHMAa 3arpyXeHus:

@ — UHTEHCHBHOCTH HADACTaHHA OCafAKH OT BeJHYHHBl CTYNeHH HAarpysku; 6 H 8 — H3MeHeHHe
NPOYHOCTH COOTBETCTBEHHO NO3JHENe[HHKOBLIX (03epHO-JeLHHKOBbIX) H MocCJaeneIHHKOBLIX (Mop-
CKHX) I'VTHE NpPH GhICTPOM H MeJleHHOM 3arpy:KeHHH
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Puc. 40. Tpaduk 3aBUCHMOCTH BEJHYHHbI OCAAKH OT pa3MepoB GYHIAMCHTOB B MO-

poaax:
a—c E=10 MIla; 6 —c E<<10 MIla (maciitaG ycnoBHb)



C TIPHIOBEPXHOCTHBIMH CJOSIMM, 3aJleraiomHMH HeNOoCPeACTBEHHO NOJ
nogowBo# ¢ynnamenrta. CuemoBaTenbHO, nopn GoablinMH B TJaHe
yniaMenTaMy HeoOXOIHMO NDOH3BOAHTHL OrPaHWuYeHHs MO Tray6HHe
TOH# 30HH OCHOBaHH#, B MNpeAenax Koropoli OyayT pa3BHBaTbesl [e-
thopManuy nopog.

Onnako rakasi He3aBHCHMOCTL BEJIHUMHEI Ne(OpPManiH OT paszMe-
poB MTaMna xapakKTepHa [Js NMOPOA OTHOCHTENLHO TPOYHHIX ¢ E==
=10 MIla. B caa6eix oraoxennsx upu E<10 MIla orMeuaercs yer-
Kasi 3aBHCHMOCTb MeXKNYy OCafZKOH H WHPHHOH ¢(yHnaMeHTta b (oM.
puc. 40,6). Jast rIHHHCTBIX T OpOJ MaJoi CTENeHH JINTHPHKALUK
¢ rayOMHOH BO3pacTaeT HX ¢ A0COGHOCTb K Pa3BHTHIO MJIACTHYECKHX
nepopmanuii, Kak Mokashk 410T 3KCNEpHMEHTaJbHHE HCCJIEeI0BaHuUs,
CBSI3b MEXEY MonyJeM HeopManuH ¥ OObEMHEIM HalpsiXKEHBBIM CO-
CTOSHHEM (017 02=03) MOXeT OLIThb BHIpaxkeHa B BHIE CJICAVIOUIHX
3aBucuMocrteli. B uHTepBase BcecTOPOHHHX pnaBaennit or 0 a0  Ger,
Mmonyab Aepopmaunn E,(c) HapacTaeT B COOTBETCTBHH C YypaBHe-
HHEM

EO(U)ZE01+GBdtg(P, (191)

rae E,' —monynb aedopmanun NpH OQHOOCHOM CXaTHH; tg ¢ — Ko-
3 pHuHeHT BHYTPEHHEro TPpEeHHs NOPOLBI, OTBEUAIOIHH ee NPOYHOCTH
IpH HEPaspyLIeHHBIX CTPYKTYPHLIX CBHA3SX; Osc — BCECTODOHHEE [aB-
JeHHe, PAaBHOE O, M O, Ocr, — CTPYKTyPHasi NPOYHOCTL NMOPOALI, Xa-
pakTepusymouiasi HavaJo paspyuienns nanboJiee cl1aleXx CTPYKTYPHBIX
CBsA3€H.

Ecnn oy, < 6o < 0.r,, HaOMoOmaeTCs MOCTOSAHCTBO Ju60 HebOoJbIIOe
yBeanuende £,(c) no cpaBHeHuo ¢ E;(s¢r,). [lpn 3TOM BesHYHHA Oecr,
OnpeAeJseT pa3pylieHHe Hanboldee MPOYHBIX CTPYKTYPHHX CBsI3eH, T. e.
nepexol NMopol B TMJIACTHUHOE COCTOsiHMe. YMeHblweHue E| (o) mpu op >
> Gcr, IPOHCXOAHT MO SKCMNOHEHIHATBLHOMY 3aKOHY

E, () = E¢™ exp [—a (o5 — 5er)] (192)
1mnax

rae Ey™ — maxkcumanbHoe 3HaueHde E (o) B HWATepBase paBieHHH
Sery << Oge <= Ocr,; 00— HMIIMPHUECKHI  K03((UuHeHT, 3aBUCALIMA OT THIA
TJMHUCTOH NOPOME! (TaK, HampHMmep, MJS O3€LHO-TCIBHKOBHIX OTJIOCBHR
a paBHO 6 — 8, I/ MOPEHHBIX CyTJHMHKOB — 2-— 3. 1 Pa3ymioTHeH-
HBIX HHXHeKeMmOpuiickux TuH — 3—4).

O6paTupiMy pacyeTaMH MOZRYJS jaeopManuiy, caellaHHHMH [0 pPe-
3yabTaTaM HabJONeHHH 3a TocJoHHBIM pPa3BHTHeM nedopMmanuii B
GCHOBAHHUH 31 aHuli, NOCTPOEHHBLIX Ha cJabbiX T'TUHHCTBIX OTJOMKEHH-
AX, YCTAHOBJEHO, uTo 3HaueHHe E, cunxKaercs mo 2,3 MIla, uro 3naun-
TeJBLHO MeHbllle TeX Xe XapaKTePHCTHK, HO ONpeJelleHHbIX 10 pe3yllb-
TaTaM CTaTHYeCKHX HarpyKeHuid wraMmnoB B myphax (b—7 MIla).

CHHXKenne Mopyas ob6mel ngedopMapny NPHBOAMT K CYIIECTBEH-
HOMY pOCTy INyOHUHH 30HBl OCHOBAHHS, B mpenejax KOTOpO# MPOHC-
XOAHT DasBuTHe nedopMaunHi Noj [NEeHCTBHEM HAaNpsKeHHH OT Beca
coopyxeHuil, [lo naHHbiM HccaenoBaHuil JIeHUHIPAACKOTO HHKEHEp-
HO-cTpoHTeasHoro uHceruryta (JIMCH), ckumaemas sona npm 3ade-

115



raHuH caabbix TOPOJ B OCHOBAHHU COOPYXKeHHH pocturaer 2,5b6. 3na-
YUTeJbHas riyOuHa pa3BuUTHA AedopMalHil B OCHOBAHHH COOPYKEHHH
ormeuaercs takxke M. JO. AGeneBbIM TpH TNPOBENEHWH LITAMNOBHIX
UCNBITAHHY Ha KJIaxX, a TakXe Ha BOJOHACBIUIEHHBIX JECCOBHIX IIO-
popax. JTH NaHHBIe BMNOJHe COMIACYIOTCA C pe3yJbTaTaMu HaGJiofle-
nuii, nposenenunix B JIMCH [1, 10].

B nactosiimee BpeMsi H3BECTHHIE CJIOXKHOCTH BO3HHKAIOT NMPH Olpe-
NeJEeHNY BIMAHHS pasMepa 3arpy:KeHHOH nJouiaay NpH YCJOBHH 3a-
JieraiMg B OCHOBAaHHH TPEHIMHOBATHIX nmopoia. OUeBHIHO, NPU aHAJH3E
9TOr0 BOMpOCa HEOOXONMMO, MpexX[e BCEro, OCTAHOBUTHCS Ha OUEHKe
XapaKTepa H3MEHEHHs CTeNneHu TPELIWHOBATOCTH C rayOnHoi. [Ipu
YCIOBHH, 4TO TPEUINHOBATOCTh B NMpelejax 30HH OCHOBAHHS COOpYXKe-
HHfl 3aTyXaeT C yBeJHUyeHHeM rJIyOMHB H COOTBETCTBEHEO BO3pacTaer
MOAYJIL AedopMauMy, pa3BuTHe NedpopMmanuit 6YAeT NMOAYMHATHCA 3a-
BHCHUMOCTH, NpHBeAeHHOH Ha pHc. 40,a. MIHTeHCHBHas TPEIINHOBATOCTH
onpenesseT xapakTepHYIO B3aHMMOCBA3L MexAy AedOpManHoHHOH ClO-
CCOHOCTBI MOPOJX M MacWTaGHBIM 3(PdEKTOM, CYTh KOTOPOTLO 3aKJio-
HaeTCsl B TOM, uTO TO MEpe YBe/IUYeHHs 0GDbEMOB NOPOAB (HalnpHMep,
pasMep 30HB OCHOBaHHsi COOPYXKEHHs1) TOKazaTeld MeXaHHIeCKHX
CBOWCTB, B TOM YHCJe ¥ MOAYJb AeDOpMauMy, YMERpIIAOTCsS, CTpe-
MACh K HEKOTOpOMY NOCTOgHHOMY 3HaueHuio (puc. 41). Caenosa-
TEJIbHO, TIPH DACCMOTPEHMH TOJINH TOPHEIX MOPOML KaK TPEUIHHOBATO-
6no4unol cpenbl NMOKasareln AedOPMAUUOHHEIX CBOHCTB W NPOYHOCTH
claefyeT KOPPEKTHPOBATh B 32BUCHMOCTH OT pa3Mepa 006beMOB MNODOA,
y4aCTBYIOIUIHUX HeNOCpPeNCTBEHHO B pafoTe npu B3aUMOLEHCTBUM C CO-
opyxeHueM. IlockonbKy BelHuHHa AedOpPMauvH NOPOAW HEMOCPeACT-
BEHHO CBA3aHa C ee MOJAyJeM o6paTHOH 3aBHCHMOCTLIO, TO TO Mepe
pocTa pasMepoB (PyHLAMEHTOB H, C/JI€LOBaTE&IbHO, BOBJIECUEHHA B pa-
60Ty OCHOBaHHA Bce GOJbIIHX OOBLEMOB MOPOAL CHEAYyeT OXHAATb
BospactaHus fedopmamuil. [Tockonbky 3HauenHe Moayas Aedopma-
MM aCHMNTOTHUYECKH CTPEMHTCsi K HEKOTOPOMY MOCTOAHHOMY 3Hadue-
HHMIO, BelMuMiia JeQopMalu¥ TakkKe OyleT CTabGUAU3UPOBAThCa (CM.

puc. 41). XapakTep KPHBHIX, NpuBe-
£ JeHHBIX Ha puc. 40,a u 41, cxoneH,
o 32 HCKJIOUeHHeM HaYaJbHOro yua-
cTka. Mauble BenuyuHbl gedopma-
IMH TpH HeGOJBLIUMX  pasMepax

I wraMna, d¢QyupamenTta, Korga ge-

l ! (opMHpyeTCa CpaBHUTeJIBHO  He-

L Goablloil o6beM mopoa, OObsCHA-
\‘Q V2 Vi ¥V loTca BOSMOKHOCTHIO paccMoTpe-

| HUSl TOPOAB Kak KBa3UCIJIOWIHON

cpensl. B TakoMm ciaywae MOmyJb

nedopmanun XapakTepusyercsa

HanboJsee BHICOKHMH 3HaYeHHSIMY,

a 0caJKa-— COOTBETCTBEHHO CaMbl-

Puc. 41. Xapaxrtep pasBMTHS OCAAKH MH MaabiMu, Jlas OnpeseeHus fe-
TPEIIHHOBATHIX 1OPO,1 B 3aBHCHMOCTH

0T mposiBieHust MacwrabHoro sddcekra (bopMauMH MPH YCJIOBHH paceMo-

(V — o6beM nopod 30HE OCHOBaHHA) TPEHHs] TOPHBIX TNOPOJ KaK KBa3M-
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CIUIOIIHOA cpefbl MCMOJb3YyeTcsl KpUTepHH KBA3UCIJIOUWIHOCTH M KBa3H-
oanoponsocTy (cM. ra. 1, § 2).

Buusinne Gopmbl dynlaMeHTOB Ha DPAa3BATHE 0CaJKH OOHUHO pac-
CMAaTpUBAETCSl MpHU CARLAYIOMUX YCJAOBHAX: a) NPH MOCTOSHHON ILIO-
maj H ¢QyHnaMenta; 6) npu NOCTOSHHOH €ro INMPHHE, HO H3MEHEHHH
aauHbl [8].

Ecan naomanu dynaameHTa paBubl W HArpy3ka HOCTOSHHA, TO
IpH OAHHAKOBOM HHXKEHEDHO-IeOJOTHUYECKOM paspe3e OCHOBAHHA [e-
(GopMauHH KPYIJBIX H KBaapaTHHX (yHLaMeHToB (ojbliie, yeM Mps-
MOYroJibHbix u JeHTounbix, OQHaKo Takas 3aBUCHMOCTb XapaKTepHa
TO.ILKO NpH AaBJECHHAX MeHee p;, T. €. NPH OTCYTCTBHH 30H IJIACTH-
yecKHX nedopmaunii B ocHoBaHHH. Ecam passButHe aedopmauHii na-
6aopaercst Bo Bropo#l cramaun (npu p>>pi), To JedopMauuu KOM-
NaKTHHX (PYHIAMEHTOB OKa3HIBAIOTCsS MEHbINe, yeM YAJHHEHHBIX, UTO
onpeensieTcs xapakTepoM pacnpelellendss HanpsxkeHHE B ofpeMuod
K TJ0cKoll 3amauaXx M COOTBETCTBEHHO POJIbIO KacaTeJbHbBIX HaNpsize-
uifi, Uem Mepee ynJuoTHenbl NOpOAH, Tem HauboJjee cyulecTBeHHa
pasHHUa NpH HCINOJBL30BAaHHH pas3iyuHbBX B IUlaHe (yHIaMEHTOB.
M. H. Toappwrein OTM@YaeT, YTO MPH POCTe BeJHYHHBI OTHOLIEHHS
nepuMerpa GyHZaMeHTa K ero miaon(aid (npy OAHHAKOBEIX TIOWIALSX
M JaBJeHHsX) YyBeJIHYHBAETCS BO3MOKHOCTH BLIJABJHBAHHA NODPOLHI
u3-moj (QyHAaMeHTa, KOTOPas NpPHBOAHT K BO3PACTAaHHI BeJHYHHBI
Aebopmanun, ocofeHHo npu p=>p.

ComocraBasisi xapakrep pacHpeie’nenyusi HanpsieHHii B cayyae
TiocKoii u ofveMHo#l sapauy (I/b>3 wu 1/b<C3) npu ycaoBHH oIu-
HaAKOBO{ WIHDHHL (yHAaMeHTa ¥ Harpy3KH Ha HEro, MOXKHO CJeJaTh
BHBOJ O TOM, YTO MOJ BLITAHYTHMH B mJiaHe hyHZamentamu nedop-
MalluH OyAyT 3HAYUTeJNBHO OOJBUIMMH, 4eM MOjA KBaJpaTHLIMH M Ops-
MOYTOJBHBIMH, NMOCKOJbKY HaNmPAXKeHHS 0O, 3aTyXamoT MelJeHHee IO
rayGute. DTO TNOJOXKeHHe TOATBepxjaercs HalJI0J1eHUSMH, IPOBe-
JEHHBIMH 32 NOCTPOEHHBIMHM COODYXEHHSIMH, B Mpoinecce clennab-
HBIX SKCNEepHUMEHTAJbHLIX HCCIAEN0BaHHE B JOTKax # NpH Harpy:KeHHH
urramnoB. OcoGenHo BeJWKa pOJb BBAABJIUBAHHA NMOPOL H3-NOJK JeH-
TOUHbIX (YHIaMEHTOB NMPH BO3BEIEHUH COOPYXEHHH Ha CHJBHO CXKH-
MaeMBIX MaJOMHTHGHNAPOBAHHBIX TNIHHHCTHIX OTJIOXKEHHSIX,

Bosrwoe BananHe wWa BEAHUMHY ¥ X0l AedhOpMauuy OKa3bBaeT
pasBUTHe NJIacTHYECKHX 30H MOA KpasMH KEeCTKOro dyHiaMenTa, riae
00HuHO HabJIofaeTcs KOHNEHTpauys Hanpsikenu# (ceanoobpasubiil
XapaKTep 3MI0OD pacnpeleleHHs HanpszKeHHH B KOHTAKTHOH NJIOCKO-
cti). Takue 30HB 00bluHO yBeaHUHBaT oOlIyio BeJHyHHy Aedopma-
11K COOPYIKEHHUS.

3aBHCHUMOCTh OcafKu OT 3araybiaenns ¢yuwiaMeHTOB cJjeXyeT pac-
CMaTpHBaTh B OCHOBHOM /151 HeGoablIMX B mJaHe QyHAAMEHTOB, LIH-
puHoii mwan auamerpom Menee 10 M. 3araybienne dyHaaMenToB mo-
JIOJKUTEJBHO CKa3biBaeTCsl Ha xapakrepe YcJOBHE paboThl TMOPOAH
B OCHOB2HHUH COOPYXEHHs. YMeHbllleHHe BeNHUYHHHL Ae)OPMarnuu Co-
OpYXKEHHil 3aBHCHT OT ABYX IVIaBHbiX (PakTopoB: 1) npu AaBaeHHAX
Gosee p; 3HAUNTENbHO COKpaL(aeTCsi BO3MOXHOCTL BbiZaBJIHBAHHS
nopoi Hu3-moi QyHAAMeHTOB; 2) BCJAeACTBHE NPHIPY3KH OCHOBAHHS
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BHIILEAEXKAIMMHE TOPOJaMH M pocTa O00BEMHOrO HaNpsKEHHOro Co-
croanus wabaogaercs TEHACHIUS K YBEJHUEHHI0O MOLY A AepOopMauun
(3a HcKJIOUYeHHeM MaJoaMTupMuKWpoBaHHEX pasnocTed). Habawone-
uusl 3a gepopmanusiMu GOAblIMX B niaHe PpynpaMmentoB (b>10 M)
NOKa3aJjM, yTo PasHuna B 3arJy0JeHdyd MaJo CKa3BIBAETCH HA HX 3Ha-
YeHHAX, MOCKOJLKY 3TH (yHAaMeHTH OGBIYHO OTHOCATCH K MaJjosa-
rayGraennsiM  (he/6<C0,5). Caepyer OTMETHMThL TakXe, 4To NPH aeH-
CTBHM [aBJeHHil p<Ip; 3aray6jeHue (yHIaMeHTa HE OKa3LIBaAeT
CYIIECTBEHHOTO BJIMSHUS Ha Beauuuny pedopmaunuu. Jppekr sarmay6-
Nenus (pyHgaMeHToB HauboJee TOMHEA NPH YCIOBHH NPOCKTHPOBaHHSA
COOPYXEHHA NPH [AaBJCHHAX p>>pP; H BO3MOXKHOCTH Da3BHTHSA 30H
niacTHuecknx getpopmanuii. B Takom caydyae sariaylJenne pyngamen-
Ta OAS OTPAHUUYCHHS BEJHYHHEl OCAAKH MOXeT OHTb 3KOHOMHUYECKH

OnpaBiaHibiy, OCOOEHHO NPU BO3BENEHHH COOPYXEHHH Ha OTHOCH-
TEJILHO CJAOLIX OTJOMKEHUAX.

§ 3. METOAb!I ORPEAEJEHUA KOHEYHON OCAAKH

OcHoBHble noJloXenust pacuera ocaaku. JletbopManuu, npuBoasLLHe
K BEePTHKAJIbHEIM CMEIEHHAM [OBEDXHOCTH TOPHOH MOPOIBI M BO3Be-
AEHHOTO Ha HeH cOOpyiKeHMs, oGbYHO HasbBawT ocadkamu. Pacuer
OCaJIOK BHINOJHAIOT B TOM cllyyae, KOrga rapaHTHpyeTcsi obecricuenue
YCTOWUHBOCTH OCHOBaHHS COOPY2K€HHs NMpPH CaMOM HEBBITOJHOM cole-
TAHUW HATPY30K H JAPYTHX BO3JEHCTBHSIX Ha NODPOAB! OCHOBAHHS.

MexaHuKa TOPHBIX NOPOL B OCHOBHOM pa3paGaThiBaeT MeTOHB
pacueTa OCajJKH, BO3HHKawuell TOJIbKO H3-32 M3MEHCHUS HalpAKeH-
HOrO COCTOSHHA MOpOjA mNOA [AeHCTBHEM JaBJeHHs OT COOPYXKeHHus.
ITpu sToMm, ecinm cBA3p MeXay AebopMalUsMH OCHOBAHHS M POCTOM
JlaBJIeHMs1 JIHHEHHa, ToO B pacyeTax HMCIONB3yeTcd MOAeIb JHHE[HO-
pedopmupyemoli cpenbl. [lokasaTensiMu CXKMMaeMOCTH, HCHOJB3YeMLI-
MH B TakKOM cJjydae B pacyeTax AJH [eCYAHBIX W TJAMHHUCTHX INOPOI,
ABJSIOTCA KOYPOHUHNENT cKHMaeMOCTH HAHW MOAYJb obuieil nedpopma-
o¥H ¥ Ko3hhUIHeHT nonepeyHoro paclIMpPeHHd, OJs CKaJbHLIX H IO-
JycKalNbHHX [OPOA — MOAYJdb obumed pedopmanud u koabduuneHt
IIONIePeYHOTO pacliHpenns. Bce nmepeyucieHHble BB XapaKTePHCTHKI
AebopMHDYEMOCTH MOPOAH ABJAAIOTCH [OCTOSHHHIMH HapaMeTpPaMH
BJIs paccMaTpuBaeMoro MHTepBaja jaBienuil. Ilpu HesuHeliHON 3aBii-
CHMOCTH MEXAy JaBJjenueM M jedopManysaMu, 4To 0Obl4HO HaOMIO-
LderTcs NpH NAaBJEHHAX BHIE pP;, a B clabbX INIHHACTBIX OTJIOXe-
HUAX, PBIXJBIX MECKaX, CHJbHO TPeUIMHOBATHX NOPOAdX H NIPH p>
>pi, CleliyeT yUHTHLIBaTh BJHMAHHE HAMPSXKEHHOTO COCTOHAHHS INOPOA
Ha H3MeHeHHe napaMeTpoB AedoOpManHOHHBIX CBoHCcTB. HeanneiHubiit
XapakTep Pa3BUTHA OCaAKH OCOOEHHO 4eTKo MNPOABIsETCs NP 3Ha-
YUTEIBHOM Pa3BHTHHM IJacTHYeCKUX nedopmaunni.

B npaxTuke pacuera ocafok pasjMualOT: ONPELE]eHHe KOHeWHOIt
OCalK¥M M OcajKH, BeJIHUYHHA KOTOPOH MeHsieTcd BO BpemeHnu. 3HaHue
XapakTepa pa3BHTHsl OCalKW BO BpeMeHH npuobperaer ocofo BakHoe
3HaYeHue Npu BO3BeJEHHMH COOPYKEHMH Ha BONOHACHIUIEHHbIX IJIWHH-
CTHIX HeTPEeUINHOBATHIX NOpopax.
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Has pacuera KOHeuHO#l OcagKH HeOOXOIHMO HMEThb CJELYIOI[HE
MauHpe: 1) HAXKEHEPHO-TEOJIOrHYECKHil paspe3 OCHOBAHHSI, Ha KOTO-
pPOM NOJXHH GHTH NOKA3aHBI MOILHOCTH CJIOEB, MJIOTHOCTH, Napamer-
phl 1e)OPMALMOHHBEIX CBOHCTB H MPOYHOCTH MNOPOA AJA pasJHIHBIX
JHana30H0B JaBjeHnll KaXaoro c/lofl; 2) XapakTepuCTHKa IHIPOTeo-
JIOrHYECKHX YCJIOBUH: HaJlHuHe BOJOHOCHBIX TODH30OHTOB, HX TMOJOXKeE-
HHe B paspese, BeJHUYHHL HANOpPOB; 3) BEIHUYHHA AaBJICHHS OT COOpY-
JKEHHS, pPasMepH ¥ TUnn GYHIAMEHTOB, HX 3aryy6JeHHe; 3TH
XapaKTEpPHCTHKH HCIO/L3YIOTCH AJI pacuera paclpeleseHHd Hamps-
XKeHHH B OCHOBauuu coopyxeHui. Hanpsikenns or cobecrBeHHOro Be-
ca TMOPOABl PAaCCUXTHIBAIOT COIVIACHO TIOJIOKEHHAM, YKa3aHHBIM
B M. 3. Pacyer KOHEYHOH OCajKd{ H OCajiKH, H3MeHsolleficsi BO Bpe-
MenH, 06LIYHO TMPOBOAHTCS NPH CJACAYIOUIHX YcaoBusx: 1) Ges yuera
GOKOBOT'O paclUMPEHHs] NMOPOABI;, 2) ¢ YYETOM BO3MOXKHOCTH TaKOro
pacilipenHs.

[lepBmii cayuali oTBedaeT TaK Ha3LBAEMOMY OJHOpPA3MEpHOMY
CXaTHI TOPOoAL, BTOPOH — ABYX- H TPeXPasMepHOMY CKAaTHIO.

B cayyae oanopasMepHOro cXKaTHs NpH NPHIOKEHHH K MOBEpX-
HOCTH TOPOAB BePTHKANbHON HArPy3KH OcCajkKa MPOHCXOAHT TOJHKO
B OAHOM HalpaBJI€HHH, COBMAAAIOIeM C HAaNpaBJeHHeM NeHCTBHs 3TOH
HACpPYy3KHW, T. €. B INDHHATHIX O0OO3HAYEHHAX — MapaJIeJbHO OCH 2.
Ilepememenssi BoOML ABYX APYrux ocell (x M Y) OTCYTCTBYIOT.

Ilpn pByxpasMepHoMm CXarHu nol, AeHCTBHeM BepPTHKAJIbLHOH Ha-
FPY3KH INepeMmenienve MOPOAW IPOUCXONMT yXke B JBYX HampabJae-
HUAX — 10 BePTHKAJW BAOJL OCH Z H 110 TODH3OHTAJH BIOJbL OCH Y
uan x. JIByxpasmepHoe cxkaTHe COOTBETCTBYET IUIOCKOH 3ajgaue pac-
npelesIeHHs] HaNpSAXKeHHH B OCHOBAHHH cOOpyxeHHH. B coorBercTBHH
C OOMYUICHHEM O MOCTOSTHCTBE HANpSXKEHHH BAOJIb ocH X (CM. V. 2,
§ 6), Gymem cuuTaTth, 4TO TpPH [IBYXPAa3MEpHOM CXKaTHH BeDTHKaJb-
Hag Harpy3ka BBI3bIBaeT MepeMelleHHs MOpPOAH B  HaNnpaBJeHHH
ocH y.

B ciyuae TpexpasMepHoro cXKaTHs Harpyska, NPHJIOXKEHHas Bep-
THKAJBHO K MIOBEPXHOCTH NMOPOAM, NPHBOAHT K pasBHTHIO AedopMauui
BO BCex TpPeX HamnpabJ/IeHHAX, YTO OTBEYaeT NPOCTpaHCTBeHHOH (00Bb-
e€MHOH) 3ajaue paclupepesleHHs HaNPAKEHHH.

Taxkum o6pasoMm, OBYX- H Tpexpa3MepHOE€ CXKaTHe B OTJIHuMe OT
OIHOPa3MePHOro CBA3aHO C BO3MOXKHOCTHIO GOKOBOrO pacCIIHPEeHHS No-
poxsl. M3 u3j0XeHHOro fcHO, YTO Tpexpa3MepHOe crKaTHe — HaHGO-
Jee obmuii BUA AePOPMHPOBAHUA MOPOALI NMPH INPHIOKEHHH K ee Mo-
BEDXHOCTH BeDTHKAJBLHOH HArpy3KH; OCTaJbHbBle ABa BHAA CXKATHA —
€ro uacTHsle cJayuaH.

Ocangka COOpy:KeHHii NpH ABYX- H TPEXPa3MepHOM CXKaTHH MHOpPO-
bl TIPOHUCXOZHT He TOJNBKO B pe3yjnTaTe H3MeHeHHs ee oObeMa
(yMeHblIIEHYe TOPHCTOCTH, TPEIIHHOBATOCTH), HO W BCJCACTBHE W3-
MeHeHus1 (POPMEI Npu NMOCTOIHHOM OO6BbEME TOL AEHCTBHEM KacaTelh-
HEIX COCTaBJAKIIMX HamnpsxKenni. Ilponcxopsinee npr 3ToM CKallH-
BaHHe TOJIIH TNOpPOAH B CTOPOHBE! OT (GyHAAMEHTa TpOTEeKaeT OAHO-
BPEMEHHO C HPHJIOXKEHHeM BHelUHeH Harpy3ku INpH CKOPOCTHBIX
TeMIIax BO3BEICHUS COOPYXKEHHS, OCOOEHHO €CNH B OCHOBAHHM 3aje-
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rapT T[JHHHCTHIE NOPOAH ¢ HH3KHM KO3(PMHIHEHTOM (QUABTpalUHU.
Kacarenphple Hanps:KeHHs MIPalOT BeAYLlYI0 DPOJb B PA3BUTHA Je-
¢opmaunii ocHOBaHHsA Npu AeHCTBUM JaBJeHHs p>>p,. B 3ToM cay-
yae oTMeUaercsa AJHTENbHOE NPOTEKAHHE OCAAKH COOPYXKEHHH BO Bpe-
MEHH, UMelllee 3aTyxawuil 1160 He3aTyxaoHiHil Xapakrep B 3aBH-
CHMOCTH OT BEJIHYMHH p.

B npaxTuke NpOeXTHPOBaHHS YacTo OTPAHHUMBAIOTCA DPaCyeTOM
OCa/I0K, BO3HHKAIOMUX BCJAEACTBHE yMeHbIIeHHs o0beMa NMOPOAB!, NO-
Jlarasi, 4TO MMEHHO 3TOT HX BHJ HaH6oJee CYLIeCTBeH NpH AedopMu-
POBAaHUHK OCHOBaHMA COODYKEHMS.

Pacuer ocagku B ycioBHSIX OJHOpPasMepHoOro cxartus. Pacuer
OCaJKu COOpyxKeHus 6€3 yueTa BO3MOXKHOCTH 6OKOBOTO pacuiMpeHns
NOpOAH, T. €. MO CXeMe OAHOPa3MEPHOTO CXKAaTHA, BHINOJHAIT B TOM
clyyae, €CJIM COOTHOMIeHHE MOIMHOCTH CXKHMAaeMoro cl1os /4 ¥ HMIHPHHLI
dyHnamenTa b ue upesbllIaer oxHoil uerseprtu, T. €. h/b<<0,25.

M3 paccmorpennss xapakTepa pacnpenefieHdss 1o TayOHHe HOp-
MaJbHOH BePTUKAJIBHOH cocTaBlsioniell HalNpsAXKeHHs ¢, Kak B ILIO-
CKOHl, Tak u B OOBeMHOIT 3ajauax CJAeAyeT, YyTo IPH YKa3aHHON Be-
anayuHe A/b coCTaBAA0LLAs O, OCTaeTcs NPaKTHUECKH HEM3MeHHOH #
pPABHa HHTEHCHBHOCTH BHELIHe HAaTpPy3KH. B ¢BA3M ¢ 3THM AJs yNpo-
UI€HHsT PacyeTOB NPHHMMAIOT, YTO HODMaJbHble HalPAMKEHHA, BO3HH-
Kapliue B MOpoje NpH OAHOPA3MEPHOM CXKaTHM B De3yJbTare NIpH-
JIOXKEHHS K €e NMOBePXHOCTH BEPTHKaJbHOH DaBLOMEDHO pacnpefeseH-
HOfi Harpysxd, no TIJyOHHe HE MEHAIOTCA W PaBHbH MHTEHCHBHOCTH
pacnpenenedus BHewlHell HaTrpy3KH (o0.==p). Jnopa pacnpeneienus
HanpsxXeHUH no IMyOGHHe HMeeT BuJ NPAMOYTOJbHMKA.

OxnHopasMepHoe cXaTHe BO3HHKaeT, HanpuMmep, ecau Ha ReboJb-
woii TyO6HHe OT TNOAOWBH (yHAaMeHTa 3aJjeraeT NPakKTHYECKH He-
CXKHMaeMblil ciaod nopozabl NKOO0 Korja Harpyska Ha nopoiy pacnpe-
nejleHa no OoOabHIOK MJOMAAM WK NPH HaMbiBe TePPHTOPMH, Npel-
HA3HAYyaeMO#i JJIsg XO3fHCTBEHHOTO OCBOeHMsA. IDTOT ke clayidafl Ae-
QOpMHpOBaHUA MOXKeT ObITb DACCMOTPEH M[pH aHaju3e YIJIOTHEHHS
Hopoas! B NMpouecce NOKPOBHOTO OJIEAEHEHNS, NPH 0CAaAKOHAKOMJICHHH
1 Ap. CymecTByIOT MeTOAH, NO3BOJAIOIIHNE B YCJIOBHAX, HCKIIOTAIOUINX
GOKOBoe pacluipeHue MOPOAL, PaCCYNTATb KOHEUHYIO OCaAKy CJodA
MOpPOAM W BEJHUHHY OCaAK¥ Ha J1000H MOMEHT BDeMeHH.

Jlna BplyHCca€HHMs KOHEYHOH OCajgKy CJos INOPOAB B YKAa3aHHBLIX
YCJIOBHAX PACCMOTPHM NIPU3MY NOPOAbI, K NOBEPXHOCTH KOTODO¥H NMpH-
JIOKEHO BEpPTHKAJbHOE DPaBHOMEDHO pacnpelesqeHHOe AaBjeHHe p.

MuHepasbHy0 yacTb MOPOAbLI NPH HArpy3kax, NepedaBaeMbiXx Ha
OCHOBAHHE COOPYKEHHAMH, OyAeM cuuraTh Hecxkumaemoi. Ilostomy
006beM MHHEPaJBHOH 4acTH CKeJdeTa NOC/Ae YIJIOTHEHHs OCTAaerCs TeM
JKe, yTo ¥ Ao ymiaordenus. [lop aeficTBueM AaBJeHUA p BCJACACTBHE
yMeHblueHns ofbeMa NMop NOPOAH NPOH30HAET OCajaKa MPH3MBL

S=n—ny, (193)

TAe n; ¥ Ny — MOPHCTOCTb NOPOAL A0 M I0C]A€ YIJOTHEHHA, M=
=e,/(14-€1), nz=ez/(14e;); e;H ez — COOTBETCTBEHHO KO3(PuuHeH-
TH! NOPHCTOCTH A0 M NOCJe YNJIOTHEHHA.
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OrnocurenbHas ocajka NMPH3MH
S n, —ny

Ez — —]Z:T, (194')

rae hy — BbicoTa NPH3MBI MO YIVIOTHEHHs, paBHas n,4-m; m — ob6beM
MUHEpaJbHOH yacTH nopoasl, paBublil 1/(14-e;).
[Hoacraeus B Qopmyny (194) snauenus ny, ne, A, nmoayuum
ey — 0y

= " \
g, e (195)

Taxum o6pasom, ocaaka Ha ocHoBaHuM ¢opmya (194) u (195)
ONPEJeJHTCH BbIPaXKEHHEM

&y — €
S=ehy=2"% 4 (196)
14 ¢

B to xe Bpems, Tak KaK KO3G(UUHEHT VIIOTHEHHA a=
= (e;—es)/(p2—p1), rae (p2—p)) — HHTEPBaAJ [aBAEHHH, AJNS KOTO-
pPbIX pPacCYMTHIBaACH KO3(DQHUHEHT YNAOTHEHHA, TO OcajKa IpPu OLHO-
pasMepHOM CIKaTHH COCTABHT

— ”(Pz—Pl)
1 4 ¢

[Ipu moxmcyere ocaAkH BeJHYHHa p; OTBEYaeT HayalbHOMY JaBje-
HM {coOcTBEeHHBI Bec NOPOAB), a P, — CyMMapHOMY JaBJjieHdIO (Ha-
4aJabHOMY p; M OT Beca BO3BOAHMOTO COODYXKEHHA Ap), T. e. ps=
=p+Ap.

3HayeHHsl e; H e, MOJYYal0oT W3 KOMIPECCHOHHOH KpuUBOH B COOT-
BETCTBHH C BEJHYHHAMH p; H p,. Popmynolt (196) noxabayiorca npu
0o6paboTKe pe3yabTaTOB KOMNPECCHOHHBIX HCIBITAHKI AJA onpeaene-
HHA 3HaYeHHH KO3((HIUMEHTOB MOPUCTOCTH B 3aBHCHMOCTH OT Jef-
CTBYIONIMX AaBJeH#{i (Mo BeJHuMHE ocalkd oOpaslia B KOJbLE KOMII-
peccroHHoro npubopa).

Beipaxkenue Ans pacyera OCaJKH IIpH OAHODa3MEDHOM CXKaTHH
MOXeT ObiTh IIOJYYEHO TaKXKe, UCX0Asl K3 aHajJu3a 3aBHCHMOCTEH
o6o6unjeHHoro 3akona ['yka. HanoMuuM, 4to OH 3anuchiBaercs B BHJE

1

h,. (197)

Ezz?log_—}l‘(jx'}"oy)l; (a)

Ey = I_Eloy - P‘(Gx + Gz)j; (6)
|

Ey = ?[Gx—p‘ (sy + Gz)]' (B)

B cayuae oaHOpasMepHOTro CxkartHsa AehopMaLMH OT AeHCTBMA HOD-
MaJIbHEIX COCTABJASIONIMX HaNPAMXKEHHUA 110 BEPTHKAJbHBIM NJOHIaZAKaM
Ox H O, OTCyICTByIOT, NO3TOMY er=gy==0. [loacraBuB 3HaueHHsa OT-
HOCHTEJIbHBIX A€(opMaluil B BelpaxkeHHs (6) ¥ (8) H NpPHPaBHAB KX,
nonyuuM oy—p (0z4-0x) =0x—p(0-+0y) HIM 0y—0Ox=—p(0,—0x),
T. €. u==—1, YTO HEBO3MOXHO, CJEJOBATEJBHO, Oy=0x.
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3aMeHHB B BHPaXeHHH (8) Oy Ha Ox, ONPeleJHM Ox

s, —n(s,+o,)=0; (198)

Ecian noactaeurh B BHpa)keHHe (@) 3HaueHHe ¢y B COOTBETCTBHH
¢ BoipaxenuneM (198) u npuuATL Bo BHUMaHHe, yTo S=¢:h;, Gopmyna
IJIs pacyeTa KOHEUHON ocaaku B ClIydae OJHOPa3MepHOIro cxkKaTus
npuobperaer BUA

2 \
S=h,sz=°z—hl<1_ 2w ) (199)
E I—p
n2
Ecan nopuusts o.=p 1 0003HAYHTL COMHONKHTENb (1— — >=B.
BhIpaxeHnne AAa pacyeTa ocalku OyneT HMEeTb BHI

ph
S=-8. 200

= (200)

Kos¢pduunent B 3aBHCHT TOJBLKO OT KO3(PpuuHEHTa MONEPEUHOTo
pacmupends p. I1pu nocToAHHOM P KO3(QQHIHEHT P TakKe MOCTOAHEH
u onpenenserca Thonom nopoawl. opmyaa (200) sowna B AeficTBylo-
I1He CTPOUTeJIbHble HOPMbI H NMpaBuja /U pacyera OCaJKH METOAOM
nocyofinoro cymmuposanua (CHull 2.02.01—83).

PacueT KOHeuHOH ocallku B yYCJAOBHAX ANBYX- M TpPeXpasMepHoro
CXKaTHR mopombl, PacyerT ocagk#d B 3TOM CJyyae BHIIOJAHsAeTCA MJd
VCJAOBHs OJHOPOJHOTO H HEOZHOPOAHOro ocHoBaHuA. OXHOPOIHHIM
CJEAYeT CYHTAThL TaKoe OCHOBAaHHE, B Mpepesax KOToporo coburogaer-
€51 OJJHOTHHHOCTb pa3pe3a MO I'eONOTO-TEHETHYECKHM, JHTOJO0THYECKHM
OCOOEGHHOCTAM, a TaxKXKe MOKasaTensiM (PU3INYECKOTO COCTOAHHA H Me-
XaHHUYeCKHX CBOHCTB TOPHLIX NOPOI.

JByx- W Tpexpa3MepHOe cXKaTHe paccMaTpHBaercs, KorJa MOI-
HOCTL CXKHMaeMOH TOJIH /4 NPEBHIIAET YETBEPTE IIHPHHH b 3arpy-
KeHHo# mromanky, 1. e A>0,25b. Dmiopa pacnpeneneHds Hamps-
Kendil ¢, Nokaszana Ha puc. 23,6.

I BoBoZa (GopMyJs, MO3BOJSAIOLHX BHYHCIATL OCAAKY CJI0A IO-
poabl OAHODOJHOTO OCHOBaHHA, o6paTHMcsi K OOOGLIEHHOMY 3aKOHY
I'yka.

[1pn pByxpasmepHOM CXKAaTHH Ae(OpMalUHH BAOJNL OCH X OTCYT-
CTBYIOT, CJ€N0BaTelbHO,

exz_ll;lcx_u‘(cz +Gy)I:0; (201)

Gx=u(az+0x). (202)
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Tlockonpky xoneynas ocanka Sx paBHa (g/E)h, TO B cayusae mjo-

CKOH 3aJayd (QopMysa ee pacueTa 3aMHCHIBAETCH CJEAYIOIHM o0pa-
30M:

Se= - {ee—rls, + 1 G+ ol = o, (1 —u) — o (1 + )] =

_ h(d—p?) [c _erd+w
- E i l—pe Y

HJIM OKOHUYaTeJIbHO

_hl—p)
S =" (cz 1—u5y>' @03)

B cayuae Tpexpa3mepHOro caTus

S, = %[cz — (o3l (204)

Oxanako B Qopmyne (204) une yyuThHiBaloTCs napaMmerpsl QyHaa-
MeHTa (pasMep, (opma, KeCTKOCTh), KOTODhIE, KaK H3BeCTHO, OKa3bl-
BAIOT CYLIECTBEHHOE BJIHAHHE Ha BEJIHUHHY OCAJKH COOPYHKEHHH.

Pacuyer ocajgku A1s OAHOPOAHOTO OCHOBaHHA MPH BO3MOXKHOM
paCUIHPEHHH NOPOJBL C YUETOM XapaKTEPUCTHK (QYHRAMEHTOB MOXKET
Ge1Te BoinoaHed o meroay llneiixepa — Iloapmuna.

OnpepenieHne 0CaaAKH OAHOPOAHOr0 OCHOBaHUA mo merony Llaefixe-
pa — Hoapwnua. drtor Merox Gaszupyercss Ha HCHOJAb30BaHHU I0JO-
Kenuil 3ajgauu Byccunecka.

PaccmMoTpuM BEPTHKaJbHBIE MEPEMEINEHHs, BO3HHKAIOWIHE B JIH-
HeHHO-Ae(OpMHPYEMOHl TOJILE MOPOA IO} AEeHCTBHEM COCDEAOTOUEH-
HOM cuab P, NPHJIOKEHHOH NEepNeHJHKYJAAPHO K [OBEPXHOCTH 3TOH
TOJILILH.

Benuunsa OTHOCHTENBLHOTO MNEpeMelleHHss B HampaBdeHHH OCH Z

EZ S d—w’ (205)

dz

rie @ — BEPTHKAJBHbBIE IePEMELICHHS TOYKH.
M3 obobiennoro 3akoua ['yka H3BECTHO, YTO
dw

1 g
dz :—E_Icz~p(ox+oy”' (206)

82=

IMoacrasus B BeIpaxkeHnue (206) 3nauenus oz, Gx M Gy M3 PellleHHsA
3aflaud ByccHuecka, moJayuyum

5

== { 34 )RR 4-2) * —
3
2Bl 2wz R L) 2 } (207)
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Vinrerpupys I[0Jy4eHHOE BHpaXKeHHe, HaWJeM BEJUYHHY BepTH-

KaJpHOTO MNepeMelleHuA
3

o= | (W2 @ +2) T 20 —p) R +2)
.

Hau6oabmuii uHTEpeC NpesCcTaBiAsAOT NepeMELieHHs MNOBEPXHOCTH
nopoan. [las HaxoXKaeHHs BePTHKaJbHHIX nehOpMauuii 3TOH MOBEpX-
noctu B Qpopmyay (208) moAcrasum z=0, Torga

2
w, , = 20— (209)
nER

Kax Oplio noxkasaHo paHee, y TOYKH NpPHJIOXKEHHs BePTHKAIbHOM
COCPELOTOYEHHON CHJIB HAMpPSIXKEHHWA M NepeMeIeHua cranoBarcs Gec-
KoHeuHo OonpwuMu. McXoxa M3 Teopuum YNpyrocTH, MOXKHO NpeLno-
JOXKUTb, 4TO B 006sacTH, NPHJIEralollell K TOUYKE NPHJIOKEHHS BHEI-
Heii CHJIB, B MaTepuaje BpIpe3ana nosaycgepHueckas NOBEPXHOCTH
Majoro pajuyca, a cocpegoTOUEHHAas CHJIa 3aMeHeHa CTaTHYeCKH 3K-
BHBAJEHTHHIMH YCHJAMAMH, DAcCNpeRENEHHBIMH NO 3TOH MOBEPXHOCTH.

Vmes peluenns [Js COCPELOTOYEHHON CHJBI, MOXKHO NOJYYHTh Be-
JHYHHY BEPTHKAJpHOro MEepEMEeLleHHs, BO3HHKAIOWero OT JAeHCTBHA
paBHOMepHO pacnpeaeseHHON Harpysku no npsMoyroanHuky [33].
[lycte na rubkuit NpsAMOYronpHblii (ynHAaMeHT AelicTByeT Harpyska
p, paBHOMEpHO pacnpejxejeHHas no ero miowagu F. Iaa ompexpeae-
HHSl OCafOK COODyxKeHusA dyHHaMeHT JEJAT HA 3JEeMeHTapHbie npd-
MoyroJssuKK maowaneto dF (rme dF=dE&dn) u, npuduMas Harpysky
Ha KaxABlH H3 HHX 32 COCPeJOTOYEHHYIO CHJY HHTEHCHBHOCThIO pdF,
CYMMHDYIOT BepTHKaJbHBE [E€peMeINeHHsA OT JAEHCTBHA Harpy3oxk Ha
3JEMEHTaPHHX MIONajKax. 3aMeHuB CYMMHDOBaHHe MHTerpHpoBa-
HHeM (209), nojy4yaioT BHpaXKEHHE JJIA BHIUKCJICHHA OCaaKH

i b

2 2

1/2

(208)

1 —uz PEN)

=W > - = dtdn. 210)

E V=8 +(y—)
4 b

Ty

Takum 0GpazoM, Npu ONPERENEHHH OCAAKH B paccMaTPpHBaeMOM
ciyyae MCXOHAT M3 pelIeHus 3ajayn Byccunecka co BceMu aomylle-
HHSIMH ¥ YCJIOBHOCTAMM, XapaKTeDHBIMH sl NOCJELHEro,

Pesyaprarst unrerpuposanus (210) mpu z=0 paor dopmyay
AJis OnpejesieHuss ocajKu MOBEPXHOCTH OCHOBaHMA B JMIO60H TOUKe 3a-
TPYKEHHOTO MPAMOYTOJHHUKE, a TAaKKe BHE €ro.

s ueHtpa 3arpyKEeHHOro (GyHIAMEHTa NP YCJIOBHH, 4To M=

=I[/b ocanka
2pb(1 — p? —— R |
Sy UL i (Vi T o my 4 i LT
_pbC(1 —p2) "
=0,

2 —_— me 1
rie C=—In()/ ' m*+ 1 +m)+manmz—'*"nl—+-l.
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Oas kpyriaoro ¢yaaamenta C=1, 1as pasJuYHBIX COOTHOILIEHHIH
[ u b pexkoMeHAyeTCS NMPUHUMATDL caexyoniue 35avedus C:

m. . ... 1 2 3 4 5 6 8 10 20 30 40 50 100
c..... 1,12 1,53 1,79 1,97 2,10 2,22 2,41 2,54 2,97 3,24 3,42 3,54 4,00

Ocanxa yrJjoBelX ToueK ¢yHAaMeBTa, UMEIOUIHX KOODAWHATHl Xx==

=4-b/2, y=2-1/2,
pb(1 —p?) T

Suz—T In(Vm*4-1+m)+mln

po(l—p?)

== &
rae C, — x0o3(QQuuuenHT, 3aBUCSILUIHA OT pPasMepoB, QOPMHB U KECTKO-
CTH (pynpamenTa.

CpasHenue dopmya (211) u (212) gaer BO3MOKHOCTH yCTaHO-
BUTBH, yTO 3HaueHus C, B pgBa pasa Meuswe sHauenuit C. CiepoBa-
TEJBHO, OCajka TOUKH, HAXONSIINEHCH B IEHTPE NPAMOYTOJBHOTO THO-
Koro ¢yHAaMEHTa, 10 MOBEPXHOCTH KOTOPOTO AEHCTBYET paBHOMEPHO
pacmpejenesHas Harpy3ka, B jBa pasa OoJblile OCajKH YIJOBBHIX TO-
Y€K 37T0T0 e (pyHipaMesdra.

Ocangka nns Bcex TOueK abGCOJNIOTHO KECTKOTo (yHAaMeHra NpH
EHTPAJBHO NPUJIOXKEHHOI HArpy3Ke oJuHaKOBa M paBHa

S, = —#¥ ﬂ P 1) dtdn = const, (213)
nE V(x—m)24-(y—§)?

Vmi£14 1]__
—|=

F

rjie p-— paBHOAEHCTByIOIAas BHEWHEl  HAarpysku, NPHJIOKEHHOH
B IEHTPE K KECTKOMY (yHzaMeHTy; n M E — OECKOHEYHO Majape Be-
JHUHHb, ONpexensionye 3JeMeHTapHyl maouaib (QyHraMmeHra.

TouyHOe peuleHKe 3TOTO YPaBHEHUA CONPSAKEHO ¢ GOJbUIHME TPYA-
HOCTAAMH, TO3TOMY MOPHMEHSIOT cleayiolluii npuem. Harpyxeunyio
naoumans pasbuUBalOT Ha pAA JNEMEHTOB, a HHTEIDHDOBAHUE 3aMeH:A-
I0T cyMMupoBanueM. Toraa npH yCJIOBHH, ut0 piFi=2P,

n
S, = I -‘sz piF; , (214)
L23 = pi(x )

TAe n-—yYyHCJO 3IJIEMEHTOB, Ha KOTODHle pasOUBAOT 3arpyKEHHYIO
Iomanb; p;-— CpPelHee KaBJeHHME NO IIOMAAK KaxkIOro 3JEeMEHTa;
F:— niomans i-ro snemenra; p;(X, y) — paccrosHue OT LEHTPa Ts-
KECTH 3JeMEHTa 10 TOYKH, JJIs KOTOPOH COCTaBJseTCs YpaBHEHHE.

Has TOYeK, COBMAAaOUMX C LEHTPOM THKECTH 3JEMEHTOB W AJS
KOTOPHIX OfHO u3 3HaueHui p;=0, cpexnsan ocaxka

S)K —_ c’ V Fi (T:E— ”2) Di- (215)

Ecmu  nnowanp  ¢yHaameHra mnpeactasiats B BHge F =1[1b =

=(-[l)—b) b = (mb) b = mb®, o nogcraBuB B opmyny (215) pulpamenue
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s F u BBens oGosuauerne © = C' Y m/w, nNoAyduM  BopameHHe /s

onpejeJeHds Ocaiku XeCTKOro (yHxaMeHTa C y4eTOM GOKOBOTO pacilH-
Penua Noponst

S = opbll —p?)
e

OTo ypaBHeHse H3BeCTHO Kak (opmyna Llnefixepa — [Monsumua.

Has kpyraoro ¢pyngamenra npusumanwt ©==0,79, 11 npAMOyrois-
HBIX W JIGHTOYHBIX PYHAAMEHTOB (THOKMX M KECTKHX) B 3aBHCHMOCTH
OT BeJHUYHHBI M KO3(pQGHIHEHT @ MOXeT OLITh ONpeXeIeH H3 NpHBe-
AEHHBIX JanHbIX (Taba. 13).

®opmyna [laeiixepa — [Moxsunga wWenoassyercs aas onpegele-
HHA OCajKu pPas3JIMYHOTO THUIA TOPHBIX NOPOJX: CKaNbHBIX, MNECUaHo-
TIMHHCTHIX. OJHaKO NmpH HCNOJb30BAaHHH 3TOR (POPMYyNAB CJAELYeT no-
MHHTb, YTO OHa NOJYy4eHa I/ MOLENU JHHEHHO-IedOpPMHpyeMOli cpe-
JABl, KOTZa B mopoJe€ OTCYTCTBYIOT MM Majb NO pasMepy 30HH
MAACTHYCCKHX aedopManuil, Il orHocHTeNbHO caalux Necyano-riu-
HHCTBIX MOPOJL 3TO YCJOBHE (OTCYTCTRHE OacTHHUECKUX jedopmauuil)
BHINOJHACTCA A QYHAAMEHTOB HeGOJBIIHX Pa3MepoBR (IUMPUHA JeH-
TOYHOTO (QyHpamesra ge Oosee 2 M, MMPHHA NPAMOYrOABHONO — HE
GoJsee 3 M), mpM CpexHEM [aBJEHWH, mepeiaBaeMOM Ha MODOLY OT
¢yunamenra, He npeppimaromem 0,3 Mlla,

Kpowme roro, popmyna Ilnelixepa — I[Tonpwiuna uCnoss3yercs npH
06paboTke XAHHBIX HCOBITAHAH NOPOA C [IOMOLIBIO CTAaTHIECKMX Ha-
Tpy30K, nepenapaeMbly Ha WTaMn B wmyppax u ckaxuynax. Ilo pe-
3yJibTaTaM 3aMepoB OCajikH S WTamma H3BECTHOTO pasmepa, (GopMbl
H XKECTKOCTH npH AEHCTBYIOHNIEM JaBJAEHHH p MOXKHO pacCyuUTaTh Be-
JIMUHHY MOnyJas xedopMauud mopon

(216)

E— (1 — u2)
S

Ilpn onpeneseHHbIXx 3HAUCHHAX KO3(DUIHEHTa p, ® U LIMPHHLI
(mnu pumamerpa) mramna b comHoxuTens o(l—p?)b aBasiercs no-
CTOAHHON BEeJHYHMHOMN.

Aunanus opmyaw Iaefixepa — [ToabimuHa mOKa3blBaer, uTo 3Ha-
YEeHHs1 OCaJiKd BO3PacTaloT NMPH YBEJHYEHHH KakK abCOJIOTHHIX, Tak H

pb.

TaGauna 13
® R PyHRZaAMEHTOB © A8 QYHZaMEHTOB
rugKoro ru6xroro
m m
HECTKOT O JKeCcTKOTO
wetp | Tomp | nentp | Gicmy
1 1,12 0,95 0,88 5 2,10 1,83 1,72
1,5 1,36 1,15 1,08 8 2,42 2,12 —
2 1,53 1,30 1,22 10 2,53 2,25 2,12
3 1,78 1,53 1,44 20 2,95 2,64 —
4 1,96 1,70 1,61 100 4,0 3,69 —
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OTHOCHTENBHBIX pasMepoB ¢yraamenToB. OAHaKO, KaK yxe ObJIo mn-
Ka3aHo, yBeJIHYEHHE OCaJKH C POCTOM pasMepoB (pyHpamenta Habmio-
JaeTcsl TOJAbKO [0 W3BECTHOTO Hpeaena, npu gaJbHeHlleM pocTe MJo-
maan (pyHpaMeHTa oOcajgka CTPEeMHTCH K HEKOTOPOMY [OCTOSIHHOMY
3HaueHH0 (cM. puc. 40,a). CaegosarenabHo, BcTaer Bonpoc o6 orpa-
HHYEHHH MOINHOCTH CxKHuMaeMmoi Toamu. OauH H3 TaKHX METOLOB -—
pacdeT ocajKu Mo 3KBHBAJEHTHOMY CJOIO.

Pacuer ocapkn no meropy 3KBHBAJEHTHOIO CROfl. DTOT METO] pAacC-
yeTa OCaAKu coopyxeuns, npennoxenunsi H, A, lmToBuuem, npume-
HAETCH B OCHOBHOM Ji MecyaHo-DJHHEHCTHX mopox. H. A. Lwpronu
OpuBeJ yCJOBUA CKaTHA [OpPOABl B OCHOBAHHH COODYXEHHHA K YCJIO-
BHAM YIUIOTHEHMS CJIOA OTPaHMYEHHON MOIHOCTH, BBEIS NOHATHE 3K-
BHBAJEHTHOTO CJOSl. DKBHBAJEHTHBIH CJIOH — 3TO TOJILa MOPOAB Ta-
KOH MOIIHOCTH, mpH KOTOpOH OCanKa CIVIOMIHOTO, HE OrpaHHYEHHOTO
no miaouianu (yHaaMeHTa paBHa ocajke (yHiaMeHTa 3ajaHHBIX pas-
MEpPOB u (opMbI, BO3BEAEHHOTO Ha MOPOAaX HEOIDAHUUYEHHOH MOUIHO-
cru [40].

MouiHoCTs 3KBHBAJEHTHOTO €105 MOXKHO ONPEENHTb H3 YCJIOBHSA
paBEeHCTBa BEJHYHHbBl OCaJKH B YCJIOBHAX [ABYX- HJH TPeXpasMepHOro
cxkaTusi Sy—3 3HAYEHHIO OCaJKH NPH OAHOPA3MepHOM CXKaTHH S;.

Si=¢zh,, (217)

rae h, — MOIHOCTL 3KBHBaJEHTHOrO cjosl. OTHOCHTENBHOE CXKaTHe
AJs ofHOopa3MepHol 3azaun u3 obobmenHoro sakona I'yka

A R 218).
82 E (1 l-——}-\)’ ( )
claenoBaTebHO,
_ Phs [ 2w 19
Si=Lp- (1= ). (219)

C apyroft cropoHwl, ocaika ajs ciaydas ABYX- WIH TpexpasMep-
Horo cxkaris no ¢opmyae llneixepa — [Nonsmuna

S,_, z“’_pi(_l:”_zl_

E
Takum obpazom, nosaraa S;=3S,_3, MOXHO 3aMHCaTh
Phsy <1 _ 2u? )_‘*’Pb(l —u?) (2%)
E T E )
Tlocne mpocToix anre6panyeckux npeoOpa3oBaHHH MOJYIUM
. 2
L= TR gy (221)
1—2p

Beegem Ko3(p@pHUHEHT MOMHOCTH 3KBHBaJeHTHoro cos A, pae-
uetit (1—p?)/(1—2u) u 3aBHCAWIHE TONBKO OT Ko3(duuuenra nome-
pPEYHOTO pacllMpeHHs, Toraa

hy=Awb. (222)
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IlockoJbky

2u2
I= I—p B a
== =a,, 2
E E 14 ° ( 23)
TO
Ez=—=pPa,,

rle ao — NpHBEJeHHbI KOIPPULHEHT YIIOTHEHHUS.
[loacraBus B Qopmyny (217) 3naueHue e, NOJNYYHM BbIpaKEHHE
AJ51 onpeAeseHHs OCaJKi N0 MeTONy 3KBHBAJEHTHOTO CJIOA

S=aqph,. (224)

Pacuer ocapku no meropy JaHHeiHo-gedOpMHUpYyEMOro €J10a KOHeu-
HOH TOJIUHHBL. IJTOT METOA OTpa)Kaer peaJjbHble yCJA0BHA paboThl no-
poibl moj AeAcTBHEM O0JbIIHX B njaHe (GYHIaMEHTOB NPH YCJIOBHH,
YTO B OCHOBAHHH COOPYXKEHHH 3aJeraloT JO0CTATOYHO NpPOYHBIE pas-
noctu ¢ E,=>10 Mlla. Kak yxe ykaspBagoch paHee, B OCHOBaHUHK
onbliX No nmJomajiun (pYHAAMEHTOB ¢ YU4ETOM HanpsaXeHuH cober-
BEHHOro Beca nopojbl HabJiofaeTcsi Bo3pacTaHue MOy AedopMa-
uun ¢ raybudod. B cBasu ¢ atum 1. E. [lonpminabiM Gulio mpepso-
JKEHO pacCMaTpPHBAThL MOAEJNb OCHOBaHH#A, IJe Ha HEKOTOpOH raybuue
2 3aJjeraeT nopoja, CXKaTHEM KOTOPO NpH NeHCTBHH 3allaHHON Ha-
TPYSKH MOxkHO npeHebpeyb. IDTo JONYUIEHHE NO3BOJISIET, HCIOJbB3YS
topmyny Hlaefixepa — [loasliada, paccuurars 0CafKy KakK pasHOCTH
nepeMenientii TOouek, paclO/JOXEHHbX HENnocpeACTBEHHO INIOJ NOXOUI-
BOH (yHAaMeHTa M Ha TJyOHHE Z NPaKTHYECKH HECXKHMAeMOro CJIOS.
dtor npuem Osl1 HcnoJs3oBad K. E. EropoBhniM s onpeaeseHHs
0CaJ0K pa3THYHBIX THNOB (GYHAAMEHTOB (KpYIJBX, JEHTOUHHBIX H Npf-
MOYrOJIbHBEIX) Ha OXHOPOAHOM oOcHOBaHMH. Hasmume Ha HeKoTOpOH
rIyOuHe HeCXKHUMAaeMOH NOpOAs NPHBOAHT, KaK yXe OTMEeyajoch
B TJ. 4, K KOHIEHTpPAHM HanpsXKeHHH B BepxueM cJjoe. JKecTkuit
CJIOH OKAa3bIBAET 3aMETHOE BJMSAHHE Ha XapakKTep pacnpejeleHHs Ha-
npsiKeHHi npu ray6une ero 3ajgeranus 2<<2,5b. Ecan 222,50, Baus-
HHEe HECKHMAEMOro CJIOS CTAHOBHTCA NPAKTHYECKH HECYIIEeCTBEHHBIM.
Ilpy 2=(0,5+1)b KoHueHTpauus HaNpPsKeHHH B CXKHMaeMoM CJoe
3aMeTHO BO3pacTaer.

Bejgnuuna ocafkM npH HAJMYHH HECKHMAEMOro cJosi B OCHOBa-
HHH HaxoauTca no dopMyse

2 — u2
S —=w,—w, = bp(1 —p?) (K, —K,) = bp(1—p*) K. (225)
E E

rlie Wy H W, — NepeMelleHUs] TOYeK, PacNoJOXKEHHBX COOTBETCTBEHHO
y nogowss ¢yuaamenrta (2==0) u na raybune z; K, — OGespasmep-
Holl KO3 PUIHEHT, 3aBHCALIHA OT NpUBeAeHHON IJYyOHHH 1, paBHOH
2z/b, OTHOCHTENbHOTO pazMepa dymjgameHnra m, paBHoro [/b, u K03¢-
¢unueHTa nonepeunoro pacuuperus p; Ko— anavenne K. npu z=0;
K=KO‘_K2-
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Besnynna ocCafKd 3aBHCHT OT KO3(QulMEHTa NONEpeyHOro pac-
wupenusa. K. E. EropoB noxcuutan 3nauenns kos3dpbuuuenra K pis
n=0,3; ¢ ysenuuenuem p 3Hayenusa K ywmespmaworca. Jas koppek-
TupoBkn pacueros K. E. Eropos BBea B dopmynay (225) nonpasou-
HBll KO3 ¢uurent M>1.

Pacuer KoHeuHo#i ocagKu NpH HeOZHOPOJLHOM OCHOBAaHHH. Bapuaur
HEOAHOPOJHOrO OCHOBAHHSI PacCMaTpHBaercs, Korfa B Npeienax CXHu-
MaeMOH 30HB 3a/€raioT IOPOIbl, DPAa3JHYaiOLiHecs IO IPOHCXO0XKIe-
HHIO, JHTOJIOTIUECKOMY COCTaBYy H T0Ka3aTe/siM CXKHMaeMOCTH. B atoM
Clyyae HCIOJAb3YyeTcsl METO NOCAOHHOrO CyMMHPOBAKEHS.

CylHOCTL 3TOr0 METOZA COCTOMT B TOM, YTO OCHOBAaHHE COOpY-
AKEHHsl pa3OMBalOT Ha DAL OJHOPOJAHBLIX MO CBOHUCTBaM CJ0E€B H MNOA-
CYUHTHIBAIOT CXKHMaeMOCTb Kaxkaoro u3 nux (S;). Obmas ocazka oc-
HOBaHHA NPEACTABIACT CyMMy OCafiOK BCEX CJIOEB;

S = 2 S, (226)

i=1

TAe n— yuCJI0 CJHOEB, Ha KOTOpHE pa3jeJeHa BcAd cXumaeMas ToJ-
lla NOPOJ B OCHOBAHUH.

Buifenenne pacyeTHBIX CJOEB B OCHOBAHHU COOpyXeHus Oazupyer-
Csl Ha ONEHKE XapakTepa S3MiOpbl pacnpefeqeHns HanpsxeHud o,
BO3HHKAIOWHX OT COOPY’KEHHA, W MOUIHOCTH CJIO€B NOPOABI, pPazJiu-
YaponlHXcsd 1o cBoM ceoiicTBaM. [lockosbky 3miopa pacnpefeieHus
HanpAKEHUH OT BHEWIHEH Harpy3k# HMeeT KpHBOJUHEHHbIE Ouepra-
HHA, XKeJaTeJbHO, 4yToObl CpeldHee HaNpsAXKeHHe MJIA KaKAOTO pac-
YETHOTO CJOS KaK MOXKHO MEHbLIIE OTJAH4YaJ0Ch OT BeJHUMHBI HaNps-
KEHMSI B cepeliMHe cJ0s. SIcHO, uTO ¢ yMeHbUIEHHEM MOILHOCTH pac-
YeTHOTO ¢J0si yKa3aHHble pasluy#sl CTAHOBATCSA Bce 0oJjee HECyLIeCT-
BeHHLIMU. O1HAaKo npH oueHb APOOHOM paCUNEHEHHH OCHOBAaHHA pes-
KO yBEJIHYHBACTCH 00bEM BBIYUCIATENbHBIX PaboOT NPH HE3HAYHUTEJb-
HOM TIOBBILIEHNH TOYHOCTH pacuera. C fapyrofi croposbl, rpaHUns pac-
YETHBIX CJOEB HE JOJKHB BHIXOIHTL 33 NPEeLeJsl CJI0€B ¢ OJHHAKO-
BbIMH CBOHCTBaMH.

Buiio npei1oxeHo MOLHOCT, NEPBOro ¥ BTOPOro PACHETHBIX CJ0-
eB UpHHUMAaTL paBHol 1/4 wHpuuw dyunamenTsodi mants. YUro Ka-
CaeTCsi TPETBEro, yeTBEPTOr0 H MNATOrO CJI0EB, TO KaKAWM M3 HHX
JONXEeH cocraniath 1/2 mupuusl dynpamenTa. MomuocTb Beex Mo-
CJAe1yIOIHX PAacueTHbIX CJOEB yBelHUHBaeTcs JO WHPUAHBI QyHAA-
MEHTHOH TJIHTHL.

CoBepIIEHHO Ou€BHAHO, YTO MOIHOCTb PAaCHETHHIX CJ0EB B KaX-
IOM KOHKPETHOM CJyuae ONPEREIATCH CaMOCTOATENbHO B 3aBHCHMOCTH
o7 uwupunsl GyHIaMEHTa d OCOGEHHOCTeHl HHKEHEPRO-TeoJIOrHUecKOH
00CTaHOBKH.

Merox nocaOfiHOTO CyMMHPOBAaBHSl NMPH3HAH OAHHM H3 OCHOBHBIX
B JEACTBYIOIMX  CTPOHTEJbHHX HOpMax # mupasuaax (CHull
2.02.01—83). Ilpx 2TOM B 3aBHCHMOCTH OT KOHKDETHbIX HIIKEHEDPHO-
reoJOrHueCKHX yCI0BHA OCHOBaHHA COODY:KEHHH M pasMepos dynaa-
MEHTOB pPEKOMEHJIyCTCA HCNOJb30BaThb JBE PACYETHLIE CXEeMb! JAad Of-
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peledeHHsT OCaaKu ¢ ydeToM: 1} JauHefHO-1eOPMHPYEMOTO CJAOs KO-
HEYHOII MoLIHOCTH, 2) JAHHeHHO-aedOpPMUPYEMOro MOJAYTIPOCTPAHCTBA.
Ileppass cxema NpHMeEHsieTCA INpHd CJAEAYIOIIKBX YCJAOBHSX: d) IUHPHHA
(ninamerp) ¢yHnaamenra b=>10 M u Moayan aedopMaudd TOPOA OC-
HoBaHHsi £E2=10 MIla; 6) B npegesax cKdMaeMOil TOJIHH OCHOBAHHSA
H. saneraer nopopa, Moayib aedopmaumu xoropoii E,;==100 MIla u
MOIIHOCThL TAKOTO ¢JIost H; YAOBJAETBOPSIET YCJIOBHIO

h=H, (1- ‘3/1?1?) (227)

rie £y — moayne aedopmaund NOpPoOALL, 3aseratolilefi HuXKe ¢JI0si ¢ MO-
aynem gedopmauunn £,

Ilpn pacuere ocaiakn mo AAHHONH cXeMe TOJLIHHA CXHMaeMoro
ciost H. past ycaoBusi «6» IpHHMMAeTcsl A0 KPOBJH nopoanl ¢ E; =
=100 MIlla. Ecau Ttakoil caoil orcyrcrByer (yciaoBue «a»), 10 H He-
06X014MO paccuuTath 1o dopmyie

H=(Ho+pa) Kp, (228)
rie Hy, U ¢ NPHHHMAIOTCS COOTBETCTBEHHO PABHBIMIL JIJs OCHOBaHHIA,
CIOXEHHBIX TbiJeBaTo-TIHHACTEIME mopoaamyd, 9 u 0,15 M, necuann-
Mu—6 un 0,1 M; K, —kospPHuHeHT, 3HaueHHs KOTOPOTrO0 3aBHCSIT OF
A4BJI€HUS Toj NoZolBoil ¢yHaameHTa (nmpu p=0,1 MIla K,=0,8;
npu p=0,5 MIla K,=1,2; npu npomMexyTouHhXx 3HAYEHHUSX D Be-
JuyuHa K, npHHuMaeTcs To HHTEPNOJsAUHMH); b —lxpuHa QyHIa-
MeHT4.

Ecau oOcHOBaHHE CJIOXEHO TbLIECBATO-IIHHHCTBIMM H NeCYaHBIMH
OT/IOXKEHHSIMH, MOLIHOCTD CxKUMaeMo# Toamu H ompemeasiercs no 3a-
BUCHMOCTH

H=H+hu/3, (229)

raie Hy— TonmuuHa cxKHMaeMoOro cJosi, paccydTaHHas mno dopmysae
(228) B NMpeANONOKEHHH, YTO B OCHOBAHHY 3aJerarT TOJNbKO Iecua-
Hble pa3HoOCTH; hy — cyMMapHasi MOIIHOCTH CJI0eB IbIJIEBATO-TJIHHH-
CTHX TIOPOA B Ipejesax CxuMaeMmoi toawu H, BuuHCaeHHON To ¢op-
MyJe (228) B npeaAnosOXKeHHH, YTO OCHOBAHHE CJOXKEHO TOJNBKO Ibl-
JIeBATO-TJAHHUCTHIMH PAa3HOCTSMHU.

Ecnu Huxke cxkumaemoro caosi H, onpeieneHHOro IO 3aBHCHMO-
ctaM (228) mau (229), 3ageraer cjaoii ¢ Eo<C10 MIla u ero Tonuu-
Ha He mpesbiwaer 0,2 H, to 3HaueHue H [oaxHO OBITH yBeJaHYeHO
¢ yueroMm Gosiee caaboro caosi. Ilpu Godabiiell TOMIMHHE C/I0Si TakoH
NOPOAH cjeayeT pacyer AedopMaluil MPOU3BOAMTL IO BTOPOH cxeMe.

Ocanka ocHOBaHHS NPH HCNOJb30BAHHM TeEPBOI Pacu€THOH cxeMbl
(MuHeitHO-1eOpMHPYEMOTO CJ10S KOHEUHOH MOIIHOCTH) Onpeje/ser-
csi no gopmyJie

g — PPKc Ki —Ki s ’ (230)
Km 2 El

1=

Tle p— CpellHee AdBJeHHe MOJ TNOACIWBONl GyHiaMeHTa; ecau b=
=10 m, B pacuerax p He yuHThHIBaeTcs 3aray6.JeHre ¢(yHIaMeHTOB,
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Puc. 42. Cxempl 17 pacuera OCajKH IO MeTOAaM JHHCHHO-ZedopMmupyemoro cJjos
KOHEeUHOR MOMHOCTH (@) u JHHefiHO-g1edopMmupyeMoro mogaynpocrpancTta (6):
I_Q—Haﬂpﬂ)l(eﬂﬂﬂ, BO3HHKAIOLLHE COOTBETCTBCHHO OT COOPYXeHud H co6GCTBEHHOTO Beca MOPOAR!

(’zp :p—whd,)

npu b<<l0 M p=po, TIPH 3TOM pPy=p—0.¢ (0:z — HaANpsiXKeHHe Ha
YPOBHe MNOAOLIBH (yHAaMeHTa OT cOOGCTBEHHOro Beca NOPoAw); b —
wHpuua ¢pyaiamenra; K. — kK03QPuUuHeHT, YYHTHIBAIOMINA KOHLEHT-
pauyio HanpsKeHHH B CXKUMAeMOM cJioe U OTpefeasieMblii B 3aBHCH-
MOCTH OT OTHOCHTE/bHOI TOJIIMHBE cxKHMaemoro ciaos 2H/b; Ky —
KO3 puiHenT ycaoBuii paGOTEl OCHOBaHHS, 3HAUEHHS KOTOPOro 3aBH-
car or Eq u b: npn Eo<<10 MIla u aw6om b, a rakxke 1npu b<C
<10 M, o Eo=10 MIla Kn=1,0; npu E,=10 MIIa u 10 M<<b <
<15 M Ky,=1,35, naibHeiiliiee yBejuuende b NPHBOAMT K BO3pa-
crandio K, 10 1,5; K; u Ki-; — Ko>dbduumrenTs, onpejpenseMule 1o
Ta6a. 14 B 3aBHCHMOCTH OT OTHOCHMTENbHON raAyOHHBI TNOAOWBLI H
KpoBau i-ro cjaosi (puc. 42,a), GopmMbl H OTHOCHTE/]bHBIX pPa3MepoB
¢yunamentoB; E; — mMoayap aedopMauny i-ro cJI05.

3unavenus kKo3dduunenta K. B 3a8BHCMMOCTH OT OTHOCHTEJIBHOH
TOJIIMHBL CKHMaeMoro caos 2H/b npusepennl HHXKe:

2Hb ... 0-0,5 0,5—1,0 1,0-2,0 20-3,0 3,0-50 5,0
Ko . ... 1,5 1,4 1,3 1,2 1,1 1,0

Bropas cxema (JuHeHHO-1edOpMHpyeMOro moJynpocTpaHCTBa) Hc-
noJsb3yercsd, €c/lH: a) B OCHOBAHHM OOJBIIHX B NJaHe (YHAAMEHTOB
(b=10 m) 3aneraior mopoast ¢ E,<C10 MIla; 6) B OCHOBaHHH He-
boabwnx ¢yHaamentoB (b<C10 M) B npegenax ckKuMaeMOH TOJIH

OTCYTCTBYIOT NpaKTHYECKH HecXkKHMaeMble cJOH ¢ MoayJaeM jaedopma-
uuu 6osee 100 MIla.

CoraacHo BTOpOI cxeMe, ocajka Bouncasercd no dopmyie

s, h;
— zp;t
s=p Yt (@31)
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Ta6anuuwa 14

3HaueHua Ki AJ1 pas/HYHBIX QYHIAaMEHTOB NPH PasHBIX COOTHOILEHHAX CcTopoH [/b

L3

N U R

: ?g MPSAMOYTOJBHBIX

= 53% Kpyr- JIEHTOUHBI X
o 2 JRIX =10
5! B 1 1,4 1,8 2,4 3.2 5

aL

0,000]0,000| 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,00
0,090|0,100| 0,100 | 0,100 | 0,100 | 0.100 | 0,100 | 0,104
0,179]0.200] 0.200 | 0,200 | 0,200 | 0.200 | 0,200 | 0,208
0,26610,299 0.300 | 0,300 | 0.300 | 0.3% | 0,300 | 0,311
0.34810,380| 0,394 | 0,397 | 0.397 | 0,397 | 0,397 | 0.412
0,411,0.446| 0,472 | 0,482 | 0.486 | 0.486 | 0,48 | 0,511
0,461 /0,499 | 0.538 | 0,556 | 0.565 | 0.567 | 0.567 | 0,605
0.501|0.542] 0,592 | 0,618 | 0.635 | 0,640 | 0,640 | 0,687
0.53210.577| 0.637 | 0,671 | 0,698 | 0.707 | 0,709 | 0,763
0,558|0,608| 0,676 | 0,717 | 0,750 | 0,768 | 0,772 | 0,83l
0.579|0.300| 0,708 | 0,756 | 0.796 | 0.820 | 0.830 | 0.897
0,596|0,650| 0,735 | 0,789 | 0,837 | 0,867 | 0,883 | 0,049

OOOO)N}OO»&OG?N}OO»&OOE\DOO%OO’N)OO%OQI\DOO%O

, 0,611|0,668| 0,759 0,819 0,873 0,908 0,932 1,001
0,640,683 0,730 0,884 0,904 0,948 0,977 1,050
0,635{0,697 | 0,798 0,867 0,933 0,981 1,018 1,095
0,645} 0,708| 0,814 0,887 0,958 1,011 1,056 1,138

0,653|0,719| 0,828 0,904 0,980 1,031 1,090 1,178
0,66110,728] 0,841 0,920 1,000 1,065 1,122 1,215

N O OOWWRNIDNOOUTUIE B B W WINNND—m—OOOOD

, 0,668|0,736| 0,852 0,935 1,019 1,088 1,152 1,251
, 0,67410,744| 0,863 0,948 1,036 1,109 1,180 1.285
, 0,679!0,/51| 0,872 0,960 1,051 1,128 1,205 1,316
, 0,68410,757| 0,881 0,970 1,065 1,146 1,229 1,347
, 0,689 (0,762{ 0,888 0,980 1,078 1,162 1,251 1,376
, 0,603]0,768| 0,896 0,989 1,089 1,178 1,272 1,404
, 0,69710,772| 0,90° 0,998 1,100 1,192 1,291 1,431
10, 0,70010,777} 0,908 1,005 1,110 1,205 1,309 1,456
11, 0,705]0,786| 0,972 1,072 1,132 1,233 1,349 1,508
12, 0,710 0,794 0,933 1,037 1,151 1,257 1,384 1,550

rie p— GeapasmepHblii KO3Q@HUHEHT, AAs BcexX BHAOB NOPOA PpaB-
Helfl 0,8; ozp, — noJIycyMMa BePTHKANbHLIX HOPMAJTbHBIX HanpsixKeHuH,
BO3HHKAIOIIMX Ha BepXHe#l ¥ HHIKHEH rpaHunax (-ro ¢J10g NMOPOAH OT
Beca coopyxKenHs; h;, E; — COOTBETCTBE€HHO MOLIHOCTL H MOAYJ/b Ae-
topmauuu {-ro pacueTtHoro cJjosi (cM. puc. 42,6).

Kak yxe ykasnBa/aoch BHINE, cTe€NeHbL PAa3yMIOTHEHHS NOPOJH
34BHCHT OT TOro, HacKOJbKO OLICTPO NMPOHCXOAHT 3d4M€H& Beca I0pO-
Abl, BBIHYTO{l M3 KOTJOBAaHa, BECOM COOPYKeHHS. DTO 00CTOATEIbCTBO
HeOGXOAUMO yyHTBIBATbL NPH PacueTe oz, Ilpu OHICTpOI 3aMene Beca
BHIHYTON nOPOAB H3 KOTJIOBAaH4 BECOM COODyXKeHHs IONOJHHTE/bHLIE
HanpsiXKeHus,, BO3HHKaOLiHe B OCHOBAHWH NOC/J€ BO3BElLEHUS COODY-
JKeHHs, BHI3LIBAIOTCS JdBJeHHEe Do, paBHBIM

Po=—=P—0zg.

BenuuuHa panpsixKeHHl OT COGCTBEHHOrO BeCa MOPOAB Oz ONpe-
AeJsieTcsl ¢ yyeTOM NJIaHHPOBKH TeppuHTOpHH (cM. pHc. 42,6). Hamps-
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Ta6anupald

3HaueHud o AAA paznnunmx GYHIAMEHTOB mpH pasugblx COOTHOUIEHHSX CTOPOH [/b

=

3 <pyr- NPAMOYTOMBHBIX lneHTqumx

™ 1o 1.4 1.8 2,4 3.2 50 | =0
1,000} 1,030} 1,000 1,000 1,000 1,000 1,000 1.07%0

0,949 (0,960| 0,972 | 0,975 | 0,976 | 0,977 | 0,977 | 0,977
0,756|0,800| 0,848 | 0,866 | 0,875 | 0,879 | 0,881 | 0,881
0,547 {0,606 0,682 | 0,717 | 0,740 | 0,740 | 0,754 | 0,755
0,390, 0,449, 0,53 | 0,578 | 0,612 | 0,630 | 0,639 | 0,642
0,285(0,336| 0.414 | 0,463 | 0.505 | 0,529 | 0,545 | 0,550
0,21410,257| 0,325 | 0,374 | 0.419 | 0,449 | 0,470 | 0,477
0,165(0,201| 0,260 | 0,304 | 0,350 | 0,383 | 0,410 | 0.420
0,130]0,160{ 0,210 | 0,251 | 0,294 | 0,329 | 0,367 | 0,274
0,105'0.130| 0,173 | 0,209 | 6,950 | 0,285 | 0 37 0.337
0,087(0,108| 0,145 | 0,176 | 0.214 | 0,248 | 0,285 | 0,306
0,073[0,091{ 0,122 | 0,150 | 0,185 | 0,218 | 0,256 | 0,280
0,067[0,077( 0,105 | 0,130 | 0,171 | 0,192 | 0,230 | 0,258
0,053 0,066| 0,091 | 0,112 | 0,141 | 0,170 | 0,208 | 0,239
0,046 0,058| 0,079 | 0,099 | 0,124 | 0,152 | 0,189 | 0,223
0,040{ 0,051 | 0,070 | 0,087 | 0,110 | 0,136 | 0,172 | 0,208
0.0360,045] 0,062 | 0,077 | 0098 | 0,122 | 0,158 | 0,19
0,032[0,040| 0,055 | 0,069 | 0,088 | 0,110 | 0,144 | 0,184
0,02810,036| 0,049 | 0,062 | 0,080 | 0,100 | 0,133 | 0,175
0,02410,032| 0,044 | 0,056 | 0,072 | 0,091 0,123 | 0,166
0,02210,029| 0,040 | 0,051 | 0,066 | 0,084 | 0.113 | 0.158
0,021(0,026| 0,037 | 0.046 | 0,060 | 0,077 | 0,105 | 0,150
0,01910.024| 0,034 | 0,042 | 0,055 | 0,070 { 0.098 | 0,144
0,018(0.022| 0.031 | 0,039 | 0.051 | 0.065 | 0,091 | 0,157
0,016/0,020| 0,0°8 | 0,036 | 0,047 | 0.060 | 0,085 | 0,132
0,015/0.019] 0,026 | 0,033 | n.044 | 0,056 | 0.079 | 0,126
0,011]0,017| 0,023 | 0.029 | 0,040 | 0.050 | 0,081 | 0,114
0,009 0,015 0,020 | 0,06 | 0,034 | 0,044 | 0,060 | 0,104
I
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—

XKeHHsl OT Beca COOPYIKEHUS Ogzp, 110 LEHTPAJIbHON BEPTHKAJIM Ha pas-
JHMUYHBIX IJYOUHAX 2; OT NOAOWBH (PyHJIaMeHTa PaCCUHTBLIBAIOTCA RO
tdopmyae

Sap, = APy = % (D —3,,), (232)

rae o — Ko3¢GQuUUMeHT pacnpeleleHUs HanpsokeHHs, 3aBdcAImHil or
OTHOCUTeJAbHOH TIYyOuHB 2z/b M OTHOCHTENLHOTO pasMepa vhia-
MenTa (T1aba. 15). HanpsxxeHus or cOGCTBeHHOrO BeCa MOPOILbI Ozg
Ha rpaHuUe CJof, PACHOJOXKEHHOro Ha riybuHe 2 OT NOJOWBH ¢yH-
JameHTa, ONpeneasores no dopmyJe

n
o, = Yhy + X Yl (233)
i=1
e y — IVIOTHOCTb NODOAH Bbille OTMETKH NOAOWIBH (yHAaMeHTa;
hy — ray6uHa 3aM0XKeHuss GyHAaMenra; y;, h; — COOTBETCTBEHHO MJIOT-
HOCTBH U TOJIIIIHHA i-ro cJ104 nOpOﬂbL
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[InoTHOCTL MOpOABI, 3aJjerallefi HHXKe YPOBHsS MOA3EMHHBIX BOJ,
HO BhIUle BoJoymopa, cordacno CHull 2.02.01—83 poaxxua onpene-
JSATECSl C yU4€TOM JefCTBHS B3BELIMBAIOILHX CH.JIL

Pacuer ocaaky NpPOM3BOAUTCA 10 TIYOUHB aKTHBHOH 30HBI 2=
=H., rie BHIIOJHSETCS YCAOBHE — HANPSIXKEHHsI OT Beca COOPYIKEHHs
coctaBasor 20% ot HanpsixkeHuii cCOOCTBEHHOTO Beca TMOPOALl Ha TOM
XKe riayOHHe, T. e, 0:p==0,202,. Hanpsixkenus 0., U 0>¢ PacCUUTHBAIOT
no ¢gopmyaam (232) u (233).

Ecan HafizeHHass yKasaHHBIM BhIlIE CNOCOGOM HUXKHsAS TPaHHIia
AKTHBHOH 30HBI TONajaeT B cJOH TNOpPOAB, rje MOAYAb jAe(opMainy
E <5 MIla, 10 riy6uHa aKTHBHOH 30HBI yBeJHUHBaeTCs 3a cyeT H3-
MEHEHHs] COOTHOIIEHHSI MEXKAY Ozp H Ozg— 0zp=0,10,.

C yuetoM TOro, uTo oOcaaku coopyxeHus corsacHo CHull
2.02.01—83 paccuuTBHIBAIOT ¢ HCHOJb30BAHHEM MOEIH JHHEIHO-/e-
dopmupyemoii cpeiabl, HEO6X0AHMa NPOBEPKA BO3MOXKHOCTH TpHMeHe-
HHsi 3TOH MOJEJH NyTeM CPaBHEHHs 3a4aHHOrO j4BJEHHS p MO IO-
JolBe QYHAAMEHTA OT COOPYXKEHHs] ¢ pacuyeTHBIM CONMpPOTHBJAeHHEM R
TIOPOAH:

p<<R. (234)

PacyerHoe conpoTuB/ieHHe COOTBETCTBYET TakKoii Harpyske, mpH
KOTOPOH 30HBI pa3BHTUsA IJIACTHUECKHX JedopMauuil pacnpocTpaHs-
I0TCst Ha raybuny B mpegenax 1/4 wHpHHB (dyHAaMeHTa HJH He-
CKOJIbKO GoJsiee. BHIBOA 3aBUCHMOCTH AJs onpejpenequss R gaH B Ii. 6.
Ecaun ycnosne (234) He BhIIOMHsIETCs, TO HEOOXOAMMO INepenpOeKTH-
poBaThb (YHIAMEHTHl AJs TOro, 4TOOBl HMeTh BO3MOXHOCTb CYHTATh
OCaJKy TNPH TOMOIIH Mogenu JayudHeliHo-gedopMupyemoli cpeabl JAHSO
HCNOJb30BATh JpyrHe MeETOABl pacyeTa OcCajiKH, TMpHHHUMAA BO
BHHMaHHe HEJNHHEHHYio CBSI3b MEX/Jy HanpsiKeuHsiMu U JAedopma-
UHAMO,

Pacyer ocajgky HEOAHODOJAHOrO OCHOBAHHMsS METOAOM TIOCJOHHOrO
CYMMHDOBaHHSi MOXe€T ObiTh BBINIOJHEH C HCIO/JAb30BAHHEM 3daBHCHMO-
creit (196) B (197) nnas OAHOPA3MEPHOrO CXKATHA MOPOLI:

n
r r
O — &y

I 4-e/

S ==
=1

rae e, es’ — HauaJdbHBH W KOHEUHH KO3QGhHUMEHTH MOPHCTOCTH TO-
PO/IB, OTBedalolHe COOTBETCTBEHHO HadalbHblM (coOcTBeHHWIT Bec)
M cyMMapHbIM (COBCTBEHHLII BeC+Bec COOPYE€HHs!) HanpsXKeHUsiM
B i-M PacyeTHOM clloe Ha ryOuHe 2; h; — TOJIHHA PACUETHOTO CJOS.

3Hauenus ey’ U ey’ GepyTcs HeMOCPeACTBEHHO € KOMIMPecCHOHHOM
KpuBOH. Pacuer HanpsiKeHHH OT cOOGCTBEHHOTO Béca H Beca cOOpyXe-
HUI BHIIONHHAETCSA COTJN4CHO TOJNOMKEHHsIM, YKa3aHHBHIM B rnaBax 3u 4.

PaccuHtanHas ocanka S 0OLIYHO CpaBHHBaeTcs € JonycKaeMmoH
JJ5 JaHHON KOHCTPYKIIHH cOOPYXKeHusi Syon (cM. Taba. 12), npu sToM
LOJXKHO co6Joaathes caeaywomee yeaoBhe: S<ISi... B nporusuom
ciayyae KOHCTDYKIHMsS COOPYXKEHHsI foJxkHa OblTh OpHcHocobneHa
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K 00oJablIHM AedhOpMALHSIM OCHOBAHHSI HJH NepellpDOEKTUPOBAHA C Ta-
KHM pacyeToM, YTOOB YMEeHbUIMThL BeJHYHHBl 0Cdl10K A0 AONYCKae€MBIX
3HaYeHHH.

§ 4. OTPEAEJIEHHE OCAJLKH BO BPEMEHH

OcHoBHbIe (H3NUecKHe MPeAnocblakKH. B § 3 OvlaM paccMOTpeHH Me-
TOAB!I pacyera KOHEYHOH cTalMJAHM3MpOBaHHO#A ocaaku Ge3 ydyera dak-
Topa BpemendH. OJHAKO OCajKa COOPYKEHHH MOXKeT pa3BHBATHCS
B TeyeHHe JHMTEJNbLHOro NMPOMEXYTKd BPEMEeHH. B TpakTHKe CTpoH-
TeJbCTBA HM3BECTHH CJAydYaH, KOFja OCaJKu NPOTeKasJH B TedycHHe He-
CKOJIbKHX JIe€T, HECKOJILKHX AECSTKOB M jfaxe cOTeH JeT.

Oco0eHHO AJAHTENbHBIMH OKa3uiBaloTCsi jge@opMalud TpH CTPOH-
TEIbCTBE COOPYXKEHHMH Ha TJHHUCTHIX ManOJMTHQUUHPOBAaHHBIX NHOPO-
Jlax, UMeIOIMX HH3KHe Ko3pdHuMeHTh QHaAbTpauuu. Ilpu atoMm oueHb
Ba:KHBIH TOKa3aTesNb — CKOPOCTh IPOTEKaHUsi OCajKH; mpH OOJbILIONH
CKOPOCTH MOTYT Pa3pYIIHThCsi KOHCTPYKUHMH COOPYXKEHHH, MOCKOIBKY
OHHM 00./1aal0T PA3JHUHON COCOGHOCTBIO NMepepaclpeaeseHdst YCHAUN,
BO3HHMKAIOHIMX NPH HepaBHOMEPHLBIX OCajiKax OCHOBAHHW; IIpU He-
6OJIbLIMX CKOPOCTSIX — MepepacnpejselJedde HampsiKeHHH B KOHCTPYK-
UMH coOpyKeHHH OOHUYHO He cosfnaerT aBapHitHbIx cHTyauuil. Caeayer
Tak¥Ke HMeTh B BHIY, 4TO B CBS3H C €CTECTBEHHOH HEOJHOPOAHOCTbIO
HOPO/Ibl CKHMaeMOCTb B Pa3/JHMUYHLIX TOYKAX OCHOBAHHUsl HEOJMHAKOBa.
[TostoMy B TeueHHe Bcero mepHoga ymJIOTHEHHsI COOPYXKeHHe HCHEITLI-
BaeT HepaBHOMepHble OcalKH, 4acTo OOYCJNOB/EHHBIE pa3/HYHbIM Xa-
pAKTEePOM MX mpoTeKaHHsi BO BpemeHH. Takum obGpasom, Bonpoc 00
yCTOHUYHBOCTH COOPYXKEHHH TecHO ¢Bsi3aH ¢ pelllcHHeM 3a1a4Hd O Xa-
pakTepe YILIOTHEHHsi MOPOALl Bo BpeMeHH. Bo3aMoxHOCTh uX ymiIoT-
HeHHsi BO BpeMeHM moj AeHcTBHeM JaBJeHHs OT Beca COOpYKeHHS
onpeneasier Takke Ha3HaueHHe HapaMeTPOB CONPOTHUBJEHHUS CABHUTY
NOpoJA OCHOBAHHMs, OCOOEHHO TJIHMHHCTHIX OTJOKeHH{, XopowWo u3Be-
CTHO, UTO MPOYHOCTb FJIMHHUCTBIX pa3HOcTell BO MHOrOM 3aBHCHT OT HX
MJIOTHOCTH H BJI3XKHOCTH.

Ilpu HaMbiBe TeppHTOpPHI BCTaeT BOINPOC O CKOPOCTH YINIOTHEHHS
HaMBITBIX OTJOXKEHHI M 0 MOKasaTeldsix HX CBOHCTB B pa3Hble MOMEH-
THl BPEMEHH, ¢ T€M 4TOObI NMPHUHsSITH pelleHHe O Havaje CTPOHUTE/bCTBA
Ha TakMx yuyacTkax. HakoHen, aHaJorHuHeie mpoljeMbl BO3HHMKAIGT
NPH CKOPOCTHEIX METOjJaX CTPOMTeJNbCTBA, KOAa OCHOBHAs A0Js Ocap-
KH MPOTeKaeT B 3KCILIyaTauHoHHBIA nepHoa M KOHCTPYKUHs COOpyHe-
HHsi AOJXKH4a OblTb npHucrnoco0JeHa K AJHTEIBHO H Y4aCTO HEPaBHO-
MepHO NMPOTEKAIOUIMM ocalKaM OCHOBaHMs.

IIpy BO3BejeHHH T'HAPOTEXHHUECKHX COOPYXKEHMIl Ha TJIHHHCTHIX
OTJOKEHHUsIX 3ajaya O BpeMeHM YIOTHEHHs OCHOBaHMSA — OJHa U3
H€PBOOYEpEHBIX, MOCKOJALKY HamloJHeHHe BOJOXpaHMAHILA, T. €. Te-
pepaya Ha IJOTHHY TrOPH30OHTAJbHHIX HArpy30K, BO3MOXKHa TOJLKO
OpH YCJAOBHM 3aTyXaHHUs OCajOK OT AefiCTBUS Beca COOpYKeHHs.

IIpouecc mpoTeKaHHsi O0Caj0K TJHHHCTHIX MOPOA BO BpeMeHH H HX
BeJHYHHA 32BHCAT OT psiia (PakTOpOB, OCHOBHBIE H3 KOTOPHIX C/e.ay-
1omue: 1) THO OTJIOKEHHH B 3aBUCHMOCTH OT CTeHNeHH JHTHQUUHUPO-
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BAHHOCTH, ONPeAensiomBi HX ILIOTHOCTH, XapakTep CTPYKTYPHHIX
cBsseil; 2) crelleHb BOAOHACHILEHUs MOpoT (Npd anajB3e BOIOHACH-
LIEHHBIX pa3HocTedl caelyeT MNPHHHUMATL BO BHHMAaHHE 3HAUHHE HX
Ko>pdunuenTa QuabTpauMd B 3aBHCHMOCTH OT AefiCTBYIOILEro rpa-
JHeHTa Hanopa); 3) xapakrtep nepepacnpejeneHHs 1aBJACHHS MeX1y
CKeJIeTOM MOPOAL H NOPOBOi# BOAOM, YyTO, B CBOK Ouepeanb, 06yCJOB-
JICHO THIIOM OTJOXEHHH, BEJIMUHHON AefCTBYIOUIEro I4BJEHHA H TeM-
NaMy ero NpuJoXKeHUs BO BPEMEHH.

Bennuuna nasaenuit B ckedere (s¢dekTHBHOe LaBlenne) ompe-
JAeJsieT npoTekalive nedopPMaUHil NMOJA3y4ecTH CKeJeTa, KOTopas BJHfA-
€T Ha CJOXeHHe NOpPOoAbl # c1ocobcTBYeT (POPMHUPOBAHHIO HOBOI'O THIIA
ee TEKCTYDPHl, Gojee ycTOHYMBOI 10 OTHOIUEHHIO K JAeHCTBYIOLIEMY
Aapiennto. Has/lenne B Boje (IOPOBoe gaBiieHwe) co03714€T HalOPHI,
HoJx AefcTBHEM KOTODBIX OCYINECTBJSETcs ABHXKEeHHe MOPOBOH BJaru
Hu3 obJacTell NOBHIIIEHHOrO AaBJdeHHs B 00J4cTH TMOHHMKEHHOro, 9TO
onpejefsieT HiMeHeHHe BJAXKHOTO Dexuma B nopoaax. [Ipu stom
HeOOXO1HMO HMeThb B BMJY, 4TO BO3HHKHOBEHHE TOPOBOrO JaBJAEHHS
cJellyeT PaccMaTpHB4AThL B TeCHOH B3aHMOCBSI3H ¢ ITIPOLECCOM IOJ3Y-
4eCcTH TIOPO/BI, NMOCKOJNBKY 3TOT Iipollecc, CHOCOOCTBYs cO3paH{i0 60-
Jee YCTOHYHBOTO ee CJOXKeHHS, OYIeT PeryJupoBaTh M DPA3BHTHE TO-
POBOro naBJ€HHH BO BPEMEHH.

BesanuuHa ocazku nopoj OcHoBaHus BO BpeMmeHu S(/) paBua cyM-
Me COCTABJAKIIUX yINJIOTHeHHs NpH oTTOKe (GUIbTPAaUHH} BOAH H3
nopoas SP(f) u moasyuectn ckedera nopoasl ST(f):

S(t) =S (t) +Sn(t). (235)

IlepBasi M3 3THX COCTaBASIOUHX ONpeeJAeTCS ¢ IOMOMILIO TEOPHH
PUILTPALUHOHHO KOHCOJMAAUHH, BTOpPasi — Ha OCHOBE DaccMoTpeHIs
peoJOTHUeCKHX NPOLECcCOB, B 4ACTHOCTH Ipollecca MOJA3YyuecTH, Koria
nopoad paccMaTpuBdeTcsi KaK KBasHOAHOpOaHas cpeja.

PasButhHe Teopun OGUABTPAUUOHHON KOHCOJNHMAAUHH HAacUKTHIBAET
ceoiie 60 ger. IlepBoe pemreHHe onxHOMepHOH 3afayH (PUILTPAULHOH-
HOH KOHcoauaanuu Oblio npeanoxeHo K. Tepuaru, koTopblit pac-
CMAaTpUBaJ HEKOTOPYI0 HAeaJU3HPOBAHHYI0O MOJeNb BOAOHACLIIEHHON
IVIMHUCTOH mopojabl 6e3 yueTa NMPOYHOCTH CTPYKTYDHHIX CBA3ell H He
IPHHUMAN BO BHUMaHHe oOcoOble CBOIicTBA BOAB B TVIHHHCTBIX MNOpPO-
pax. Paborsi K. Tepuary NOJOXKHIAH Hauano CTAHOBJEHHIO TeODHH
(HUABTPALUHOHHON KOHCOJAHAAUHH, KOTOpad B JaJbHeflleM Obljia pas-
Bura H. M. TepcesanosnimM, B. A. ®uaopusnim, H. A. LlbiToBHueM,
C. A. Posza, M. H. Toabawreiinom, H. H. Macaosmm, H. H. Bepurn-
auiM, 0. K. 3apeuxum, 3. T'. Tep-Maprupocanom, M. B. Maaniure-
BoiM, M. 10. A6eaennim, A. M. Kcenoponrosum u ap.

Honyuenus, cnenannie K. Tepuaru, oOyc/loBHAH 3HAYHTENbHbIE
pACXOXKIEHHSI MeX/y Hab/iof1aeMbIMH M DacueTHBIMH 3Ha4eHHSIMH [e-
dopmaudii M BpeMeHeM yIJIOTHEHHS BOAOHACHILLEHHBIX TJIMHHCTBHIX
Hopoa.

C/l0XHBI# xapakTep NPOLECCOB, NMPOHCXOAALIMX TNPH YNJIOTHEHHH
IVIMHHCTBIX TTOPOJl M 3aBHCALIMX He TOJBKO OT BHELIHMX (akTOpoB (Be-
JAMYMHLI HArPY3KH, HHTEHCHBHOCTH €€ HapacTaHHsi BO BPeMeHH H 1p.),

-
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HO M OT NPHPOIH NMPOYHOCTH U Je(pOPMHPYEMOCTH INOPOJI, BH3BAJIH
HeoOXOAHMOCThL ITIOMCKOB TyTell pelleHus 3TOH nIpoldJeMul H 1epe-
CMOTpa TEOPHM (PHUABTPALHONHON KOHCOJAUpanudd. Pa3BHTue TeopuHu
YIVIOTHEHHUs] TJAMHHCTBIX MOPOA NPOHUCXOIMNO B HampaB/eHHH yuera
ocobenHocTell mpoiecca AeQOPMHPOBAHHSA CKeJeTa MOpoJh BO BpeMe-
HH, SIBJieHHI IIpouecca ero moJ3yyecTH, KOTOpas MOXKeT IPOHCXOAMTh
K4K NPY INEpPEMeHHOM, TaK W NIPH HOCTOSHHOM BJI4XKHOCTHOM peXKHMe
nopoas. Passurue Teopuu duabTpauHoHHOll Koncommaandu B.A. ®io-
PHHBIM BeJIOChH B HAalpaBJeHHH yyeTa NPOYHOCTH CKejeTa IJIMHHCTOH
HOpO/Bl, KOTOPHI TPenCcTaBAAEeT OCHOBHYIO e€e HeCyIlylo CHCTeMy, BOC-
NPHHUMAION(YIO He TOJNBKO CXKUMAOUMe M KacaTejbHble HampsiKeHHd,
HO ¥ pactaruBawcinue. [Toka Mex 1y MHHepaJbHBIMH 4acTH]@MH CTPYK-
TYPHBEIe CBi3H He HapyHIeHH, YIJIOTHeHHe TIMHHCTOfI NOpPOJb He3Ha-
YHTEJIbHO, MPH pasPylUeHHH CTPYKTYDHHIX CBsi3efl YIJIOTHEHHE MOXeT
OPOUCXOAHTL BCJEICTBHE OTTOKA BOJBI M3 NOPOABI DPH OAHOBPEMeEH-
HOM Da3BHTHH pedopMalMil MoJa3ydecTH cKejeTa mopoan. B. A, Puo-
pPHH yKa3welBaJ, 4TO NpollecC YIMJIOTHEHHS CONPOBOXKAAETCH CXKATHEM H
pacTBOpeHHeM 3aleMJEeHHOro rasa B NOPOBOH BOAe M HecyIlecTBeH-
HbIM cxatHeMm camoii Boabl. Teopuss B. A. ®uopuna Guina nocrpoena
Ha OCHOBE aHaJu3a COBMECTHOIO NPOTEKaHHs INpolecca OTTOKa BOIEE
M3 NOpoAbl Npu 0043aT€NbHOM yyeTe Haua/JbHOTO I'pajHeHTa Hanopa
U NOJ3YYECTH ee CKejeTd, 4YTO B HauOboJsbllell cTeleHM OTBedadeT (u-
3HUYECKOIl CYLIHOCTH Nponecca yMJIOTHeHHS.

BBenenne npeacraBiieHHi O HOJ3YYyecTH CKeJeTa B 3HAYHTENLHON
CTEeNeHH H3MeHsieT XapakTep DasBHTHS TOPOBOro AaBJEHHS BO Bpe-
meHn (puc. 43). CornacHo moaenu K. Tepuarm, mpu neiicTBHH Ha-
IPY3KH Ha BOJOHACBINIEHHYI0 TOPOAY BCe BHeIlHee aaBjeHHe (p=—-
==const) B HepBLIi MOMEHT BpPeMeHU mepejaeTcs Ha BOAY M MO Mepe .
ee YIJOTHEHUSl cHMXKaeTcsi 10 Hyas. Yder gedopmanuil moasydects
(mo B. A. ®jopuHy) npuBOAMT K TOMY, uTO npu {=( HaB/ieHHe B IO-
pOBOH BOze cOcTaBJ/sieT JUIIb YacTp BHELIHEN Harpy3KH, TMOCTENERHO
pacceuBasico BO BpeMeHHM (cM. puc. 43,a). BBenenue npencrasieHuil
O CTPYKTYDHO{i NPOYHOCTH TVIMHHCTHIX TOPOJ, O HaJIHYHMH HY3LIPLKOB
BO3/yXa B NOpOBOH BOAe M HA4a/J bHOTO TpajHeHTa Hamopa NPHBOAMT
K TOMY, 4TO MaKCUMaJ/JbHasi BeJUYHHA TOPOBOTO HaBJeHHS (QHKCHPY-
eTcsi uyepe3 HEKOTOPHI[] NPOMEXYTOK BPeMeHH I, M  olpejessiercs
IPOYHOCTbIO CTPYKTYpPHBIX cB#3ell (cM. pHc. 43,6). Ilpu sToM cHuxke-
HHe MOpPOBOro [AaBJEHHS MOXKeT NPOUCXOAMTL He A0 HYyJH, a 10 He-
KOTOPBIX OCTATOYHBLIX 3HAYEHHH.

CornacHo uccienoBanusim H. A. LlnitoBHua U €ro yueHUKOB
(I0. K. 3apeukuit, 3. K. Tep-Maprtupocsis, M. 10. A6enes, M. B. Ma-
JBIIIEB), KOHCOMIMAAUMS TJIHHHCTHX TOPOA JOJXKHA OUEHHBAaTbCs
C YYeTOM CTPYKTYPHOH HPOYHOCTH MOPOJ M HaJHMuHs CBfA3eH, nocTe-
HeHHO pPaspyllalouiMXcs BO BPeMeHH, a TaKyKe Haya/JbHOTO rpajveHTa
Hanopa.

B 3aBucuMoOCTH OT cTemeHH JUTHQHUKALHK TIMHHCTHIX MOPOA M UX
koHcHcreHuun H. A. LIeITOBHY TIpPeAJTOXKHJ TIPOM3BECTH KjaaccHuKa-
LHI0 3THX OTJOMXeHHH ¢ TOYKH 3pEeHHS BO3MOXKHOCTH HCIOJb30BaHHA
pa3JHYHBIX CXeM KOHCOJIMAAIMH.
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Puc. 43 Xapaxrep usMeHenus oTRoCwTesbuHoro (w/p) u a6CoIOTHOrO (u) ROPOBOrO

AasJeHHst BO BpeMeHH 6€3 ydera W ¢ VHOTOM MOJA3YIeCTH CKeneTa (@) u CTPYKTYpHOH

npouHoCTH Nopol (6):

1 — no XK. Tepuark; 2 —mo B. A. ®aopuny

[Ans rAHHRCTHIX TOPOA Manofl crefiedd nutuduxkaludd, XapaxTepH-
BYOUHXCA TeKyYell H TeKydenJaacTHUHON KOHCHCTeHUHEl, A1 pacyera
Ocajikd [OPOJA BO BPEMeEHH J[OJKH4 NPHMeHSThCS TEOpHsA PUIBTpaA-
HMOHHOI KoHcOoaHAalHu. OAHAKO B OTAENbHEX CJAydasx NPH CYUIecT-
BOBayHH B TAaKUX OTJOMXKEHHAX JAOCTATOYHO HPOYHHIX CBf3eit HeolXxo-
AHMO yuHTBIBATH BEJAHYHHY CTPYKTYDuOI TIPOYHOCTH B HadadbHOrO
rpajdedra Hamnopa.

Ecau rauHucTble TMOPOAB HMEOT MATKONJACTHYHYIO KOHCHCTeH-
UHI0, TO B pacuerax obs3aTesNeH yuyeT HadaJbHOTO IPajHeHTa Hamopa
A CTPYKTYPHOH TPOUHOCTH TpH CIKATHH.

s riMHHCTHIX TOpoA cpeiHell cTeNeHH JIHTHGHKAVH, HMEOWHX
TYTONJIACTHYHYIO W TOJYTBEPAYIO KOHcUcTeHUud, HeOGXOXMM Yuer He
TOMBKO CTPYKTYPHOR MPOUYHOCTH M HaYajgbHOro rpaiMeHTa, HO H NOJ-
3y4ecTy CKeJleTa NMOpOABl M CKHMaeMOCTH rasocojepixallell TOpoBOH
BOAbL, YeM cHIbHee ynJOTHEHA Nopoaa, TeM Goabuiee 3HaYeHHE HMeE-
10T JepOpMalUd NOJA3ydYecTH, KOTOpHBie B HECKOJbKO pa3 MOIyT mpe-
BOCXOAMThL Ne(GOPMavy, BOZRWKAWUME B pe3yibrarte QHILTPAUNON-
HOH KOHCONHIAUHH.

Capuuctsie Mopoasl BHICOKOH creneHd JAHTHOHKALHH AehOPMHPY-
JOTCA BCJA€ICTBHE MNMOJA3YYECTH CKeJera, a Tak:XKe TPeHHOBATOCTH.

10. K. 3apeuxuii paccMOTpest pa3BUTHE OCAXKH BO BPEMEHH O[HO-,
ABYX- ¥ Tpex({a3HblX MJAHHHCTHIX Hopoxa. [Ipu 3T0M K oaHO(pa3HbIM
WM KBa3uoldHopasunM oraoxennsam 0. K. 3apeukuit npeanaraer
OTHOCHTD T€ Pa3HOCTH, Hpu jxeopMaunH KOTOPHIX COOTHOUIeHHEe (a3
B eIyHHIEe 0ObeMa He MeHseTci HJIH OHO HACTONBKO MajtD, WI0 M
MOXKHO npeHeSpeun. Tak, HanupHMep, ecAr HUALTPALUSA NTOPOBOH KHI-
KOCTH H3 TJHHHCTOH BOJLOHACBIIEHHOH NOPOAH HEBO3MOXHA, TO IO-
¢/le/lusisg MOXKeT pacCMaTpHBAaTbCA Kak oZHotaszHas cpena, To Xe ca-
MO€ MOMKHKO CKasaTh 0 TAMHHCTOW Topoxe, B IMOpaXx KoTopolt coxep-
KUTCSL TOIBKO BO3AYX Wiau Jeld. Jss Takux mopoj PasBHTHe Ocaikd
TI0 BpeMeHM IIpY NOCTOSHHBIX BHEWIHHX (PaKropax SBASETCS CNeacT-
RUEM TPOABAEHUR PEONOTHUECKHX cBOHCTB nopoxa. Eciu mopoaa pac-
CMATpHBAETCA KaK KBAa3HOAHOPOAHAS, TO XapaKTep H3MeHEHHS BO
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BpeMeHH HanlpsiKeHHO-1e(pODPMHPOBAHHOIO COCTOAHHS He J0JXKeH 3a-
BHCETb OT FeOMeTPHUEeCKHX Pa3MepOB 30HBl yNJOTHEHHS.

Hdas cayuad ABYX- H TpexdasHbX IOpPOJ pasMepbl 30HLI YIJIOT-
HeHHs1 6YAYT CYIleCTBEHHbIM 06pa30M BJ/HATH Ha BPEMs KOHCOJHIAA-
MU riapHACTEIX mopod. TIpm 3TOM Heo6XOAMMO YUYHTBLIBATH MeXaHH-
CKHe CBOHCTBa KaXX/1o# ¢asbl, XapakrTep HX B3aHMOAEHCTBHSI MeEXIY
cofboii, H3MeHeHHe COOTHOWeHUs (a3 B eaMHHUe 00beMa HOPOAbBI B
npotiecce ee YMJIOTHEHHUS.

BogoHnachienable TJAHHUCTBIE HOPOABI  MOr'YT PAaccMaTpPHBATbLCH
KaK KBa3HogHO¢a3Hble NPH HEBO3MOMKHOCTH (QHAbTPALMH BOABI H3
HHX B mpolecce gedopMupoBaHusd JUGO ABYyX(Qa3uble, IPHUEM KaxKaad
dasa (Boja M CKeneT MOPOABI) MO-Pa3HOMY CONPOTHBAsiETCH jAeHcT-
BHIO HAarpy3KH, H B Ipollecce AepopMHpPOBAHHA TMpeAToNaraercs Ko-
JHYeCTBEHHOE H3MeHeHHe KHAKOH  (¢a3nl B enHHHUHEe oObeMa.
I0. K. 3apeuknii npegnaraer cuHraTth, 4TO KOHCOJHAAunHud ABYx(as-
HOH TJNMHHCTOH NOPOABLI NPOHMCXOJAHT B pe3yJbTaTe ABYX I[1POIECCOB,
IPOHCXOAALIAX OAHOBPEMEHHO, KaK paHee  OBJIO HPENJNOXKEHO
B. A. ®nopunnM. Pasfenenyue KoHcoangan¥d Ha NePBHYHYIO (IIPH
OTTOKe BOJALI) M BTODHUHYIO (NPH MOJ3yYeCcTH CKeNeTa) HempaBOMOY-
HO u e obneryaer pacyerw. B ciayuae pelrenus NPOCTPaHCTBEHHBIX
3ajay yCTAHOBHTb IPaHHUNY MEXAY VIUVIOTHEHHeM BCJeACTBHe (QHJ/bT-
pauHH W TOA3yyeCTH CKejgeTa IJIMHHCTOH MOPOAbl ocoOeHHO TPYIHO,
NOCKOJIbKY B Pa3JHYHBIX TOYKAX TOJIIHM IJIHHHCTBIX IOPOJL BpeMs OT-
JKHMa BOJb! M3 NOPOAB GYJeT Pa3JHYHbIM,

IIpn HccnenoBaHMM BONMPOCa BO3HUKHOBEHHS TMOPOBOrO AaBJeHHA
B BOJOHA4CHIIIEHHHX (AByxda3nsix) riuHucTeix mopoaax [0. K. 3a-
peukuii obHapyxuJ, 4yTo PH3HUECKHH CMHIC] Ko3bdHHeHTa TOPOBO-
ro naeJeHHs f3, NpeACTaBJSAIOINErO OTHOLIEHHE BeJHUYHHBI IIOPOBOrO
JaBJjienHa K AelicTBYroledl Harpyske, MoxKeT OHITh BBLIPAXKEH uepe3
Naxr/n. B 3TOll 3aBUCHMOCTH Maxr ONpeJesieT aKTHBHYIO MOPHCTOCTh,
OTBEYAIOUIYI0 OTHOCHTENLHOMY oO0beMy NOABHXKHOH Busaru, KoTopas

MOXeT I1epeaaBaTh AaBJi€HHE. B cBomw ouyepedb, Maxr MOXKHO NOJYYHTDH
H3 BhIpa>XeHund

h*
Nagr = 11 1— 5 Cp(h)dh s

hmin

rae ¢(h) — GyHKnHS pacnpejeneHHs of6beMa HOp TO pa3Mepam;
fmin B h* — gHana3on pas3mepa nop, yepe3 KOTOPbIe BO3MOXKHO JIBH-
KeHHe BJAard MOj jelfcTBHEM T1OpPOBOro jaasjenHHs. CuaenoBaTtesbHO,
KO3(P(QHUHEHT [} — HEKOTOpPAas HHBADHAHTHAN X4PAKTEPHCTHKA, Onpe-
AeNsomas CAOXKeHHe TJIHHHCTOH MOPOHL

H. H. MacnoB, orMeyass CJOXHOCTb NpPONECCa KOHCOJHAAIHH,
NPHXOAHUT K BBEIBOAY O TOM. YTO yUeT BceX MHOroo6pa3HbiXx (PakTopoB
B MaTeMaTHyecKo#l ¢opme TpymnHO BhoaHHM. Teopus GuabTpaUHOH-
HOH KOHCOJIMAAIHH, 110 €0 MHEHHIO, HMeeT BechMa OTpaHHuUeHHOe upH-
MeHEeHHe H MOXeT ObITh HCHOJb30BaHd JAHUIb [/ TJIHHHCTHX HOPO
HapYyLIEHHOTO CJIOXKEHHSI TeKyuell H TeKydyelJaCcTHUHOH KOHCHCTEHIHH.
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AT TAHHUCTBIX OTJAOXKEHHH HeHapylUeHHOTO CJOXEeHHA pasandyHbIX
KOHCHCTeHILH{l, U ocOoOeHHO TYrOmaCTHYHbIX, NOJYTBepAblX H TBep-
JAblX, TecpHs (PUIbTPAUMOHHOH KOHCOJHAAUMY He JaeT YAOBJAECTBOPH-
TEILHOIO COBNAJeHHUSt ¢ HATypabIMH Habgwoienusmu. H. H. Macros
OTMCGYaeT, 4l0 ONLIT CTPOHTEIbCTBA H Ja0OpaATOPHbiE 3IKCIEpHMEHThH
CBUIETEJIbCTBYIOT O TOM, YTO (aKTOPaMH, TODMOSSLIHMHU IIpoliecc yni-
JIOTHEHHSI, ABAAIOTCS CTPYKTYyPHble CBfI3H, BI3KOCTb M HH3Kasi BOAO-
NPOHHIIAEMOCTb TVIHHHCTBIX IOPOJ.

Has  onpeneneHus CKOPOCTH  YIJOTHEHHS TJIMHHCTHIX  NOPOJL
H. H. MacsioB npeasnaraer ucnoss30BaTe TEOPHIO MJAOTHOCTH — BJaAXK-
HOCTH ¢ yYyeToM 0co0O0fi pOJH NoKasareds Koncoaudauuu n [21]. Or-
JHuyuTeNbHAas OCOOEHHOCTH 3TOIl TEOPHHM OT TeOPHH (UJAbTPALUUOHHOM
KOHCOJHAANMH COCTOHT B BO3MOXKHOCTH H3Yy4eHHS NPOIecca KOHCO-
JHZanul B 1enoM Oe3 yuera oTAeJbHO B3ATHIX (PaKToOpoOB, olpene-
JIAOIIUX YIIOTHEHHE BOLOHACBILIEHHON TIHHHUCTON IOPOAbI.

Pacuer ocanku, usmeHsioumeicsi BO BpeMEHHM, € HCMOJb30BAHHEM
TEOPHH (PUALTPALUOHHON KoHcoqupauuu (ofLHOpa3MepHaa 3ajaHa).
HcxoanbM mostokeliHeM TEOpHH (HIBTPANMOHHON KOHCOMAHAANHMH $iB-
JsieTcsl yTBEPKAEHHE, YTO CKOPOCTb 3aTyXdHUsA OCaAOK IOPOAbI 3aBH-
CHT OT BOjJoTpoHunaeMmoct# nocaeniie. [Topoga npu stoM paccmar-
pHuBaeTcss KakK IOJHOCTbIO BOJOHACHILUIEHHAs, cOiepxkanas cBo0OiI-
Hyto Boay. Cunraercs TakxKe, UTO 3aUIEMJENHBI1 BO3AyX B Iopax
NopoAbl He Hapyulaer TuipaBaduyeckoll cBsi3u. [Ipu mpeobaaiaHuun B
nopoje cBoGOIHO# BOAbl €€ MepeABHKEeHHe NPU NPUJOXKEHHH HaArpys-
KH K [OpPOJe J0J2KHO IIPOHCXOJIHMTb B COOTBETCTBHII C 3aKOHaMIU
$uIbTpanuy.

Teopust oaHOpasmepHO#i (HABTPAIHOHHOH KOHCOJMIAUHH, Dpel-
JoxenHas K. Tepuaru, KpoMme yKasaHHOro NOMYUIEHNsS, HCXONHT H3
CJeNyIomux NpeinotoxeHuii: 1) B NOJHOCTHIO BOAOHACHUIEHHOIT IIO-
pole Bce COCTaBHble 4aCTH (MuUHEpaJbHble YACTHIIBI, BOJa) HECXKH-
MaeMbl; 2) uAbTpAnHsS B NOPOAE NMPOHUCXOIUT B COOTBETCTBHUHU C JH-
HellHbIM 3aKOHOM (HJAbTPANHH XKHIAKOCTH, ycTaHoBAeHHBIM A. apcu;
3) koapdHuMEHT (HAbTPALUHH TOPOABI — BEAHYHHA TIOCTOSIHHAA;
4) B nopoje OTCYTCTBYIOT CTPYKTYPHBIE CBfI3H, M Bce BHelllHCce AaBae-
HHE, KOTOpOe CYHTaeTCs MpHJOKellIbIM MIHOBEHHO, Bbi3blBAaeT BO3-
HYKHOBEHHe Hamopa B BoJe, HaxoAsiedcss B NMOpax MOPOAH; D) BsA3-
KOe COIPOTHBJEHHE CABUTY CJOEB CBS3allHOH BOAbI, 0O0YCJI0OBAHBAI-
WHX sIBJEHHe Hauajblioro TpajuelTa, OTCYTCTBYeT, IO3TOMY cpasy
JKe mocJe NPHUAOXKEHHS BHeWHell Harpysku Hauyunaercss (HUAbTPaUHd
BOJALL U3 NOPOABI; 6) B cKejere MOPOAbl He BO3HUKAOT AedopMaiiu
10.13Y4eCTH, cJel0BaTenbHO, NOCJAe TOTO KaK 3aKaHuyMBaercs yiale-
1He BOABI U3 TMOPOABI, OcajKa cTaGHANIHPYETCH.

Tarkum 06pa3om, TeOpHs PUIbTPANNHOHHON KOHCOMHAAIHH, KAK VIKE
YKa3nlBaJock panee, nNpuMeliiMa K OrpaHdyenHoOMy KJaccy NOpoL.
K neMy mpunansexat GOJbUINHCTBO HECBA3HBIX MOPOJ ¥ caabpie [JIH-
HHCTble BOAOHACHIIIEHHbIE OTJOXEHHAl C HH3KAM COIEpKalfeM TJH-
HHCTBIX YACTHL, M CTPYKTYPHBIMU CBA3AMH MOJEKYJSPHOH MNPUPOIHL.

Tem He MeHee Teopusi QHILTPAIHOHHON KOHCOJHAANHHM BO MHOTHX
CAYyYaax NO3BONAET NPuOJHXKEHHO pellaTh BONPOCHEl, CBA3aHHBIE C
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Puc. 44. Dmopn pacnpene’eHss NOPOBHIX AapjeHuH MO BEICOTE CJI0f TMHHUCTOH MO-
POABl A7 PA3IMYHOH NPOAO/MKATCIPHOCTH MpU/IOWKEHHsS HarpysKH:
a — p MoMeHT BpeMmenHu [==0; 0 — B MOMeHT BpeMeuu [0

olleHKOll XapakTepa NPOTeKaHHsi OCaiKH BO BpPEMeHH, HN3MeHEHUs
NPOYHOCTH HOPOA B PasHble 3TANBl CTPOUTEABCTBA H T. M.

[Ipy mpunoxeHHH K mopofe BHemiHeH Harpy3Kd H3-3a DasHOCTH
HapJdeHHS MOABJAseTcS HANOPHBIE [PajdeHT W HAYHHAETCHd OTTOK BO-
A w5 mopoabl. CKopocTh (DHAbTpAlNy BOABS 3aBHCHT OT BOLOMPOHH-
aeMOCTH mMopoibl. Kak TOMbKO HamopHbfl TpagveHT cTaHeT paBHBIM
HyJ10, GUALTPaUHs NPEKpaTHTCA ¥ ocalKa CJ0Og HOPOJibl 3aKOHUHTCS.

B pacueTHo# cxeMe OAHOpa3MepPHOro CKaTHa PAacCMOTPUM ciyuad,
Koraa caoifl BogoHachlllenHofl IVTHHBI, ¢BOHCTBa KOTOpOH YIOBIETBO:
PAIOT BCEM YCJOBHAM TEOPHH (DHIbTPANMOHHOH KOHCOJHHALHMH, MOLL:
HOCTBIO A pacloJoken MeXAy HEC)KHMaeMHMH c1osMmu Oecka. Cun-
TaeM, 4TO YpoBeHb NOA3eMHBIX BOJ coBMajfaer ¢ KpoBJiedl BepxHero
cJlosl Mecka, a ToYyKa Hayajga KoopiuHaT IpUypouYeHa K KpPoBje cI04
TAUHUCTON MOPOABL.

[lvers K moBepXHOCTH MOPOAB B yeJI0BHsAX, Koraa ee Gokosoe pac-
iypeHHe HeBO3MOXKHO, MTHOBEHHO npmlo}KeHa paBHOMepHO pacnpe-
ReseHHas Harpyska p. B cuay caaboif BOAONPOHHIAEMOCTH TIJHHH-
CTOft MOPOAB B MOMEHT BpeMmeHH {={( Boja ne OyJeT QUIbLTPOBATHLCA
U3 Hee, W, CJAeJ0BATENbHO, 00BeM Mop OcTaHeTcs HeusmeHHnM. Tak.
KagK CTPYKTypHBle CBA3H B MOPOXE OTCYTCTBYIOT, TO BCS Harpy3ska
BocIpHHHMaeTcs BoA0fl, co3laBas B Hell NOCTOAHHBIT HO TOJIIHHE
caod Hanop (puc. 44, a)

H=ps/7s, (236)

Tie ys — HJoThocTh BOAbl. [oa feficTBuem Hanopa H Bola HauuHa-
eTcsl JBUTaTbes U3 MOPOAB B HalpaBieHHH BOJONPOHHIAEMBIX CJOEB.
[Tpu ¢5<0 na xkpoBIe ¥ NOZOWIBE TJIHHHCTOH TOpoABl Mpu z=0 u
2z=~Hh Hamopwl paBHH HYJIO, MOCKOJLKY TOCJE NPHJIOKEeHHS Harpy3KH
Halophl B necKax He NosABWIHCH (cM. pic. 44,06).
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B cBsisH ¢ OTTOKOM BOIBI M3 TIOp NOpPOABl 4acTb BHeliHeH Harpys-
KH TlepeflaeTcss Ha ee CKeJeT Pex, a ApyTas 4acTb ps — Ha Bojy. Oue-
BH/JHO, 4TO B JIOGOM MOMEHT BpeMeHH p=pcx+ps HJIH C yU4eTOM
tdopmyanl (236)

p=pcx+Hys. (237)

QuasTpauds BOJAE NPOHCXOAHT BBEPX H BHHM3 OT CEpEIUHBI CJOS
ranHucTofi mopoabl. Hauboospilive rpaaueHthl Hanopa BOABI OTMeua-
I0TC ¥ NOBEpXHOCTH paccMaTpHBaemoro cJjos. B coorsercrBun ¢ n0-
nylLleHHsIMH Tpolece ¢puibTpanHyu onuceiBaercss 3akonom Jlapcu:

o= — k= —k, 2 (238)

0z, '

TJe U — CKOpOCTh (DHJABTPALUHM BOAbl;, k£ — Ko3bbhuuuesT @uiabrpa-
uuy; | — BejuuMHA OTHOWlEHHA TpHpalleHus H3OLITOYHOro Hamopa
BOAB B MOpax IVIMHBEL K BBICOTe CJI0, WM TPajueHT Hanopa; ky—
NpyuBefeHHbl KO3(phHUIHEHT (QUABTPANMH; 2o — HpHBEJEHHAs BHICOTA
cao4.

3uak muHyc B dopmytae (238) ykasblBaer, YTo BEKTOPHl CKOPOCTH
GuAbTpPAaUMUH U HANOPOB B BOJEe OPOTHBONOJOMHEI: HAllOph BO3pa-
CTAIOT MO HANpaBJEHHIO K LEHTPY CJOod, a CKODOCTH, NMOCKOJBKY [BH-
JKeHHe BOABl NMPOUCXOAHT u3 obJjacrefl HoJablUOro Hanopa B oBJacTh
C MEHBIIMM HaImopOM, YBEJHYUBAIOTCE 1O HalpaBJEHHIO OT LEHTP&
CJI0A TJIMHBL K €0 KpaaMm.

Ilna ynpomeHus pelleHus 3ajayud BBOASITCH NpuUBeleHHBIE BHCOTa
cJ10a ¥ KO3 UIIMeHT DUABTpaIUu:

z ko__ k
1 4+ e’

0 =

T e,

Tje e, — HauaJabHbIl Ko3dduuvent nopucroctd. [popuddepenuupo-
BaB BHpaxenue (238) mo z,, noayuum

G0, oH 239)

_ 0
0z, 0zy?

Ckopoctb uabpTpauHu HaHbOJbIIAS y NOIOWBBI U KPOBJAHW CJOSE
TJAMHUCTOR MNOPOABL

ITo mepe ypanenus Bojgbl U3 HOPOABI NPOUCXOAHUT OCajgKa BCAeN-
CTBHE yMeHbllienus ofbeMma mop. TakHM o0pa3om, ¢ TeYeHHeM Bpe-
MEHU Harpyska, nepejarwmascd Ha NOpojy, liepepacnpenenseTcs: BCe
0oJblliasd €€ 4acTh NPUXOAUTCH Ha CKeJeT M BCe MeHbllas — Ha BOAY.
Cxatue nopojsl MpPeKpaTHTCH, KOTAAa BCsS HATPY3Ka GyAeT BOCIpHHH-
MaTbCA CKEJNETOM MOPOABI: p==pcx H ps — u=0.

[ipun ¢{—oco nanopsl B nopoBofi BOjE CTAHOBATCA paBHRIMH HyJIO
(cM. puc. 44,6). llpu cKaTtuu NOJHOCTBIO BOAOHACHIIEHHOH TJHIH-
CTOH mopojaH yMeHblleHHe o0beMa MOpP pPaBHO pPacxoldy OTXarTofi u3
3TOfl HOPOALL BOJHL, OpHYEM pAaCXOJ, BO3pacTaeT B HampaBJjeHHH ee
ABUKEUHs. YBeluyeHHe pacxofa BOAbI NPH (QHABTPALHMH B CEYEHHH
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(cM. puc. 44,6) paBHO CKOpPOCTH YyMeHbllieHHs o0bema IIOp B 3TOM
ceueHnn. [IoCKOABKY pacxoj MNpsAMo TpoNopLHOHaJeH CKOPOCTH
duAbTPALNH, TO yBeJHYeHHe NOC/AefHeH PaBHO CKOPOCTH yMeHbUIEHHS
obbeMa NMop MeXAy CeYeHHSIMH:

_9e o (240)
020 dt

rie e — K03 GhHUIUHeHT INOPHCTOCTH NOPOAH; !~ BpeMs YIJIOTHEHHS
HOpO}Ib[. 3Hak MHHYC B MPpHBELEHHOM BbIpa2>XXe¢HHH MoKa3biBaeT, 41O C
yBEJHYEHHEM CKOPOCTH (hHJABTpallHH BOAB H3 MHOpPOAH BO3pacTaer
CKOpPOCTb yMeHblUIeHHsT KoapdHUHenTa NOPUCTOCTH NOPOIHL.

Has weboablioro gHanas3oHa H3MeHEHHs] HAarpy3KH MpPHHHMaeTcs,
410 KO3 HUIHEeHT NOPHCTOCTH MPAMO NpONOPrHoHadeH H3IMeHeHHIO
JNaBJeHHA, BOCOPHUHHMAEMOro ckejeTtoM mnopoabl. [Ipu 3toM Kosdhdu-

UHEHTOM MNPOTOPLHOHAJBHOCTH CJAYXKHT KO3hHUIHEHT YNJIOTHEHHS
a, 1. e.

e=——a Pcx. (241)

Munye B dopmyae (241) nokaselBaer, 4TO € U Pcx HAXOJATCA B
0oBpaTHO NPOMOPLHOHAJIbHON 3aBHCHMOCTH.

Ipoandbepenuuposas ypaBHenne (241) 1o nmepemeHHo#i #, noay-
IHM

de — a 0Pcx ,
dt ot

a npoaunddepenunposaB BhlpaxeHHe (237) no nmepemeHHOH [ W yurH,

4T0 pex+fys=const, nMeem

OPex Jid

(242)

of =-—Yp F (243)
C yuetoMm BoipaxeHus (243) cdopmyna (242) npumer BUA

de or
=gy & 44
ot ey (249)

[loacraBus 3Hadenns Ov/0z; w3 dopmyas (239), a de/0t — u3
(244) B ypasuenne (240), noayunm

2 o0rr oH

OH o O 245
e =at (245)
HJIH
en_on 246)
02,2 ot

rae ¢, — Ko3hGhHUHEHT KOHCOJHJALHH, cm?/ron, pasHblE k(14
+eq) /ays.

Brupaxenune (246) npencraBasier cobofi onnopoaHoe auddepen-
IHa/dbHOEe YpaBHeHHe BTOpPoro MHOPAAKA OTHOCHTeJNbHO BEJHYHHBI Ha-
nopa H ¢ moctosiHHBIM Ko3dhdHuHeHTOM. OHO ONHCHIBAeT pasjiHYHble
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NpOLieCCHl, HallpHMEp INpoLecC MepeHoca Temsa, BellecTB NpH auddy-
3uM U T. 1. Huddepennuanbube ypaBHeRHs MojJoGHOIO poja pPeNIaloT
¢ nomowbio palos Pypbe, HAXOAS YaCTHBHIE DEIIEHHS H COCTABJAA
U3 Hux obuiee pelteHue.

[Tpu rpannunbix yeaosusx: 1) H=p/ys upu t=0 u 0<<z<</i;
2) H=0 mpn 150 u 2=0, 2=h, B 2TOM cJay4yae pelleHHe ypaBHe-
Hus (246) umeer caeayromuil BUA:

[02]
—mT .
H =2 2 LT i e 2 (247)
T m h
m=1, 3, 5...

rae Ty — dakrtop BpemeHH, paBHbii n’c.i/h% Ocazka TPOUCXOIHT
DO JaBJAeHHEM TOH 4acTH HArPY3KH, KOTOpas Mepeiaercs Ha CKOJer
NOpPOJblL, T. €. B COOTBeTCTBHU ¢ (opmyJaoit (237):

Pex=p — Hys. (248)
Hcnonbsyst Buipaxenue (247), Halinem
‘ os}
Pex= P ( 1] — _4_ E _l-.. e_miru sin m‘ﬂ:i) . (249)
7 . m h

Ocanky S cios Iopoabi MOLIHOCTHIO /i MOXKHO NMPEACTABHTL B BH-
Jle CYMMBI OCaJ0K 3JeMeHTapHbIX cja0eB Sy:==gnAh, HA KOTOpHE pas-
IeJdeH paccMatpuBaeMbfi ¢Jaof:

n

Soz j£—: Ah, (250)’

n
0
rle g, — OTHOCHTEJ]bHas AedOpMaLUs 3JEMEHTapHOrO CJOS MOILIHO-
CTbio Ah. 3aMeHHB CYMMHUpDOBAHME HHTEIPHUDOBAHHEM, MOJYYHM

h

S, = gendz. (251)
0
Toraa ocajlka X MOMEHTY BpeMeHH {
; ’
S,t) = [enaz = [P az, (252)
0 0

TaK Kak ep,=apc/ (1+e€). [MogcraBus B dopmyay (252) suauenue
Pex (249), noayuyum
A

) = | 2P A L a—mer, =z =
S, ) j1+e<l . 2 —e smmnh dz =
0

m=1, 3...
4
LB PO NS
1+¢ T T

\ A

0
—maT k4
scosmn —
h
1

m= 0
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oc
—-—a-‘l-)—[h-{- A 2 %e_mﬂru(cosmn—- 1) ]:

T 14e 2 m
m={, 3...
= 1
—.2rh 1+ 2 2 — e Tu (cosmm— 1) |.
l4e n2 m?
m=1, 3...
Tak Kak m — HedeTHoe YHCJI0, COS ma=-—1, CJ1e10BaTeJbHO,
' 8 - 1
—maT
Soty= 2 (1L 2 Loty |, (253)
14e 72 m?
m=1, 3...

B BhipaxkeHHu (253) BeIHUMHA, 3aKJIOUeHHAs B CKOOKH, 3aBHCHT
TOJIbKO OT 3HaueHus 7T,. [T03TOMY MOXKHO 3anucarhb

Selt) =SU, (254)

rae U —creneHs yIJOTHEHHsS TJAHHUCTOIO CJ0s; Sy — KOHeyHas
ocaaxa.

Crenelp ymaoTHENWs NOKa3biBaeT, KakKas 4acTb OCaAKH CJOA OT
ee TMOJHOH BeJUYMHBI 3aBeplliujgachk K MOMEHTY BpeMeHH /.

U=So(t)/Sk. (255)

Crenenb ymiaorHenus Mmensercs or 0 go I. [lpu t—»o0 U=1, T. e.
So(t) =S« B saBucumoctn 0T BenuudHn I, CcTeleHb YIJAOTHEHHA
NpHHUMAET ClelylollHe 3HAYeHUS:

T,. ... 0,005 0,02 0,04 0,08 0,12 0,17 0,24 0,31 0,39 0,49
v.... 00 0,10 0,15 0,20 0,25 0,30 0,3 0,40 0,45 0,50
r,.... 0,59 o,7t 0,84 1,00 1,18 1,40 1,69 2,09 2,80 —

vu.... o056 0,60 0,66 0,70 0,75 0,80 0,85 0,90 0,95 1,00

Buipaxenne pjs pacuera ocaiku (254) mosiyyeHo B Tpennono-
XKEHHUH, YTO CJOH T'JIHHBI HOICTHJAAETCH U NepeKkphiBaeTcs BOJONDPOHH-
HaeMbIMH TeCKaMH.

Eciu ke ripHucTast NMopoja JeKHT Ha HENpOHHUAEeMOM OCHOBa-
YUY, TO B hopMyae (247) 3HaueHHe /i 3ameHsor Ha 2h. ITO cjenyer
U3 TOTO, YTO Hamopul B BOAE W HANpSKEHHS B CKeJeTe NOpPOoAbl CHM-
MEeTPHYHbl OTHOCHTEABHO IJIOCKOCTH, NpoXoasfumied Ha raybuue z, pas-
HOH /2. YKaszannas MJAOCKOCTb MOXKET PacCMaTpUBATBCA KaK Bepx-
HAS TPaHKILAa HENPOHUILAEMOTO CJOsl, COOTBETCTBEHHO BesJHYHHA (hbak-
TOpa BpEMEHH MepenuileTcs B BHIe

w2t
T, = —Z’f‘;-?' 0,257,. (256)
Hcxons us zaBucuMoctd  Ty= (n?cut) /h2, BpeMs yOJAOTHEHH:

ABYX pasHbIX MmO MOHNIHOCTH, HO OAHUHAKOBBEIX MO CBOHCTBAM CJIOEB MO-
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poA MO2KHO OIpEeAeJUTb ¢ NOMOILLIO CASAYIOHIErO BLHIPp aXXEHHUA:

tem( ]

H. H. MacsosB npeastoXua 1Jf Nepexoia OT JabopaTopHHX HC-
THTAaHUH HeNOCPEICTBEHHO K OLleHKE BDEeMeHH YIUIOTHEHHS TOJLLH
TIMHACTHIX [OPOJ B OCHOBAHHH IIOKA3aTeNb CTENEHH B BbIPaXKEeHHH
(257) 3amenurtp Ha mokaszareib KoHcoaudanuu n. OH orpaxkaer yc-
JIOBHS YIJIOTHEHHS B 3aBUCHMOCTH OT COCTaBa IIOPO/bl, ee COCTOSHHUS
¥ cBofictB. Torna ypasHenne (257) MOXKHO mepenucatb B BHJE

f=t, (%)n (258)

2

Ha ocHoBaunuy 3KchoepuMeHTaJbHEX pabdoT ObLIO YCTaHOBJEHO,
4TO [I0KAa3aTesb KOHCOAUAA[UH /1 ONPelesseTcs H3 CJeLYIOUIero ypaB-
HeHHS:

n=agl,4bq, (259)

rie aq 1 by — k03 PuIHeHTH, 3aBHCAIHE OT KOHCHCTeHHH [, Tmopo-
bl (puc. 45); I, — 4ucao0 MAACTHYHOCTH TOPOJBL.

Coraacuo puc. 45, moKaszareAb #==2 XapaKTepeH TOJBKO [Js
[JTUHHCTHIX TOPOJ TeKydeNnJacTHuHOH KOHCHCTeHnud, n==1,5— ryro-
NJ14CTUYHOH KOHCHUCTeHUHH M n=0 — TBepiofl KOHCHUCTeHuuu. DoJee
TOYHBle ONpejeseHus IoKasaTteas n TpeOyloT NMOCTAaHOBKU COOTBETCT-
BYIOIHX JalopaTOpHbIX HCCAEIOBAHUA NPH 3aJaHHBIX Harpyskax.

Ecan Harpyska Ha OCHOBaHHE BO3pacTaeT NOCTEHEHHO C NMOCTOSIH-
HO#l CKOpOCTHIO @, TO (opMyda AAS pacueTa OCAAKH TAHHHCTOH IO-
poAbl B JIO00H MOMEHT BpeMeHY 3aluchiBaeTcs CAefYIOWUM 00pa3oM:

[o2]
L D) Le—mw):

n2c,(1 4 e) ) 4 mi
m=1, 3. 5...
aoh?
=—F(T,). (260)
cu(l4-¢)

Huxe npuBeneun snavenus GpyHkuun F{Ty):

Ty ... 0,0 1,0 2,0 3,0 4,0

F(T,). ... 0,000 0,005 0,013 0,023 0,032

[To 3apgaHwoOfl BejHuyHE CTeNEHH KOHCOJMHAAUHH CJOS T[JIHHHCTOH
nopoanl U MoXHO onpeienuTb BpeMs YIJOTHEHHS f, UCHOJB3YS BHI-
paxenue AJs pacuera (axTopa BpeMeHu Iy, OTKyaa

2
= Ll (261)
n2ey,
[Tpn stom T, onpepensercs no 3apaHHol senuunne U, a ¢, pac-

CUUTHIBAETCA C YYyeTOM H3BECTHBIX 3HaueHHH xko3pbuuneHra QHABTPA-
1IHH 4 pe3yAbTaToB KOMIIPECCHOHHBIX MCIOHTaHUiH.
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Pacuer ocaixu 1no BPEMCHH C yue-

TOM CXKHMaeMOCTH BOAbl M CTPYK- < 20 7 —
TYPHOH UPOYHOCTH MOPOR, WpH CKa- 3 ==

M. Kuaccnueckas Teopus  duJb- N —
TPALHOHHOA KOHCOMMAAUNN CUUTAET, 2 > il
yTO BOJA W MHHepaJbHBIE YacTH- S 1,21 T T A
I[bl, cJjlararuige Nopoay, HecxKHMae- 2 7

MBI, @ B NOpOJe OTCYTCTBYIOT CTPYK- < 08

TYpHHIE CBsi3W. BmepBeie Bomnpoc 00 N ¢

yuyeTe 3THX (aKTOpoB OB MOCTAB- g ¢ i (
AeH B. A. ®nopuHBIM, KOTOpHIfi MO- s’ A5
Ka3aj, YTO CXKHMAaeMOCTb KaK BOAH, S0 Y

TaK ¥ CKeJeTa MPAKTHYECKH He CKa- & /g 17 2 25 23

Yucng nracmuyHocmy Jy
3bIBaeTcd Ha pe3yabTatax pacyeToB

VIJOTHeHHs  ocHoBaHud. [losjoxKe- Puc. 45. Tpagx 3asHciMOCTH 10

) uc. 45. I'p K 3aB 0 -
HHE PE3KO MeHsieTCs, eCJH B BONE CO- oo fo " aliH 0T wHCa2
AepxaTes My3blpbKH BO3AyXa ¥ pAC-  paacTHunoCTH NOPOAB

TBOPEHHBIX Td30B8B. B astom CAYYdC  KoncucreHuHsa: ! — TekyuenaacTHuHas
KoabduuueHT 0oO6beMHON  cKHAMae- (I, =088); 2 — markonnactnunas (/=
MOCTH BOJbI =0,62); J—rtyromnacruunas (1, =0,37);
4 — noayrsepias (I =0,12); 5— Tsep-
! : = —0,08
0y = —(1—0G), (262) A (Ip=—008)
a

rZle pa — arMmocpepHoe naBjeHue; G — cTeneHb BOAOHACHIIEHUS MO-
poaei. CaenoBaTenrHo, yiKe npy =099 a,=0,1 MIlla~™\

Kak ykaswiBaer H. A. llriToBHuY, NpuBefeHHAs BBIlle 3aBUCHMOCTE
chnpaBeqauBa AJS HOPOJA CO CTENeHbK BJAAXKHOCTH He MeHee 0,95—
0,97 [33].

[TyeTs K mopoje, Harpyska HayaJga ckaTHsa KOTopo#l oc,, mpuio-
JKeHo BHellHee namaeHue p. Toraa B ofpasne BO3HHKaeT NOPOBOE
JaBjeHye u, 0OyCJAOBJEHHOE DA3HOCTBID BEJIHUYHH P H Gcr. Ko3ddu-
UHMEeHT [OPOBOrO JAaBJeHHS B TAKOM CJydae ONpedeauTcd W3 Bbipa-
XKeHus

u

o = e (263)
a OTHOCHTeNbHas gehOpMalusd CKeleTa NOPOAbl
e=r—a (264)
14 e,

[TpeanosoxuB, yTo 0GbeM BOAH, 3aKJIOUEHHOW B TmOpax, paBeH
NOPHCTOCTH £, ¥ Y4YTA KO3b(HLUEHT Py, DOAYYHM BEJHUYHHY OTHOCH-
TeJABHON JepopMauuu BOIb!

&= QuUNPo.

B MoMenT nHauana cxkatug HOopoabl MPpHHAMACTCA, YTO €o==§gy, CJE-

J0BaTeabHo,
a(p—u .
H2—8) _oung,

1+ ¢4
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Orcona
a

(a8 -+ apnfy) (1 3 ¢5) b

10rga

e, = awnﬁo

(1 1y (1 + o)
a

HJIU

Sw: awnBBp’
Tae

1
B = ,

(1 +£;‘m“ﬂl30) (1 +eg)

onpejeqser BJAHUSHHE CXXUMAaeMOCTH MHOpoBOH BOAHB Ha BeJAHUHHY
TopoBOro JdaBJjenus. Havyanpuas ocagka, BosHHKAIOIas BCAEACTBUC
CXKHUMAaeMOCTH NOpPOBOH BOJHI,

Sw=euh, (265)
HIH
S»=ha, [nBeB]p. (266) .

Bruipaxenne (266) noxasblBaer, 4YTO BCJEICTBHE CXKHMAaeMOCTH
NopoBO#l BOABl Ocajika B Haua/bHBIl MOMEHT BpPeMEHH He paBHa Hy-
JIIO, KaK 3TO O0BIYHO NPHUHHYMAETCS, & HMeeT ONpeJesleHHoe KOHE4Hoe
snauente. Koabgpuiuent B xapakTepH3yer cTeHeHb KOHCOJHIAILNN
U u ocanku Sy(f) B 110060fi MOMEHT BpeMeHH f, MOJYYeHHBIX TO Teo-
pHH (PUABTDAUHOHHON KOHCOJAHMAAllHH, HO ¢ YUeTOM CXKHMaeMOCTH MO-
POBOH BOJHL

PeurnB nugdepenunanbioe ypaBHeHHe KOHCOJHAapuu, HafigeM
OcaJKy B J000# MOMEHT BpeMeHH NPH yCJOBHH, YTO HANPSIKEHHT
pacnpejenetbl no riy0HHe YIJIOTHAEMOIO CJ10s1 PABHOMEpPHO:

0 N
— aph —_ i _1_ —m’Tu
. S,(t) = s (1 B 2 —-e ) (267)

m=l[, 3, 5...

§ 5. ONIPEAENEHUE KOHEYHON OCAIKH C YYETOM
MITACTHYECKHX HEPOPMALHHU

Ipu nefictBuy nasjennfi, 66/bUINX, YeM p;, B NOPOJAax OCHOBAHHS
BO3HUKAIOT 30HBI MIACTHYCCKHX nedOPMALKH, KOTOPbIE HapyWaloT JAH-
HEAHYIO 3aBHCUMOCTb MEXJY HAarpy3koi H 0CaaKofi, mpu 3TOM CKo-
pOCThL ocaaxu Boapacraer. B cialHX IVIHHHCTHX HOPOjax, a TaKike
B 1ecKax pBIXJIOTO CJAOKEHUS nJjacTH4YecKhe geOpMalHy pasBHBAIOT-
Cs, HayHHasA ¢ OepBBIX 3TANOB 3arpyXenHs ochHoBaHHUsl. CuegoBaTelb-
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HO, TIPW Nepefade AaBJeHuil BbHILUE Npelesta NPONOPUHOHAJBHOCTH Py,
a TakiKe TNpH pacuere gedhopmaunii ocloBaduil, rae 3aneratoT ciabule
TJHHECTHE OTJOXKEHHS, HeoOXONHMO ONpelensTh 0CaAKy C yYETOM He-
JUHe{iHOfl CBS3M MeXAY Harpyskofi H ocaakofl. Benuunna ocajiku B
3TOM cJaydae MOxeT ObITb MpeiacTaBjdeHa B BUAe ABYX caaraeMblx:

S:S.‘T"{"SHJU (268)

rae S, — cocrasasiomas ocaikd MpH JuUHEHHOH 3aBHCHMOCTH MeXLy
JlaBieHHeM u AebopMauHsMyu A0 3HAUeHHs p;; Sy, — HedaHHeliHas
cocTaBaflonlas B HHTepBaJe daBJaeHHil Mexay p; u pi+Ap.

B HacTosuiee BpeMs MeTOBl pacyeTa OCAafOK COOpPY2KeHHH 3a npe-
JeJIOM TIPONOPUHOHANBHOCTH NpaKTHUYECKH He paspaboranbl. M3BecT-
Hble MeToJbi pacuera HeJHHeHHBIX 0CafOK 06as3HpYyIOTes Ha HCMO0.1b30-
BaHUU cJeiyiomuX pelieHuil: 1) HeauHefiHOH Teopuu yHPYTOCTH;
2) reopun auHeiiHO-gecdopMHpyeMoll Cpeibl ¢ Y4YeTOoM TepeMeHHOCTH
JedbopMaUNOHHBIX XAapaKTEPUCTHK TOPOJAB B 3aBHCHMOCTH OT €€ Ha-
NPSA2KEHHOTO COCTOSIHMA; 3) cMellaHHOfi 3ajayud TeOpHH JHHeHHO-Ae-
dhopMupyeMoi cpeabl H TEOPHH NIPELEIbHOrO PaBHOBECHS.

Hag pacuyera ocaaku ¢yHgaMeHTOB I'1y0OKOro 3aJl0KeHHs Ha fec-
yaHoM ocHoBaHuH B. T'. DBepesanueB npenioxui 3aMEHHTb KPHBO-
JuHefiHyl0 uacTb Trpaduka S=[(p) npu p>>p, npsamofi Jaunuei
{puc. 46), caenoBaTe/bHO, rpauK 3aBHCAMOCTH MEXAY S H p MOXKeT
ObITh NpeJCcTaBJdeH B BHAe JoMaHofi JuHuYU. B Takom cayuae ocanka
Npyu JaBJeHUH pi<p<ps; MoxeT OblTh onpegeieHa 1uo dopmyJae
Hlnefixepa — [ToasiinHa, 0JHAKO C HCHOJb30BAaHHEM PAa3HBIX MOKa3a-
Tegelt nedopMayHOHHBIX CBOMCTB: NMpPH JaBJEHHH MeHee p; H GO-
Jaee py:

S =

Lo(p—thg)b(1—12)3 | o(p—p)b(1—p2 )
; + .
E; Egy

J

(269)

rae £, 1 pa — COOTBETCTBEHHO MOAYJ/b AeopMaui# ¥ Ko3bdHUHEHT
NOoNepeyHOro pacllupeHdst NPH JuHefHOH CB3W B HHTepBaJje [aBJe-
Hust 0—pi1; Euan 8 pus — COOTBETCTBEHHO MOAYJIb  Ae(OpMALlHH H
K03(PhUIHMEHT MoNepedHoro pacliypeHyst NPU PasBHUTHHU NMAaCTHYECKHX
pedopMaluil, Koraa pg>=>p>>p.

3Hauenus nokasareaefl aedOpMauyHOHHBIX CBOHCTB TOpOJ TPH
pas3AMYHOM HANpsIAKeHHOM COCTOSTHMH OMpelefsitoTes [0 JLaHHBIM
ctabuIoMeTpUYECKUX UCCAEJ0BaHUH MM NPH HCHHTAHHHM IITaMIaMH
pasHbIX pa3MepoB B AHalNa3oHe JAaBJEHHH OT HYJAS AO po.

Peumrenne M. A. Posendenbna 6asupyercs Ha HCHNOJAb30BAHHH Ma-
TEMaTHYECKOr0 aNnnapaTa TeOpHH JAuHeiHo-Aedopmupyemoll cpeisbl ¢
y4eToM TepeMeHHOCTH Aed)OPMAIHOHHBIX XapaKTepHcTHK Topoi B 3a-
BHCHMOCTH OT ypOBHS HX HanpsKenHoro coctosnus [27]. Ilpu stom
npeinogaraercs, 4ro B mpegenax JaBjaeHH# A0 p; MoAyJb dedopma-
IHK IIOCTOSIHEH, Bbllle AaBJeHHil p; TPH HHTEHCHBHOM PA3BHTHH MJd-
CTHYECKUX nedopmauuil — cHmwKaercs. Beauunda ocagku cymMmupyer-
Cs corsacHo Bhipaxenuto (268), npuuem HesluHeHHOCTb pa3BHTHS je-
dopmauuii mpu p>p, yunthisaercss B pentendn M. A. Poszendenbna
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g — T l
—
| NG
\\\ : " J
!
N 2q
S Jo 2 \
Puc. 46. TIpnHuMn 3aMeHEl KpHBOJHHEHHOR 35
yacti rpaduka S=f(p) oTpe3kamum nps-

MBIX

Puc. 47. Tpaduk 3aBucUMOCTH MeXAy S H p AJA ONpelesNcHHs OCafKH MO MCTO;(y
bBepesaniena npu Kod@duuuenrtax MONepedHOro pacluMpeHus p, pasHex 04 (1) w
0,3 (2)

xoapdhunuentom K,. B obuiem BHAe ypaBHeHHe AJs ONpejeseHus
0CaJKH MOXeT OHITb NPeACTaBJIeHO B BUAE

S - SK mpb(l——ptz)ll_l_ l—m (l>"
E, m(l+n) \ p

rie m — Ko3GGhHIUeHT, YUHTLIBAIOWUA CHUXeHHe E, Ha CcTaauu pas-
BMTHS TJlacTHYeCKHX AedopMauull; n — Ko3hHIHEHT, 3aBHCIILHA OT
E. (npun E,<C15 MIla n=2, npn E,>15 Mlla n=3); p, — Benu-
YHHA JaBJIeHHS, ONpeAeSIOIero MOJHYI0 HeCcylyl Crnocob6HOCTL Mo-
POA OCHOBaHMUS.

Pacuer ocaaku ¢ HcHoJb30BaHMeM CMeNIaHHOW 3adaud TeOpHH
JHHENHO-1e(hOpMUPYEMONl cpelbl H TeODHH MNPeAeJbHOro paBHOBECHS
6bis1 npeasoxen B. ['. BepesaHneBblM s cjydas TJIHHHUCTBIX TOPOJA,
HMeIolUX BeJHYHHY cuenseHus ¢=0,3—0,5 MIla u yron BHyTpeHHe-
ro tpeHust ¢=<15°. Peinenue nojyyeHo agas JAeHTOYHBIX (QyHAaMeHTOB
ray6oKOro 3a/joXKeHHs B BUJAe cjelylomell 3aBHCHMOCTH:

§=35-% 071

(270)

rae S — 6espa3MepHas npuBejleHHas BeJHYHHA OCa]dKH, omnpejense-
Mmas 1o rpadguxy (puc. 47) B 3aBHCHMOCTH OT p paBHOro p— yhy/c;
¢ — BeJHYHHA CclHenjeHus nopoasl; Eq— Moayab jaedpopMmanuu c yue-
TOM HaNps>KeHHOTO COCTOSHHS [0PO/.

Broipaxkenne (271) mnpuseseHO AN HAeaJbHO CBSI3HOH cpeibl NMpH
¢=0°. Uro6pl yuectb BeJIMUHHy yrJa BHYTPEHHEro TpeHus TIpH
0°<p<15°. B. T. DepesanueB NpeanokKHJ HCHOIb30BATL BMECTO €
B (¢opMmyne (271) mnoBLIlleHHOoe 3HAYeHHE ¢p, KOTOPOe MOXKeT ObITh
paccuuTalo no gopmyae

0, =c—S%¢ (272)
ctge + ¢ — /2
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M. H. Tompawredin 1 C. T. Kym- 8
Hep NPeNJIOKHJH HHKEHePHBIH Cro-

cob pacyeta OCajiKd HpH  p>py, 7 Y
HA3BaHHBIA UMU MeTOJOM Hecyuje- SESRARRN!
eo croaba. IlonyueHHoe pellleHHe |
MOXKeT OBITb HCHOJNB30BAHO AJA ——|Hecquia cmond

pacyera OCaJKH OCHOBAaHUH 1pH
OTHOCHTENbHOM 3araybJjaecHdu QyH- ]
KameHTa hg/b>==0,67—1,0, upu3aTom
npeanoJiaraercst, Yr0 MaKCHMaJib-
HOe JaBJIeHHe, KOTOpPoOe Inepejaaert-
€1 Ha OCHOBaHHe, He IpHUBeJeT K
passuruio JedopMauuii, INpeBLI- z
Wawlux npepejbHO HONYyCTHMLIe
A AaHHOH  KOHCTPYRLMH COOPY~ o ™\ ord ™ Tonpnumeiina — Kywnepa:
KEHUA. KpOMe TOro, ACHCTBylOLlEE {—2 —ocaakn Hecyuiero cronba (/— scaen-
JaBJjieHHe p He Bbi3blBaeT BHIIOpAa CTBHE CXAaTHsl, 2 — BCJAEACTBHe MONEPEYHOro

paciinpenus); 3 — noliepeudble aedopMallun
NOPOAB U3-N0A (QYHIAMEHTA, T. €.  gjecymero croada

p<<mpy, (273)

Puc. 48. Cxema paas pacyera oCajKH

rae m — Koad@uuHeHT ycaoBui paboTH, paBHHH A/ TJIHHHCTHIX 10-
pox 0,4, xist mecyanwlx — 0,5.

BriBoa 3aBHCHMOCTH AJIS onpelnesNeHHs ocaiku OGasupyercs Ha
NpealoNoKeHHH, YTO BepPTHKaJbHasi Harpy3ka Mepejaercs TOJLKG
HecyueMy ctonby (puc. 48). Iloa meficrBHeM 3TOll HArpy3KH NPOHCXO-
JANT ero cxarue S, u monepeyHoe paciiupente. IlocneaHee BH3bIBACT
VIJIOTHEHHE MOpOAb, OKpyXawmeH Hecymu# cronb, W NpPHBOAMT K
PasBHUTHIO JOMOJHHTEJbHOH 0CanKd Sui, NPH 3TOM

AV

—__aY 2
BT )2 (274)

rie AV — obbeM BHXKHMaeMoOH u3-noa (yHAaMeHTa MOpoAbl 3a cyer
60KOBOrO pacuIUpeHHsl Hecyllero cronaba guaMerpom b.

IIpubauxenHoe MareMaTHYecKOe BHIpaKeHHe Mpolecca BbITECHE-
HHUSL MOPOALI H3-MOA GyHIAaMEHTa AAaHO HA OCHOBE CXeMbl pabothl MO-
poAbl Moja KOHIOM CBaM NPH ee MOTPYKEHHHU.

Onyckas npoMexXyroyHble BLIKJAJKH, clejaHHble B CHCTEME IH-
JIHHAPHYECKHX KOOP/JMHAT C YYETOM TPAEKTOPHH YacTHU B 30He, OpPH-
MBIKAWOLIEd K HecyleMy croaby, 3amulieM KoHeyHoe BHIpaxeHHe AJs
0CaJKH 3a cyer OOKOBHIX jedopManuil

S = =5 [0 1hy) b/2B,— DC, (275)
rae g_l~~+CB-———[1——exp( 1%)J;D,=zy[y(h¢+
2 o]y Com () s = LU
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n AJs1 TecYyaHblX TMOPOJ H cylecell paBHO 2; 1is TIHHHCTHIX HOpPOJ —
2,5—3; { — xoadpduureHT 60KOBOrO J1aBJeHHA., IJKCIEePHMeHTaJbHbBIe
napaMerpbl @) H A HMeIOT COOTBETCTBEHHO 3HaueHus 1,4 u 0,5+1,0
(MeHbLIME 3HAYEHHS OTHOCATCS K IeckaM H CynecaM); 2, — MaKcH-
MaJjbHasg raybuHa, rie oTMedaeTcsl Pa3BHTHe MONEpeuHnlx pedopma-
uuil Hecywmero cronaba; p’, — daBjeHHe NMepeyMIOTHeHHS Nopol (ans
HOpMAaJdbpHO YIJOTHEHHBIX OTJOXKEHHH paBHOE HYII0); po — MaKCH-
MaJbHHI paanryc 30ibl pa3BUTHS NONepeusbix aegopMauui.

OcHOBHBlE TPYAHOCTH BLI3LIBaeT ONpejeserue 2z, Ecau NpHHATSH,
4TO TOPH3OHTAJbHHle (pajuaJ/bHble) HaNpsixKeHHs IO KOHTYpY Hecy-
mero cronba pacnpenensores ¢ rJAyOHHOH no runep6oJHYecKOMY
3aKOHY, TO

z, = —%+ V@2 +T, (276)
b ' b
rie 2 = hy ot Sy T = [ (p—ihy) — vhy— Pl
oy oy

¥ OCallKa 3a CueT TOomepeuyHbx JedopManuil paccuuTeiBaercss mo ¢op-
MyJle

2
S = 2| (0 —hy) - B — D, |C. (@77)
rae B, = —;:—lln (Qa—;—"’g—{— 1); D, = Zy,[Y (hm+ %/H'Pn'J'

W3 suipaxenud (275) m (277) craeayer, 4T0 BeJHYHHA OCajKH
Sun 3aBUCHT OT HarPY3KH p B HeJuHeHHOH GopMe, C yBeJHUYCHHUEM TJaY-
OUHEl 3aJI0KeHHS (GYHIAMeHTOB Ay 3HaueHHe Sy, yMeHblllaeTcs; BO3-
pacranue S, OTMeuaercs NPH yMeHbIUIEHWH IJIOTHOCTH MNOPOILI ¥.

@®opmyanl (275) u (277) cnpaBelauBbl TOJLKO AJst nopox, obaa-
JIaI0LHX TPEHHEM H CUENJIeHHeM JHOO0 TOJbKO TpeHHEM.

KOoHTPO/IBHBIE BOMPOCH

[. ChopMyanpyiite OCHOBHbIE MpeACTaBJeHHs O MpPHHIMOAX NPOEKTHPOBAaHHA COOpY-
KeHHl No mpefensHHIM cocTosiEuaM. UTo uMeer O0aplliee 3HaueHUe NpU OLEHKe
YCTOHYHBOCTH COOpYXKEHWH — abCOJIIOTHAaR BeaHUYMHA AedopMalldii HAM HepaBHOMep-
HOCTb HX pasBUTHsaA? Kakue Tumsl OCHOBAHHH COODYXKEHHH PeKOMeHAyeTcs MNPOEKTH-
poBaTh O MEPBOMY H KakHe Mo BTOPOMY NpPeAC/]bHBIM COCTOAHHAM?

2. Kakas uHpopMauus Heo6XOoAMMa JJs1 BHINOJHEHHS PacueTOB KOHEUHHIX Oca-
ZOK, pacyeToB 0calOK BO BPEeMEHH?

3. lpuBennte npHMepH OJAHOPA3MEPHOTrO CKATHS nopol. Kakue npuHATH pomy-
WEHUS OpH BRIBOJAE 3aBHCHMOCTEH I ompejesieHHss OXHOpPAa3MEePHOro CXKaTHA?

4. B Kakux cayyasx Heo6XOLHMO DacCcYHThLBATb OC4JKH € HCMOAb30BaHHEM 3a-
BUCHMOCTe#l AJS ABYX- u TpexMepHoro cxartHs? OxapaxrtepH3yiiTe OrpaHAYeHHOCTH
Henonb3oBakua dopmyasl Wnefixepa — Ioasluna 1as pacdera ocajok.

5. B ueM 3aknrouaercsi OCHOBHAS MJAess MCTOAA 3KBHBaJeHTHOro c1osi? O6bsicHH-
Te NMOHATHE IKBUBAACHTHbLl CAof MOpOoJH. Kak onpeneisieTcs ero MOIUHOCTH?

6. Kakve wmeToAsl pacyeTa 0caloK HCROJB3YIOTCS MpPH HEOXHOPOAHOM CTPOEHHM
ocuoBaHnii? Kakoe ocHoBaHme cjelyeT pacCMaTpHBaTh Kak HeOAHOPONHOe?

7. llpoananusupylite, B KakHX CJAY4asX NPUMeHSAIOTCA pacueTHBIE CXeMbl, PeKo-
mennyemele CHull 2.02.01—83.

8. B Kakmx csaydasix HCNOJB3YIOTCA MeTOJAbl pacyera 0caloK ¢ yYeTOM pa3BHTHS
JOKAJBbHBIX 30H MJAaCTHYECKHX AedopMauuii?

152



9. Kakue $akropst ONpeleNfioT Pa3RHTHe ocalku Bo Bpemenu? KaxoBu pomy-
QeHus NpH BLIBOAE OCHOBHOrO MithhepeHUHalbHOTO YypaBHeHMsi TeOpHH ¢uiabTpa-
LLHOHHOH KOHCOMHAAUHK (KoHuenuus Tepuarn — lepceBanoBa)? [as Kakdx NOpOA
MOXeT GbIThb NPHMEHMMa MOAenb OHUIbTPALUOHHOH KOHCOJHAALMA?

10. Kax yuyHTHIBalOTCsl HeNOJHOe BOJOHAaCHlleHHe H CTPYKTYDHast NMPOYHOCTD
I0pOA B pacuerax oCajKi BO BpemeHn? KakHe nokaszartenu CBOHCTB [IOPOJ BXOLAT
B pacueTHele QOPMYJbI?

11. KakoBH 0cOGeHHOCTH pacueta OCaJKH BO BDeMEHH, ecaH MDPHHATL BO BHHMa-
HHe pa3BuTHe JAe)OPMalMH NOJI3YYECTH CKesleTa NOPOIAbI?

I'masa 6

PACYET YCTOWYUBOCTH OCHOBAHHUHA
COOPY)XEHHUN

§ 1. OCHOBHBIE ®AKTOPbI, ONPEAEJANUWUE NPOYHOCTD
U YCTONYUBOCTb OCHOBAHUN

TopHas mopoia H BO3BeleHHoe Ha Hell cOOOpyMKeHHEe MNpPeACTaBJSIOT
CJAOKHYIO CHCTEMY, HaleXXHoCThb paboThl KOTOPOH 3aBHCHT OT psla
daxropos. Ilpu 3TOM NOA HaAeXHOC1bI0 pabOTLI CHCTEMBI «COOPY-
JKeHue — OCHOBaHHe (ropHble NMOPOALI)» OOBIYHO MOHHMAaeTCs ee CIo-
cOBHOCTb HOpPMAaJbHOrO (YHKLUUOHHPOBAaHMS B TeYEHHE 3KCIJyarTa-
UUOHHOTO MepuoAa NPH 33AaHHOM TEeXHOJOrHYeCKOM DeXHMe COOpy-
kenusi. CucreMa «CoopyKeHHe — ocHOBaHHe» MoXeT OLITh npeacraBs-
Jleia B BHIe TPeX IOCJel0BATENbHO cOeJHHSTEeMBIX 3JeMeHTOB: OCHO-
BaHusg (ropHme nopoabl), ¢yHAaMeHTa H Ha3eMHON  KOHCTPYKI(HH.
Jas 3eMJISHBIX COOPY:KEHHH gHCJIO 3JeMeHTOB CcOKpallaeTcs 10 ABYX
3a BblyeTOM ¢dyHAaMeHTta. IIpH oOmeHke yCTONYHUBOCTH COODYXKEHHS
HelloCPeACTBEHHO MNpaKTHYecKoe 3HauyeHMe HMeeT cXeMa fnepepaid
Harpyskd (37aHu#e ¢ TOJHBIM HJAM HeMmoOJHBIM KapKacOM, HeCyIiMMH
CTEeHaMH), BeJHYHHa HArPY3KH Ha KaXXAYIO KOJOHHY HJAH 1 M JUIHHB
¢pyuilamedra. B o BpeMs Kak Harpyskd OT caMOrO COODYXKeHHsT H pa-
Goralomero obopyaoBaHus 6oJjiee WJH MeHee TOCTOSHHEL, HX H3Me-
HeHHe MOXKeT IIPOUCXOAHTh B CBSI3M C TNPHPOAHO-KIHUMAaTHYECKHMH
¢akxTopaMn (BerpoBble, cHeroBbe Harpysku). CiaelyeT TakKe HMeTb
B BHJAY, YTO ¢ TeYeHHEeM BpeMeHH Habmwaaercss NOCTENEeHHoe H Heol-
paTHMOe H3MeHeHHe CBOWCTB CTPOUTENbHBIX MarepHaJoB Ha3eMHOH
KOHCTPYKIMH, 00YyC/J0BJEHHOe NpoleccaMH crapeHHsl, H3HOca ¥ KOp-
pO3HH.

OnpelensiiollHMH NapaMerpaMi (QyHAaMeHTa SBJSIOTCA: HX THII
(rubkuii uap xecrkuft), reoMerpuyeckue pasMeph, GopMa H Npou-
HOCTh MaTepuaJsa. B mnpolecce 3Kcmayaramuu cOOPYKeHMH HauboJb-
uige M3MEHEeHHUs NpereprneBaer Marepuas ¢yii1aMeHTOB 01 Bo3delicT-
BHeM KojeOaHHI TeMIepaTtyphl, BAaKHOCTHOTO peXHUMa, arpecCHBHBIX
NPOMBILIJICHHBIX CTOKOB. PaspaboraHHbie K HacTOsSILiEMY BpeMeHH Me-
POTPHATHS MO MNOBHILIEHHIO AOJArOBEYHOCTH MaTepHaloB QyHIaMeH-
TOB, HayHHasl C HCNOJNb30BaHHA cllelMaJbHBIX MapoOK OeroHa H KOH-
yas pasuYHLIMH THIIAMH THAPOHM30JSALUHA, TO3BOJAIOT perJaMeHTH-
pOBaTh CPOKH 3KCILIYyaTalHH 3THX KOHCTPYKIHH.
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HauboJsee CKPHTHE W HeynpasJsgeMbBC W3MEHEHHsT B Mpollecce
CTPOUTENBCTBA H IKCIJIYATALUH COOPYXKEHHUS NPOHCXOAAT C MOPOAAMH
ocHoBanus. [1pu ouenke ycTOHYHMBOCTH cOODYXKeHHI oco0eHHO BaxHOe
3HayeHHe NpuOOperaloT Te NpouUecchbl, KOTOPHe BbLI3bIBAIOT YXyAlle-
HHe CBOWCTB MOPOJ OCHOBaHHs, NPHBOASALIHE K CHHXKEHHIO HX NPOYHO-
CTH W TMOBBLILIEHHIO 1EeQOPMAIHOHHON CNOCOOHOCTH, YTO B KOHEUYllOM
Hrore BH3BIBaeT pocr abcOJIIOTHOH H OTHOCHTENbHOH pedopmauHi,
BNJOTh 10 pa3pylieHus mopoi ocHoBaHus. Hapyllenus ycroituuBoctu
COOpPYKEHHH YacTo MNPOUCXOAHMT BCJEICTBHE HENPABMJILHOH WM He-
TOYHOH MHXKEHEPHO-reOJIOrHYecKOH OULEHKH TFOpPHBIX I[OPOA OCHOBAllHS
npHY HX B3aUMOJEHCTBHH C coopyxeHHem. llepeuncauM mnpHUHHLL
MPUBOASIINE K BO3MOXKHBIM MPOEKTHBIM OWHOKaM CcHelHaliucTOB B
06JacTH HHXKeHepHOH reoJsOrHH, H PEKOMEHIAIHH MO HX YCTPaHEHHIO.

[. Ha craauy MHXKXEHEPHO-reOJIOrHYEeCKHX H3BICKaHHN — HeJ10CcTa-
TOYHOCTh HHGpOPMANMH A aHalu3a cyuiecTBylomed NpHpOAHOH 06-
CTAHOBKH B 30He BO3MOJKHOIO BJHAHUS COOPYXKEHHS. 3Ta HeAOCTATOY-
HOCTb cBsizaHa OOBIYHO ¢ HCMOJb30BaHHMEM MaJoro obbema pasJfHy-
HOFO BHJAA HHXKEHEPHO-TOJOrHYECKHX pabor, wmajoii ray6unoii
NMPOXOAKH BHPabOTOK, HEMpaBHJAbHBIM HX DPaclOJOXKeHHEeM, y30CTbio
NOCTaBJAeHHbIX 3ajay, a TakxKe HH3KHM KayecTBOM  BbINOJHEHHBIX
U3BICKaHHUH.

O6b1yHo raybuna BEHpabOTOK ONMpefenasercs HCXOAs JHMIb U3 elHH-
CTBEHHOTO KPHTEDHS — MOLIHOCTH CcXHMaeMOH TOJILIH, YTO JOMNYCTH-
MO TOJBKO MPH NPOBEAeHHH H3LICKAHHH MOJA rpa)kjaHcKHEe coopyiKe-
Hus. [Ipu H3HICKAHUAX MOJA NPOMBIUIJICHHHIE COOPYMKEHHA ¢ MOKDBIM
TEXHOJOrHYECKHM DEeXHMOM OJHAa M3 NEpPBOCTEMEHHBIX 3aja4 — Ouel-
Ka BO3MOXKHOCTH HOITONJIEHHS OCHOBAHHUS, B CB3H C uyeM rJayObHHa
BHIPabOTOK [OJM:KHA ObITh 3HAYHTEIbHO yBeJHYeHa, OcOOEHHO B cJay-
yae 3aJleFaHus TPYHTOBBHIX BOJ HHXKe ¢KHMaeMoli 30Hb. Bronse mo-
HSITHO, 4TO NOATOIVICHHE BBLI3LIBACT H CYWMIECTBEHHOE YBEJAHUEHHE rJy-
O6HHBI CKHMMaeMOH 30HLI COOpDYXKEHHS, U H3MEHEHHe CBOWCTB MNOPOJA
OCHOBAHHSI.

2. Bropas rpynna omwnbok OOLIYHO cBf3aHa JH6O C OTCYTCTBHEM,
JH60 ¢ OJHOCTOPOHHE BBHINOJHEHHHWM IPOTHO30M [0 H3MeHEHHI0 NpH-
pPOAHOH 00cTaHOBKHM B 30Il€ OCHOBANMHS COOPYXKEHHS B [poilecce €ro
CTPOHTEJLCTBA H 3KCIJIyaTanHH. DTO B MNMEPBYIO OdYepelb OTHOCHTCH
K Heo6XOZMMOCTH TMOJYYEeHHs [IOCTOBEPIBIX AAHHBIX TO H3MEHEHHIO
THAPOTEOJIOTHYECKHX YCJOBHH M THAPOXHUMHUECcKOR 06CTaHOBKH, TeM-
NepaTypHOro peXxxuMma MOpPOJ B OCHOBAHMM COODYAKEHMH, YCJIOBHH Ten-
J0- u Baaroobmena. CymmapHbii adekr u3MeHeHHsT MPHUPOLHOH 06-
CTANOBKH MNpexJe Bcero 6yAeT cKa3blBaTbhcsl Ha YXYAUIEIHH COCTOSIHS
H CBOMCTB MOPOA B OCHOBaHHMH cOOPYXEHHI.

Obs3arenen BcecTOPOHHH{I NMPOTHO3, BHINOJHSEMBIH HHXEHEpaMH-
reoJIoTaMH Il CTaAUH 3KCINyaTallHH CcOOpPYXKeHHH, Korja B Haubo-
Jiee MOJHOH CTENMeHW NPOSBJASETCH KOMIJEKCHOe BO3AEHCTBHE OCHOB-
HBIX BeAyHIMX (DAKTOPOB: [AaBJACHHS, (PH3MKO-XHMHUECKHUX YCJOBHH,
TEMIEPATYpHOro pexkuma. BinsHMe 3THX (aKTOPOB  JOMXKHO ObITh
yYTeHO B ABYX aCNeKTax: a) H3MEHEeHHH CBOHCTB NMOPO; BO BpeMeHH B
3aBHCHMOCTH OT (AKTHYECKHX YCJAOBHH HX pabOTH B OCHOBAaHWH;
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6) H3MEHeHHH HANPSKEeHHOTrO COCTOAHus MOPOA OCHOBAHHS B pe3y.b-
Tate NPOTEKAHHS PA3JMHYHBIX (HU3MKO-XHMHUECKHX, XHMHYECKHX, a
TaKKe BO3MOXKHBIX OHOXHMHYECKHX [IPOLEccOB; NPH 3TOM BO3HHKAKO-
LIHe HanpsXeHHs MOTYT 3HAUuHTEeNbHO NPEBOCXOAHTL IO BeJHYHHe
HanpsxeHHus, cO31aBaeMble BECOM COOPYXKEHHS.

3. Tperbs u OcHOBHas rpymnna OwHGOK — YNpOLIEHHE CXeM H Me-
TOJI0B pacyueTa OCHOBAaHH M HX HeCcOOTBETCTBHEe pealbHLIM YCJIOBHAM
paboThl — O6BIYHO SBJSETCS CAEACTBHEM HENPaBHJILHO BBIMOJHEHHBIX
IPOTHO30B MO HM3MeHeHHK (PH3MYECKOrO H HaNPsIXKEHHOTO COCTOA-
HUST H CBOHCTB MOPOJA OCHOBAaHHMH B MepHOA 3KcljyaTaluHd CcOOPY-
KEHUH.

[Tpoananusnpyem 6osee moapobuo sty rpynny ounbok. ObocHo-
BaHHe PAcUETHOIl cXeMbl OCHOBAHHS JOJKHO OMHpathcs Ha aHaJH3
Tex (H3HYEeCKHX NPOLeccoB, KOTOpbie OyAyT HMeTb MEcTO B OCHOBA-
HHUH coopyxeHuil. Tak, HanpuMep, OAHH H3 KJIKYEBBIX MOMEHTOB Mpu
NPOEKTHPOBAHHH COOPYKEHHH Ha mecyaHO-TVIHHUCTHIX OTJOKEHHIX —
Hccse0BaHHe BO3MOXHOCTH HX YIJIOTHEHHS IOJ BJHsSHHEM JAaBJe-
HHUSL OT Beca COODPYxKeHHsi. B caydae TPeUIMHOBATbIX cKasbHbIX NOPOA
B OCHOBAHHH COOpYKeHHH AJs aHasnH3a HeOOXOAHUMO HCMOJNb30BATDL
MOIeJb TpeuuHOBaTo-6/0yHON cpenbl. Heo6Xoaumo oOTMeTHTb, YTO
Takas MOjaeab B Haubojbllefl cTeneHd OyaeT TakxKe XapaKTepH30BaTh
noBeJleHHe OCHOBAHHHA, CJOXEHHOTO JHTHOHIHMPOBAHHBIMH FJIMHHCTHI-
MH NOpPOAaMH.

[Ipu BriBOpe pacyeTHOH cXeMbl 6OJbLIOE 3HAYeHHE HMeeT TaKxKe
ycTaHoBaeHue JuHeliHoR  (nu60 HeauHefHOH) cBA3M  MexXxay Ha-
NpAXKEHHIMH H AeOPMaALMIMH, YTO OOBIYHO TMPOH3BOIHTCH HA OCHOBE
3KcllepHMEHTAJNbHBIX HCCJEeAO0BaHUil pa3BHTHS aAedopmauuii B 3aBH-
CHMOCTH OT YPOBHS HANPSXKEHHOFO COCTOSTHHS.

Ycnex BBLIMOJHEHHBIX KOJHYECTBEHHBIX NPOrHo3oB OyaeT 3aBHcETh
He TOJbKO OT NpaBMJbLHO BLIOpAHHON pacyeTHOH cXeMbl, HO H OT G
CTOBEDHOCTH 3aKJajJblBacMbIX B pacder MNokasaTtenefl (hH3IHKO-MeXa-
HUYECKHX CBOHCTB NMOpoA. AHanu3 (H3HUYECKHX NPOIECCOB, MPOTEKAI-
UIHX B OCHOBAHHUM COOPYKEHHs, Mpeaonpenenaser BbIOOP METOAUKH
OLIEHKH I1apaMeTpOB CBOHCTB MOPOJ, H B NMepPBYIO Ouepeib OLEHKH Xa-
PaKTepPHCTHK HX NPOYHOCTH UM aedopMmupyeMmocTH. Heobxozumo orMme-
THTb, YTO 3TH CBOHCTBA NMOPOA 3aBUCAT TaKXKe OT (BH3HKO-XUMHUYECKHX
H TeMIepaTypHbIX YCJOBHH, NpHUEM XAapaKTeéP MX H3IMEHEHHS MOXeT
OBITb YCTAHOBJIEH TOJbKO 3KCMEpPHMEHTAJbHBIM nyteM. CJjemoBaredb-
HO, UCMOJb30BaHHe B pacyeTax MapameTpoB CBOHCTB NOPOJ, KOTOPBIE
HNOJIyYeHbl B XOJe MPOBEeAEHHS ONLITOB C Yu4eTOM [AeHCTBYIOIMHX (hak-
TOPOB, ZaeT peaJibHYK BO3MOXHOCTL JJIS NOBLIIIEHHS TOYHOCTH KOJIH-
YeCTBEHHOH ONEHKH YCTOHUYMBOCTH OCHOBAHHUSI COOpY:KeHHil. 3HaueHHe
HaNpaBJeHHOCTH H3MEHEeHHsl CBOHCTB — OJHH H3 OCHOBHBIX MOMEHTOB
B MOCTPOEHHH aHaJHM3a YCTOHYMBOCTH COODYXKEHMH MO AaHHBIM HH-
>KEHEepHO-Te0JIOrHYeCKHX H3bICKaHHM.

O6was cxeMa NpoBejleHHs TAaKOrO aHajau3a mokasaHa Ha puc. 49.
[naBHOe 3BeHO — OleHKa PaBOTBI OCHOBAaHHS NpPH AeficTBHH Ompele-
JISII0Mero (pakropa — JaBJEHHS OT Beca coopy:kenus. Ero poab Me-
HAeTCsl B 3aBUCHMOCTH OT THIIA TOPHOH MOPOJAB H AKTHBHOCTH TpoOTe-
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KaHHMS CONYTCTBYIOIHX HPOLECCOB NPH JPYrHX TeXHOTeHHBIX BO3Jeil-
CTBHSX.

[Topoabl B 3aBHCHMOCTH OT HMX THNA, (H3HUECKOTO COCTOSIHMS M
NpOYHOCTH 06/1aZal0T pa3/HYHOM CNOCcOGHOCTBIO K pa3BUTHIO Hedop-
ManHi CKaTHA H CABHTra W Hepexoay K paspyuenuio. O6bigHO paspy-
IeHHe CKaJbHBIX OCHOBAHHI NPOHCXOAHT NPH BO3BeAEHHH 0co0o TH-
KEJBIX COOpYKeHHH NpH HaauuHu HeOJaronpHITHO OPHEHTHPOBAHHBIX
nosepxHocTell ocabaeHHst (TEKTOHHUYECKHX TDELIHH, KOHTAKTOB NpH
nepecqauBaudd ToAul nopoa). Hns mecuaHbIX NMOPOJ BO3MOMXKHOCTL HX
pa3pyllieddsi B OCHOBaHHHM 00ycJOBJeHa DPSAOM NPHYHH, [JIABHBIMH U3
KOTOPHIX SIBJSIOTCS HE TOJBKO NPOYHOCTb NOPOJ, HO H TJyOrHa 3a-
n0xeHHs PyHZAMEHTOB H HX pa3Mepnl. Jlia mecyaHsIX ocHOBanHi™
BHIIOp NOPOA u3-NMoj GYHIAMEHTOB OTMedaeTcss NPH OTHOCHTEIbHOM
ux 3araybiaenuu he/b<<1,5—2,0. Tlpw yBenwuenun 3HaueHHUs
he/b>1,5—2,0 ocHOBHO# cTaHOBHTCS (ha3a YNJOTHEHHS, NPH 3TOM
BO3pacTaeT BeJHYHMHA HarpDy3KM p;, BTopas craius — ()a3a CIABHUIOB
TakKe paCTdHyTa, HO He MepexOAHT B crajiuio paspyluenus. OueBua-
HO, 4TO B 3TOM CJyyae yCTOHYHBOCTH COOPY3KEHHS Ompejessercd Ha-
pacraiueM BeJMUHHBI HepaBHOMEPHOCTH 0CaJ0K MPH aKTHBHOM Da3BH-
THH JedopMauuil ¢ABMIOB.

Tlpu aHanu3e moBejgeHus IJIHHHCTHIX NOPOJ1 B OCHOBAHMH CJae1yeT
AuddepeHupoBaHHO NOAXOAHTH K OlleHKe YCTOMYHBOCTH B 3aBHCH-
MOCTH OT CTeNeHH HX JHUTHHuupoBaHHOCTH. [lo JaHHBIM HccaeloBa-
Huit B. I'. BepesaHuesa, nepexon B CrajHI0 BHIOpPa XapaKTepeH s
VOJOTHEHHBIX [JIHHHCTBIX TOPOA B cayuasXx 3arayOnenus ¢yHpiameH-
toB (he/b<<1,5—2,0). llpu zajeraud B OCHOBAaWHU OTHOCHTEJBHO
MaJOMHTHOUIUPOBAHHBIX TJACTUYHBIX TJHHHCTBIX INOPOA COOpyXKe-
HHEe MOJKeT JOoTepaTb CBOI YCTOHYHBOCTb H3-3a HMHTENCHBHOCTH BO3-
pacTaHHs ocalk# B CTaIHH CABHIOB Ja’Ke NPH OTHOCHTENILHO HeBHI-
COKHX BeJIHUMHAaX HArpy3KH OT COOPY>KeHHs, 3HaUHTeJbHO MEHBLIIuX
p.. Xapakrep aedbopMaiuil B N1acTHUHBIX [VIHHUCTHIX MOpoax He 3a-
BUCHT OT MVIYOHHH 3a/0:KeHHS dyHaaMeHToB [2].

MtuoroyucsieHHble 3KcNepHMeHTaJbHEe HCCTeI0BaNus T0Ka3aJiH,
UTO NpH Harpyskax, OOJbLIHX p;, T. €. NpH Iepexoae CTalHH YILIOT-
lieHHs B CTA/]HIO C1BUIOB, B IleCKax HeNoCpeICcTBEHHO 101 ¢dbyH1aMeH-
TOoM o0pa3syeTca YIJOTHEHHOe sApO, HMmewmee GopMy KJAHHA HJU
6.1m3Kyl0 K HeMy (puc. 50,a). OcHoBaHHeM KJIHHA CAVXXHT NOAOLIBA
thyHnameHTa Ha BCIO €ro WIHPUHY, a GOKOBbIE CTOPOHBI OOpa3OBaHbBI
KPHBLEIMH CKOJIbXKEHHsI, NPOXOASLIMMH depe3 Kpas ¢yHIaMeHTa.

Ilpn HapacTannu 1aBieHHs 370 AP0 AefICTBYeT KaK pPacCKJIHHM-
Bawmniee TeJO, KOTOPOe YIJIOTHSAET H paspylliaer MOPOAY, JeKamylo
BoKpyr Hero. CjefoBaTeslbHO, Takoe $APO HrpaeT CyuWleCcTBeHHYIO
poO.Jib B Pa3BUTHH JAedopMauuil ciBura u GbOpMHPOBAHHH NPU3IMBI BHI-
nopa, a Tak’kKe BJIHSeT Ha BeJHYMHY Harpy3kW, onperensiouled pas-
pyuienne nopoa B ocHosanun. M. H. TopOynos-ITocagos [9] sBhze-

® s

B JA4HHOM cJyyae pacCMaTpHBAIOTCA TeCKH CpeaHeH NJOTHOCTH U TLIOTHERIE.

IMecku PBHIXJIOTO CAOXKEHHS B KadeCTBe OCHOBAHUH UCTIOAB3YIOTCA TOJBKO NOCde HUX
NpEJBAPDHTENBHOTO YNJAOTHEHUA.
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Puc. 51. VisveHeHHe BeJHYHHBI paspy-
wakomled Harpy3kH pp Ha OCHOBaHHC B
33BHCHMOCTH OT OTHOCHTENbHOrO pas-
Mmepa tyuramenta (/&) npu nocrosim-
HBIX wHpHHe () w naomagn (2) ¢yu-
AamentoB {9}

g 7 2 a 4 5 /8

Jsier B AApe NOYTH He MeHsIOmMe cBoeft HopMbl yHpyryio H npuJjerao-
Wy K Hell MAacTHYecKyi0 vacTd. PasMepnl M oyepraHusa TnocjaenHed
BapbUPYIOT NMPH yBEJIHYEHHH HArPY3KH.

[TnacTuyeckasd yacTb AApa yBeJHYHBaeT CBOM Pa3Mephl, HO 0CTa-
eTC CTPOro CHMMETPHYHOH IIpH OTCYTCTBHH 4CHMMETDHH B NPHJIOXKe-
BuM Harpysku. [ToBepXxHOCTh CKOJMbKeHUs, dopMupyiomasci B OCHO-
BaHuY, ABJAETCS MNpOJAOJKeHHeM ToH INIOCKOCTH, KOTOpas OrpaHuyH-
BaeT  IJacTHYeckylo yacThb sapa. Ha puc. 50,6 mnokasaHno
ofpa3zoBaHue FTOBEPXHOCTEH CKOJbMKEHHS NIPH CHMMETPHYHOM Xapak-
Tepe AelicTBUS HArpy3KH, a Ha pHc. 50,6 — OpH HeCHMMETPHYHOM —
paspyuleHyde MOpPoJA OCHOBAHHA XapaKTePH3YyeTcsi OAHOCTOPOHHHUM BHI-
nopoM. ABapHH peaJibHBIX COOpPY:KeHHil MNpH NMoTepe yCTOHYHBOCTH
OCHOBalius Bcerja IMPOHCXOAAT NPH oAHOCTOpOHHeM Bhinope. OnbiThl
B. I'. Bepesanuesa [2] 1n03BoJNIH ycTaHOBHTb, YTO KaK IIPH OZHO-,
TaK 4 NPH JBYXCTOPOHHEeM BBINOpPaxX 3HaveHHs HaArpy3okK, NPH KOTO-
pHX Halalonaercd paspylledue, OJH3KH MeXAy coOOH.

YBenuueHne pazMepoB GyHaaMeHTOB NPUBOMHT K CHHXKEHHIO Bepo-
ATHOCTH BBINIOpA MOPOJ H COOTBETCTBEHHO K TOBLIIIEHHIO YCTOM-
YHBOCTH cOopy#eHusi. BMecre ¢ Tem oTHoCHTeAbHbie pasMepb (yH-
JaMeHTa OKa3LiBalOT CYLIeCTBEHHOE BAHAHHE Ha H3MeHeHWe BeJHYHHB
HarpyskH, olpejessaoilell paspylleHue ocHoBauud. [IpH mocTosliHof
wHpuHe (QyHnaMeHTa, 110 ¢ yBejqHyexwueM 3zHayeHus [/b, mpepesnbHoe
[laBJieHHe Ha OCHOBaHWE BO3pacTaer QO HEKOTOPOH NMOCTOSHHOH Beau-
yndb. [lpu coxpaHeHHH [OCTOSHCTBa NJomaid ¢GyHgzaMeHTa, HO
yMeHbIIeHHH ero MIHPHHB M YBeAHUYeHuWH JJHMHB 3HayeHHe paspyilalo-
mero nasJjenud nagaer {puc. 51). Ha BesuuuHy narpysku, npu Koto-
poii ¢uxcupyercs paspylieHHe OCHOBaHHs, 0OKa3LBAlOT BJAHSHHE TeM-
nbl nepedavyy AasJeHus, oco0eHHo Npy HArpy>XeHHH TJHHUCTBIX NOPOA.
BHCTpRft pocT RaBJeHHs OOBYHO MNPHBOJAHT K CHHXKEHMIO 3HaueHus
paspywialomell Harpysky, MeaseHHb — K ee NoBbieHuno. Hasa mec-
yaHblx OCHOBaHMH Takasi pasHuua Io pe3yJbTaraM 3KCIepHMeHTaJb-
HBIX HCC/Ie 0BaHHHA 3arpy3kM IMITAMIOB cocTaBasier Bcero 8—10 Y,
IJSL TAHHHCTHIX Topoa — Ao 25 Y. ¥YmeHblueHHe Harpy3KM CBSI3aHO ¢
U3MeHeHHEM MapaMeTpoB MPOYHOCTH MOpOj MpH Pa3jHYHBIX TeMIax
3arpyxeHust.

Pacuer mo Hecyumle#i cnocoGHOCTH II0pOJ OCHOBaHHA IpeamnoJara-
€T, 4TO CyMMa KacaTeNbHHX Hanpsxkenuit X1y, ACHCTBYIOMUX N0 0NO-
BEDPXHOCTH CKOJIbK@HHH, CTAHOBHUTCH paBHO[ CONPOTHBJEHHIO CIBHIY
ropubx nopox Zt (cM. puc. 50,8). [IpH yc10BHH paBeHCTBA Z1q=2XT
cjelyer TOBODHTL O COCTOSIHHH TPeAeJbHOTO PAaBHOBECHS B OCHOB3-
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HHH COOpyXeHus. 3HaueHHs KacaTejabHBIX HAmpsiKeHH# B 3aBHCUMO-
CTH OT yrJja HakJoHa NJIOIIAJKH CKOJbXEHHUS « ONpelesiores no
3aBucHMOCTH (64), a BeaHuuHa COMPOTHBJIGHHS CABMIY — 3KCHepH-
MEHTaJIbHBIM NyTeM.

[Tpu oueHke MPOYHOCTH CKaNbHHX MOPOA Heo6XO0AHMO pa3jHuaTth
COMPOTHBJEHHE CKOJNY Tcx H CONDPOTHBJIEHHE CIABHTY Tczs. Obe  op-
MB paapyllleHHss OOLIMHO CBONCTBEHHB OTHOCHTENBHO MAaJIOTPeIlHHO-~
BaTHM nopopaM. B cHJIbHO TpeLIMHOBATHIX MOPOJAAX MJH TPH OpHeH-
THPOBKE MOBEPXHOCTH CKOJIBXKEHHS 110 HamIacToBaHuio Jaubo Tpellu-
He paspylueHHe MPOHCXOANUT B GopMe CABHUTA.

§ 2. 30HA NPEAEJBHOIO PABHOBECHA U METOJbl EE
ONPEAENEHUMA

[Toa nefictBueM KacaTeJbHBIX HAMNpsIKEHHH B OCHOBAHHH BO3HHKAIOT
MecTHHe 06/acTH pa3pylleHus, KOTOpPbe NO Mepe NOBHIUIEHHS 1aB-
JIeHUST OT COOpYKeHHsl yBeJHUMBAIOTCA B pa3Mepax, U NpH JaBjeHHH
6oJiee p, HOpPMHpYeTCH eJHHAsi MOBEPXHOCTh CKoOJbxeHus (pHc. 52).
3HaHHe pa3MepoOB 30H, B KOTOPBIX HPOHCXOAHT paspyllieHHe MOpoja B
OCHOBAHHH COODPY2KeHUH, Mo3BoJsier: 1) OLEHHTL BO3MOXHOCTL MpH-
MeHeHHST TeOpHH JHHeHHO-1edOpMHpYeMOH cpean aJs paciera oc-
HOBaHH# COOpyIKeHHN; 2) ompeneauTb yCTOHYHBOCTb OCHOBAaHHUS M Ha-
METHTb peaJsibHble NMyTH AJ5 ee MOBbIUeHHN. IIpuHsito cyurtarh, uro
Mojesab JHHelHO-1ehOpMHPYeMOH cpeilbl AOMyCKaeTcsi HCMOJb30BaTh,
ecqH TJy6uHHa 30HH IIpeJefbHOT0 pAaBHOBecHs He mpeBbiliaer 1/4
UPHHB QyHAaMeHTa.

ITpu pacuere pa3MepoB 30H miacTHUeCKHX AepopManuit (npeneib
HOro paBHOBecHs) cJaelyeT INpexje BCero yCTaHOBUTh TIJyOMHY HX

a

Puc. 52. Xapakrvep pasBuTHA 30H IpelcIbHOT0 PaBHOBeCHs B OCHOBAHHH MPH YBelH-
4eHHH HarpysKH:

a ~- pasMepsl 300 (l, 2, 3, 4) npu pocTe Warpysxu; 6 — pasBHUTHe nedopMalmil ¥ 30H paspynie-
HHMA B 3aBHCHMOCTH OT BeJHYHHBLI Harpy3KH
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PA3BUTHS, KOTOpAad ONpEALJAeTCS CONOCTABJAEHHEM 3HAYeHHs MaKCH-
MaJbHOrO yria OTKJAOHEHUA Omax ¢ OJHHM H3 OCHOBHBIX MapaMeTpoB
IPOYHOCTH NMOPOJAB — YIJIOM BHYTpPeHHero Tpenus ¢. HamoMuuwm, uro
YIJIOM OTKJIOHEHHS Ha3biBAETCH YroJ Mex1y MOJHBIM HalpskKeHuem,
JeACTBYIOUIMM Ha MJOINAJKe, U HOpMaablo K Hell. [lpu pasjgoxeHuu
MOJHOIO HalpsixKeHHA Ha HOPMAJBHYIO H KacaTedbHYI0 cOCTaBJAIUIHE
Hoc/aeHAs oKaxkercsd TeM OoJbile, yeM OGOJbIIHM OGY/AeT YroJ OTKJO-
neuus. Ys pue. 50, 6 caenyer, urto

T =04 tg0. (278)

Poct yria 0 mpUBOAMT K YBEJIHYEHHIO Ty, OIHAKO T, HE MOXKET
pacti GecKOHeuyHO, TaK KaK NMPH HEKOTOPOM 3HaueHHH T, NMPOUYHOCTD
MOPOJ CTAHOBHTCA CONOCTABHMON ¢ KacaTeJbHBIMH HANPSAKEHUSIMH H
MOC/AeAYIOLUIee HX YBeJHueHHe MPHBORMT K Pa3pyUIeHHIO TIOPOL OCHO-
BaHusi. Cae0BaTe/IbHO, yroJ 0 A0JXKeH HMeTh HeKOTOPhie MaKcuMaJlb-
HBle 3HAUYeHHs H COOTBETCTBEHHO KacaTe/]bHble HanpsAKeHHs g ..

OTBeYaI0UIHe Omax, AOIKHEI ObITb CONOCTABJEHE! ¢ NMPOUHOCTBIO MOPOJ
T (OpH JaHHOM HOPMAaJbHOM HalpsixkeHun). [Ipu 3TOM MOLYyT BO3HHK-
HYTb TPH ciyuas:

« S U . T
1) “<t9max’ ',) T = Temax’ 3) T >

B nepsoM ciyuae HabJamogaercs pa3pylleHue MOPOJ, BO BTOPOM —
mopoja MepexoauT B COCTOSHHE Mpele/bHOro paBHoBecHd. B MexaHu-
K€ TOpPHBIX MOPOJ MoJaraloT, 4YTo COCTOsHHE NPEIeJbHOrO paBHOBe-
CHSI COOTBETCTBYET WJIH XPYIKOMY CABHIY, WJIH Haualy IJacTHYecKOH
aedopManuu nopoiel. OnHAKO clejyeT OTMETHTb, 4TO MJIacTHUYECKHE
aepopManii MOLYT Da3BHBATbCH HpPH HAMpAXKEHHOM  COCTOSHHH,
MEHbIlIeM, yeM TO, KOTopoe (HUKCHPYeTCs MaKCHMaJdbHbIM YIJIOM OT-
KJAOHeHHust (Tpetuii caydali), 1 OTCYTCTBHe MJACTHUECKHX JAedopMauHuii

npu g <t HMeeT yCJOBHBI Xapakrep. YCTaHOBHTb, HACKOJbKO

T
9ITIHX *

.  AO/KHO OBITb MEHbIUE T, MOXKHO IKCHEDHUMEHTANbHBIM MyTeM,

NPOBOJAA HCCJIEIOBAHUA PEOoJOrHUecKMX CBOHCTB MOPOA H HOpex/e
BCEro ONpefeJMB BEJHYUHY Tpejenaa JHTeNbHOA NPOYHOCTH (Tw)-
‘OTcyTeTBHE paspylueHHs MOpoAbl MOXKeT ObIThb IapaHTHPOBAHO TOJb-
KO B cjlyyae, Korjia temax<1w-

I_Ipl/l pacuerax I‘JI}’@I/IHbI 30HBI NIpeAeJbHOroO paBHOBeCHs OrpaHH-
YHUBAKTCA HaXOXACHHEM TOUYEK B OCHOBaHHH COOpPYXKeHHUs, Tiae BbI-
noJiHgeTcd COOTHOLUEHHE

“Omax = (279)

3ajava crneuuaducrta B obJactu l/lH)KeHepHOﬁ reo/JIoOrHn — ycra-
HOBHTbH BEJHUYHHY T, ONpPEeACAANIYI0 HpOUHOCTh MOPOJBI NpH 3ajaH-
HOM HanpsxKeHHOM COCTOAHHH.

s pacueta MakKCHMaJbHOrG yrJa OTKJ/IOHEHHS MOXHO BOCIHOJb-
30BaTbCAd MOJYYE€HHBIMH paHee 3aBHCHUMOCTSAMH Oy H Tu Ha HeKOTOpof/’I
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NJ0MaJKe, HaKJOHEHHON TOA yriOM @ NO OTHOUIEHHIO K rJaBHOM:
o = 5, €0S* ® + 5, sin® ©;

Gy — G, .
T, = ——2sin 2.
2
CoOTBETCTBEHHO Yrosn OTKJOHEHHSI ONpPeAeJHTCsS H3 BHpaxKeHHus1
T 6, — 5,)sin 2w 6y — G, )tg ®
tgh= 2= (12 2)sin 2 — (o z)gz . (280)
o, 2{o100s*®+ oy sin®*w) 6; -+ o122

Henons3ys oObuHBIE croco6 HaxoXAeHHS IKCTpemyma (yHKuuH,
HalileM, OpPU KakoM 3HaueHHU tg @ TaHTeHC yria OTKJIOHeHHs Oyaer
HaubGoabmiuM (HauMEHbIIHM) :

oy — G ( 1o 2o, tg ( i

4 — ——— (5, —0oy)ig
dtgh  coste e iete) costo (1T )E 0
do (og + o5 tg? ©)2 -

B npobu, paBHOH HYJ/I0, €CAH ee 3HaMeHaTelb He OECKOHEHHQ
6osbllas BeJAHYHHA, YHCJAUTE]b eCTb HyJab. [losromy, yuyHThHIBas, 4TO
{61—062) >0 u cos?w=0, nonyunm

o1+0:tg%0 — 20:tgw =0, (281)
orcona oy — o2tg?w=0 u

tgo==1 ) 2, (282)
92

3uauenne tg 0= tgf .. Oymer nocrurHyto npu BedauunHe {go,
i

min
omnpeneneHHoi mo ¢popmyae (282). ITogcraBus (282) 8 (280), nafizem

1_2) 5

tg em . O —o%)ige — + < 9 il Jp—
T o+ ogtg20 1_‘_21
%1 O
— 1 g 4
_iT< “Tf) 7'? (283)

Boipaxenne (283) ecth KBajpaTHOe ypaBHEHHE OTHOCHTEJIBHO

Z1 . Pemas ero, moayuuM
%2

— l+sin8,,

Sy min 984
l/ %1 €05 Opax (259

min
HIH
(1 £sinb_ )2 (14 sinb . )°

A:: min — min ) (285)
oy cos2 0 . 1 —sin? 8,

min min
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3unak «MHHYC» oTBe4aeT HaHOOMbIIeMY (Omax) 3HAUEHHIO YrJa:

os _l—sinemax (286)

5 14sinf_,

M3 (286) nerxko maiitn cuuyc HanboJbiuero yrJja OTKJIOHEHHS

it = 2% (287)
93 %2

Ecnu B umcanTene BhipaxKeHHsl (285) B3dTh 3HAK «IJIIOC», TO MO-
JYYHM OTpHuaTedbHOe 3HaUeHHe .

Ecau yyectp sHauyenHe cuHyca npsamoro yrag (285), moxuo mHo-
JY4HTh BblpaxeHHe, MOKa3biBawuiee, 4YTO B KaXKJOH TOUKe TOJMIR
OCHOBAaHHSl CYMIECTBYIOT AB€ B3aHMHO MepMNeHAHKYJSpHbIEe MIOIAIKH,
Ha KOTOPHIX COOTHOUIeHHe IJ1aBHHIX HampsxkeHHH MoxKer OBITH oIpe-
JeJIEHO BhIpaKeHHeM

:—j::’rg2 (45° + %) (288)

[MoacraBus B (287) s3Hadenus raaBHBIX manpsxenuii (69), (71),
TOJYYHM

(0, —0c,)2+ 4‘1’2
(s :—“ )2 - (289)
2 Y

Has nopoa, objaanatonux cuenjieHHeM H TpeHHeM, ¢ yuyeToM (op-
MyJasl (80) BulpaxeHwe AJs HaXoXJAeHHS MaKcHMaJjdbHOTo yraa or-
KJIOHeHHs npHoOperaer BHj

sinf, = — 1" (290)

c
°1+°2+2':g7

B ocHOBaHHH coOpy:KeHHs, KpOMe HamNpsKeHHH OT ero Beca,
CYILECTBYIOT TaKxke HaOpsizKeHUs or COOCTBeHHOrO Beca MOPOAbI, Je-
Kamefl Bullle paccMaTpuBaeMbiX ToueK. C yueToM CyMMBL HaOpSIKeHHH

01=0,"+018=0,"+9y2; (291)
Os=05°} 098 == 05°+Ly2. (292)

B obuem cliyuae BHpaXkKeHHe AJf ONpeNeNeHHs MaKCHMAJbHOTO yriaa
OTK./IOHEeHUA npnoﬁpeTaeT BHA

sin? O, =

(S F12)— (08 —82) (S ef) Lyz(1—8)

sinf__ =
max 2C — 26
(015++42)+ (02 + &y2) +'tg_tp (01°+4-0,°)+y2(1 + §) +1Tg?
(293)
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raie 2— raybunHa 3ajeraHus TOUYKH, B KOTOpPOH paCCUMTHIBAETCS Mak-
CHUMaJIbHHH yroJd OTKJOHeHHS; § — K03hdHuuuedT GOKOBOTO 1aBJeHHS
HOPOAHL

Taxum obpasoM, HaubOJBIIMHA YroJ OTKJIOHEHUsT B Pa3HBIX TOYKAX
OCHOBaHUSI TOJHOCTBIO OnpejeJsercd cBoHcTBaMH NOPOABL, a TaKXe
HanpsXKeHHBIM COCTOSIHHEM B 3THX TOYKAaX, 3aBHCALLHM OT BeJHYHHDI
BHElWIHe# Harpy3Kd, WHUpUHE (yHAaMeHTa H KOOpJAHHAT pacCMatpH-
BaeMoll ToukH. UeM GoJiblle BeJHYUHA NJIOTHOCTH IOPOABI, Te€M MeEHb-
tire yroJ HanGoJpliiero OTKJIOHEHHS H TeM Ha MeHbUIylo TIJIyOuHy pac-
OpocTpaHsiercsl 30HA Tpele/]bHOTO paBHOBeCHS. YuHTHIBasg peasbHble
COOTHOIIeHHs! cuenseHus H KodD@ulueHTa BHYTPeHHEro TpPeEHH,
MOXHO YTBEPXj1aTh, YTO MX POJb aHa/JOTHYHa POJIH NJOTHOCTH TNO-
pOabL

B nacrosiniee Bpemsi He CYL[€CTBYyeT Me€TOIOB, NO3BOJAWNIKX J0-
CTOBEpHO onpefeasth Kos@duuueHt OoxoBoro aasJenud. ITpunuMas
FHAPOCTAaTHYECKMH 3aKOH pacnpeieteHus Hampsxenus ({=1), max-
CHUMaJIbHBIA YToJ OTKJAOHEHHs MOXeT OBITh onpedeneH NO CJexyiomed
3aBUCHMOCTH:

Sift O = C1— % T (294)
oy 405+ vz + ,@'

Wan ¢ yyerom BBbIIeCKa34HHOTO 3TO BHIpaxeHue MOXKeT OHThb
npeobpasoBaHo B BUjAe

(52— 5y)2 + 412,

(295)

sin*f_,, = .
(o ¢ 2vz + i>2
i z+o, 2y tg o

OG6buHO 30HH NpeAes]bHOrO paBHOBECHS WJH INJaCTHUECKHX Je-
¢opManufi BO3HUKAOT noJ KpaAMu (YHIaMEHTOB H IO Mepe pocra
HaTpy3KH yBeJuW4UBalOTCS B CTOPOHH H 1O TIy6HHe. YCJIOBHO 30HOH
npefeJbHOTO paBHOBecHsi OyjaeM Ha3BBaTb 4aCTh TOJH TOPOJ OC-
HOBaHHs, OTpaHHYeHHVIO KPHBOH, B KaxKAOH TOYKe KOTOPOH BHIOJHA-
eTcsl cooTHoweHue (279) MM MaKCHUMaJbHBIH YroJ OTK/JIOHEHHS paBeH
YIJy BHYTPeHHero TpeHHud, T. €. Omax=¢. Has nopon, o6aagaromux
TpeHHeM, 30HLI NIPeAe/BHOTO PaBHOBeCHS 0[O CBOMM OYepTaHHAM Ha-
noMuHaloT n3obapb KacaTeJbHBIX Hanps:KeHufi (cM. puc. 52,q).

Ecan 0603HauuTh caMyl0 TJIYGOKYI0 TOYKy 30HBI NPeAedbHOrO
PaBHOBECHSI Zmax, TO HArpy3Ka, OTBeyalouas HyJeBOMY €ro sHaye-
HUIO, cYMTaeTcd NepBOf KpHTH4MECKOH Harpyskod p.

I'ny6una 30HB NpexesbHOTO paBHOBECHS MOXKeT ObITh paccuyuTaHa
0 ABYM CXeMaM.

CorsacHo nepBofi cxeMe, NpeANONaraeTcsi, 4TOB OCHOBAHUH COOPY-
XKEeHHsl JeHdcTByeT TMAPOCTATHYECKUH 3aKOH paclipeieseHHs] HampsixKe-
Huid. CieaoBateJbHO, HaNpsAXKeHHs OT COOCTBEHHOTO Beca NOPOAb Ha
JI060H M3 TJOM[AJOK ONpeefsiioTest TOJbKO paccTosiHHEM ee OT MOo-
BepXHOCTH W IJIOTHOCTbIO nopoabl. Ilpu pacuere rayGunbl 30H Tpe-
JIeJIPHOTO DaBHOBeCHs1 MO NePBOH cXeMe INOJb3YIOTC 3aBHCHMOCTBHIO
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hg WHSHHH ? e i
Zmar 2P

A

Puc. 53 PacueTHHe cxXeMH AJsl oOllpefiefleHHsi INyOMHH 30HH NIPEREJbHOro paBHOBE-
cusi B mopojax, o6lafaiomux TpeHueM (@), H B IJACTHYHHIX noponax npu =0 (6)

(290). Bennuunbl TJaBHHIX HANPSIXKEHHH o) H 02 HAXONATCA CHELYIO-
mHM 00pasoM:

01=0¢+0/5

02=02¢+0a1",
rae 018 U 09€ — IJIaBHble HANpSXeHusd, o0ycJOBJIeHHBIe COGCTBEHHHM
BECOM TMOPOAM; 01¢ H Gp° — IVIaBHBIE HANPSXKEeHHs, BO3HHKAIOIHE OT
BECa COOPYKEHHuH.

BeneacrBue pomymieHHsl THAPOCTATHYECKOTO 3aKOHa pacrpejaelne-
Hus HalpsKeHHH, BeJUUHHB HanpsixkeHuii or co6CTBEHHOrO Beca Mo-

pPOABl AJ1sl JIOOBIX MJOLLAJA0K, NMPOBEeJeHHHX uYepe3 HeKOTOPYI TOUKY
B IOpOje, PaBHH Mexay coboil:

018 =08 =Yy hep+v2, (296)

rae y° H y — MIOTHOCTh MOPOABI COOTBETCTBEHHO BHIIE H HHXKe MO-
gomBn pyraamenra. H. H. MacnoB npepnaraer HaxoauTh o; H o2 B
3aBHCHMOCTH OT 3HaueHHH Oz, Oy H Tzy, pEllasi COBMECTHO CHCTEMY
JABYX ypaBHEHHH

I oz +0,\? (°z"‘°y)’+4‘zy
6,6 = 5 - 2 ;

6, + 6, = o, 4 o,

Hcnoabsysl ans oTHCKAaHHS Oz, Oy H Tzy PEUIEHHS B NMOJAPHOH CH-
cTeMe KOOpAMHAT mpHu yrJe BuammoctH 2B (puc. 53,a), MOXHO mO-
JYUHTh CAEAVIOUIHE BHIpaXKEHHs A8 FJIaBHBIX HalpsiKeHHH:

o = 2212 (95 1 sin 29) (297)

3o =271 05 sin 2p). (298)



CuyelyeT OTMeTHTb, 4T0 0° MU 09¢ AeliCTBYIOT NO TJIaBHHM TJIO-
HlagkaM, HampaBJjeHUe OJHOH H3 KOTOPbHIX sBJseTcs OHCCEKTPUCOH
yria BHAMMOCTH 2f; BTopas MNJomiajka MepHeHANKyJspHa K MepBoii
(cM. puc. 53,a). CyMmapHbie TaBHBle HaOPsiKeHUs OT cOOCTBEHHO-
ro Beca MOPOABl M Beca COOpy KeHHs, MPHHHMast BO BHHMaHue (296),
(297) u (298), 3alUCcbHiBaeM B BHJAE

oy = 210 (984 sin28) + 'yt 12 (299)

9, = m (28— sin 28) + {'hg + 12. (300)

[MoacraBuB MoJdyuyeHHbe 3aBucuMoctd B (opmyay (290) ansa om-
peleseHnss MaKCHMaJdbHOTO yIJa OTKJOHeHuMs, Mociae Hpeobpasosa-
HHUS MOJYYHUM YCJIOBHe Mpe1ebHOTO PAaBHOBECHS B BHJA€ 3aBHCHMOCTH

— 'k
P Ginop
k13

sin b, = =sine, (301)

p—Y’h ¢
sin 25 +Y,h¢t+ Yz + tg(P

TAe @ U ¢ — HeKOTOpHe (PUKCHPOBaHHbBIE 1Js ONpeAeleHHOro MpoMe-
JKYTKa BPEMEHH, MJIOTHOCTH M BJIaXKHOCTH MapaMeTpbl cOMPOTHUBJEHHUS
casury mopoabl. Takum oOpasom, HoJyyeHO ypaBHeHHe KPHBOH, Or-
paHuuuBaioniel 30Hy OpeAe]bHOr0 paBHOBecHs. B Toukax, Jexallux
BHe 3T0# OO6JacTH, yrol HauBOJbIIEr0 OTKJIOHEHHS Omax<l@, HA ca-
MOl KpHuBO#i OH paBeH ¢. PeuruB ypasuenue (301) otHocuTenbHO 2,
NOJYy4HM 3aBHCUMOCTb JJsl TPaHUYHOH JHHHM 006Jactu HpeesJbHOro
p aBHOBeCHS

P—'hy (sin 2p ) ¢ v
= — 28— —h, . 2
z Y sing B Ytge hdn Y (30 )

s onpejejeHus MaKCHMaJbHOH KOOpPAMHATH 2 Heo6X0auMMOo
B3ATb NMPOH3BOAHYIO NO 3 ¥ NPHPABHATbL €€ HYJIIO;

dz _P—Y'hy [cos 2B
ap T w (\simp _l>=0’ (303)

OTKyJda cOS2p==sif@, 4TO BO3MOXKHO NMpH

28 == % —o. (304)

B TowM, uro Boipaxkenue (304) geficTBUTENbHO ONpEAEsieT MaKCH-
MyM QYHKIHH, MOXKHO yO6€IHTbCH, B35B BTOPYIO MPOU3BOIHYIO MO TOH
xKe nmepemennofi or (303).

[ToacraBus (304) B 3aBucumocts (302), HaifizeM

_ P-*Y'%[( <n )}_ ¢ v .
Znax = | [t o — (5 — 0 ) |~ T (305)
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s W3 st0fi ¢QopMmyant caegyer, 4To
Ibq, T MakcuMaJbHasi TJAyOHHAa 30HB IIpe-
7 T (17, AIbHOTO DAaBHOBECHS ONPELeJsercs
Z; 7, ~ BeJHUMHON BHeIUHeHd Harpysku, miot-
HOCTbIO MOPOAB ¥ XapaKTePHCTHKaMH
ee MPOYHOCTH.

Ecan coopyxeHue  3ardy6JeHO
HJIH BO3BOJMTCH Ha CBSI3HOH mOPO-
fe, o0JacTd TPeJeNbHOTO paBHOBeE-
Puc. 54. Ouepramus 3om npeenb- CH  3aMKHYTBHl  (pHc. 54, JeBad
HOro paBHOBeCHA B CBASHLIX M HE-  yacrp). B caydae, eClIH OCHOBaHH-
;ii;}:i: ggg"giﬁoégﬂﬂggﬁj ;;2;2;, eM COODYXeHHS CJIYXKHT HecBs3-
¢=0; B meBoi—y=£0, c5£0, p=0) Had mopoja (¢=0), stu obaactu

OTKPHTH  (CM. puc. 54, npasywo
YAaCTh).

Caenyer OTMeTWTb, UTO TpHBEJeHHble pelleHust Ga3upylTCs Ha
teopun ynpyroctd. CilefoBatenbHo, ueM Gosblile pa3Mepbl obaacreil
ipeebHOTO paBHOBECHS, TeM MeHblle TOYHOCTb H JOCTOBEPHOCTb
noJyyaeMblXx BeJuudH 3THX 30H. OBOCHOBAaHO TOJBKO pellleHHE, MO-
3BOJISIIOLILEE OINPeAeJHTb NEePBYI0 KPUTHUYeCKYI0O Harpys3Ky, ipH KOTo-
poll 30Ha IpeaeJbHOTO paBHOBecHs ofpamiaeTcs B HYJb.

Bropas cxema omnpenenexuss TAYGMHBI 30HB TPeJe]bHOrO paBHO-
necuss Gasupyercs Ha IPeANONOXKeHHH HernApOCTaTHYECKOTO 3aKOoHa
pacnpejesieHuss HampsixeHus, Korga u<<0,50 u E<Cl. Jas pacdera
Yamie BCerO HCNOJAB3YIOT CAEAYIOMIYIO GOopMyay:

oy — a,)2 4 4c2
Sin® B = (o= — oy) +262y <sin® ¢,
g, g —_
( i ”+tg?>
rle COCTaBJSIOUIHE HANPSIXKEHUH Oz, Oy, Tzy ONPEAAIOTCA KAaK CYyM-
Ma HanpsiAeHult ot cOGCTBEHHOTO Beca MOPOAB H BeCa COOPYIKEHHS:

0:=0.°+0.8=0,"Ty he+vz;
o, =0, +40,f=0, - el o, =0, +8({"hy+72);

1—_u‘

Z

sz == t;y.

KacaredbHble HanpsXenus OT cOOCTBEHHOro Beca MOPOAB Ha To-
PU30HTAJbHBIX M BepPTHKAJbHBIX MJIOMAAK4X PaBHbI HyJI0, Tak Kak
HanpaBJIeHNe MOJHOTO HaOpsixeHus (CHiIa TsXKeCTH) coBOalaer C
HOPMaJbio K MJIOMIA IKE.

CocraBasouue HanpsKeHuil 0T Beca coOpyxKeHHs (0%, 0%, 1°y)
BBIYHC/ASIIOT MO BEPTHKAAAM, COOTBETCTBYIOIHM OTHOCHTEbIIBIM KO-
opauHaram m=y/b (0,25; 0,5; 1,0 u 1,5) Ha pasauuHux rMybHHax 2.
B Tex e TOYKaxX HAXOAAT HaANpPSIKeHHs OT COOCTBEHHOI'O Beca IOpO-
Abl. Janee, Ansi Ka)XAOW TOYKH PAacCUYUTHIBAIOT MaKCHMAJbHBIHA yroJa
OTKJOHEHHUS Omax. CpaBHUB BO BCeX TOUYKAX NOJYUYEHHYIO TakuM obpa-
30M BENMUHMHY Omax C VIJOM BHYTpEHHEro TPEHHs ¢, 0YepUHuBaIOT Tpa-
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HULy 30HB NpeaeapHoro pasHoBecus. HaubGonbiuas rayOuHa 30HH
npereapHOr0 paBHOBeCHS QHKCHpYeTCs MpH m=20,5.

Pacyer rJayGHHB 30HBl NPEIEJbHOrO paBHOBECHS NpH YCJOBUH
£<<1 o6HuHO 1aeT 3aBbIIUEHHbIE €€ pa3Mepbl MO CPABHEHHIO C pe3yJb-
TataMu pacyera IO THNOTe3e THAPOCTaTHUECKOrO 3aKOHa pacnpene-
JleHus Hanpsi2KeHUi OT Beca MOPOJIbI.

B. A. ®jopuH orMeuas, YTO KHCHOAb30BATH 30HBI NPENEJ]BHOrO
paBHOBecHd AJs CyXaeHHd 00 yCTOHYUMBOCTH TMOPOjAbI B OCHOBaHHH
COOpYyIKeHHs He c/lelyer, TaK KaK COCTOsIHMe OCHOBaHHsS NPH MaJbiX
pasMepax ofsacrell MpepesgbHOrO paBHOBeCHS 10CTaTOYHO JajleKo Ot
HapylleHusl YCTOHUMBOCTH, a Ipu OOJBIIMX pa3Mepax 3TUX 30H NOJYy-
yaeMble OYEpTaHHS OTpaHUUMBAIOMIMX KPHBBIX HEJIOCTOBEPHBI, NO-
CKOJIbKY TIOJIYYeHb! 110 TEOPHH YNPYTrOCTH.

§ 3. ONPEAEJEHHUE KPUTUYECKHUX JABJEHHM HA OCHOBAHHE

Kak mu3BecTHO, BeJMUMHA KDPHTHYECKHX JaBJeHHH Ha OCHOBaHHE CO-
Opy:KeHusi Oonpeienser rayOuHy pasBHUTHA 30H TpPeAeJbHOro paBHO-
Becus. [l MEpBOro KPHUTHUECKOro AaBJ/eHHS p; XapaKTepHO TOJbKO
3apoX/eHHe TakHX 30H B TOYKaX MNox KpasAMu (QyHIaMeHTOB, MJs
JaBJeHHus py — MOsABJeHHE TNOBEPXHOCTH CKOJbXeHHd. 3Hasd Bhipa-
KeHHs AJ1 pacyera IJyOuHB 30H NpeeJbHOTO PaBHOBECHS, MOXKHO
NoJyuuTh psAf GopmyJ Aas OLEHKH Harpy3oK NMpPH Pa3ju4YHOM C€OCTOA-
HHK TIOPOJ B OCHOBAHMH COOpYXKeHHSI.

W3 soipaxkenus (305) J1erko BbIBOAMTCS 3aBHCHMOCTb /5 pacyera
Harpysku MpH MakKcHMaJ/bHON raybuHue pacmpocTpaHeHHus 30HBI Mpe-
genpHoro paBHOBecHs. Eciau y'=vy, To

v [
Prax = _“Y——,c (Zmax + Ay - E) + 1k (306)
gy +o—— !
Ecau mpuHATH, YTO Zmax=0, T0 MoxHO moJy4uTh HopMyay aias

BBIYHC/IeHUA MepBOfl KpHTHYeCKOH (KpaeBo#) HarpysKH, WJIM «COBep-
LteHHO Oe3omacHOro aasjeHusi»> (popmysna IlyspipeBckoro — ['epceBa-

HOBa)
4
(1t + =)
py= = + Yhy- (307)
clgp——+¢

ITepBasi KpuTHYeCcKasi Harpyska AJs nopoji, 06Jalalmux TOJbKO
cuensenneM (@¢=0), HAXOAUTCS, HCXOAA U3 CJACAYIOMMUX MOJNOKEeHUH.
PasnocTb riaBHBIX HaOPsiXKEHMH AJAS TaKHX HOpOJ COCTaBJAACT 0] —
—02=2¢. IlofcTaBuB B 3T0 paBeHCTBO 3HAaYeHus /s Oy H O H3 BHI-
paxenuit (299) u (300), mojyuuM yciOBHe BOSHHKHOBEHHS ILIaCTH-
YeCKuX aedopMaurii B 0CHOBaHHH

e
p= M‘{‘th;- (308)
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Has Toro yroOBl OmpeeHTh MOJOXKEeHHe TOYeK, B KOTOPHX MOSIB-
JATCA MlacTHUecKHe jaedopmanid, HeoOX0AWMO HaNTH 3HadyeHue
yria 2B, npu Kotopom p Byser MHHHMaabHEIM. JlaBienue p pocTu-
raeT HaWMEHDIIETO 3HaueHHs npH 2p=gx/2. DTOMY YCJAOBHIO YyHOB-
JeTBOPAIOT TOYKH, JeXamKe Ha MOJYOKPYXKHOCTH, npoxogsimel depes

KpaeBHe TOYKHM NOZOLIBH ¢yHgameHTa (cM. puc. 53,6). 3aBHCHMOCTD
(308) mpuobperaer Buj

Prp=nc-+vhg. (309)

CaenoBarenabHo, B mopogax, 06JagaiomiHXx TOJBKO CIHEMJeHHeM,
30Ha MpexeJbHOrO pPaBHOBECHS HMeeT (hOPMY MOJYOKPYKHOCTH, AMa-
METPOM KOTOpO# CJyXKHT WHpHHa (yHpamenta b. Qopmyay (309)
HCMOMB3YIOT 1J1s1 MOPOA, B KOTOPHX @< 5—7°.

Ilpenedbroe jaBJjeHne Ha NMOPORY OT COOPYKEHHS, COOTBETCTBYIO-
uee rayOuHe 30HBI MpPefeNbHOTO PaBHOBECHs, paBHOH 1/4 IUHPHHBI

pyHnamenta (mpm @>5—7°), MOXKHO HalTH u3 Bhipamenus (306),
NPHHSAB, 9TO Zmax="0,25b.

p=—" (0,25b Lkt %) +1hy, (310)
ctgyto——r vee
Ecau y' v, 10
™ ¢
p = T (02507 4 o Ty ) 1Ry (311)
cigete——"
Ta6anua 16
1, ANR COODPYKEHHN ¢ KeCcTKOH KOHCT-
PYKTHBHOH cxemol npu L/H, pasHoM:
INopoaa Tey
4 u Gonee 1,5 # Menee

Kpynnoo6GromMounsie ¢ necyasbiM 1,4 1,2 1,4
3aMI0JIHHTeIeM H TecyaHbie, Kpome
MEJKHX H MbIJIEBaThiX
Tlecky menxue 1,3 1,1 1,3
[leckn nouieBathie:

a) MasloBJaxHbie H BJaXKHBIE 1,25 1,0 1,2

6) HachilleHHbie BOAON 1,1 1,0 1,2
[ToineBaTo-rJHHHCTHIE, & TaKxKe
Kpynuoo6I0MOyHEEe € IIbiJleBaro-
CIHHHCTBIM 3aloJIFHTeIeM:

a) npu /;<<0,25, 1,25 1,0 1,1

6) npn 0,25<J,<0,5, 1,2 1,0 1,1

B) npu J;>0,5 1,1 1,0 1,0

MpuMmeuanmue. 1. K CoODY KEHHAM C KECTKOH# KOHCTDYKTHBHOA CXeMOH QTHOCSTCH COO-
PY:KerHS, KOHCTPYKIHH KOTODBIX CIIelHAJLHO MPHUCIHOcof/eHn ¢ BOCIPHATHIO YCHAHHA OT Aebop-
Mauuft OCHOBaHHA.

9. Jlna 3faHdil ¢ THGKOH KOHCTPDYKTHBHOM CXeMOH sHadenme KO3 buiuenTa T¢, NpHuAMAET-
Cs1 DaBHAM eXMHMUE; [PH NPOMeKYTOIHMK 3uaiedHax L/H (rge L—gndna coOpYKewus HIM ero
oTceKa, H—BhicoTa) KOSDDHIIHERT T, ONpefeNseTcs Mo HHTEPIOIAUHM.

3. J;—mnoKasarejh TEKYIeCTH NMOPOXA H.IH 3aMOJHH TeJs.
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Ha ocuoBanuu (311) mosnydyenHo BHpaxXeHHe [Jis OINpeJeseHHs
pacuetHoro comupotHB/ieHuss R, Hcnoasdyemoe B CHull 2.02.01—83
IJs 3paHug Oe3 noasaJjia:

R=191% (MK by + Myt + Mee), (312)

rae Y, H Y,— KO3QOHUHEHTH  ycJAOBHH paboThl (raba. 16);
K — xoa¢ddurnuent, nNpHHHMaeMblli PaBHBIM €IMHHIC, €CJH XapaKTe-
PHCTHKH TIPOYHOCTH ITIOPOABl ONpejesslorTcs HemocpeacTBeHHo u 1,1,
ecJM OHH HasHayaloTCs MO clielHanbHbiM TabJauuaM paccMarpuBaeMo-
ro CHulla; K, — Ge3spasmepHulili Kosddunnent, saBucAnuil ot MWHPHU-
rol  ¢yngaMmenra b (mpu b<<10 M K.=1, npu b=10 M K.=
=8/b-+0,2); ¢ — crenneHne NOPOALI HECYUIEro cja0sl; y U y — ILIOT-
HOCTh TOPOABI COOTBETCTBEHHO HUXKE HJW Bbllle MOAOUBH ¢yHAA-
MeHnra; My, Mg, M:— Gespa3mepHuble Ko3p@HUUEHTH, 3aBHCAIIHE OT
yrila BHyTPeHHero TpeHusl NOpoja Hecymero ciaos (@), Kotopble, HC-
xoada u3 ¢dopmyan (311), paccuurbBalotcsi H3 BbIpaKeHHi

0,25m
My=———r—r; M=1+ - —;
ctge+e¢——- ctgg+¢—
netge
Me=——""—.
cige+¢— 5

3HayeHuss 3THX KO3 GHUHEHTOB INpHBeaensl B Ttaba. 17.

@opmyany (312) paspewaercss NPUMeHATb MNpH JA100HX dopMax
dynaamenta. Ecan ¢pyngamenr umeer ¢popMy Kpyra wi IpaBHIbHOTO
MHOTOYTroJIbHHKa mioulagbio F, To b=TF.

Ta6nuua 17

HaueHHs KO ;
vroa mayr | e renmnor ™ |[Vron suyr- | graaeand osbbuuncaton A
peHHero CONPOTHRJAEH HH pedHero MPOTHBJICHHUS
TpeHus ¢, TpeHus @,
Tpapyc M.{ Mq Mc Tpapyc .M.{ /Wq MC
0 0 1,00 3,14 24 0,72 3,87 6,45
2 0,03 1,12 3,32 26 0,84 4,37 6,90
4 0,06 1,25 3,51 28 0,98 4,98 7,40
6 0,10 1,39 3,71 30 1,15 5,59 7,95
8 0,14 1,55 3,93 32 1,34 6,35 8,55
10 0,18 1,73 4,17 34 1,55 7,21 9,21
12 0,23 1,94 4,42 36 1,81 8,25 9,98
14 0,29 2,17 4,69 38 2,11 9,44 10,80
16 0,36 2,43 5,00 40 2,46 10,84 11,73
18 0,43 2,72 5,81 42 2,87 12,50 12,77
20 0,51 3,06 5,66 44 3,37 14,48 13,96
22 0,61 3,44 6,04 45 3,66 15,64 14,64




PacuerHoe comnpoTHBJAeHHe R [Js OCHOBAHHMS, CJIOXKEHHOTO Kpym-
HOOGJOMOUHLIMH MOPOJAAMH, pas3pellaeTcs OLEHHUBATb TOJBKO MO pe-
3yJbTATAM HENOCPEACTBEHHBIX ONpeleseHUH mapaMeTpoB NPOUHOCTH.
Cuoeyer yKasaTb, UTO €CJAM COAepXKaHHME 3aNoJHMTENd INpeBbIlaeT
40 %, To 3HaueHWe R pacCUHTBHIBAIOT N0 XapaKTEPHCTHKAM 3aIOJHI-
rtens. Benawuuna R, onpepenensas o ¢opmyae (312), Moxker
6blTh yBeauuena Ha 20 9, ecnu paccunTtaHHBeE JgedOpMalMH OCHOBA-
Hus (npu AaBJjeHud, paBHoM R) cocraBasior meHee 0,4 oT nmpegejasHo-
JONyCTUMBIX 3HayeHH (cMm. Tabu. 12).

Pacyer ocHoBaHUfl coopyKeHHH ¢ HCHOAL30BAHHEM MOAENH  JH-
HeliHo-AeopMUpyeMOl cpelbl NPOHU3BOAUTCSH TOAbKO NPU AaBJEHHUAX
Pe, MEHBIINX MJH PaBHBIX pacdeTHoMy compoTuBiaeHuo. [Ipu p.>R
Moznenb JHHeAHO-nehopMHpyeMOl cpeAn naeT GoJblLINe MOTPEUIHOCTH
B pacyeTax, NO3TOMY IJs OLEHKH YCTOHUHBOCTH COOpPyXeHHH Heo6-
XOAMMO OPHMEHSITb APYTHE MOJEIH: HeJqUuHeHHO-1eGopMUpYeMbIX cpen,
HJN TEOPHHU Mpefe]bHOro paBHOBeCHd.

Kax yzke oTmMeua’noch paHee, aHaJdM3 aBapuii COOpPY’KeHHUH, a TaK-
’Ke HabJaloneHns NpH MOAEJHPOBAHHU HX YCTOHUHBOCTH IOKa3bIBaIoOT,
4yTo GOJBIINHCTBO NMOCTPOGHHBLIX COOPYKEGHHH HE HMEeT CTPOro LEHT-
panbHO TIPUJOMKEHHOH HArpy3Kd W HaIpaBJeHHe pPaBHOAEHCTBYIOMIHX
CHJI He BCEerja BepTHKaJAbHO. YKasaHHBE 06CTOATEAbCTBA CHOCOBCTBY-
I0T TOMY, U4TO pas3pylleHHe OCHOBAHUA OGBIUHO NPOMCXOAUT NPH OI-
HOCTODOHHEM BHIIOpe HOpOABl H3-MoJ (GyHIaMeHTa NPH HErIyGOKOM
ero sanoxeHuu (cMm. puc. 50, 8).

IlpeasoTBpaTUTh TAKOH BHINOp MOPOABI MOXKHO TOJABKO HpPH c0O6.TI0:
JICHHU onpefeseHHbIX COOTHOMIEHHH MeXay pasMmepaMmH (yHIaMeNTa,
rayOUHOR ero 3aJ0XKeHUs, BeIHUUUHON HArPpy3KH Ha (yHIAMeHT ¢ yuye-
TOM CBOWCTB MOPOJ, cJaraioljix OCHOBAHHE COOPYKeHUs. IDTH COOT-
HOIICHNS MOTYT GbITh DOJyYeHB! M3 yCJI0BUH MpeAebHOTO paBHOBeCHs
IpU3Mbl cMenjawllelics HOPOJbl, ecad ee ouepTaHus 6JU3KU K dopme
OpU3MBl CKOMbKEHHs B HAType.

ITpu pacuere yCTOAUMBOCTH COOPYKEHHH BaXKHO IIpE}KIe BCErO ON-
pelIeJHTs KPUTHUECKYIO HarpysKy, HPHUBOISINYIO HOPOAY OCHOBAHHS
B IIpejeaBpHOE COCTOsIHIE TIPY 3aJaHHBIX (hopMax, pasmepax u raybuxe
3ajgoxeHns QyHiameHTa. JTO NpenepHOe aaBJeHHe, O CYILECTBY,
ABJIACTCsT BTOPON KPUTHUECKON Harpyskofl pp, NpeBHlIIeHHE KOTOPOIl H
NPUBOAHUT K BBINOPY NOPOA HU3-NOA COOpYy:KeHus. Benuuwna p, ompe-
JeJiger HecyIlyio cHOoCOBHOCTB MOPOT OCHOBAHHSA.

B Hacrosimee BpeMsi Bce CyIUECTBYIOILMe METOABI pacueTa yCTofl-
YUBOCTH TPaXAAHCKHX H NPOMBILLIEHHBIX COOPY’KEHUA MOKHO pasje-
JUTh Ha TPYINBI, HepBas U3 KOTOPLIX BKJIIOUAET NPHOJIHMKEHIIBIE Mc-
TOZABI, @ BTOpPAsl — TOUIIBIE.

B nepBoii rpynme MeTGa0B OGBIYHO 33/3I0TCS OYEPTAHHUSIMH MO-
BEPXHOCTH CKOJbXEHHs IOPOIbl, CUHTAss OCHOBHBIMH ee ¢hopMaMu
IJIOCKYI0 U KPYIJAOLUAUHAPUIECKYIO.

Ilnockass moBepxHocTs namGosee OTBEYAET PEANbHBIM YC/AOBHSIM
PY CMEINEeHHH YacTH TOJMIM OCHOBAHUS MO HeGJATONPHATHO OpHEH-
THPOBAHHON NOBEPXHOCTH OC/JIab/eHus.

Pacuer ycroffuuBocTH 5O rumotrese KPYrJIOWUIHHAPUYECKOH MO~
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BEPXHOCTH CKOJbMKEHUsl 6ojee COOTBETCTBYET AEHCTBHTENbHBIM YCJIO-
BHSIM paspyIIEHHs COOPY:KeHHs, 0co0eHHO NPHU 3ajeraHuy B OCHOBA-
HHH NeCYaHO-TIMHUCTBLIX MOPOM.

[Tpu pacuerax Mo THUMOTE3aM IJIOCKOH M KPYIJIOMHJIHHAPHUECKOH
HoBepxHOCTEH CKOJbKEHHS MpeAnojaraercd, YTo IOPoAa HaXOIUTCH
B COCTOSIHMH NPEeNeJbHOI0 paBHOBECHS TOJNLKO B TOUKAaX, Ompenensio-
HIHMX MOJOXKEHHe YKa3aHHBIX NMOBepXHOCTeM.

Bropas rpynna MeTOLOB OL€HKH YCTOHUHMBOCTH COOPYXKeHHH OCHO-
BAHA HAa TeOPHH NPEAEJLHOIO PaBHOBECHS, NMPH 3TOM IOBEPXHOCTLIY
CKOJbKeHHs He 3alaloTcs — OHA HAXOMHTCH nyTeM pacueroB. IIpu
ACMOJb30BAHWH TEOPUM NPEAEJLHOTO PaBHOBECHS paccMaTpUBaetcs
cpena, B KaxJOH TOUKE KOTOPOH CYImECTBYeT COCTOsAHHEe NpelesNbLHOro
paBHOBecHs (MOJeab TEOPHH HpedesnbHOro pasHoBecHs). Kpome Toro,
B 3TOfi rpynme paccMaTPHUBAIOTCH TaKXKe pellleHds CMellaHHBbIX 3a1a4
(ynpyro-naacriueckux). IIpuMeHeHye TeOpHH IpeleJbHOTO PaBHOBECHS
daeT pe3yJbTaTel, XOPOLIO cOrJacylomuecs ¢ HATypHsIMH HabJgawone-
HUSIMH U ONBITHBIMH JAHHBIMH.

OO6bluHo MeTon pacuera YCTOMUMBOCTH OCHOBAHHN BpIGUpAlOT, HC-
XOsl M3 peasibHBIX HHKEHEeDHO-Te0JOTHUecKHX ycJaoBUH, tHna dyuia-
MENTOB, HX 3araybJeHHs, a TaK:Ke XapakTepa 3KCIJyaTaluWH 3AaHUN
U cOoOpYy:KeHHUH. Doablioe 3HauyCHHe AJ5 NMOJYUEHHS NOCTOBEpPHBIX pe-
3yJbTATOB pPacueToB HMEIOT NPaBUJIbLHOCTD OOOCHOBAHHS pacueTHBIX
napaMeTpoB COMPOTUBJEHUS CABUTY (YuU€T CTeleHH TpeIIHHOBAaTOCTH,
HU3MEHEHHEe COCTOSIHUA NOPOJ NPH AEHACTBYIOINUX HANPSXKEHHAX), a
TaKKXe BO3MOMKHOCTbD M CTENeHb KOHCOJAHAAUMU TJAHHHCTHIX OTJOMKE-
HUi B 3aBUCUMOCTH OT TEXHOJOTHM 3KCIIyaTaudH COOPYXKEHHM, BAHA-
Hue (hakTopa BpeMeHHM Ha OCHOBe OIICHKHM DeoJOTHUECKHX CBONCTB.
Pacuernsle mapameTpsl CBOHCTB NOJIKHBL BHIOHpATbcd HHXKEHEpaMu-
reoJoraM TOJBKO C YUETOM OCHOBHBIX 3aKOHOMEpPHOCTEll MEeXaHHKH
TOPHBIX MOPOA M TEXHOJOTHMUECKHX PeXUMOB paboTh COOPYKEHHUIL.

§ 4. NPUBJU)XEHHBIE METOA bl PACYETA YCTOMYHUBOCTH
OCHOBAHMH

Pacuer mo rumorese NJOCKOH INOBEPXHOCTH CKOJbKeHHs. B jgannof
pacueTHOfl cxeMe MPHHHMAIOT, YTO OCHOBAHHE CJOXKEHO OZHOPOAHOH
nopoaofl, HMewInell NJOTHOCT y B ofaajalolieil TpeHueM ¢. [Ipu 3a-
RaHHBIX mHUpHUHE dyHAaMmeHTa b, ero 3aray6jaeHHH Ay MOBEPXHOCTD
CKOJIb3K€HHsl COCTOMT M3 ABYX INJOCKOCTEH, OJHA M3 KOTOPbIX IPOXO-
OUT yepes Kpail (yHAaMEHTa M HAKJOHEeHA K TOPU30HTY MOA YIJIOM
45°4-¢/2, a BTOpas — nox yraom 45° — /2 (puc. 55).

[ox kpaem dynmamenta B npeamosaraercss HajJduyde TOHKOM
nojnopHoi creakd BC sricotoll H.

Co croposp kauia ABC runmorteTnueckas MOANOPHAs CTEHKAa HC-
NBITHIBAET aKTHBHOE [aBJCHHE INOPOJbl, CTpeMslleecss CIABHHYTH ee,
KOTOPOE BbIBEIBAET OTIOP MOPOAB (HaccUBHOE JaBJieHue) cO CTOPO-
Hpl kauna BC/l. TlpenenbHoe paBHOBECHe HACTYNAeT MPH PaBEHCTBE
BeqHUHH axktuBHOro E, ¥ maccusdoro E, napjenuil.
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Puc. 55. Cxema pnis pacyera yCTOHYMBOCTH OCHOBAHHS 110 THMOTe3€ IJIOCKOH NOBEpPX-

HOCTH CKOJBLKEHHUS:
@ — noNoXKeHHe IJOCKOCTH CKOJbAeHHs; 6 — cXeMa JJsu pacueTa aKTHBHOTO JNaBJeHHS

BruyncniuM axTHBHOe AaBJieHHE INOPOAB HA CTeHKy, KOTOpoe pas-
HO CyMMe JaBJieHUH, MepeflaBaeMbIX BECOM COOPYXKEeHHMH W BecOM IO-
pOIH.

Hanps:xenne ot cobGcTBeHHOr0 Beca HOPOAB! B TOYKE, pacumoo-
JKEHHOH HUXe AHEBHOH IOBEpXHOCTH, MU TOPH3OHTAJbHOH IJIOMIalKH
HanpasJ/jeHO BePTHKaJpHO M paBHA o.f==y2. KacarelbHble Hampsixe-
HHST HA 3TOH WJIoILajdKe OTCYTCTBYIOT, H, CJACROBATe/JbHO, HANpfxKe-
HUs cOOCTBEHHOTO Beca SBJSAIOTCS TIABHHIMH, T. €. 0.8=0,==Y2.

Hanpsaxenns ot cobcTBeHHOro Beca, AelCTByOIe B BePTHKAaJb-
HOFi mJIOmajKe, pachoJoKeHHON Ha BuHyTpeHnell rpanm creuku BC,
NpH yCJOBHH OPEIEJbHOIrO HaNDPSKEHHOTO COCTOSIHUSI MOTYT OHITb On-
penesieHsl U3 COOTHOLUICHHS

0y _ (1Esin, )3

% cos? B ..

Tak Kak AJ1 NpeneIbHOrO COCTOSAHHA Omax==¢, 3TO BHIPaKEHUE
MOXHO 3aIMcaTs B BHIAE

2 g2 (45° + ¢/2), (313)
9y
HIIH

or=01tg?(45°+¢/2) =vyztg?(45°+¢/2). (314)

3necy 3HaK MHHYC COOTBETCTBYeT aKTHBHOMY [AaBJIEHHIO, a 3HaK
naoc — naccuBHoMy. Eciim Ha ropH30HTa/bHOR NOBEPXHOCTH MOPOLLE
338 CTEHKOH DNpHJOKeHa pPaBHOMEPHO paclpejelieHHas Harpyska p,
TO B pacueTHOH cXxeMe ee MOXKHO 3aMEHHTb 3KBHUBAJEHTHBIM CJ0EM
NopoAbl C MJIOTHOCTBIO, PABHON MJIOTHOCTH HOPOIBI OCHOBAHUA (y).
Momnocte Takoro cios hs onpenejanTcs U3 YCJAOBUA As==p/y.

Iponoaxum crenky H no Benuunnst H--h,, uMes npu 3TOM B BH-
Ay, H9TO TMOJOMXKEHHE  IJIOCKOCTH  CKOJbXKEHHS He Mendercs
(cM. puc. 55,6). Bupasnm Beanuunn HANDPSXKEHHH OT COGCTBEHHOrO
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BeCa HAa BEPTHKAJBHYIO CTEHKY IJs riayOuHH h, uepe3 o's U (H--h,)
yepe3 ¢”y. C yuerom BrpaxeHns (314) oHH Moryr OHITh 3anucaHH
B BHIE

0'y=7h,tg?(45°—q/2);

o y=y(H+h,)tg?(45°—¢/2). (315)
BeJIPI'-lHHa CPEAHEr0 HanpsXKeHud Ha NOANOPHYIO CTEHKY COCTaBUT
%’ Lo’y ( A )tg’ (45° — o/9). (316)

OueBHaHO, 4TO BeAMYHHA AKTHBHOTO [aBJleHHs] YHCJEHHO paBHa
IJomaAy 3Nopbl HanpsixKeHu#t S, AefCTBYyIOLIHX Ha NOANOPHYIO
CTEHY No ee BuicoTe F, 1. e.

Bo=Sg=tuy o
Ilpunnmas Bo Buumanue (316), nepenuuiem (317) B BHEe
E,—=vH (i*;_z”-) tg? (450 — ¢/2). (318)

[IpousBensi HekoTOphle mpeoOpa3oBaHHS H 3aMEeHHB BEJIHYUHY h,
Ha p/y, HalileM BepaXeHHe AJisI pacdera akKTHBHOTO JaBlieHHd

E,— (% vH? 1 pH) tg® (45° — ¢/2). (319)

AnajnornyHeM 0GpPa3oOM MOKHO NOJIYy4YHTh 3HaueHHe MacCCHBHOTO
JaBJieHns

Ey= (5 1H* 1ol ) 1g° (45 4 9/2). (320)

[TockoibKy COCTOSIHHE NpeaeJbHOTO paBHOBeCHS HacTymaer IpH
paBeHCTBe aKTHBHOIO M NACCHBHOTO 1aBJeHHH, HMEEM

(G vH* + PH) 1" (45° —/2) = (- YH* A-TheH ) tg° (1571 9/2).
(321)
PewnB ypasHenne (321) OTHOCHTENBHO p

P = Thytg* (45°+ ¢/2) +— 7H [tg* (45° + ¢/2) — 1]. (322)

Bricora crenkn H MOxkeT GHThL onpeneieda H3 pacCMOTpeHHst Tpe-
yroavHuka ABC (cMm. puc. 55,6), 1. e. H="5b/tg (45° — ¢/2). Oxon-
YyaTeJbHOe BHIpa)KeHWe [Jf BHIYHCJIEHHS Harpysku p 3anuceBaercs
B CJEAYIOUEM BHIE:

et (A5° - ) 2) 4o T LRA(45° +9/2) — 1] 393
p=1hy g (4% +9/2) +—— e (323)
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Beanunna p, ompeneisiemas Qopmynofi  (323), xapakrepusyer
BTOPYI0 KPHTHYeCcKYo HarpysKy, IpeBbllIeHHe KOTOPOH INPHBOIMT
K BHIOPY HOPOAb M3-moJ ¢yHmamenra. Eciau B popmyse (323) npu-
HATh b=0, TO BeJinunHa AaBJeHns COCTaBHUT

p=vhotg* (45°+¢/2). (324)

®opmyaa (324) 6wua moaydena I'. E. ITaykepom B konme XIX B.
13 YCJIOoBUI paBHOBecHss B TOYKe Ha Kpalo (yHIaMeHra.

3aMeHHB paBHOMepPHO paclpefeleHHYI0 Harpy3Ky SKBHBAJEHTHHM
el caoem mopoawl hs=p/y, PacCMOTPHM paBHOBecHe B TouKe B Ha
Kpalo ¢pyHraMmenta (cM. puc. 55,a). Huas Toro urobul us-moa ¢yHaa-
MeHTa He MPOHCXOAHJ BHIIOP, MACCHBHOE JdaBJeHHe AOJXKHO OHITh
OoJibllle aKTHBHOTO, T. €.

vhotg?(45°+-¢/2) >vh:tg? (45° — ¢/2).

Benuunna 3aray6Jenus QyHiaMmenra, IpH KOTOpoM He 6yaer npo-
UCXOJAUTH BHINIOPA NOPOJABI, ONpENeNHTCS CJAEIYIOUIHM BbIpaKEHHEM!:

hy = % tg* (45° — ¢/2). (325)

B. T'. Bepe3anues noguepkuBaer, uTO ILIOCKOCTH CKOJIBKEHUS B
paccMaTpHuBaeMOH cXeMe IPOXOJAT IAyOxe, 4eM B AeHCTBHTENbHOCTH.
CrnenoBatennHo, modyuaemas mo dopmyste (323) seauuuna BTOpO#H
KpUTHUeCKON HArpy3KM 3aBblllleHa, TaK Ke Kak U ray6HHA 3aJ0KeHHs
dyunnamenra [2].

Pacuer mo rumnoTe3de KPYTJOUMAMHAPHYECKOA NHOBEPXHOCTH CKOJb-
xKeuusa. [ljas peinesus 3azauyd 06 YCTOWYMBOCTH OCHOBaHUSA COODY-
JKEeHHS TI0 THOoTe3e KPYIAOUWAMHAPHUECKOH MOBEPXHOCTH METOA0M
M. H. T'op6ynosa-Ilocazosa u B. B. Kpeumepa HeO6XOAHMO HMEThH
cjelywlie paHHbe: 1) MoKaszareau CBOHCTB HOPOAM, cjaramwoliei oc-
HOBaHHe (IJIOTHOCTh H YTrOJ BHYTPEHHEero TpeHHs ¢); 2) WUPUHY
byunamenta b; 3) rayOuHy ero 3ajoxenHs hg. Ilpeanmonaraercs, uTo
Koapunnenr sanaca K pasen enuuune. OH BHYHCHISETcS KaK OTHO-
lIeHHe CYMMbBl MOMEHTOB YAepXHUBAOMKX CHI TMy; K cyMMe Momen-
TOB CABUTAOWINX CUN ZMcgp, T. €.

IM 1 9
K==t (320
IMpeanonaraercss Takxe, YTO JHHHS CKOJbXKEHHs IPOXOJIHUT uepes

HHXHUA Kpall ¢ysapamenrta (Touka A Ha puc. 56,a). B samaue tpe-
Gyercs olpeAe]uTh IOJOXKEHHE IeHTPA AYrH BpameHds (rtouky O) u
paauyc Ayru R, mpu KOTOpHIX BeduyMHa Harpy3km P ua | M ¢yHua-
MeHTa HMeeT MaKcaMaJbHoe 3HaueHHe.

Apanus Bejercss B NpeANOJNOXKeHHH, YTO CABHraeMas 4acTh TOJ-
¥ NOPOJAH pacCMAaTPHBAaETCA KAk TBEPAOE Telo H COCTOsSIHHE Ipe-
AeNbHOTO pPaBHOBECHS (MKCHAPYeTC TOJBKO B TeX TOUKax, KOTOpHIE
HaXOJAsATCHA Ha MOBEPXHOCTH CKOJbXKEHUs.

174



e Y d P 0
V4 3/2
I\ — 7/3\ I// Nz 7
ha Ri 4 h
3 AN @
A %ot Z
/ Hb\ 7
REE 7\
5 —
“:? 5
Yz z

Puc. 56. Cxempl AJs1 pacueTa yCTPOHYHBOCTH OCHOBAHHSA IO IMNOTE3€ KPYIVIOLHJHHA-
queCKOﬁ NOBEPXHOCTH CKOJMbXEHHS:

a — cxema HeflcrBua cuHa; 6 — cxeMa AJAA OnpefefleHHA napaMerpoB I, R

Ha uwacrts TOJILM NOpOJ, OrpaHHUYEHHOH MOBEPXHOCTBIO CKOJBXe-
uns, AeficTBYIOT cjeAyiolide cHasl: 1) coGcTBeHHBI Bec BhlAeIeHHO-
ro o0bwema nopoau G; 2) cuna P, onpenenseMasi BeJIHYHHOA HarpysKH
Ha (pyHaaMeHT; 3) peakuHsi CO CTOPOHBI HEMOJABHAKHOH YacCTH MOPOAHI
B BHUje paBHogedcTBYlomed S.

TakuMm ofpaszom, 3amada CBOJUTCI K ompejeleHHI0 YCIOBHA pas-
HOBECHs HM30JHPOBAHHOTO TBEPAOTO Tela MO JeficTBHeM TpeX CHJ

G P S NpH JAONYLIEHHH, YTO MX BEKTODH INPEACTABJAT CHCTEMY
napajjebHBIX MPSIMBIX, DACIONOKEHHHX B OAHOM MIOCKOCTH.
Kak mu3BectHo, Ajdst Teda, HaXOAANUlerocs B PaBHOBECHH, CyMMa
- - >
npoeknuil Bcex CUa paBHa Hyaw. CiapoektdposaB cuawl G, P, S Ha

OChb 2, MOJyHUM 5—{—?—3‘:0, H, cJef0BarTespHO,
G+P=3. (327)

Momentn cua P, S u G orHocutensHo TOYKH O COCTaBAAIOT
(cMm. puc. 56,a) Mo(P)= —Pl; My(S)=Sr; Mo(G)=0 nnu, npu-
HuMasg Bo BuuMmanue (327), — Mo (S) = (P+G)r.

HoacraBus 3nayeHue MoMeHTOB B (326), mory4yum

_ Mo(S)_ | S|
Mo(Py | PL ’
cJjedoBaTeJNbHO,
Pl=S8Sr= (P+GQ)r. (328)

U3 rpeyronvruka COD cnenpyer, 9ro r=Rsina (cMm. puc. 56, a).
INoacraBum ero 3Havenne B ¢popMyny (328), roraa

= (P+G) Rsina. (329)

Huns cocrosiHust Nmpee’bHOrOo paBHOBeCHs OTKJIOHEHHe IOJIHOro
HanpsiKeHHs oT HOpMaJu K pacCMarpuBaeMOil NIJOIajKe COCTAaBJseT
yroa Omax, paBHHI yriy BHYTpeHHero TpeHus ¢. IIOCKOMBKY mo mio-
CKOCTH CKOJIbKCHHA CYI[ECTBYET COCTOfIHME NpPENeNbHOTO paBHOBE-
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cusd, TO yroa MeXJay HOPMajblo K IJollagke, [POBeICHHOH uepes
touky C, W HanpapJleHHeM PeakTHBHOH CHAE S [0JXKeH OLITb paBel
¢, T. e. a=¢ (cM. puc. 56,a).

[IpuauMas Bo BHEMAaHue, YTC 4==@, ONpPCICIHM BeJHYHHY HATPY3-
k1 P u3 supaxenns (329):

l—Rsing

B (330) Benuuynusl G, R n | HenaBecTHHL.

Ilpu 3agaHHBIX paHee YcJOBHAX HeOOXOAMMO BbIpasuts G u [ ue-
pe3 BeJHYHHBI, KOTOpHe Tpebyercs HalTH, T. e. 4epe3 R u 2. Benn-
4HHA, ONpejelsiomas HoJoKeH e IeHTpa AyrH o6pyllenns,

z2=Rcos p/2, (331)

rie p — weHTpadbHH yrox (cM. puc. 56,a).
Bec caeuraeMoll ToJmu nOpoABI

2 .

G={F- 1= (B —sinp), (332)
rie F— njomajib cerMenra IOPOAB MEXAY JAYrodl oGpyuieHus u
AHeBHOH mnoBepxHoctbio, paBHas 0,5R?(f—sinB). Uro6u Haditu /,
COENMHHUM UeHTp AyrH obpymieHus O c¢ rtoukoit A, Haxondmedcs Ha

Kpaio (yHzaMeHTa, uepe3 KOTOPHIH HPOXOAMUT MJIOCKOCTH CKOJbKe-
Hua (cM. puc. 56,6), Toraa

I=Rsiny—2.
Tak kak

sing =} T—cos’¢ = V ( h)z, (333)

TO
1=R‘/1—<2;%”)2—’2’. (334)

HJY, ¢ YYETOM TOro, 4T0 2/R==cosp/2,

l= Rl/l—(cos%+%—>z~%- (335)

IMToacrasus snavenuss G um [ u3 suipaxennit (332) u (335) B dop-
Myay (330), monyuum

2 B n N2 ] b
R ‘/1—(cos —2—4?) Rsing ——5-

P ysine R*(8 — sinp) (336)

176



Ta6auma 18

Rennunupl 6e3pasMepunix Kosbpuuuenton A, B, C nNpu pa3Hbix 3HAYEHHRX h¢/b

tge 0.0 0,5 1,0 1,6 2,0

alslclalsl c lals] c ialsl clals] ¢

1

0,37, 211,311,0; 4 1,3|~0,2 511,5/—0,5{ 811,8{-0,7{12{2,1{—1,0
0,471 5| —|—| 8| —| — Il |~} — {IB|—F — 21| —| —
0,58)9,0/1,7/0,9/ 13 |1,7{—0,2} 19 11,9/ —0,5/ 25 12,2] —0,7|34|2,5;—1,0
0,70; 18} — } — 125 — 133 | -] — {41 }—=1 — 585} —1 —
0,84 33/2.2|0,8| 4512,3|—0,2| 57 {2,6]/—0,5| 72 {2,9]|—0,7195(3,2|—1,0

Tak kKak 10 YC/IOBHIO 331a4H BeJUYHHB R u P ZoJKHB OHTH Ta-
KiUMH, 4T06sl P OBLI0 MaKCHMaJbHO, R H [5 MOryT OBITh HaHAEHBI M3
peliCHst CHCTEMBl ypaBHeHHH

P
R
P _
o

(337)

Pemrenne >THX ypaBHeHMH d0BOJBHO TPOMO3AKO. sl yCKOpeHust
pacueroB cocraBJeHsl TaGaUlb, TO3BOIAKIIKE A/ WeHTPaJbHO IpH-
JIOKEHHON HAarpy3kd Ha ¢yHzaMmedr M 1opos, oGmapgaloUIidx TOJIBKO:
TPpeHHeM, IOJYYHTh BeJHYHUHY IpedejbHOl Harpysku no ¢opmy.ae

Prp==Aby, (338)

rie A — GespasMepublii KO3PPuuHenT, onpenesaseMuit no rtaba. 18
B 3aBHCHMOCTH OT K03(p¢HIHEHTOB yrja BHYTpeHHero TPeHH H OT-
HOCHTEJIbHON IMYGHHE! 3a/0KeHUus GyHAaMeHnTa hq/b.

Paauyc uckomoit pyrm R IJsi ompeldeneHHs] HOBEPXHOCTH CKOJb-
JKeHHs1 M NOJIOXKEHHe LeHTPa AYru BpaueHHs z MOTyT GHTh HaAJeHBl
0O CIeAYIONIUM 3aBHCHMOCTSM:

R=RB0b; (339)
z=Cb, (340)

rae 5 n C— 6e3pasMepHbie K03 UINEHTH], 3Ha4eHUs] KOTOPHIX TaK-
xe mpuBeleHsl B Taba. [8. Ciaexyer oTMETHTB, UTO OTPHUATEIbHHE
KOODAHHATH 2z OTKJaAbBaloT BHU3 OT [AHEGBHOH NOBEPXHOCTH, MOJIO-
KHTENeHEe — BBEPX.

Pacuer necymiefi cnocoGHocTH nopona, oGnapalolmux TOJNLKO Clief-
Jaenuem. Briepeele 3apaua 006 onpeneneHHH BeJHYHHBI HArPy3KH
po AJg cpenbl, XapakTepusylollefica TOJbKO HaAJUUHEM CUeNJIeHUs
(naeanapHO-MaCTHYHAS cpella), Oblga pelieHa HEMEUKHM YYEHHIM
JI. Tlpanariem. Kak yxe OBlIO MOKa3aHO BuIE, A4 cpeasl, o6.ja-
Jdamollledl TONBKO CUeNJEHHEM, Tyax=2¢==0|— 0. LI3BecTHO Takxe,
4TO IJIOMIAAKH, HA KOTOPHX AEHCTBYIOT MakcHMal/bHBEE KacaTejbHble
HANPSIKEHAS Tmax, HAKJAOHEHH MO OTHOLIEHMIO K TJIABHBIM IOJ YIJIOM
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Puc. 57. CxeMa a7s pacueTa BeJIHUMEBl HArpyskKM pp Ha MUIACTHYHBC TOPOIM TpPH
¢=0:

a — 11oa0KeHIe NOBEPXHOCTeH CKOAbXKEeHHUA; § — cxeMa JeHCTBUS CHA 15 OCHOBAHHH

45°, J.1a mOpoA, B KOTOPHX ¢—-0, Ha IJoUlagKaX CKOJbKEeHHS aeHcT-
BYIOT Tmax. CJ€I0BAT&JIBHO, JIHHUH CKOJbMKEHHd PpacmosaraloTes 1o
OTHOIIEHHIO K JIOBePXHOCTH nopoanl mox yraom 45° (puc. 57,a). Kpu-
Bas CKoJapxkeHHs B o6sactu 11 (pagmaibHbil caBur) Gyjger HMeTb BHJ
okpysxHocTH. [/ BHBOAA 3aBHCHMOCTH, onpeaesdiomed 3HaueHue
BTOpOR KpHUTHuecKOH Harpysku, BpiAeldsercs B JeBOH uYacTH G6J0K
AODF (cM. pHc. 57,6), KOTOphH paccMaTpuBaercss Kak NOANOpHas
creska. Ha rpaur AO 3Tof cTenkn peficTByeT akTHBHoe pamieHue E,
or xjamua AO,0, wa rpans DF — paccuBHOe pxaBdenue E,, paBHoe
2cH. AnajnorauHo 3ajaua peuraercsd AJds npaBoro 6/4oka. Ha Kaxgoifi
M3 BBHJeJEHHBX GJ0KOB nepenaercs NOJOBHHA HATPY3KH OT COOPyxKe-
Hust. Tlpp ¢—0 coGCTBEHHBIM BecOM MOPOABI MOXKHO mpeneGpeub, mo-
CKOJIBKY OH BJIHIET TOJBKO HAa MOGHAH3ANHIO CHJ TpPeHHs.

M3 ycnoBust paBHOBecHA AEHCTBYIOWHX CHJA Ha THIOTETHYECKYIQ
crenky AOD BniBopuTca ypasHenne JI. [Ipanatas

pa=(2+mn)c=>5,14c. (341)
Ecin ¢yHaaMent 3anoxed Ha HEKOTOpPOH rayOuue hg, TO B dop-

myie (341) caeayer yunTHIBaTh NPHUrpY3Ky OT Beca MOPOAH BBIIIE OT-
METKH AHa KOTJ0BaHa

po=5.14c+hy. (342)

Hssectna takxe GopMyna Benr XaHceHa, KOTOpHfi BHec NONpas-
Ky B Bolpaxenne (341), yuuThIBasi CHJBl CONPOTHBJICHHS CABHTY 110
6okam GdyniaMenra

pe== (n+2tga)c, (343)
2hy,

rAc tga HaAXOAHUTCH H3 BHIPAKEHHS V ;— + 1

dopmyna (343) wucnmodmsyercs, ecaAH he/b>2,0; B cayuae
hy/b<<2 mpennaraercs HECKOIBKO H3MEHEHHAs 3aBHCHMOCTb AJs OI-
peneneHHst BTOpOH KpHTHUECKOHR Harpysku

p2=c{w+2+o,533(1/1+7,5§£* N @#)
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Ha BeauuuHy npeneabHON Harpysky 00Jblloe BIHsHAE OKasbiBacT
yroa BHYTpeHHero Tpenust mopoxad. Tax, Hampumep, Npu (p=10u°
JI. TlpaHarap cydtaer BEJHYUHY Npele]bHOR HArpyskd pp; PaBHOH
6,98¢, a npu ¢=20°— 10,33c. M3BecTHnl TakXe HECKOJBKO apyrue
BLIpAYKEHUs AJ51 OUEHKH Harpysku p,. Tak, K. Tepmarst nas ycaoBui
MJIOCKOR 3ajayd ¢ Y4eTOM [IepOX0OBATOCTH MNOJOWIBH (yHIaMeHTa
NpeAJoXUI UCHOAb30BaTh HopMyay

pa=2>5,7c; (345)
no A. I0. MumiurckoMy 1Jist KBaApaTHHX (yHIaMeHTOB
p2=5,71c, (346)

o6o6uientas dopmyna lInana y4dTeBaeT OTHOCHTENbHBIE pasMe-
pHl mpsiMoyroJbHoro gyHaamenra (b/2[):

po=(5,144b/20)c. (347)

B cayvae BoiTAHYTHIX B IJlaHe (yHAaMEHTOB 3HaueHHe p,, pac-
cunTeiBaeMoe no dopmyae (347), craHoBurcs GJH3KHM K INOJYYeH-
HbIM M3 BHlpaxenus (341).

[IpuBenenusie Boime Gopmyasl (341) — (347) moaydeHH npu yc-
JIOBAM HEBECOMOCTH MOPOJ B OCHOBAHHH coopyxeHHs. OueBHAHO, YTO
TakOe MpeAnoJoXKeHHe MOXKeT OLITh peaJH30BaHO TOJBKO IIpH He-
GoJbLINX B IJaHe QyHIAMEHTaX, KOrAa B paboTy OCHOBAHHS BKJIO-
yaTca Mandbsie 06beMpl NMOpoA. Ilpu Hanuuuu GOJbIIHX (QyHAAMEHT-
HBIX IJIAT HalpsKeHUsiMH CcOGCTBEHHOrO Beca mpeHeOperath Hesb3d.

Hecymas cnoco6HocTs OCHOBaHHS 3HAYUTENBHO CHHXKAeTcs, eClH
cinabas maacTHYHas MOpPOJA 3ajleraer Ha onpee’deHHOH rayCuHe (OT
nopoWwBsl (GyHaaMenrta). KoaHyecTBeHHAs XapaKTePUCTHKa BJHSAHHS
caaboro cJaosfi MOXKeT ObITh MOJYuUeHA MyTEM BBEIEHHUS HEKOTOPBIX
MonpaBoyHbLIX KO3 HUUHUEHTOB B OCHOBHble (GOPMYJAH AJd Onpexee-
HUsl Hecylue#l CHOCOGHOCTH OCHOBaHHWY JAuGO NyTEM NPOBeNeHHs HC-
cleflOBaHMA Ha Mopensx. DKCIepUMeHTasJbpHble UCCAEAOBaHHA B JOT-
Kax Ipd HaAWYWW ABYXCAOHHOTO OCHOBaHMA NOKasadH, UTO BJAHAHHE
cnaboro cnosi HayMHaeT CKasbHBaTbCAd NpH rAyGUHe ero  3ajJeraius
2<<4b (rpe b — mmpuna ¢yszamenra). [Ipu rayGuse 3aJjerauus
2>>4b ocHOBaHHe MOXKHO CUUTATh OJHOPOJNHLIM M €ro Hecyllaf CHO-
cobHocTs 6yner onpenedsTbc NPOYHOCTBIO IOPOA, 3aJeraiuiux B
BepxHeM caoe. CaeayeT OTMeTHTb, YTO NpPH 2==0 Hecyliaf CHOCOO-
HOCTh CHHKAercs B 5 pa3 mo CcpaBHEHHIO C OJHOPOAHBIM OCHO-
BaHHeM, a npH z==0,56 B 20 pa3, mnpuueM HaubOJblIee CHUKeHHE
npousocTd Ha6aopaercd INpH AefCTBHH  BePTHKaJbHOH Harpysku.
Cosnande 5KCueHTPHCHTETA AU NPUIOKEHHE HArpPy3KH HOA HEKOTO-
PBHIM YIJOM K TFOPM30HTY 3HaYUTEJBHO yMeHbuiaeT sddhekT BAUAHHA
c1aboro cios Ha Hecymlyio cnocoOHOCTE OCHOBaHHUA. B sTux cayuasx
Hecymas crnocobHOCTh OCHOBAaHMA  CHHxKaercs TOJABKO Bisoe. l[lph
CpaBHeHHH pe3yJAbTaTOB SKCIEePUMEHTaJbHHX HCCACAOBAHUN Hecyleh
CMOCOGHOCTH ABYXCIOMHOIO OCHOBAaHHSI C PacyeTHBIMH 0Kasajoch, YTO
Gosee HU3KHe BeJHYHHH TOJYUEHH Ha MOJeNsX, B TO BpeMf, KaK AJs
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ONHOPOAHOFO OCHOBaHHs Halbmionaercs obpaTHas 3aKOHOMEPHOCTb
[36]. OTMeuennble ocobeHHOCTH H3MeHeHHs Hecylled CcIocoGHOCTH
C/JIOHCTOTO OCHOBAHHSl XapaKTepHH TPH COOTHOIIEHHH TPOYHOCTH
CJI0€B, PABHOM IPHMEPHO IATH.

Pacuer ocHoBaHHi coopyxeHHiH No Hecyuleii cnoco6HocTH. Pacuer
OCHOBAHHHU N0 HecyweH crnocobHOCTH (IO NepBOMY INpeLesIbHOMY CO-
CTOSIHHIO) BHe 3aBHCHMOCTH OT THIOB [OPHHX INOpOX INPOH3BOIHTCH
u3 ycaosus (CHull 2.02.01—83)

NsKCIVnp/Km (348)

rie N — pacuerHasi Harpyska; Ngp-— IpenesbHOE CONPOTHBJIECHHE MO-
poxn ocHoBaHus; K.— Kosd@puuuent ycaosus paboTw; K, — K03ddHu-
IUeHT HAJACKHOCTH. 3HaueHuss K. g TNecKoB, KpOMe IHHIJIEBATHX,
NpHHHMAIOTCS paBHBIMH 1,0; 0 NblIeBaTHX NecKOB, a Tak¥ke MHLIe-
BAaTO-TJMHHCTHIX TNOPOA B cTabHJIH3UpoBAaHHOM cocTosiHuE — 0,9;
LJs TBJIEBATO-TIHHHCTHIX MOPOJA B HECTaGUJIH3HPOBAHHOM COCTOS-
Huu — 0,85; nJia CKANbHBIX HEBHBETPEJHX H CJabOBLHIBETpPeNHX IO-
poa — 1,0, an1s ckaabHBIX BEIBeTpeduX — 0,9, A/ CKaJbHBIX CHJBLHO-
BuBeTpensx — 0,8. Kosbduuuent uHagexdoctu K,, B 3aBHCHMOCTH
OT Ha3HayeHUs CoopyxeHusd, cocramiser 1,2; 1,15 u 1,10 coorsercr-
BeHHO 1Js 3Zanufl u coopyxenuii I, I u III kxaccos.

Insi ocHOBaHHSA, CJAOKEHHOTO CKAJbHHIMH IOPOLAMH, BEpPTHKAJb-
Has COCTABJAIOILAN CHJH TIPeLeJbHOr0 HX CONPOTHBJEHHA HEe3aBHCH-
MO OT TJIyOHHH 3aJI0XKeHHA (PYHIAMEHTOB paccuuTHBaeTcs Ho ¢op-
MyJe

pnp=Rc)K b’ l,,, (349)

rne Rcx — pacueTHoe 3HayeHue TNpejesa MPOYHOCTH NOPOAL HA OJHO-
OCHoe cxkaTue noponsl; b’ u [’ — cooTBeTCTBEHHO NMpHBedEeHHHE ILIHDPH-

Ha H AJuHa (yHLaMeHTa
b'=b— 261,; I'=—e— 2e, (350)

rde e, W € — 3KCIEHTPHCHTEThl NMPHJIOXKEHHA paBHOAEHCTBYIOLIEH Ha-
TPY30K COOTBETCTBEHHO B HaNpaBJEHHH NomNepeyHoH H MNpOAOCJIbHOR
ocell dyHIaMeHTa.

Eciu B OCHOBaHHH COOpDYKEHHS 3aJieraloT MecuaHO-TJIHHHCTHE I0-
pOIH, TO OLEHKa HX Hecylled CIOCOOHOCTH HOJIXKHA MPOH3BOAHTHLCSH
oudbdepeHIIHPOBAHHO B 3aBHCHMOCTH OT YCJOBHH H BO3MOXKHOCTH HX
YIJIOTHeHHsI TOJ Harpyskofi otT Beca coopyxeHud. Ilpu stoM Moryt
NPeJCTABHTLCA 7BA -CJAydas.

B nepBoM u3 Hux npeanosaraercs, YTo NPOIECCHl KOHCOJHIALHH
Nopoj OCHOBAHHA MPOTEKAlT B OoJee AJHTeNbHHE MO CPaBHEHHIO CO
BpeMeHeM 3KCIUIyaTalHH coopyxKeHus cpoku. Bo BTOpoM caydae pac-
CMAaTPHBAIOTCA OCHOBAaHHA, CJOXeHHble MecYaHO-TJHHHCTbIMH MOpO-
JaMH, KOTopble YIJIOTHAIOTCH MHOJA AeHCTBHEM JaBJeHHsS OT coopyxe-
AHS H XapakKTepHU3yIOTC NapaMeTPaMH TPeHHs H CUEINJIeHHS JJIS HX
CTaOHJIN3HPOBAHHOIO COCTOSHHA:

t=otge-4-c.
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IepBuifl cayuyall cJeayeT pacCMaTPHBATb, €CJH OCHOBAaHHE CJIO-
JKeHO BOICHACHIUEHHBIMH MeJJeHHO YINJOTHAIOWHMHUCS MHJIEeBATO-
[JIMHHCTHIMH M 3aTOP(OBAHHHMH INOPORAMH, XapaKTepH3YIOLIHMHCS
KO3 (hUIHEHTOM KOHCOJMHRAUHH €y << 107 cM%/rox u KosdduuuenToM
pofoHacHeHuss G=>=0,85. Ilpu 3TOM cOOTHOIIeHHe MeXAy HOpMaJib-
HBIMH H KacaTeJbHBIMH HalpSKeHHSIMH ONHCHBAaeTCHd YXKe H3BEeCTHHIM
ypaBHeHHEM, B KOTOPOM YUYHTHIBaeTCs NOPOBOe JAaBJeHHe I:

t== (0 —u)tge+--c.

Coraacuo CHull 2.02.01—83, nonyckaerca (B 3anac NPOYHOCTH
npu onpeleseHHOM 0DOCHOBaHWH) NPHHHMATb, YTO ¢==u. TakuMm 00-
pa3oMm, mpouHocTh Hopox OGyner oOycioB/JeHa BeJHYHHOH cHeNJeHHS
¥ COOTBETCTBEHHO MpejesbHOE CONPOTHBJEHHE IOPOJ OCHOBaHHS pac-
CYHTHBAETC TOJBKO C Y4eTOM 3Toro mnapamerpa. Jljas JIeHTOYHHX
pynnamentoB (I/b>3) npu ux 3ajoxKeHHH Ha IIyOuHY he=0,75b
BEPTHKAJbHAf COCTABJSIOLIAS Tpele]bHOTO CONPOTHBJEHHS OCHOBA-
HHS onpeneasercs 1o ¢opMyJe

Pop=b"[g+ (145 — a+cosa)c], (351)

rie b’ - paccuuthiBaeTcs corjacHo dopmyJte (350); g — npurpyska
ot 3araybJenHoro ¢ynnaMenta yhe; a — yroJ B pajdHaHax, onpele-
JseMui no hopmyne

a=arcsin fy/b’c, (352)

rae f, — rOpH30OHTAJbHAS COCTABJSIONIAS PACUETHON HATPY3KH HA 1 M
niuHn dynnamenta. @opmyay (351) pekoMmeHayercsi NPHMEHSTh, ec-
JIH BBIOJIHSAETCH yCJOBHE

fr<sbre. (353)

Ilpu OTCYTCTBHH TODH3OHTAJNbHOH cOCTaBJsAIOmWeEN Harpysku a=0°
H 3aBuCHMOCTL (351) mpeoGpaxaercsl B ypaBHeHHe

Pow=b"[g+ (a+2)c]. (354)

3aBucuMocth (354) anajoruuyna cdopmyse (342), npeasoxeHHOIl
panee JI. IlpangtaeM. Eciu dynapaMeHT nMeer NpsMOYroJbHYIO ¢op-
My (I/b<<3), TO BepTHKAlbHas COCTABJSAIOIAH CHJH MpeAeJLHOTO
COTIPOTHBJIEHHsI NIOPOJ OCHOBAHHS OYAET PacCUHTHLIBATBLCS NO dopMyle

Poy=b'I' (t¢y'ho+-5,14Ec0), (355)

rae b’ u I’ onpenenstorcs nmo 3asucuMoctaM (350); &g u E. — K03d-
¢bunrents GopMb pynHzaMenTos, npu atoM Eg=1+41,5/m, (m — or-
HOCHTeNIbHHH pasmep dynnaMeHTa, paBHHIA [/b NpPH OTCYTCTBHH 3KC-
LEHTPUCHTETA NPHJICKEHHSI HArpy3KH u/aH ['/b’ — npH ero HaJHYHH).

Crenyer Takxe OTMETHTb, UTO €CJIH COOpYXKeHHE MepenaeT TakkKe
¥ CODU3CHTAJbHBE HArPpy3KH U TNOPOAH B OCHOBAHHH HAXOAATCH B
HeCTaOUJIH3HPOBAHHOM (HEKOHCOJIHIHPOBAHHOM) COCTOSHHH, Heo0Xx0-
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Ta6uarna 19

Yrona BHyTpen-
HEro TpeHus

¥ rael HaKJ0RA

K BepTHKaJ ¥ DaB-

HoZefcTBYIOLIeH

3Havenus KoshhHIHeRTOB Hecyulel

CIOCOGHOCTH TIOPOR

Ilpenensanf

nopox ¢, yron Haknona
rpagyc B“}f‘;“%‘fﬁr;z;‘;}? : Ny N, I N, b
0 0 0 1,0 5,14
5 0 0,20 1,57 6,49
5 (0.05) (1,26) (2.93) 4,9
10 0 0,60 2,47 8,34
5 0, .42 2,16 6,57
10 (0,12) (1,60) (3,38) 9,8
15 0 1,35 3,94 10,98
5 1,02 3,45 Y,13
10 0 61 2,84 6,88
15 0,21) (2.06) (3.94) 14,5
20 — — —
0 2,88 6,40 14,84
20 5 2,18 5,56 12,53
10 1,47 4,64 10,02
15 0,82 3,64 7,26
20 (0,36) (2.69) (4,65) 18,9
0 5,87 10,66 20,72
5 4,50 9,17 7,65
25 10 3,18 7,65 14,26
15 2,00 6.13 10,99
20 1,05 4,58 7,68
25 (0.58) (3.60) (5.58) 92,9
30 0 12,39 18,40 30,14
5 9,43 15,63 25,34
10 6.72 12,94 20,68
15 4,44 10,37 16,23
20 2,63 7.96 12,05
25 1,29 5,67 8,09
30 (0.95) (4,95) (6.85) 26,5
35 0 27,50 33,30 46,12
5 20,58 27,86 38,36
10 14,63 22,77 31,09
15 9,79 18,12 24,45
20 6,08 13,94 18,48
25 3,38 10,24 13,19
30 (1.60) (7.04) (8.63) 2,8
40 0 66,01 64,19 75,31
5 48,30 52,71 61,63
10 33,84 42,37 49,31
15 22,56 33,26 38,45
20 14,18 25,39 29,07
25 8,26 18,70 21,10
30 4,30 13,11 14,43
35 (2.79) (10,46) (11,27) 32,7
40 — —
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{fIlpogonxkeHnue Ta6a 19

. Yrasl HaKJAOHA
Vien It | W epmaan pan. | Oreerm sosbbmenios weovnet | rpepemmn
mopoxe. | moxehcrmyeuct
Tpaiyc KH &, rpagyc NT Nq Ne
40 0 177,61 134,87 133,87
5 126,09 108,24 107,23
10 86,20 85,16 84,16
15 56,50 65,58 65,58
20 32,26 49,26 48,26
25 20,73 35,93 34,93
30 11,26 25,24 24,24
35 5,45 16,82 15,82
40 (5,22) (16,42) (15,82) 35,2

MIpumeuanue. 1. IIpu NpoMeKYTOUHBIX 3HAYEHUAX @ H O KO3DHHIIHEHTH N.‘, Nq " Nc
AONYCKAETCs ONpegenaTh Mo URTEpPIOMSAUHH.
2 cKoBGKax npupeicHbl 3HAY€HHS }v.(, N

# N TpH npejenbHoM YTJ€ HaKJOH2 HarpyskH
8’ Hcxops H3 ycnosusa tg ¥’ <sin ¢.

q

JUMO NPOH3BOAHTH pacueT PYHIAMEHTOB Ha CABHT N0 HOJOLIBE, HCXO-
IS5 U3 yCJOBHS

KZFyn
Kn

rige XFcqs 1 ZFy; — CcyMMa TPOEKUHH Ha NJIOCKOCTh CKOJIbXKEHHS CO-
OTBETCTBEHHO CJBHTAIOIIAX H YJACPHKHBAIOLIHX CHJI C YYeTOM AaKTHB-
HOTO H TAacCHBHOTO [aBJIeHHMH, JeHCTBYIOIIHX Ha OOKOBble rpaHu
thynnamenra.

Bo BTopom ciayuae, xorga OCHOBaHHe CJICXKEHO NOPOIAMH, HAXO-
JSAINHMHCS B cTa0UJM3HPOBAHHOM COCTOSIHHH, BepTHKAJbHAas COCTaB-
JsIoUlas NpeaeJbHOTO CONPOTHBJICHHA OCHOBAHHS ONpenelsercs Mo

thopmye
Prp=b"1" (NyEyb"v+NgEev ho+NcEec), (357)

tne N, Ng N,— Gespasmepnble ko3 duuHeHTH Hecylue#d crnocobHO-
CTH, KOTOPBle 3aBHUCHAT OT PacyeTHOrO yrJa BHYTPEHHEro TpeHHs ¢ H
yrJa HakJoHa K BepTHKaJH 0 PaBHOAEGHCTBYIOIEH BHeUIHell HarpyskH
Ha ypoBHE¢ mojowBbl ¢ynnaMenTta (rabdxa. 19); &, &, E— K03bdu-
uHeHTH (opMbl (YyHIaMeHTa, oOnpegeaseMble 1o GopMmyaaM., Eg=—
=1—0,25/m; Eg=1+4+1,5/m; Ec=140,3/m(m=I1/b); y u y — co-
OTBETCTBEHHO MNJOTHOCTb MOPOJABI HHXKE H BHIIIE OTMETKH NOAOMIBH
dbyHraMmeHra,

Pacuer mo dopmyne (357) gomycTum B caydae, e€cJd NOPOIH OI-
HOPOJHBI Ha rJAyOHHY He MeHee WHpHHB (GyHIaMeHTa H pa3juyue B
BEPTHKAJbHOH NpPUTPY3Ke C Pa3HBIX CTOPOH (YHIaMEHTa He TPEBH-
waer 0,5R, rie R — pacuyeTHoe CONpPOTHBJICHHE MOPOJ OCHOBAHHS,
onpenensemoe mno dopmysae (312), a rakxke tgd<<sing. Ecaum
tgd>sing, HeoOXOIHMO pacCUHTHIBaThb YCTOMUYHBOCTb (yHmaMeHTa
Ha CIBHI 110 ero MojoWBe coryacHO dopmyde (356).

P < : (356)
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Bumecre ¢ Tem CHull 2.02.01—83 pexomenayer HOJb30BaThCs rpa-
¢$0-aHANMTHYECKHMH MeTOJaMH C HCIOJb30BaHHEM KDPYIJIOUHJIHHIDH-
4eCKHX HJIH JOMAaHBIX MOBEPXHOCTel CKOJIbKeHHUs s ONpegeseHHs He-
cylleli COCOGHOCTH OCHOBAHHH B CACAYIOUIHX CAYYasX:

1) oCHOBaHHe CJOXKEeHO CJO0SMH TOPOJ, pa3jHYHBIMH IO CBOHM
¢ u3UKO-MeXaHHYECKHM CBOHCTBaM;

2) coopy:KeHue pacnoJOXKeHO Ha OTKOoCe HJH BOGJH3H OTKOCOB;

3) uecTaGuIH3HPOBAHHOE COCTOSHHE NMOPOJ OTMedaeTcs NpH MaJol
rayOuHe 3ajn0xenus GyHEaMeHTOB — hgp<0,75b;

4) npurpyska C pasHbX CTOPOH ¢yHmaMeHTOB mnpeBbmiaeT 0,59R.

§ 5. PACYET YCTOHYHUBOCTH OCHOBAHHUN COOPY)XEHHW
110 TEOPUHU MPEJEJBHOIO PABHOBECHA

OO0wHe MNOJOUKEHHS TEOPHH NpelNedbHOTO0 paBHOBecHd. PaccMmoTpeH-
Hble BHIllle MeTOAB! pacueTa YCTOHYHBOCTH OCHOBAHHS COODYXKeHHH
HCXOMAT H3 TMPeANoChHLIOK, o0O6eclNeuyHBAIOIIUX 3anac MNPOYHOCTH
OCHOBaHHs, KOTOPHII B psle ciayyaeB OKa3wBaeTcs H3NHIIHHM. Bos-
MOXKHOCTh 60Jiee MOJIHO HCIOJb30BAaTh HECYINYIO CNOCOOHOCTHL MOPOXHL
JlaeT pacueT IO TeOpHHU IpexebHOrO paBHOBeCHs, pa3pabOTaHHLIH AJs
caydasi miaockoit 3agauu B. B. CoxosoBckuM.

HanoMHuM, 4TO COCTOSIHHe NOPOAE Ha3BIBaeTCs npedeasHuim TO
YCJIOBHIO TPOYHOCTH, €CJH Yepe3 Bce TOYKH OCHOBAHHS MOMKHO TpoO-
BECTH 3JeMeHTapHBle IJOLaJKH, HAa KOTOPBIX KacCaTeJbHble Hamlps-
JKeHHS] Ty, BOSHHKAIOIIHMe BCJEeJCTBHe AEHCTBHS BHeLIHeH HarpyskH,
paBHHL MO BeJHYHHE CONPOTHBJIEHUIO 3TOH IIOPOAH CABHTY T. Tak Kak
3TO PaBEHCTBO AOJKHO BHINOJHATHCA IJis JIOO0H MJOILAAKH, NMPOXO-
afuell Yepe3 AAHHYIO TOUKY, TO max (1. —t)=0.

B TeopHH mnpenelbHOro paBHOBECHSI HCKOMBIM SIBJSAETCS IOJOXKe-
HHEe JIHHHH CKOJbXXeHHS, NpeAcTaBJAsoOIIuX CcOGOH clenbl mHepeceue-
HHS TIOBEPXHOCTEH CKOJbXKEHHS BepTHKAJbHOH KOOPJHHATHOH IJIO-
CKOCTBIO.

LIS HaXOXIeHHs TNOJOMXKEHHS NJOCKOCTH CKOJIbKeHHs 0603HaYHM
yroJl Mexay HamnpaBJ/eHHeM IJOLIAJKH CKOJIbXeHHS n—n 4 Ha-
npaBjeHHeM [VIaBHOrO HanpsiKeHHsi G; B TO4Ke uepe3 p (puC. 58,a).
Torza yrosi @, KOTOPHII COCTABJSAIOT MJOLLAAKa CKOJbXKEHHA n—n H
rimaBHas IJIOMIAAKA /mM—m, PaBeH

0w=90°—yp, (358)

NOCKOJBKY [JaBHOe HalpsiKeHHe NePHNeHAHKYJAspHo K m—m. s
MJIOWA/I0K CKOJbXKEHHSI B CHJIY YCJOBHS NpeNeJbHOrO PaBHOBECHS IO
IPOYHOCTH YrOJ OTKJIOHeHHs § HMeeT HauOoJbllece 3HaueHHe H paBeH
yray BHYTpeHHero tTpeHus . IlosroMy Ha xpyre Mopa mniomanxu
CKOJMbKeHUsl u3obpassarces otpesxkamu AB u AC (cMm. puc. 58,6). Co-
orBercTBeHHO LDAB=/FEAC=n u £ZBAO=/CAO0=w®. ¥roa
BOF, xax BHelIHUH 10 OTHOLIEHHIO K paBHOOEIPEHHOMY TpeyroJbHH-
Ky AOB, pasen 2p. Ilockoabky u3 (358) caeayer, 4to 20==180°—
—2p, to £LBOA=2p. W3 npamoyroabHoro tpeyrojbHuka O;BO ¢-
+2p=90° u, crenoBarteJpHO, u=45°>— /2.
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Puc. 58. CxeMpl EJA ONpERENeHHs yria g (a) H MNOJNOXKEeHHS MJOMaAO0K CKOJBXKEHHA
¢ noMompio kpyra Mopa (6)

[
tye
. ° 4
-0,
y 2 0? 5,+62 -4
AN
G
S
Puc. 59. CxeMnl AJisl oNpefeNeHUus ABYX
HOBBIX HepeMEHHbIX dn U O B TeOpI’[I’[
00 2e HpEﬂeﬂbHOrO paBHOBeCH::
A0 NG F D\ 6 a—s3aumocessh MONOKEHHsS MAOUIANOK CKOMb-
0, &, £ AKEHHSl M TJIaBHBIX NJOIL3JOK; O, 8 — COOT-
6,76, iy 20, BETCTBEHHO ONpEjE/ieHHe &, H O € MOMOMIBIO
2 Kpyra Mopa
It
G; \
C

Onnako B JaHHOH TOUKe CYL(ECTBYET ele OfiHa MIoIlajKa CKOJb-
xkenusg AC (cM. puc. 58,6), KoTOpass HaKJIOHeHA K HaMpaBJIeHHIO
[JIaBHOI'O HANpSIKeHHs MoJ yriaoM p=-—(45°—¢/2). Taxum obpa-
30M,

|p| == (45"—¢/2). (359)
Ko Bropoll riaBuofl miIomaake, NepHeHAUKYJAPHOR K MNepBo#
rJaBHOH mNaomajike, MJIOWAAKH CKOJbXKEHUS HAKJOHEHH MO YrJIoM
= £ [90°— (45°—q/2) ] = = (45°+@/2). Yron mexny mJowankaMy

185



CKOJbXeHHst cocraBaseT (180°—2w), kax 3To caeiyer u3 puc. 58,0,
oTkyZa 20=180°"—2p=180"—2(45°—¢/2)=90°4-¢. CuaemoBaTeJb-
o, 2u=180°—20=180"—(90°+¢) =90°—¢. Taxkum o6pasoMm, B
Kaxao# TOoUKe MOMKHO NPOBECTH [Be MJOIMIALKH CKOJbXKEHHS, YIoJ
MeXKJ1y KOTOpHMH paBeH 2pu==90°—g.

B cayuae niocko#i 3amadd H OZHOPOLHOH MNOpPOOH MpejesbHOE
paBHOBecHe omNHcHBaercs AuddepeHUHANbHHMH YpaBHEHHSIMH TEOPHH
YyOPYFOCTH H YCJOBHeM IpelelbHOro cocTosHHA. Eciau o0beMHOR cH-
Jofi siBAsieTcs coOCTBeHHHIH Bec y, TO CHCTeMa ypaBHeEHHH 3aluchIBa-
ercsi B BHIe

Jsz acZy
wt =1

acy a'ﬂyz R
aT+ 9z v

e —

(360)

0y — 6,)% + 412 )
(e y)ﬁ 2 _ _sin®¢.
(o2 40, + 2cctge)? 1

Cucrema (360) comep:KWT TPH HEH3BECTHHX KOMIOHEHTA Hamps-
KCHHH Oz, Oy H Tzy. Has ynpowenns peiienuit B. B. CoxonaoBckuit
BBEJ ABe HOBHle NepeMenHHe. IlepBoHl M3 HHX CJOYXKHT YroJd Mexay
BepTHKAJBHON OChI0 2 H HampasjeHneM [JaBHOTO HANpPSXKEHHS Oi,
ob6o3nauaeMblil an (puc. 59,a). Iliomaaku cKodbXeHus Ha pHc. 59,a
0603HaueHH uepe3 n—n | 1)—ny. YTOJ HaKJOHA OJHOH H3 MNJCIIALOK
CKOJBIKEHHS Nj—n; K BePTHKAJbHOR OCH

a;=180°"—[180°— (a,+n) | =a,+p. (361)

Yrosi HakJoHA BTopofl maouiaaku n—rn K TOH 3Ke ocu ompexes-
ercsl H3 pHc. 59,a.

2= 180°— [ 2u+ 180°— (1) ] = Gtn—pt. (362)

CJenoBareqbHo, VI HAKJIOHA MJIOLIANOK CKOJbXKEeHHs IO OTHO-
WEHHIO K BEPTHKAMH COCTABJAIOT On-k(. YTOJ @, NOKa3aH Ha Kpyre
HanpsixKeHuii Mopa, 3T0 yroJ Mexi1y HanpaBJeHHsMH IJaBHOH H ro-
pH30OHTAJJBHOIl MJAoIAafoK (cM. pHc. 59,a u 6).

Bropas mepeMennasi ¢ paBua otpesky OO, una kpyre Mopa (cM.
puc. 59,8).

R (363)
oTCIona
Bk W I (364)
2 tge
Kpowume Toro, u3 puc. 58,6 ciienyer, 410
"’——lec sin ¢. (365)
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Ha puc. 59,6 usobpaxkeHa BepTHKaabHas mJolnagka AB H ropu-
3oHTaJgbHass AC, a TakXe yrJbl Hak/JOHa 3THX IVIOIAAOK K Hampas-
Jgenuio ryiasHoil miaomagku AJ. TpeyronbHuk AOB, cTOpOHaMH KOTO-
poro cay:XaT  paguychl, — paBHOOeApeHHBIH. CliezoBaTeNbHO,
£AOB=180°—2(90°—a,) =2a,. Takum obpaszom,

o, = 0,0~ OF = "ﬂ;"z — % cos 22,

o, = 0,0 4 OF = 3142_52 + c‘;% cos 2a,,;

<,y =BE = c—l‘;l sin 2a.,.

C yuerom BmlpaxKenuii (364)— (365) BHpaxKeHHT NS Oz Oy, Tzy
MOXHO TaKxXe 3alHCaTh B BHIE

6, =06— ——tssingcos 2, =5 (1 4+ sinpcos 2z,) — - tgc : (366)
?

tge ’
cy=c—-—t—c————csingoc052an=c(l —singocos?ocn)-.—tg—; (367)
g¢ ?
T,y = o sin g sin 2a,,. (368)

IlogcranoBka NoONy4YeHHBIX 3HAueHu#d B RuddepennuasbHble ypaB-
Henus (360) maer

(1 + singcos Qan)% +-sin ¢ sin 2a,, —%_.

— 2ssin o (sin 2a, Pn__cos 24, 62" >:Y§ (369)
\ y
. . ds . ds
sin ¢ sin 2a, — (1 — sin ¢ cos 2a,,) +
9z dy
%0 sin o (cos 92, -2 sin 94, 2 ) —0. (370)
dz Oy

B 3rofl cucTeMe HEH3BECTHHI O H Uy

Pacyer YCTOHYMBOCTH OCHOBaHHMA. 3ajnaua 00 YCTOHYHBOCTH OCHO-
BaHHA COODYXKEHHH XODOLIO HJJIOCTPHPYETCH MOZEJblo, NpelnJsoXKeH-
Hoit C. A. XpucruaHoBHueM. EcJiM Ha OfHY H3 ualllek pbIUaXKHLIX Be-
COB, B KOTOPBHIX H3-3a 0OJIbLIOrO TPeHHs B Haldax yCTAHOBKA THPH
MaJjofi Macchl He HapyilaeT paBHOBeCHs, NOJOXHTb LOCTATOYHO TH-
JKeJIyl0 THpI0 Maccod (P), To a4l coXpaHeHHs PaBHOBeCHSd Ha ApY-
ryl0 yallKy Horpebyercss NOCTaBHTL rupio Maccod Q. IlpemenbHbiM
paBHOBeCHeM BeCOB Ha3blBaeTcs TAKOe HX COCTOSIHHE, Npu KOTOpPOM
CKOJIb YTOAHO MaJioe yBeJHUYeHHe TPy3a Ha OLHOH H3 ualllek BLIBOAHT
BeChl H3 COCTOSHHA IoKos. I'mps Maccoli P Mogesupyer HarpysKy Ha
OCHOBaHHEe OT Beca COOPYXKeHHS, a Maccoli (J— IpHrpy3Ky, co3gaBae-
MYI10 TOpOZOH Bhllle NMOAOLBH GyHIAMEHTA.
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A

Puc. 60. CxeMH aa4a pacyera YCTOHYHBOCTH OCHOBAHHA 1O TEODHH TpPENENbHOrO paB-
HoBecHsA: olipeleserue NPeIeJbHON HAIPY3KH Ha OCHOBAaHHE [Js1 HeBECOMOH MPH3MBE
BEIIOpa (@) H TOJOXKEHHS] MOoBEpXHOCTeH CKoMbKeHHst (6); olpeleseHue Xapakrepa
TPUIPY3KH Ha OCHOBaHHe (8) M Xapaktepa Harpy3KH ¢ YYCTOM MOCTOSIHHOH MpUrpys-
KM TIpH YCJIOBHH BecoMofi NpH3MEl Bhimepa (2)

3azaua GopMyJupyeTcs caeaylomuM obpa3oM:

I) xaxkoli mosakna OBITH MHHHMaJbHas NPHULPy3Ka NOPOJM, T. e.
Ha CKOJbKO cJeayeT 3ardyOHTh KOTJOBaH, 4yToOBl He QOMYyCTHTh Pas-
pylLIeHHs TOpPOabl MOjx AeHCTBHeM HArpy3KW OT Beca COOpYXKeHHs;

2) kakohA jo/xkHA OHTb Harpy3ka OT Beca COODYXKeHHS, 4TOGH
HCKJIOYUTh BHIMHpaHHe TNOpoAb TPH 3alaHHOM 3araybsaeHus ¢yHAa-
MeHTa, T. €. IPHIPY3KH.

B nepBoii u3 nepeuMc/]eHHBIX 3a7a4 pacCMaTpHBaeTCs JeHTOUHBIH
¢yHaaMeHT WupHHOH b, MepelalomHil HA OCHOBaHHe PaBHOMePHO pac-
npelesleHHYIO HArpysky p. (puc. 60,a). I'paHHYHBIMH yCJIOBHAMH Ha
NIOBEepPXHOCTH NOPOAHl cnpaBa OT ToukH O BAOJAb OcH y OyIyT BepTH-
KaJlbHble HOpMaJbHbBle HANpsXKeHHsS 0==p., Tzy==0. Toraga HOBHEe Ie-
peMeHHBIE O M 0, corsacHo (366) u (368)

. . [4
a,==0ns,=c(l-4sin¢cos Qan)——-é?—; Pe=0(l +sin qa)———tg—(;—;

4
_ gy
4 sine )

Pewrus RuddepenlinanbHble ypaBHeHHA IIJOCKOrO paBHOBecHs
IpH 3THX PPAHHUYHBIX YCJAOBHAX, MOXKHO NOJYYHTb BbIpaXKeHHsd JJs
BLIYHC/IeHHS Be/HYHHBl MHHHMAJbHOA NpPUTPY3KH YHyp, NMPHIOKEHHOH
B Touke O cJeBa, yepe3 3HaueHHe HATPY3KH OT BeCa COOPYXKEHHS pe,
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KOTopasi MpUJIOkKeHa B TOf e TouKe cmpasa (cm. puc. 60,a):

— c 2 (450 _ P\ p—ntgo___°¢ 371
the = (pek <7 )t (457 — ) e 7D

HJIH
thy = ptg’® (45°~%) e g e ——t; [1—1g® (45° —@/2)e=te ¢].
b4

(372)
O6o3nauus A uepes tg? (45° — —z—) e—rige, B uepes
— o__ % Yomtee
1 —tg? (45 5 )e
tge ’
NOJy4HM
yvhe=p.A—Bc. (373)

Kosbduuuentst A u B ypasHeHusi (373) B 3aBHCHMOCTH OT yrja
BHYTPEHHEro TPeHHS ¢ MpHBENEHH HHIKE.

¢, TPAmYC. . . . . .. 5 10 15 20 25 30 35 40 45
.......... 0,649 0,405 0,254 0,162 0,094 0,054 0,027 0,015 0,008
B ... 4,046 3,375 2,784 2,305 1,938 1,636 1,391 1,172 0,992

I'ny6una 3agnoxenuss QyndamMeHTa, OPH KOTOpPOH He NpPOH30fIeT
BHIIOpA H3-NOJ, COOpY:KeHHS,
—B
hy = PA=BO) (374)
Y

MoXHO cpaBHHTH IyOHHH 3a/I0XKeHHsl (GyHIaMeHTa, NoJyYeHHbe
¢ HCNOJb30BaHHEM TeOpHH NpexeJbHOrO pasHosecHs (374), u no
dopmyae I'. E. Tlaykepa (325), g5 uecBa3ublx nopon npu ¢=0. U3
dopmya (372) u (374) caepyer, yTo

hy = Lotgr(45° —g/2) e T =Le A, (375)
Y Y
Faybuna satoxenus koraosana no I'. E. [Taykepy
hy = % fg* (45° — ¢/2) = Lo 2. (376)
Y

3HaueHHs MOCTOSHHBIX A M A oNpeleJiflOTCS TOMBKO BEJHYHHORA
yrJa BHYTPEHHETO TPEeHHS ¢!

B9 . v e e e e 0,00 0,18 0,36 0,56 0,84
Ao e, 1,00 0,50 0,24 0,11 0.05
Ao, 1,00 0,41 0,31 0,05 0,02
NA. oo, 1,00 1,2 1,8 2.2 2.5
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Ja onHHX H Tex XKe YCJAOBHi rayGHHA 3aJ0XKeHHR (yHAaMeHTa
3aBHCHT TOJNBKO oT BeJHYHH A u A. CpaBHeHHe 3THX LAHHBIX NOKA3H-
Baer, uro ¢opmyaa I'. E. [Taykepa siBHO 3aBbliaer rayOHHY 3ajoxe-
HHA (GYyHZaMeHTa, NPHUYEM 3TO 3aBhIIeHHE TeM OoJIbllle, YeM BhIlE
yroJl BHYTPeHHero TpeHHs MOPOJBL.

BesnunHy mnpene/bHod Harpy3KH Ha OCHOBaHHe TIIpH 3aJaHHOH
npurpyske yhy, T. €. pellleHHe BTOpOH 3aJauyy, MOXHO HaHTH W3 BHI-
paxeHnus (371):

o= [Thy 4 5| tg? (45° — ¢/2) extE v’ 377
pe= (hy+ 7 ) 187 (45° — /) v (377)

Caenyer ormerurtb, 4To BeJHYHHA P He 3aBHCHT OT LUHPHHH (YH-
JaMeHTa, MOCKOJBKY INoJy4YeHa H3 YCJOBHS NpelesJbHOrQ paBHOBECHH
B Touke O (cMm. puc. 60,a).

JIHHUS CKOJABXKeHUs, OrpaHHUYHBAONIAs NMPU3MY BBINOPA, MPOXOLHT
yepes npasuil kpall ¢dyHaamernTa. Ilmomagka cKOMbXKeHHs, NPUMHBKA-
omas K 3TOMy Kpaio, Hak/JIOHeHa K OCH 2z NoJ YIIOM Gx—u, HO TakK
KaK Ha NMOBePXHOCTH @,==0, yroJ HAaKJOHA NJOmAIKH K OCH 2 paBeH
45°—@/2, a k ocu y— (90°—u) =45°4-@/2. Cerka JHHHH CKOJbXKe-
HHSL B 30He NpeJeJbHOrO PAaBHOBECHsS AeNHTCS Ha TpH obJacTd (cM.
puc. 60,6). B o6aacrix AOC u BOD ceTKa CKOJbXKEHHS COCTOHT H3
IBYX ceMeficTB mapaJiieJbHBIX NpsiMeiX. B obaacth COD oHa npex-
craBJder CoOOM NMy4OK MNPSIMBIX, NPoXOAsuiHx dYepe3 Touky O, H ce-
MeACTBO Jorapu(MHUeCKHX cHHpaJel. YpaBHeHHe JOrapHQMHYECKHX
coupazeff B MOJSAPHBIX KOOpAHHATax r, § ¢ Hauajom B Touke O u yre
JIOM 0, KOTOpHI OTCUHTBIBAETCSl OT OCH 2, HMeeT BH/

r=Ce®e (378)

rae C,— NpOH3BOJbHAS NOCTOSIHHAS, ONpelenaseMas H3 TPaHHYHHIX
ycaoBHI H paBHad p/ (1+sing).

[TporaxKeHHOCTs NPH3MBI BHIIOpA 3a IIpejefaMH COOpYXKEHHs 3a-
BHCHT OT IIHpHHBI pyHAaMeHTa b:

g ¢

It
I = betg (45° — ¢/2) e2 (379)

Jns BecoMoit moponbl rpaHUUHKe yclaoBus Ha KoHType OA

¢
Pec+12+ I
1 4-sing

Tormza neobxonumasi BejquHuyuHa 3araybienus HAg, eclH CUHTATh
uwaubosee omacHoll B cMbIcie Bunopa touky O, olipesensercs no dop-
myse (373). Oxnako B o0umieM BHIe 3ajaua peliaercs YHCJIEHHBIM HH-
TErpHPOBAHHEM H NPHIPY3Ka HA BCEM MPOTSKEHHH NPH3MBI BhIOpa
Gyaer y6HBATh 1O 3aKOHY TpeyroJbHHKa (cM. pHc. 60,8).

Ecan He yuuTHIBATH 3KeCTKOCTb JeHTOUHOTro (QyHIaMeHTa, To Op-
AMEATH 3MIOPH NpeJeJbHOTO JaBJeHHs NO €ro MoJAOWBe AN BecoMOfl
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TaG6anma 20

3nauenus F npu pasublix pennunnax ige

020 | 03 | o045 0.5 | o062 07 | o484 0,97

0,1 2,14 3,65 5,88 9,50 16,77 30,35 57,30 144,02
0,2 8 4,30 6,86 11,00 19,24 34,50 64,50 137,74
0,3 3,02 4,95 7,84 12,50 21,71 38,65 71,70 151,46
0,4 6 5,60 8,19 14,00 24,18 42,80 78,90 165,18
0,6 3,90 6,25 15,50 26,65 46,95 86,10 86,10 178,90

HOpOonH, obJajalonled TPpeHHEM W CUCIJIEHHEM, ONpefesdioTca MpH-
Ganxennoll opmyaol, noayvennoii B. I. Bepesannesnim.
p=ayhy-+Bc+0v. (380)
3HaueHHs o, P, 6 B 3aBUCHMOCTH OT BeJHYHHH KO3(QHIHEHTOB
BHYTpPEHHErO TpEHHS IOpPOALI NPHBEIeHB HH¥Ke:

tgo . . e 0,09 0,18 0,27 0,36 0,47 0,58 0,70 0,84 1,00
G e e .. . 1,57 2]47 3,94 6,40 10,70 18,40 33,30 64,20 134,50
Beoe e .. .6,49 8.34 11,00 14,90 20,70 30,20 16,20 75,30 133,50

.......... 0,17 0,56 1,40 3,16 6,92 15,32 35,19 86,46 236,30

Jlas mannoft moponn npu y=0, 1. e. B Touke O (cM. puc. 60,2),
npejlebHoe JaBJeHHe PaBHO HEKOTOPOH BIOJIHE OMNpefeJeHHON BeJH-
yHHe M BO3pAcTaer II0 Mepe yZaJjeHus oT Toyku (. CaeloBarejpHo,
npejeibHan smiopa AdBjieHuil mMeer TpallelUeBHANYH (HOpPMY.

IIpunaB BO BHHMAaHHe YIJIOTHEHHE IIOPOABI B OCHOBANHU COOpYyHKe-
HHA H CuHTad, yTo YIJIOTHEHHOe sifipo HMeeT popmy kauHa, B. I'. Be-
pesaHueB MOJy4HJ TaKke GHOpMyJay AJs ONpejeJeHHs IpereabHOH
BePTHKAJIbHON HArpy3KH Ha OCHOBaHHe JJIi He3arayOJeHHBIX H MaJjo-
3aray0JaeHHBX QyHLAMEHTOB

p==(Fyb+Dc)b, (381)

rie F 0 D— KoabpuIHEHTHL.

Ha sennuuny kos¢pduiunenTa F BaHseT BeJHYHHA Ay/b u Koapdu-
UHeHT BHyTpeHHero TpeHHA tg ¢ (raba. 20}, kosdduuueHt D 3aBHCHT
TOJBKO OT g @:

90 . o 0,29 0,36 0,45 0,53 0,62 0,73 0,84 0,97
D .. 11,7 15,1 19,8 925.8 38,0 55.7 84,7 141,2

Konrpoabnsie sonpoce:

1. ITepeuncaure OCHOEHHE OUMOKYM, KOTOpEe MOryT OBITh AONYILEHB HHXKEHEpaMU-
recnoraMu npu Oueske MPOYHOCTH M YCTOHUYMBOCTH OCHOBaMMH.

2. Hto Takoe yros OTKIOHeEHAP? KaK HOJYUHTH OCHOBHYIQ 3aBHCHMOCTb AJISl
ONpPEACJEHAS MAKCHMAJIBHOTO YIVI2 OTKJIOHEHHA?

3. CoopmyaupyiiTe noHATHE 30Hb. npedeabroco pashosecus (MIACTHYECKUX Ae-
¢opmannfl). Kakoe 3uadeHne HMEIOT 5TH 30HH [/ Onpeie]eHuss yCTONUUBOCTH CO-
opyxerusa? OcHopuble NPHHUMON pacueTa 30H IpEAeJBHONO paBHOBecHA. KaKom
OCHOBHO# HEJOCTaTOK npellaraeMHX pacueTHHX cxeMP Kakude ocoBeHHOCTH BO3HHK-
HOBEHWA W Da3BHTHs 30H NPeJeJbHOIO PaBHOBECHS B XpYynko paspylIalOmuXCcs W Iaa-
CTHYEBIX [VIHHACTHX NOPONax? Kakue mapaMeTphl COODYMKEHHS U nNOKaszaTeln QusH-
KO-MeXaHHYeCKUX CBOHCTB nopOJ HaNO 3HaTh, YToOH paccyutaTts rayOHEY 3oH mpe-
IlesIbHOTO papHOoBecns npd u=0,5p
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4. Yro Takoe COCTOsAHHE TNPEAEJbHOrO paBHOBeCHs Nopox? KakoBH KpHTepHu
OIEHKA 3ITOr0 COCTOAHHA AJa pPas3fHYHOro TtHna nopox? IlpuBenuTe KOHKDETHbie
OpHMEpHL.

5. Kax omnpeneinTs coBeplieHHO Ge3onacHoe ABHxkenHe? POpMUDYIOTCA JH 30HH
IpeleNbHOrO pABHOBECHA NPH HATPY3KaX OT COOPYXKEHHd, PABHEIX COBeplleHuo 6es0-
NACHOMY MaBMEHHIO?

6. KakoBa nonycrumaa rayOHHA 30H Mpele]bHOrO DAaBHOBECUS IIPH HUCMO/b3O-
BaHHH MOJeNd JIHHeAno-nedopMUpyeMofi cpellsl IJs pacyeTOB OCHOBAaHUH COOpPY-
KEHNH?

7. M3 Kakux YCJOBHI noJydeHa (OpMyna pacuyeTHOTO CONPOTHBJIEHHs INOPOL
ocHoBanus R, pexomerayemas CHull 2.02.01—83?

8. Ilafite nouArne O BTODPOH KPHUTHYECKOH HArpy3ke Ha OCHOBAHNE COODYMKEHH:.
Kakne Meronbi CymleCTBYIOT LJsi ONpefieeHusa 3HaueHus py? UTO Takoe Hecymias cmo-
co6HOCTh NMOPOJ OCHOBAHHS M KAaK OHA ONpejelsercd?

9. ITo xakoMy NpPHHNMIY MOXKHO CHCTEMATH3HPOBATH METONH pacyera yCTOHYH-
BOCTH OCHOBaHHUH COODYXeHHHA?

10. Kakde ponylleHdsi NPUHUMAIOTCA NPH pacyeTaX YCTONUMBOCTH COOpyKeunh
1O THMOTe3aM MNOCKOH M KpYIJOUMJIMHAPHYECKOA NomepxHocTeR cKoJbxkenna? Kakue
OCHOBHEI® XapaKTepHCTHKH COOPYXKEHHH W CBOACTB MOpDOX HALo HWMeTb, 4Tobw ompe-
LeJUTb BEJHYHHY KPHTHYECKOH HATPY3KH HA OCHOBaHmer

11. KakoBa ocnoBHas MoOjesb TEOPHH Hpenebhaoro pabHoBecua? Kakne HoBble
nepeMexHble BBOJAATCA B JauddepeHyunansbHbie ypapBHeHHs PaBHOBECHMS NpH peLIeHHH
33734 TEOPHH MPEJeTbHOTO DaBHOBeCHSP

12. KaxoBbl rpaHHyHBIe YCJIOBHSA AJ pEUIEHHA 3aRaud YCTOHYMBOCTH OCHOBAHHMS
COOpY¥EHNH NpH HEBECOMO} m BecoMofl nmpu3Max Buimopa? Kax onpepensercs moso-
XeHHE TOBEPXHOCTeH CKOJbMEHNA B NpellellaXx KOHTYpa 3arpyXKeHus ¥ BHe ero?

I'masa 7

PACYET YCTONYUBOCTHU CKJIOHOB
U OTKOCOB

§ 1. OCHOBHBIE MNOJIO)KEHHUSA PACYETA

Orkoc M06ofl HCKYCCTBEHHOR OTKPBITOH BbIpaGOTKH — KOTJOBAHA, AO-
POKHOH BHIEMKH, Kapbepa sBJSETCS OJHHM H3 OCHOBHHIX 3JeMEHTOB
HHXXEHEPHOTO COOPYIKEHHS, YCTOHYHBOCTE KOTOPOTO JOJKHA OBITb
oLeileHa ¢ NMOMOIIBIO PACYETOB He TOJNbKO KauecTBEHHO, HO H KOJHue-
crBeHHo. OCHOBHOH NapaMerp NPOEKTHPYEMOro OTKOCa— YTOJ €ro
3aJI0KEeHHs IPH oNpeaeleHHO BHICOTE OTKOCa.

CymecTBylomHii NPHPOAHBIA CKJIOH C HHKEHEPHBIX NO3UIHH 0ObIY-
HO paccMaTpHBaercst Kak OObeKT, B Ipelesax HJIH B HENOCPEACTBEH-
HOH OJIM30CTH OT KOTOPOro AOJKHBI pasMelaTbCsl pasJHuHBEE COOpY-
KeHHd.

Bnosne nonstHo, 4to ¢popMHpPOBAHHE NPHPOAHHX CKJIOHOB H JIO-
0a%, cCBA3aHHAs C HHMH HHXXCHEpHAs AesATebHOCTb, CO3LAHHE OTKOCOB
IpH NIPOXOJKEe OTKPHITHIX TOPHHIX BHIpAGOTOK MEHSIOT MNepBollaualb-
HOe HaNpsKeHHOE COCTOSHHE NOpPOoJ, B pe3yJbTaTe Hero BCJICACTBHE
nepepacnpene/eHnss HanpsiaKeHHH B HX TOJme HapyliaeTcsi YyCTaHO-
BHBLIeecss paBHoBecHe. OJHaKo He cJelyer cYHTaTh, YTo JioGoe me-
pepacmperneseHHe HaNpsKeHHH JOOJIXKHO CONPOBOXKAATLCS — MOTepeil
YCTORYMBOCTH H TPHBOJHTL K BO3HHKHOBEHHI ONAacHHX aedopmMauui
CKJIOHOB H OTKOCOB.
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dopMHpoBaHHe TPHPOAHBIX CKJIOHOB IIOA BJHAHHEM TaKHX €CTe-
CTBeHHBIX (pakTopoB, Kak abpasHa, 3PO3HA, JAeHcTBHE TNOA3EMHHBIX
BOJ,— NIPOLLeCC CAMOPEryJHDPYIOIHACA H LJHTEJIbHO IPOTeKAalomHH BO
BpeMmeHnn. HauGoJsbliee UHCJIO HApYIIEHHH YCTOHUHBOCTH NPHPOAHBIX
CKJIOHOB CBsi3aHo ¢ JAesTe bHOCTBIO uesoBeKa. Ilogpeska ckinona,
BO3BeJleHHE COOpPY’KEHHS Ha HeM HJH B HelOocpeACcTBeHHOH GJH30CTH
oT ero GpPOBKH, TMPOKJaAKa pasJHYAbIX KOMMYHUHKauUHH, HamoJHeHHe
BOAOXPAHHJHIY H T. I. NPHBOJAT K Pe3KOMY H HHOTJa 3HAYHTE/bHO-
MY H3MEHEHHIO CYLIECTBYIOIISIO HANPSKeHHOIO COCTOSNIHSA, BJHAHHE
KOTOpPOro HaHGoJee TOYHO MOKeT OBITh OIleHeHO KOJHYECTBEHHO Ha
OCHOBe HCIOJb30BAaHHS PACYETHBIX METOAO0B.

IIpoxonka OTKPHITHX FOPHBIX BbIpabOTOK ocyiuecTBJAseTcAd B Tede-
HHe HeCKOJbKHX MecsilleB HJIH JeT. Tak, HanpHMcp, KOTJOBAHHE NOJ
rpaxJaHcKHe H OPOMbILIJIEHHble 34aHHfA, IJIyOHHa KOTODBHIX He Ipe-
BhIIAeT 5 M H peiko JoctHraer 10 M, coopyXaloTci B TeyeHHe He-
CKOJBKHX MecCsleB H BpeMs obecleueHHA YCTOHYHBOCTH HX OTKOCOB
0oOBIUHO CBSI3aHO CO CPOKAMH MNpoH3BoAcTBa paboT 1o ycTpPOHCTBY
¢yuramentoB. JIOBOJIbHO HacTO TaKHe KOTJIOBAaHBI NPOXOAAT MOJ 3a-
UIATOH IUMYHTOBBIX OFpaXKAeHHH.

B To e BpeMs r/ay6HHAa CcOBpeMeHHBX AcHCTBYIOIIHX KapbepoB
nocturaet 700 M H npobJaema obecneyeHH YCTOHYHBOCTH OTKOCOB
TAKHX COOPYKEHHH NpeJCTaBJAeT CJOXHYIO HHXKEHepHYIO 3a4ayy H
TpebyeT NPHBJCUEHHs! KAK LIHPOKOrQ KPyra COellHaJHCTOB, TdK H CO-
BpeMEHHBIX MeTOA0B HcclefoBanuit. Bwmecre ¢ rtem H3BecTHo, 4TO
ofocHoBaHKe ONTHMAJbLIIONO yria 3ajoXeHHs Oopra kapbepa olpe-
JeJisieT He TOJbKO 06e30macHOCTb BeJeHHs ropublX padoTr, HO H 3Ko-
HOMHYHOCTb ROOBLIUM MNOJIE3HBIX HCKONAEMEHIX, a TaKxKe YyMeHBLICHHE
nJoniajell, oTBOAMNMBIX ToJ ropable paboru. Ilocriendee ompenedser
pellieHHe OnHOH H3 BAKHBIX 3aiadY HAPOAHOrO Xo3sfficTBa — palHo-
HaJbHOrO HCIOJb30BAHHS 3eMeJbHBIX PeCypCoOB.

JocToBepHOCTh ONpene/ieHHs YrJOB OTKOCOB KapbepoB, KOTJOBA-
OB, BBICMOK, NPOrHO3HPOBAHHME YCTOHUYHBOIO COCTOSIHHSI MPHPOJIHBIX
CKJIOHOB BO MHOTOM 3aBHCAT OT COOTBETCTBHS NDHMEHseMOH pacuer-
HOH CXeMbl DeaJbHHIM YCJOBHAM C YYeTOM Te€X OCHOBHEIX (DAKTOPOB,
KOTOopble OyAyT oNpeJesasTh YCTOHUHBOCTb CKJOHa JHOO OTKOCa.

Cpenn raaBHBIX (HAKTOPOB CJelyeT Has3BaTh NPHPOAHBIE, NpPHYEM
OCHOBHOE BHHMaHHe HOJIKHO ObITh yneJeHO 0cOODeHHOCTAM HHXKeHep-
HO-Te€0JIOTHUeCKOro paspe3a oTKoca. JlJsg pacueToB HeobX0gHMO
HMeTh JeTasbHble JaHHHE O MOIIHOCTH NOPoJ, H HX CBOHCTBAax, IpH-
ueM OCHOBHBIMH MNapaMeTpaMH JOJKHB OHTh IJOTHOCTH H 10Kasa-
TeJIM NMPOYHOCTH MOPoA (CUenJieHHE H YroJ BHYTPCHHErO TPEHHS).
B paspese oTkoca cienyeT Bhle/]sThb Bce cJadbie MPONIACTKH H NPoO-
CJOHKH B ToJuie GoJee MPOYHBIX NMOPOA, KOTOPbie MOIYT OHITh IOTEH-
IHAAbHBIMH MOBEPXHOCTAMH CKOJIbXKEHHS.

JJIst OLleHKH YCTOHUHBOCTH OTKOCOB GOJIblIoe 3HAUYEHHE HMEIOT TaK-
e YrJH HakJ0Ha NOPoA, MJocKocTell oclalbJeHHs H HallJacTOBaHHA
N0 OTHOUIEHHIO K IOBEePXHOCTH oTKoca. Ecau cjou nmopoi majnaioT B
CTOPOHY OTKOCa MOJ yriaMH, GOJbIIHMH, YeM YrJul BHYTPeHHero Tpe-
HHf 110 KOHTAKTaM CJIoeB H INIOCKOCTell oc/ableHus, a CLENieHHe Io-
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pOM TO KOHTAKTaM 3HAYHTE]bHO MeHbIUe [0 CPAaBHEHHIO CO cleMJe-
HHEM BMELIAIOIHX, TO OpH ONpeJE/CHHON BhICOTe OTKOCA MOXKeT IIpo-
H30HTH ero cmeuieHue. Eciu mageHHe caoeB mopoi HabJI0maercs
BHYTpPb 0TKOC4, TO B pacueTax BJHAHHE CJOEB He YUHTHIBAETCS H B
OTAEJBbHBIX CAyYasiX OTKOC MOKHO paccMaTpHBaTh Kak KBAa3HOAHO-
POMHHIH.

ITpu pacyerax yCTOMYHBOCTH OTKOCOB BechbMa CylIeCTBeliHa PoJb
TH/POreQJIOCHYecKHX YCJOBHIH; HaJH4YHe HANOpHHX H Oe3HaNOpHHX
BOAOHOCHBIX TODH30HTOB, H3MEHECHHE HMX [apaMeTPOB B 3aBHCHMOCTH
OT KJHMATHUYeCKHX YCJOBHH, 0COOeHHO MpH BHINAjieHWH OOHJBHHX aT-
MocepHBIX 0caKoB, OBICTPOM TasiHHH CHera H T. I. Bausuue ruapo-
FeQJIOTHYECKHX yCJOBHH Ha yCTOHYHBOCTb OTKOCOB MNPOSIBJISETCS TaK-
’Ke B JCHCTBHH THAPOAHHAMHYECKOrO JABJEHHS H THAPOCTATHYECKHX
CHJI B3BeLUHBAHHS.

[TobouHoe BJHSHHE HAa YCTOHYHBOCTH OTKOCOB OKA3HBBAIOT TaKHE
reoJIOTHYECKHE NPOLEeCChl, KAK BHBeTpPHBaHHe, 3p03Hsd, abpasHu H AP.
O/HaKO 3TH NpOLeCcCh YYHTHIBAIOTCS KOCBEHHHM MyTeM — BBCacHHEM
onpeJie/JeHHOR KOppeKIHH B MapaMerpbi CBOHCTB MOPOA HJIH u3MeHe-
HHeM KOHGHIYpalLHH OTKOCa BO BpeMeHH. Kpome npHpoAaHbIX ¢hakTo
poB, OoJblioe 3HAYeHHE A/ YCTOHUHBOCTH OTKOCOB W CKJOHOB HMeer
JesiTeJbHOCTh 4esoBeka. OTKoC KOTJIOBAHA, BHEMKH, Kapbepa Impej-
cTaBJsgeT coOOff 3JeMeHT HHIKEHEePHOTO COOpY:KeliHs, KOTOPHIH 10J-
>KeH OBITh 3alPOeKTHPOBAH W peaJH30BAH C yueTOM He TOJBKO ero
CTPOCHHS, HO H TEXHOJOTHH BejeHHst palboT, pekuMa B3PHBHBEIX pa-
60T, NPOJOJKHTEJBHOCTH CPOKA 3KCIJYyaTalu# CoopyKeHHA. B aTtoMm
cJgydae yNpaBJeHHe YCTOHUHBOCTBIO OTKOCA C HCIOJb30BAHHEM COOT-
BETCTBYIOHIHX pPAacCUETHHIX CXeM IN03BOJIsIeT MNOBLICHTH ypOBeHb ero Ha-
JexHoCTH. MHeHepHast IesiTe/IbHOCTb, CBSI3aHHASI C PACCMOTPEHHEM
NIPHPOAHOrO CKJIOHA KaK 00beKTa pa3Mel[eHUs] coopyKeHHult H pasJ/uy-
HBIX KOMMYHHKaUHH, AOJXKHA INpelyCcMaTpPHBATh MHHHMAaJbHOE yXyn-
LleHHe CBOHCTB MOPOJ H CO3JaHHe TAKOIO HANpPSI’KEHHOrO COCTOSHHS
TOJIH, YTOOH HCKJOUHTh HapylieHHe YCTORUHBOCTH CKJOHA.

Pacuer ycrofiuuBocTH OTKOca OOBIUHO BHINOJHSETCS NPH HaHMeHee
OJIalONPHATHOM COYeTAHHH CHJOBLIX Bo3ielicTBuft, koTopble Oyayr
onpeJessTh HauboJee onacloe HampsKeHHOe COCTOsiHHE MOpPOJ B TOJ-
we. [Ipu 5TOM OgHH H3 I'TaBHBIX MOMEHTOB — yCTAlIOBJEHHE TOJO0XKe-
HHSI IJIOCKOCTH BO3MOXKHOTO CMeleHHS TOpOoJ, Ha KoTropoe G6oJbIIoe
BJHAHHE OKa3blBaeT [e0JOTHYECKoe CTPOeHHE OTKOCA.

HocToBepHOoCTE OPOBEEHHBIX PACYETOB BO MHOIOM  3aBHCHT OT
BhIOOpA pacUeTHBIX MapaMeTpoB CBOHCTB mopox. Ilpounocts mnopon
JOJKHA ONpejessiThCsl C YYeTOM HX peaJbHOro HAaNpsAKeHHOTo COo-
CTOSIHHA B OTKoce. [/t CKaJBHLIX H NMOJYCKa/JbHBIX, a TaKxke JHTHDH-
IHPOBAHHBIX TJIHHHCTHIX NMOPOJ HeOOXOAHMO YUYHTHIBATb HX TPeIHHO-
BATOCTb NyTeM NpOBeleHHS NOJEBHX HCHBITAHHH HJH BBejcHHeEM KO-
a¢dHIHEHTa CTPYKTYpHOro ocsaabaenus nopox (cm. ra. 1). Has or-
KOCOB JJIHTEJBbHOIO cpoka cayKOb IIpu BbIGOpe mapaMeTpOB HPOYHO-
CTH HeoOXOJHMO NPHHHMATh BO BHHMAaHHe (akTtop BpemeHH. [lpu
5TOM MPOYHOCTh CKAJbHBIX H MOJYCKaJbHBIX MOPOA CHHKACTCS B TpO-
Iecce BBIBETPHBAHHS, KOTOpPOe MNPHBOAWT K DPOCTY TPeH{HHOBATOCTH
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TOJIH B 1eJOM H CHHKEHHIO NPOUHOCTH OTAENbHBIX GJOKOB NOPOIHL.
Kaxk moKasbiBalOoT HaTypHBIE HCCJeOBaHUst H 3KCIEPHMEHTa/bHbIE pa-
OOTBI, CHHXKEHHE NPOUIOCTH CKaJbHBIX H MOJYCKANIbHBIX MHOPOJ 34
cueT MoJ3y4YecTH B GopTax KapbepoB HecyuiecrseiHo. HauGosiee sHa-
YyrdTeJbHble H3MeHeHHS B OTKOCaxX H cKJoOlax TperepleBardT FJIHHH-
cThble TOPOAbI, KOTOpElE MOryT HabyxaTh, pasMoKarth, & TakXKe B pe-
3yJbTaTe JJHTEJBHOTO JeHCcTBHS KacaTesbHbiX HANpPsiKEHHH CHHXKATh
CBOIO NPOYNOCTh H3-3a PA3BUTHsI HpoleccoB moJasyuecTH. Habyxanue
06BIUNO TIPOsIBJASIETCS] B NPHOTKOCHOH 30HE, LIMDHHA KOTOPOIil ompeje-
JseTcss PaBeHCTBOM JeHCTBYIONHX HOPMaJbHBHIX HanpsieHHH o
B TOJILE N0PoA AaBJeHHIO HabyxaHHf ox. EciaH o,< oy, TO NOpoHc-
XOJHT HaGyXaHHe MOPOJ, HHTEHCHBHOCTb KOTOPOTO BO3PAacTaer Mo Me-
pe npHO/HXKeUHsT K MOBEPXHOCTH OTKOCa, rie (pHKCHpyeTcs ¢BOGOA-
HOe HabGyxaHHe.

HaunGosee mocTOBepHBle paHHBEle MOKa3zaTeJeH NPOUYHOCTH MOPOJ
0 KOHTaKTaM H MJIOCKOCTAM ocJaBJeHHd MoryT ObITh NOJYUeHB! TOJb-
KO B TIOJIEBEIX YCJIOBHSX.

Krnaccudukainst BO3MOMHBIX HapylUIeHHH YCTOHUHBOCTH CKJOHOB
H OTKOCOB B 3aBHCHMOCTH OT OCOOEHHOCTEH paspesa H Xapakrepa
JBH3KeHHs TIOPOJ 10 CKJIOHY TpHBeneHa B padore |18].

Kak yxe OBIJIO TTOK23aHO B FJI. 3, HANPS’KeHHOE COCTOsIHHE B TOJ-
e MopPojA A0 MPOXOAKH BHPAaOOTKH, CTPOHTENbCTBA JIOOOr0 cOOpyIKe-
i onpepeJ/sieTcss B OCHOBHOM JAeficTBHEM rpaBHTALHOHHBIX H TEKTO-
HHYeCcKHX CHJ, NPHYeM HNocJepliHe, KaK MOKa3biBalOT cOBpeMeHHble HC-
cIeloBaHHUs, [Js YCTOHUHBOCTH OTKOCOB HMeIOT 3HAYHTEJbHO MeHb-
llee 3i1aueHHe, 4YeM JJs NOjx3eMHbIX BbhipaboTok. BekTop rpaBurauu-
OHHEIX CHJ Bcerfa BepTHKaJseH. [loh nelicTBHeM 3THX cHaA Ha JioGof
rOPH30HTAJMbHOH WJOIAAKe CYLICCTBYIOT HalpSXKeHHs ©,==y2z, ABJS-
IomHecst Ha 3THX MJOHIaAKax HanOOJbIIHMH IJ1aBHBIMH HamnpsaKeHus-
MH, T. €. G;=0,=%2.

CooTBeTCTBEHHO HA BePTHKAJ/JbHBIX MJoLm[aAKaX AeHcTBYIOT MHHH-
MaJbHble TAABHbie HANpsXKelHs Gg, BeJHUHHA KOTOPHX JHOO paBHa
o, (mpu rHApPoOCTaTHYECKOM paclpeneleHHH HamnpsikKeHHi {=1), au-
60 MeHbllle oy, Korna {<Cl. KacareJgbHble HanpsXeHHsT HA 3THX IJIO-
mwankax pasHb Hyawo. C riIyGHHOH 3HauyeHHs HaNpPSIKEHHH O, BO3pa-
CTaloT. DTH HaNpsKeHHS B NPHIOBEPXHOCTHOH 30HE B CBSI3HBIX IMO-
poJlax BBHI3HIBAIOT NOsIBJCHHE JedopMalHil pacTsXeHHs, NPHBOAAIIHX
K TPCLIHHOOGD a30BaHHIO.

Omnpenenenne ray6uubl 30HBI Ho, B KOTOPOH BO3MOXKHBI PacTSATH-
BalOI[He HANPsKeHHsI, MOXKeT ObIThb BHIIOJINEHO HCXOAS H3 YCJAOBHS
npefeJbHOr0 pPaBHOBECHS: MHHHMAaJbHAs BeJHYHHA HaHGOJbLIEro
IJIaBHOTO HAMNpsiKEHHst B OZHOPOJAHOH ToJue MOPOJ paBHAa HX Bpe-
MEHHOMY COMPOTHBJIEHHIO CXKATHIO

01=Rex. (382)

Besnnunna Rex JJst NOPOJ, 06JafalOHX TPEHHEM H CIENJeHHeM,
paccuHThHBaercs no gopmylie

Rex=2¢c/tg (45°—¢/2). (383)
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Puc. 61. HanpaxeHHoe COCTOSiHHE NOPOJ B 30HE OTKOca [6]:
a — HanpaBJeHHe JAeHCTBHA IrJaaBHBIX Hanpﬂ)KeHHﬁ; 6, 6 — H3MCGHEHHE pa3MepOB NPH3IMbI CKOJb-
JKEHHSI COOTBeTCTBEHHO NPy BBLUIOJTaXXHUBZHHH W I(IPH YBEJAHYEHHH yrJa GTKOCOB

B To xe BpeMs HampsxkeHHe o1 Ha raayOuHe H, cocraBiaser

o1=vyH,. (384)

CpasuuBas (382) ¢ (383) u (384), moxHo 3anmcarb, yro yH,=
=2c¢/tg(45°—¢/2), otkyna

H, = —j‘— g (15° —¢/2) = 2 tg (45° + 4/2). (385)

T1/10CKOCTD CKOJIbXKEHHST OKOJO AHEBHOH NOBEepXHOCTH HAYHHAETCS
BePTHKAJbHOR MJIOCKOCTBIO H H, uacTo o6o3HayawoT Kak Hoo.

Kak caeayer ot ¢opmysanr (385), nJs HecBsi3HHIX NMOpPOX HPH C—-
—0 Hoy—>0 (HecBs3HBIe NOPOABI He BOCOPHHHMAIOT PACTATHBAIOLIHX
HanpsxeHHuH). [Jig cKa/JbHBIX H NOJYCKAaJbHBIX NOpo., 06Janaiouiix
BBICOKHMH 3Ha4YeHHSIMH NPOYHOCTH, pacyerT Hgo He uMeeT mNpakTHYE-
CKOTO ¢MBIC/Ja H HeoGXOAHM TOJBKO NPH OlleHKe YCTOHYMBOCTH OTKO-
COB, B paspe3e KOTOpHIX Npeo0saafaroT [VIHHHCTHE pasHOCTH JHGO
caabble TPEULHHOBATHIE MOPOILL.

Coznanne oTKOoca MeHsSeT HampsiKeHHOE COCTOSSHHE TOJIMH TOpO-
Jbl B €e NPHKOHTYDHOI dacry. Pasmep Takoil 30HH, rae Habmonaercs
H3MeHeHHe MepBOHAYAJbHBIX HANpPSXKEHHA rpaBHTALHOHHOFO NOJs, 1O
NAaHHBIM HeNOCPEACTBEHHBIX H3MepeHHH, a TakKe MOJeJHpOBAaHHA,
cocrasaser (0,9-=1:1)H (rze H — BHcoTa oTKoca WM ckJoHA). Ox-
HaKo 3TO COOTHOWIEHHE HMeeT MeCTO TOJbKO B CYXHX H MasJoo0BOI-
HEHHBIX OTkocaX. IIpH HaJNMYHH MOMHHX BOXOHOCHBIX FOPH30HTOB H
HX TOCJeNyIOlleM IpEeHHPOBAHHH H3MeHeHHe HANPAMXKEeHHH IpPOCJeXH-
BaeTcs B 30HAX CYWIECTBeHHOH mpoTsxeHHocTH. Tak, HanpuMep, njas
JleGenunckoro kapbepa KMA yBesqnueHHe HanpsKeHHH BCJeICTBHE
CHSITHS HamopoB HabJonaercs Ha paccTodHud 8—13 KM OT BepxHeH
6poBkH Gopra Kapbepa. B CyXHX H MaJo0OBOJHeHHBIX OTKOCaX H3Me-
HEHHE HAMpPSI’)KEHHOT'O COCTOSAHHSA INOPOJA OGBIYHO CBSI3aHO € pasrpys-
KOH TOJIHIH.

Hanpasienne HaubOJBUIKX TIJABHHIX HANPsKEHHA 1O Mepe IMpH-
61HKeHHS K NMOBEPXHOCTH OTKOCA MEHSETCHd OT BePTHKAIbHOIO 10 CO-
BNajenus ¢ AunuHelt oTkoca (puc. 61,a). Hanpasiaenne AefictBus Ha-
OpsIKEeHHS Gp C TOPH3OHTOM cocTaBasieT yroa 90°—p’ B KaxAoM
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HaKJOHHOM CEUEHHH, NpoxofsimeM uepe3 To3ky A. Ecan nopois B
OTKOCE HAXOUATCH B NPENEeJbHOM COCTOSHHH, TO IJIOLIAJKH CKOJbKeE-
Hus B o6aactn BCDE uak/joHeHH K ceueHuam AA;, AA., AA; nox yr-
goM 45°— /2. B pesyawrate ¢HopMHPyeTCs HEKOTOPAs KPHBOJHHERH-
Hast noBepxHocTb DE.

B oGaacru BCDF BekTOop Hanps2KeHHH ¢ BepTHKAJEH H, CJIEJOBa-
Teabno, muomaiaka CD HakjioHeHA K FOPH30HTY MOX yrioM w=45°4
+¢/2 (rpe o —yrol MexXay Hanpas/JeHHEM IIOMIAJKH, TJe HMEET-
¢ cocTostiHe ITPEefeJbHOrO DABHOBECHS, H [JVIABHOH NJIOLIANKOH).
B cinoe nopoawr Beime juHHH CK (cM. pHe. 61,a) AeHCTBYIOT TOJBKO
pacTArdBaiiHe HANPAXKEHHs, KOTOPHIE BBI3BIBAIOT MOsIBJIEHHE TPEIIUH
3aKoJs1a NpH (OPMHPOBAHHH ONOJ3HEBOTO CMELIEHHS.

[Ha xapakrep H3MeHeHH HANPSKEHHOIO COCTOSHHS MOPOA B OT-
Koce H 0cOGEHHOCTH (OpPMHPOBAHHS NOBEPXHOCTH CKOJbXKEHHS B OC-
HOBHOM BJIMSI€T YroJ HakJIOHA OTKoca K ropusoury. M3 puc. 61,6 cie-
JAyer, 4YTO NMPH YMEHbUIEHHH yria o A0 3HAYEHHSA O yMEHbUIAeTCs
IIHPHHA NPH3MB BO3MOXKHOTO CMeleHHs NOPoJ H 3HAaYHTEJbHO BO3-
pacraer pajgHyc KPHBH3HBI NoBepxHOCTH cKo/bXeHus DE. Coorser-
CTBEHHO NOCJEAYIOIIEEe BHIIOJaXKHBAHHE OTKOCA NPHBOJIHT K TOMY, YTO
IPH3MBI CKOJIbXKEHHS He GOPMHPYIOTCA.

O6parnas KapTHHa HabJ/I0jJaeTcss NPH YBETHYEHHH yria OTKOCA:
pasmepbl NPH3MH CKOJBXKEHHS BO3PACTAXOT, yBEJIHUMBAeTcs MOII-
HOCTb 30HBI f9p, B KOTOPOH pDa3BHBAIOTCH PACTATHBAION[HE HAMpsAXKe-
HHSl, YMEHDBUIAETCH KPHBH3HA IOBEPXHOCTH CKOJLXKEHHA, H NpH 0=
==90° oHa craHOBHTCA MJIOCKoil (cM. pHc. 61,8) [6].

§ 2. PACYET YCTOMYNBOCTH OTKOCOB B CKAJIbLHBIX
TPEILUHOBATBHIX NOPOOAX

HanGoJsiee uacto yCTOHYHBOCTL OTKOCOB, CJAOXKEHHEIX CKAaJbHBIMH Tpe-
IHHOBATHIMH NOPOJAaMH, Hapyuaercs BciaejcrBHe 0OBaJsoB, Xapak-
TEPHBIX AJis KPYTHIX CKJOHOB IDH HaJHYHH HerJyBOKO pacloJOXeH-
HBIX NOBepXHOCTEH ocaabienns B roame nopon. Eme K. Tepuaru or-
MeTHJI, 9YT0 OOBAJH HE MPOHCXOLST HA CKJIOHAX KPYTH3HOH meHee 35°,
Ecan tosma He nMeeT BHIpa)KEHHBIX NMOBepXHOCTeH ociabieHus H NO-
pOJBl pacu/JieHEHBl TPEIHHAMH, Kotopble GopMHPYIOT GJOKH HEmpa-
BHJIBHOH (DOPMBI, TO YCTOHYHBOCTb TAKHX OTKOCOB MOXET GHITh TapaH-
THPOBaHa MpH YrJaxXx HX HakJoHa Ao 70° H OTCYTCTBHH OGBOIHEHHS
nopox [13].

OmnossHH B paccMarpHBAaeMbIX MOpoAax OGHIUHO BO3HHKAIOT TPH
HaJHYHH TIOBEpXHOCTEH ocJaalJeHHs], pAaCHOJOXEHHBIX JOCTATOYHO
ray6oko B roJmie. JIBHxKEeHHE TOpPOJ HNPOHCXOJHWT MO HaNJaCTOBaHHIO
HJIH [0 KPYINHBIM DPa3pBIBHBIM HapylwleHHsM. B HHXKHEH uacTH CKJOHA
NIOBEPXHOCTh CKOJbKEHHS (GOpMHpPYercss 3a cueT XPYIKOTO CKoJla
[13]. Takue omoasHu moryr ObITh pasjiefenbl Ha ONOJ3HH-0OBAJHI,
3axBaTHBaomKe 00bIUHO HeOoJsbiHe OGBeMBl MOPOJA, H CTPYKTYPHEIE
OTIQJI3HH, KOTJAd CMelleHHe KPYAHHX OJ0KOB NoOpox HNpoucxXoAHT Oe3
3aMETHOTO HapylleHHs HX BHyTpeHHero crpoeHus [18]. O6mnembr
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Puc. 62. CxeMubl AJl1 pacyeTa OTKOCOB, CJOXKEHHBIX CKaJbHEIMH NOPOJAMU NHPH HaJH-
ypH OAHOH (@) H ABYX mjockocTefl ocaalcHHS, PACHOJIOXKeHBBIX MOJ pa3HBIMH yI-
namu: (Bi—PB2) <15° (6, 8) u (Bi—P2) >15° (e) [6]

OTIOJI3HEBBIX TEJ CKaJbHBIX TOPOJ] AOCTHIAIOT COTEH MHJJIHMOHOB KyGH-
yecKHx MeTpoB (omoJs3eHb Ha IJoTHHe BailoHT B Hranmm cocraBui
250 maH. M%), A. TeiiMmoM onHcaHbl npeBHHe onoJ3nu B IlBefinmapckux
Aspnax, o6bveM KoTopeix gocturana 1200 man. me.

Ono/JI3HH B CKaJIbHEIX NMOPOJAX HHOra pa3BHBAMIOTCS Ha CKJOHAX,
KPYTH3Ha KOTOpbIX BecbMa HeaHaudnTedpHa (10-—12°). Moo mpea-
noJarath, YTO B TAKOM cJydae CMelleHHst NOPOA MPOHCXOAAT MO HO-
BEPXHOCTAM ocJaalseHust, BHINOJHEHHBIM MJIACTHYHBIM [JIHHHCTBIM Ma-
TepHAJIOM, NOCKOJBKY YIJBl BHYTPEHHEro TPeHHs TNOPOAL Mo Topoje
HMelor Gosee BHICOKHE 3HAUEHHS.

TakiM o6pasoMm, oOueHKa YCTOHUHBOCTH OTKOCOB, CJOKEHHBIX
CKaJBbHHIMH TPEUIHHOBATHIMH NOPOJAMH, JOJKHA YUYHTHIBATL CJIeAYIO-
LIHe OCHOBHble (AKTOpPH: |) Ha/JnHuHe OPHEHTHPOBOUHEIX MOBEpXHO-
crTeil ocaabaeHHll © cHCTEM TPEIUHH, KOTOPBIE paccMaTPHBAIOTCS Kak
BO3MOJKHbIe MOBEPXHOCTH CKOJbXENHs; 2) naJnule BOLOHOCHBIX TO-
PH30HTOB B TOJIIE TPEIHHOBATHX MOPOJ HJAH BO3MOMXKHOCTL HX 00-
BOJAHEHHs, TIPH 3TOM BOJA PacCMAaTPHBAETCS KaK 0/111a H3 AKTUBIBIX
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CHJI, OKa3HiBAIOIIMX Jap/jeHHe Ha CTeHKH TPeuHH; 3) mapaMerps co-
NPOTHBJCHHS CABHIY TO TPEIHHAM H IUIOCKOCTAM ocJabieHus B 3a-
BHCHMOCTH OT CBOHCTB HMX 3amoJIHHTeJS HJH NpPH ero OTCYTCTBHH —
OT xapakTepa MOBEPXHOCTEl TpelquH.

TuO cMemieHHsl B CKaJbHBIX TPeIHHOBATBIX MOPOJAX ONpejessier-
Cfl CTPOEHHEM TOJIIH, OPHEHTalHell NMoBepxHoCcTell ocaalbJeHns u na-
paMeTpaMi OTKOCOB (YrJOM HX 3aJI0XKEHHS H BBICOTOH).

Cawmbiii mpocToil BHA CMewmieHHSA B CKaJbHBIX Nopojax (popmupyer-
Csl MPH HAJTHUHH OJHOI NOBEPXHOCTH ocnaabJenus (puc. 62,a), npu
TOM B BepxHell 4acTH OTKOca MoXKer HaGJ/JionaTtbcsd OTPBIB HAH CKOJI.

Ipu HaTHYHK ABYX NepeceKkaloUluxcs [OBepxHocTed ocaalbreHusd,
0JlH2 H3 KOTOPHIX MapagieibHa HJIH cybnapaljjelbHa MOBEPXHOCTH
OTKOCa, a BTOpas MPOXOAHT NMOJA YIVIOM K Hell (cM. puc. 62,6), xapak-
Tep cMeueHus Oyier 3aBuceTb oT yrJaa f,. IIpH 3ToM B 3aBHCHMOCTH
OT COOTHOLIEHHS YIJIOB Py H P2 BO3HHKAIOT CJeAyIOIHe BapHaHTHI
1) p1=70°— B mpouecce cMemeHus HabJaOAaeTCA OTPHIB MO HAKJIOH-
Holt momepxHoctH (cM. puc. 62,6); 2) B1<<70° H Pfo—P1<< 15° — onoa-
3aHue 0JI0OKOB NOPOJA MOXKeT HNPOHCXOJAHTb MO KPHBOJHHEHHON NoBepX-
HocTe (cM. puc. 62,8); 3) Bi<<70° u Bo—pP1>>15°— passuTue cmeme-
HHS HJeT [0 JOMaHOH HOBEepPXHOCTH, NpHYeM B BepxHell yactn HabJio-
paiorca aedpopmaunn ckojda (cM. puc. 62,2).

Ilpu cymecTBOBAHHK KPYNHBIX TEKTOHHUECKHX HapyLIeHHH, passo-
MCB B COYETAHHH C CHCTeMaMH TPeIHH CMemieHHS MOpPOoJ MOTLYT Ipo-
HCXOAHTb TI0 JABYM TIOBEPXHOCTAM, MMEIOMHUM ¢dopMy KJIuHA. OGBIYHO
NOBEPXHOCTb CKOJIbXeHHA B ¢dopMe KaHHA GOPMHpYeTCs, ecan yrod
BCTPeUH, COCTABJEHHHI NOBEPXHOCTSMH OTKOCA W ocaabJieHus, 6ogee
10°. TIpn MeHBIINX yriaax pacder caelyeT BeCTH MO MJIOCKOH NMoBepX-
HOCTH CKoJbxeHHs [6].

CJlenoBareqabHO, MOBEPXHOCTh CKOJBXKEHHS B CKaJbHBIX TPEIIHHO-
BATBIX MOPOAAX B 3AaBHCHMOCTH OT KOHKDETHBIX Te0JIOTHYeCKHX yCJo-
BHH MoOKeT ObITb IJIOCKOH, KpHBOJIHHENHOMH, TOMaHO# H KJAHHOBHAHOH.

Pacuer npenesJbHOil BBICOTHI OTKOCA, B KOTOPOM HPOC/EXKHBaeTCs
0/lHa IJIOCKOCTb CKOJIbXKEHHSI, HAKJIOHEHHAS MOJ yrJioM P K TOPH30H-
Ty, BBIMOJHSIETCH AN ABYX ycaosH#: 1) a=90° (yroa oTkoca BeprH-
KanteH); 2) a<<90°.

Cxema neficrsylomux cua npu a=90° npuBeneHa Ha puc. 62,a.
Ha gnun ABD neiicrayior: 1) ero sec P; 2) peakiuus co cTOPOHB! He-
NOABHAKHON uacTi oTKoca R, HANpamleHHe KOTOPOIl  COCTABJSIET
C HOPMAJBIO K IJIOCKOCTH CKOJBKEHHS YroJa ¢, T. €. yroJ TpeHHs [o-
pol Mo MOBEPXHOCTH ocnabueHHs; 3) CHJBl CONPOTHRIEHHS, Hampags-
JIeHHbIe BJ0Jb NJIOCKOCTH CKOJbXKEHHS W paBHHe ¢"L (rae ¢’ — cuen-
JeHHe MO MOBEPXHOCTH ocsabgeHus ¥ L — AJHHA NJIOCKOCTH CMemie-
Hust). IInst yeioBwii paBHOBECHS cymMMa NPOEKUHHE THX CHJ Ha OCH Y
H 2 JIOJXKHA PaBHSITLCS HYJIO:

¢’L cos B—R sin(p—¢’) =0:

P—R cos (f—q’)—c’L sin p=0.
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U3 sTux ypaBuenuit nafizem, uro

P=c’L[sin B+cos p ctg (B—q)]. (386)

IToncraBus B 31y Qopmyny 3uauenus P=05yH2ctgp u L=
=H/sinf u pemuB ee orHOcHTe/pHO H, HaliZeM MpeNedbHYIO BBHICO-

TY BEPTHKAJbHOTO OTKOCA, B KOTOPOM IPOCJAeKHBAeTCs MOBEPXHOCTh
ocnabJ/ieHHs, HaKJOHEeHHAast MOA YIJaIoM P:

HE = 2j’ [tg Btctg (F— o). (387)

Ecan a90° 10 Bec P ompenenutcss M0 3aBHCHMOCTH

P= YT (tga—ctga).

2
COOTBeTCTBeHHO npepeJbHasg BeIcOTa OTKOCA
2¢’ 14-ctg P ct; — '
an — [ gPetg(P—¢") ] (388)
¥ ctg p—cigo

Hcxonss M3 3TOro paBeHCTBA, MOXKHO pPacCUHTaTh H MpeebHLIH
yroJs otkoca IIpH 3afaHHOH BelcoTe

’

anp:_arctg{ctg }9~—f;—[1 +ctgpctg(p—cp'u}, (389)

Kak yka3bBaJloch BhIIIE, CMellleHHe N0 HAKJAOHHOH IJIOCKOCTH CO-
IIPOBOXKJ2eTCsT OTPHIBOM HJIH CKOJIOM B BepXHell uacTH oTKOca, KOTO-
pHIi TIPOUCXOJIUT paHee HApYUIEHHS YCTOHUMBOCTH OTKOca W B pacue-
TaXx OOBIYHO HE YUHTHIBAeTCs.

Eciiu MOBEpXHOCTb CKOJIbXKEHUS HMeeT MeJNKOCTYIeHYaTyi0 (popMmy
BCJEACTBUE CMemeHHsT OTHedbHBIX OJ0KOB IIOPOX MO TpeImHHaM, To
B pacueTax 3TOT MOMEHT He YUHTbIBaeTcd H GopMa NOBEpXHOCTH
CKOJIbKEHUS NMPHHUEMAeTCH MIOCKOH.

[Ipu pacuerax umeer 60JbIIOe 3HayeHHE TpaBHJAbHOE 0OOOCHOBA-
HHe pacueTHHIX IapaMeTpoB ¢’ H ¢’ 1/ TOBEPXHOCTH oc/aabJeHHus,
ocobenno 60JblIoe BHHMaHHe c/elyeT yAeJfATh XapaKTepucTHKaM Io-
BEPXHOCTH TpeIHH (IIepoXOBaTOCTH, BOJHHCTOCTH), a TaKXke HX 3a-
noJuATeNAM. Bee 3TH IoKasaTeaH yCTaHABJAHBAKOTCS 3KCIepHUMEHTalb-
HO IpH MPOBEJEHHH COOTBETCTBYIOIIHX IOJEBHIX HCIBITAHHM.

[lpu kpusosuneiiHO# NOBEpXHOCTU CKOJbXMeHUs {(cM. puc. 62,8)
IpH3Ma CMemeHHusT JeJUTCH Ha OTAelbHble OJOKH, B OCHOBaHHH KOTO-
PHIX TIOBEPXHOCTh CKOJIbMKEHHS IPHHUMaeTcsl IJIOCKOH. ¥YCTOHYHBOCTh
OTKOCa OIpejessiercd U3 YCJAOBHS COOTHOIIGHUS YIEpKUBAOIHX H
CABHTAIOIIUX CHJ, IPUHYEM YACPKUBAOUHMH SBJSIOTCH CHJBL CONPO-
THBJEGHHSI CABHTY, AeHCTBYIOIHE MO IIOCKOCTH CKOJBbXEHHS B KaxK-
JOM H3 BBHIJEJEHHBIX 6J0KOB!

Tyn=Nitg ¢’+c'Ls, (390)

rae N;— HopManbHasi cocraBafiomas Kaxaoro 6/7oka, Koropas oIl-
pejensieTcsl NPH Pa3/IOKEHHH CHIAB P; HA HOPMaJbLHYI0 H Kacarelb-
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nyw cocraBasoumue; N;=P;cosPi (Bi— yroa Hak/JOHa IIJTOCKOCTH
CKOJIbKEHHS K FOPH3OHTY B Kax oM OJjoke, cM. puc. 62,8); L; — mpo-
TAXKEHHOCTb TNOBepXHOCTH ocaabaenus Kawporo O6Joka; ¢ u ¢ —
COOTBETCTBEHHO ClieIlICHHe H YroJ BHYTPEHHErQ TPeHHS N0 NOBEPXHO-
ctH ocaabaenus.

CpBuraioliue cd/bl B KaxJIoM OJIOKe ONpepesioTcs B 3aBHCHMO-
CTH OT BeJHUYHHE KacaTeJbHOH COCTaBJsOLIeH

Texs= Pisin p. (391)

CaenoBaTeabHO, KO03¢h¢hHUIHEHT YCTOHYHBOCTH BCETO OTKOCA B LEJOM
MoxeT OBITb BhIpaweH c yueroMm (390) u (391) B BHIe

ITyp __PycosB,tge’ 4 ¢'Ly+ PcosP, «

n= ST ons P, sin 8, 4 Py sin B, +
th ¢ 4 ¢’Ly+ Pcos Patg ¢’ + 'Ly (392)
+ Py sin By )

TIpu n=1 oTKoC HepeXOAHT B COCTOSIHHE NPEICJbHOIO paBHOBe-
cusl; B caydae n<<l ycTOHUHBOCTH OTKOCa He MOXeT OwTh ofecle-
yeHa.

[Ipu nomaHOll moBepxHOCTH CKOJbkeHud (cM. puc. 62,6 u 2) B
pacueraXx YCTOHUYHBOCTH OTKOCA HCIOJAb3yeTcs TrpadHyeckKHd crocod,
CYTh KOTOPOrO 3aK/04aeTcs B NOCTPOSHHH MHOIOYIOJIbHHKA CHJ, Aeli-
CTBYIOUIHX Ha OTHeJbHbple 6JoKH NMpu3MBl cMemenusd. CxeMa pacuera
nokasaHa Ha puc. 62,e. CorJiacHO NpHBEAeHHOH cXeMe OfHa H3 ILIOC-
KocTelt cMemienuss BD NMpakTHuecKH NapaJijejbHa NOBEPXHOCTH OTKO-
ca, naockocth CD pacnojoxeHna nox yraom e=45°—¢/2 no oruo-
IIeHHIO K IOBEPXHOCTH OTKOca. [IpH3Ma cMeuleHHs B INpollecce OIOJ-
3aHus MoxeT OHTb pa3jnenena Ha aBa 6gaoka: ABDE u CED —c 06-
pa3oBaHHeM JONOJHHTEALHOH MNOBEPXHOCTH cKouabkeHHr DE, KOTO-
past IO OTHOIIEHHIO K IJOCKOCTH BD cocramiser yroa pp=90°—q.
3HaueHHe YIVIA (o HCIIOAb3yeTC INPH pacuere Beca MOPOJ TPH3MBI
ononzanud ABDE u pauubl noBepXHOCTH cKodbxenuss DE. ITockoJb-
Ky Bec npusMbl ABDE 3aBHCHT OT yraa po, TO BO3HHKaeT BOMNPOC, MpH
KaKHX ero 3HaueHHsiX HaBjienue oT NpuaMb ABDE 6yner MakcHMalnb-
UbiM. HeH3BeCTHBIMH B 3TOM cJyuae SBJSIOTCA TPH IlapaMerpa:
1) peakuus co croponbl HENOXBUMKHON uacTH OTKOca Rj, KorTopas
NpUJIOKEeHa oA YIJIOM ¢’ [0 OTHOWIEHHIO K HOPMaJH, IPOBENEHHOM
K [JOCKOCTH cKOJbXKeHHst BD (cM. pHc. 62,2); 2) peaknua Oaoka
CDE wra naomanke DE; 3) yroa uo.

Jlns HaXoXKAEHHS STHX HEH3BECTHBIX COCTABJSIOT CHCTEMY H3
TpeX ypaBHeHHH, NepBble ABa H3 KOTOPHX SABJAAIOTCA YpaBHEHHIMH
CTaTHKH (IOJYYaOTCH NPH NPOENHpOBAHHH ACHCTBYOUIHX CHJI Ha Ha-
npabjense BD u nopMaap K HeMy), a TpeTbe COOTBETCTBYET YCJOBHIO
skcTpemyMa ¢yuknuu Ey=J(uo), T. €.

9 _o. (393)

dixg
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M3 nByx ypaBhenufi cTaTHKM 3HaueHHe CHJAHN E, Moxer GHITL 10-
JyYeHO B BHIE
_ Pu(sin Py — cos By tg ¢) + cl(sinp, tg ¢ — cosp,) — ¢’'L, (394)
sin (1 — g% ¢) '

E

1

rie ¢ 4 ¢ — XapaKTepPUCTHKH IIPOYHOCTH HOPOJIB! Mo NMosepXHocTH DE.

Hs (393) u (394) noayuaior ¢opMmyay IJs ONpeaeeHHA 3HAUE-
HHsl yIJa |, IPH KOTOpOM jaBjenue npusMmuel ABDE pocturaer Mak-
cHMyMa:

. cl
Potio) = dfCCOS[ P, (sin Py —cos By tg ¢) —¢'L, } (395)

B 3aBucEMOCTH OT noJyderHHoro no ¢dopmyae (395) yraa poxp
onpenenasior Bec NpusMbl ABDE W AJAHHY NOBEPXHOCTH CKOJbMKEHUS
L,. ®opmyaa (395) chpaBeaauBa IIpH CJACAYIOUIHX YCJOBHSIX:

cl <1 (396)
P,(sin B, — cos P, tg ¢) —¢’L,
Pi(sin B;—cos B tg ) —c'L; >0, (397)

Ecan He Boimoinsercd nepsoe ycjoBue (396), To cABUr IO MO-
BepxHocTH DE Ipu 3aJaHHOM COOTHOLIEHHH CHJ HEBO3MOMKEH, B 3TOM
cayuae npusma ABDC nenurcs BepTHKAJbHOH IIOCKOCTHIO HA 1Ba
6/10Ka H YCTOHYHBOCTh OTKOCa paccuHTthiBaerTcd mo ¢opmyne (392).
Ecau we BhNMoJHsAercs BTOpoe ycaosue (397), To mpusma He cMela-
eTcst o noBepxHoctaM BD u DE. Hlnpuna Npu3Mp BO3MOXKHOLO cMe-
HIeHHR ollpeJensieTcss Mo caeiaylomeil ¢opmyae (cm. puc. 62,2):

AB = a = 'Ly cosy’ (398)

o, sin(P, — ¢’} — Rew'sin P; cos ¢’ ’

rae oy — HauGOJbIIHE TAaBHBlE HANPSKEHHUA; Ry — BpeMeHHOe COo-
MNPOTHBJIEHHE CHKATHIO IOPO] OCHOBAHUS OTKOCA.

IIpu BeIMOJHeHUd ycaoBus (398) BHauajge CTPOUTCH MHOIOYTOJb-
HUK CHJ aJs Gaoka ABDE. B onpenejseHHoM Maciirabe OTKJajgblBa-
10Test BeKTOpHl cua Py, ¢’Ly u cl, xoTopeie nmapajjieanHb HX HaIlpaB-
JEeHHSM B OTKoce. 3aTeM OT KOHLA BeKTOpa ¢/ NpoBOAHTCs NpAMas,
napamjaenbnas £y, a ornauana Bekropa E, —cuna R;, napannenbuas
TOH Xe cHJe B OTKoce. MHOroyro/JbHUK cua aaa 6aoka CDE cTpoHTt-
cfl B TOH Xe MOCTAeq0BaTeNbHOCTH. BekTop cuanl P, OTKAajbiBaeTcs
OT TOUKH MepeceyeHust BeKTopoB cua ¢’Ly u cl. Ecau orkoc ycroiiuus,
TO MHOTOYTOJBHHK 3aMKHETCS IlepecedeHHeM BeKTOpOB Rz H ¢'Ls:
npu n=1 3aMpiKaHue TOUHOE, NPH A.>1 MHOTOYrOJbHHK UEpPe3aMK-
HyT. OrcyTcTBUe 3aMbIKAHHS MHOI'OYroJbHHKA cHi (1< 1) cBHAETE/b-
CTBYeT 0 TOM, UTO OTKOC HEYCTOIHUHB; B 3TOM cayuae Tpebyercsd Ipo-
U3BeCTH HU3MEHEHHS IapaMeTPOB OTKOCA: YMEHbUIUTh €ro BhICOTY HJH
yroj. MakcumaJjpHasi BeICOTA BepTHKAJBLHOIFO OTKOCA IIPH OTCYTCTBHH
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nosepxHoctell ocaabaeHuss Moxer ObiTh DIpefedeHa Mo cJaemywonie
3aBUCUMOCTH:

H,—=H, [1 + V S (45%%) ] (399)

rae Hoo onpenenserca no gopmydae (385); Ry, — NPOUHOCTb NMOpOJ Ha
pacTaxenue, ¢ H @— IoKa3aTe/JH NpoYHOCTH nopoa [23].

Hlupuna npuaMbl CKOJbXKEeHHS Ha DOBHOH IOBEpPXHOCTH OTKOCA,
cuurtasg ot ero OpPOBKH, AJsi OJHOPOAHOrO OTKOCA PaCCUHTHIBAETCS IO
clenywomeil dhopmye:

p =H90]/ Ziptg (450_%) . (400)

3asucuMoctb (399) Hcmoab3yercss Takke INIPH pacueTe Npenedb-
HOH BLICOTH BePTHKaJbHOrO OTKOCA, CJOMXKEHHOrO INIMHHCTBIMH IOpO-
LaMH, HMCIOIHMH TPeHHe H CleIlIeHHe.

§ 3. PACYET YCTOHWYUBOCTH OTKOCOB, CJIO)KEHHbBIX NECYAHO-
FIUHUCTBIMU MMOPOAAMHU

HapymieHnss yCcTOHYHBOCTH CKJIOHOB H OTKOCOB, B paspese KOTOPHIX
npeob/1anal0T Necyano-rJIHHUCTHE TOPOH, ualle Bcero NPoHCcXoAfT IO
THIly ONOJA3HEBHIX cMeuleHHH. B auTHGHUIHPOBAHHLIX TAHHHCTBIX OT-
JOXKEHHUsX Da3BHBAIOTCA CTPYKTYpHBlE ONOJA3HH, NpHYEM eCaH OTKOC
CJI0XKeH OMHOPOAHHMH TNOPOAaMH, TO NOBEpXHOCTb CKOJbXKEHHS HMeeT
KpYrJOUH/IHH ApHYecKoe ouepTaHHe (aceKBeHTHBle ONOJA3HH). [IpH 3a-
JleraHuH B paspe3e HeOQHOPOAHBIX MO CBOICTBaM MNOPOXA, HO NIPH OT-
CYTCTBHH IIOBepxHocTell oc/ab/ieHHs NOBEPXHOCTb CKOJbXKEHHS KpH-
BOJIMHeHNa (KOHCEKBEHTHBIE OIOJ3HH). [JoJoXKeHHe IOBEDXHOCTH
CKOJbXXeHHs 3aBHCHT TaKMe OT NPUCYTCTBHA B paspe3e caabblx IO
NpOYHOCTH OTJoxeHHHd. EcaM MeHee NpOUHHI cJOH npoc/e:xkuBaercd
B OCHOBaHHH OTKOCA, TO IOBEPXHOCTb CKOJbXKEHHS TPOXOAHT HHKe
ero HoaHoXKHs. B TakoM ciyuae oNoJ3aHHe NOPOJ MOXKeT CONPOBOXK-
J1aTbCsl BHAaBJHBaHHeM 6oJjee ca1aGoro c¢/os, 3ajderalouero B OCHOBA-
HHH OTKocCa.

Ecauw B Tosne HOpoa OTKOCa HpOCAeRHBAIOTCH caabble TOHKHe
IPOCJION HJIH NPOYHOCTb IIOPO1 Ha KOHTAKTax CJ10eB HMeeT OoJiee HH3-
KHe 3HaueHHWd II0 CPaBHEHWIO CO BMemaloWMMH NOpOJAMH, TO IJIOC-
KOCTb CKOJIbXeHHST OOBIYHO TIpHYpoUeHa K 3THM NOBepXHOCTAM oc/aab-
JIEHHS H HMeeT JOBOJBLHO CJAOXKHBIE OUEPTAHHS.

[Ipn naanumm noBepxHocTell ocsabieHHs, OPHEHTHDOBAHHLIX B
CTOpPOHY OTKOca, HauboJiee ONMACHHIH MOMeHT BO3HHKaeT, Korga ¢’ <<
<<B<Ca (rme p— yroa Hak./OHa NOBepXHOCTH OcJ/JabJeHHs K rOpH30H-
TY; @ — yroJ HakJ/JoHa oTKoca; ¢ — yroJ BHYTPEHHero TpeHHus Ha IMOo-
BePXHOCTH ocsial/ieHus).

B rauHHCTHX noponax MaJsofl W cpejiHefl crelleHH JHTHGHKALHH,
a TakKke B OTJOXKCIIMAX, KOTOpble Nperepledn HabyXxanue, GOpMHpPY-
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I0TCH IIJIacTHYECKHe onoJsHu. s 3THX OmNoJ3Hel XapaKrepHO Teue-
HHE MIOPOJ II0 HAaKJOHHLIM MOBEPXHOCTSAM CKOJbxkeHus. [IpumepoMm ra-
KHX OIIOJI3HEBBIX IOJABUIKEK CJYMKAT CMeleHHe JedI0BHAJbHBIX OTJIO-
XKeHuH, HachIeHHBIX BOAOH, mo GoJjiee NPOUHHIM OTJOKEHHSIM, COJH-
¢dJoKIHOREBe AehopMaluy B T. II.

Caunncrole nmopoas HauGodee aKTHBHO B3aHMOAEHCTBYIOT C BO-
JIoH, B peay/pTaTe Yero NPOHCXOMHT 3HAUHTEILHOE YMEHBLIICHHE HX
npoyHocTH — HHorAa Ha 50% u 6Gosee. KpoMe Toro, B oTKOCax H Ha
CKJOHAX IJIHHHCTHIE IIOPOABI JIErKO pPasyIJAOTHAIOTCH, BHIBETPHBAIOT-
cfl, IIPOYHOCTh HX MOXKET YMEeHbIIUTbCA TaKMKe I10j1 AeHCTBHEM Ce30H-
HOro ImpoMmep3aHusi — oTtauBanyda. CyliecTBeHHOE yMeHbUIeHHe INPod-
HOCTH IIODOJ BO BPEMCHH IpPH JJHTENbHBIX CPOKax CAyXKObl OTKOCOB
JOMKHO OpiTh 00f3aTeNbHO YYTEHO NMPH OBGOCHOBAHHH pacyeTHHIX Ia-
paMeTpoB cBolicts. [IpH cHATHW BBICOKHX HANOPOB B Ipoliecce OCY-
HIeHHS BOJOHOCHBbIX TOPU3OHTOB HUXKeJeXKallHe TIJIHHHCThE IOPOIBl
MOCYT OKa3aThCfl NOJA AEHCTBUEM HaNpAXKeHHH, KOTopble MO BeJHYHHE
IPeBOCXOAAT MepBOHaYaJbHEIC. B ¢BS3W € 3TUM, B TOJE TJAHHHCTHIX
NOpoA, OCO0EHHO HMEIOIUX HH3zKHe KO3 HUHEHTH ¢UIbTpAIHH, MO-
YT BO3HHKHYTb TaKHE BeJHUHHH IIOPOBBLIX JaBJeHHH, KOTODhlE BHI3O-
BYT cHHKeHHe 3¢ (eKTHBHBIX HalpfxeHHH H mepexoj MOpPoa B Ija-
CTHYHOE COCTOSTHHE,

YCTOHYHBOCTD I1€CUAHO-TJAHHUCTBIX IOPOJ B OTKOCaxX OIpejedsier-
¢ Takxke JAefiCTBHEM THIAPOCTATHYECKUX H THAPOJAHHAMHYCCKHX CHJ,
00yC/IOBJIHBAIOIIHX Da3BHTHe (HJILTPAUHOHHLIX AedhopMauHi, K YHC-
JIy KOTOPBIX OTHOCATCH CY(PODO3IHOHHBIE NPOLECCH, OIJILIBAHHE IOPOJ,
OCOOEHHO IECYaHBIX OTJOXKEHHH, QUIbTPAUHOHHBIH BHIHOC H pa3MbIB
MOPOJ N0 TpeurHHaM.

CnenoBatenbHO, 3 GeKTsl BAHAHUA IOJ3EMHHX BOJ IPH HCCJEN0-
BaHUH YCTONYHBOCTH OTKOCOB, CJIOXEHHBbIX IecyaHO-TIHHHCTLIME I10-
poiaMH, cjeayeT OLEHHBATH NBOSKO: KaK MeXaHHYyeckKoe BO3JAeHCTBHe,
BBI3BIBAIOIEE H3IMEHEHHE HANPAMEHHOTrO COCTOSHHS IOPOJ B OTKOcax
H KaK (U3HKO-XHMHYECKHH (akTop, onpenejsIOmHH INpouecchl THIA
HabyxaHu ¥ pa3MOKAHHS IOPOJA IpPH BHICAUHBAHWHM IOJA3EMHBIX BOJ
Ha OTKOC.

OrmnosiaHeBble IIPOIECCHl, NPOTEKAIIIHE B IECYaHO-TJAHHUCTHIX I0-
polax, yacTo HMEIOT UHKJIHUeCKHH XapakTep, 0COOEHHO KOrja OCHOB-
HBIMH NPHYHHAMH, HAPYHIAOUIHMH DPaBHOBECHE TODHLIX MOPOJ, ABJS-
IOTCST H3MeHeHusT UX cBORCTB MOA BO3JEHCTBHEM BLIBETPUBAHUS M BO-
Ibl, a TaK)e CE30HHbIe KOJeOaHUS YpPOBHS INOA3EMHDLIX BOJ.

Pacuer ycroliuuBocTH OAHOPOAHBIX OTKOCOB. OZHHM H3 Haubo/ee
PAaclpoCTpaHEeHHBIX METOJ0OB pacyera YCTOHYHBOCTH OTKOCOB HBJSeT-
csl MeToj KPYTrJOLUHJIHHAPHYECKOH MOBEPXHOCTH CKOJAbXKEHH:H, MPeno-
wenun# K. Tepuaru,

OcHOBHBIE JOTMYHIEHHST MeTOAa 3aKJI0YaloTcd B IIPEANOJIOKEHHH,
YTO COCTOSIHHE IIPE€leJbHOrO paBHOBecH (QUKCHPYeTCS TOJNhKO B TOY-
Kax II0 MOBEPXHOCTH CKOJbXEHHS, a NpH3Ma CMEIIeHHsT sBJseTcs
HKeCTKHM Helledhop MEPYEMBIM TEJIOM.

K. Tepuaru u B. ®esseHuyc cocToOssHHe DaBHOBECHS OHpeACAIH
TONBLKO IO OJHOMY YCJOBHI0 CTaTHKH — PaBeHCTBY MOMEHTOB yaAep-
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Puc. 63. Cxema s pacdeTa OTKOCOB, CJIOXKEHHBIX NeCYAHO-IVIMHHCTHIMH [OPOJAMH:

@ — OAHOPOIHBIA OTKOC (pacuer no B. dennennycy); 6—0 — pacuetunle cxemsl BHUMU (6 n
8 — COOTBETCTBEHHO OJIHODOAHble M NpPHBeNeHHble K OJHOPOILHOMY COCTOSHHIO OTKOCHI, & — He-
OLHOPOMHBI! OTKOC NPH YCJOBHHM 3aJjerapusA OoJsee cnalblXx MOPOL B OCHOBAaHHH, 0 — npH HajH-
YHH B OCHOBAHHH OTKOCA €JaGOro KOHTAKTa WJIW NPOCJOS)

KHBAIOIHX U CABUramux cHa. JladpHelllnee pa3BHTHe MeToga B pa-
6orax . Tefiqopa, P. P. Uyraesa, M. B. ®PenopoBa 3akmawuaercs
B HCIIOTh30BAHWH ypaBHEHHS Npeae/bHOTO PaBIOBECHS C YUYETOM BCeX
TpeX YCJOBHH CTaTHKH.

Opnako B 3THX paboTax He OBIJIO 1aHO TEOPETHUECKH 0GOCHOBAH-
HbIX PEKOMeHAaUHH Mo OTHICKAHHIO HaHnOodee HANpPSKEHHOH MOBepX-
HOCTH CKOJbxeHHus. Ee moJoxeHnHe ycraHaB/jHBaJOCh NyTeM Hoabopa
IpH IPOBEJEHHH MHOTOKpAaTHHIX IOBEPOUHLIX pacueroB. B KauectBe
NpHMepa MOXKHO IpPOHJIIOCTPHPOBATh METOH OINpenedeHHst HanboJdee
BEpPOSATHOH INOBEPXHOCTH cKOJbikeHHs No B. Peanenunycy (puc. 63,a).
[Ipn zapaHHOM yrie oTKOca @ H ero BhicoTe H{ UeHTPH BpalleHHS
HanboJiee BEpPOSITHHIX NMOBEPXHOCTEH CKOJMbXKEHHS HaXOAaATCsH Ha Ips-
Mo#i, IocTpoeHHe KOTOpoH IoKazano ua puc. 63,a. OT NOAHOKHA OT-
Koca OTKJa/JblBaeTcss BHHMZ €ro BHIcOTa [ M manee BIpaBoO OTPE3OK,
paBublii 4,5 H; ¢ moMomplo NOMOJTHHTENBHEX YIJIOB B1 H Pg, 3HAUEHUS
KOTOPHIX 3aBHCAT OT yria orkoca o (taba. 21), maxomar Ttouky O,
KOTOPYI0 coeauusiior ¢ toukodi A. Ha
JaHHOH MNpAMOU pacHo/JoKeHn TOUKH, Ta6aunma 21
oNpeneNsuHe MOJOMKEHHST  LEHTPOB

BPameHHs KPYIIOUHAHHAPHYCCKHX TO- o 0o, 3Haq?gg;y3;rnos,
BepxHocTell  cKodbxkenusa.  HanGoJee CKNoHa HJIH
c1abyl0 HOBEPXHOCTb HAaXOAAT IyTeM oTRoCE * 51 s
HOCJAeJOBaTeNbHOIO BHIIOJHEHHS  pac-
YeTQB YCTOHUHBOCTH 1O DPa3JjHUYHLIM IO- 450 28 37
BEPXHOCTAM CKOJbXKEHHS. 33°41/ 2% 35
- 26°417 25 35
Kak yxke yKa3piBaJoch Bbllle, €O 1 50957 o o
cTosiHMe paBHoBecH$, cordacuo K. Tep- 11°197 98 37
marak u B. ®engenuycy, onuceBaercd
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YCJAOBHEM DaBCHCTBA MOMEHTOB yAepIKHBaOUIUX H CABHTalOIUX CHJIL.
Mowmenr CABHTamHUX CHJA IIOJAYyUalOT U3 ypaBHCHHA

MC}LB:E-‘T‘L'R’ (401)

2 MOMEHT YZAepXKHBAOIHUX CHJ onpenenasaercs U3 3aBUCHMOCTH COIpPO-
TUBJCHUA CIBHTY:

My =R tg ENi-+cLR. (402)

Hast cocrosinust npenebHOr0 PaBHOBecHS KO3 HUHEHT yCTOMYH-
BOCTH paBeHd eAHHHLE, T. €.

1 IMyg _ Rig oXN; + ¢cLR__tg ¢XN; 4 cL 403
== SMew  RYT; - XT; ’ (403)

rne N; u T; nokazaunl Ha puc. 63,0; ¢ u tg ¢ — nmapamerpn NnpovHo-
CTH TOPOAb; L — nAHHA JHHHH CKOJbMKEHHSI.

TeoperHyeckoe o6ocHOBaHHWEe NOJOKeHHS HaHOoJee ¢aabol 1moO-
BEePXHOCTH CKOJIbXKEHHS B ONHOPOJHOM OTKOCE IJIOCKOH (GopMBI GBLIO
npepdoxero I'. JI. ®duceHKo Ha OCHOBAaHHH MOJOXKEHHA TEOpPHH Ipe-
penbHoro paBHoBecHd. Kak yxe orMeuasoch B § 1, B Bepxueii yacru
OTKOCa BeJHYHHA MaKCHMaJbHOIO [JaBHOrO HalpsiKenus op=yHog
W BEKTOD 3TOrO HalPsXKEHHs BepTHKaJeH, cleJ0BaTe]bHO, NONOKEHHE
rJ1aBHOR mnJomaaku, rae aelicTByeT oy, ropH3oHTanbpHoe. Kak caeny-
eT K3 TeOpHH TpejedbHOr0 paBHOBecud, paspaboranioit B. B. Coko-
JIOBCKHM, B IJIOCKOH 3anaye HENOCpeJACTBEHHO B 30He neficTBHS Ha-
TPY3KH (B JAaHHOM cjyyae HanpsiKeHuidl yHgo) JAHHHH ceMeficTBa NO-
BEPXHOCTEH CKOJbXKEHHS HMEIOT INpsAMoJHHefHBle ouyepralusa H pac-
nonaralTes noa yriaoM o=45°+4¢/2 no oriouenyuo K raasioi mjio-
manke HJAN Nox yrjaoM £=45°—q¢/2 N0 OTHOIIEHHIO K BepTHKAJH
(cm. puc. 63,6). Hitzke Touku C MAOCKOCTD CKOABXKCHHSA KPHBOJHHEH-
Ha H TpH OAHOPOJIIOM CTPOEIHH OTKoca MOXKeT OHTb IpHHSATA Kpyr-
Jouuansapuueckoli. IupuHy NpH3MBI BO3MOXKHOI'O CMeIeHHS pac-
CYHTHBAIOT N0 3aBHCHMOCTH

2H[1—~ctgatga_;?]~2Hgo

K ot
PRI (i
et (19— )+ (5

Bce o6o03maueHus, NpuBemennHbie B (GopMyJe, TMOKa3aHB Ha
puc. 63,6.

Jlas nocTpoerust HauboJjee caaboil noBepXHOCTH CKOJbXKelus, Io-
cJle HaXOXKJAEHHS WHPHHH NMPH3MbI CKonbxeHH AB, us touku B ony-
cKawT nepnenaukyasap BE na auaumio MM, koropas oIpenefser
MomHocTh Hoo. Jlajgee us Toukd E u u3 Toyku D Hoa yrioM o=45°4
+@/2 kK ropusoHTanu npoBoiAT auHAHU ckoJdbkenus BC u DC. Tou-
ka C npeacraBiaser coOOH repeceueHHe JHHHE cKoJdbxenud. M3 rtou-
ki C BoccraBasiior neprnenaukyasp CO. B muxnedi 6poBKe OTKoca
gpoBoasT aunuio NN; nox yraom e=45°—@/2 K NmOBEpXHOCTH OTKO-
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¢4 M BOCCTaBJSIOT K Hell mepreHaukyasip xo Hepecevenus c¢ CO.
Touka nepeceyeHHs 3THX NepneHAUKYAApoB O ABJIAETCA LEHTPOM AY-
ru HauboJee BEPOSITHOH MOBEePXHOCTH cKoabkelisd, a R=ON=0C—
paiHycoM KpYTJAOUHIHHAPHYECKOH HOBEPXHOCTH CKOJbXKelus.

C yueTOM TOrO, YTO H3jaraeMbiif METOJ OCHOBaH Ha TEODHH IIpe-
IeJbHOTO paBHOBecHs, 6ojee pOCTOBepHa KpHBOJHHeHAHas MmoBepXx-
HOCTb CKOJIbXKEHHUsI, 64au3Kasi K JorapudMuueckoit cnupaqau. s ee
nocrpoenust (cMm. puc. 63,8) onpeneafroT 3HayeliHe pajgHyca

Hetgaftg a4 1g(45° - ¢/2)] — fyy (405)

r = 4 ~ .
cos o [tg a - tg(45° 4. ¢, 2)] —e 0T clee

B atoM cjyuae mHpHHa HPHIMBl ONOJ3aHHA OyneT HECKOJBKO
Gosbllle, YeM B DPACCMOTPEHHOM BbIlle cjydae, H MOXKeT OBITh paccuu-
TaHa [0 3aBUCHMOCTH

ay=2(rocos o—H ctg a). (406)

[ToBepXHOCTb CKOJMbXKEHHS MNOJNYYalOT pacyeToOM BeJHUHHBI Ilepe-
MEHHDbIX pafHycoB r no opmysae

r=reexp(—H0ctge), (407)

rae 6 — yroa Mexay pajgnycaMH, OTCUHTHLIBAEMBIMH OT rp. 3HAUEHHS r
onpenensiioTess B HHTepBade 0°<C0<C(90°—a).

[Tonoxenue uenrpa Jorapudmuueckoil crnupaaun O ycTaHaBiuBa-
ercsl pacueToM fry. [loJyueHHble 3HaueHH§ pPajMyCOB, YHCIEHHO paB-
uble orpeskaM QO0;, 00, 00; 00, (cM. puc. 63,8), coeAMHSIOTCS
nJaaBHOR KpHBOH. Bbime Touku O, KpuUBasg CKOJAbXKEHHT MeHSET CBOe
ouepTaHHe Ha mpaAMoJuielinoe: orpe3ok O4D mpoBelell mo HalpaBJe-
HHIO K TOpH3OHTY nojg yraoMm 45°1-¢/2. Tlonoxenue Toukd D ycra-
HaBauBaercsl nepecedeHueM Hoo ¢ orpeakoM O.D. TMocTpoeHue KJu-
ma BO4D aHaJOrHYHO OMUCAHIIOMY BBILIE,

[Tocie ompepedeHuss MOJOXKEHHS NOBEPXHOCTH CKOJBXEHUS BHIje-
JeHHasl NIpU3IMA CMELIeHHs JeJUTCs HA OTAeJdbHble GJOKH, B Npejpesaax
KOTODBIX KPHBOJIHHEHAs NOBEPXHOCTb CKOJDbMKEUHS MOXKeT paccMar-
puBaTbCcA KaK IlocKas. Bec kaxporo 6Joka P; packjaajnbiBaercs Ha
nopMaabHyo N; w kacateapnyio T; cocraBasiomue. Koabdunuenr
YCTOHUHBOCTH pacCUHTBIBaercs MO y¥Ke H3BeCTHOH ¢opMyde (403):

n= tg 93Ny + ¢L
3Ty :

Ator chHocob HOCUT Ha3BaHue aA2e6paUuecKo20 CAOMEHUS CUAL
Pacuer ycroHuMBoCTH HeONHOPONHBIX OoTKOCOB. MeTon aarebpau-
YeCKOTrO CJOXKEHHS CcHJ MIHPOKO HUCHOJb3yeTcsd B pacuerax yCTOHUH-
BOCTH OTKOCOB, CJOMEHHHBIX Pa3/JHYHLIMH MO cBOHM (H3NKO-MexaHH-
YeCKHM CBOHCTBaM MOpPOZAaMH, IPH OTCYTCTBHH HeGJArolpHATHO OpH-
eHTHPOBAHHLIX NOBepXxHOocTeH# ocnabiaenuss (Nmpu JO60M HAK/JIOHHOM
Jan60 TopH30HTAJbHOM 3aJjleraHuy Hopojn). B aToMm ciayvae HeOnHOPOA-
HBIl OTKOC NPHBOAAT K HEKOTOPOMY OJHOPOAHOMY COCTOSAMIO, PACCYU-
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ThiBasi CpelHeB3BellIcHHbBIe 3HAUeHHsA CUEMeHHs W yria BHYTpeHHero
tpenus [23]

Cc. — Cyly -+ €ala + o os - Caln
® Al iy

’

oo, T 12 fatyla + o 18 ‘Fn"nnl"
6,0+ cn212 4.+ °nnlﬂ

tg Pep =

rae ci, ..., Cn — ClellJieHue TOpoAsl OTAGABHOr0 ciosl; tg @i, ..., 18 @n—
KO3(hHIUEHT BHYTPEHHETO0 TPEHHS HOPOA OTACABHOrO ¢aosi; [y, ...
... ,ln — OTPE30K NOBEPXHOCTH CKOJIbKEHHS B Ipefesax KaXjaoro or-
AEJMbHOTO ciosl (CcM. pHC. 63,8); Opy, .., On, — 3HAUCHHS HOpPMaJb-

HBEIX HalpsKeHHi B BBIAEJICHHHX 6J0Kax B CpelHell uacTH oTpe3ka
CKOJIbXKeHusl, KOTOpble PacCUHTHLIBAIOTCHA I10 YK€ H3BECTHOH opMyie
leM. 1. 2); 0n==yh;c0s*P; (rae P;-—yroa Hak/JoOHa OTpe3Ka MJIOCKO-
CTH CKOJIbXEHHS JaHHOro GJOoKa K FOpH3O0HTY; A; — BeICOTa 60K, CM.
puc. 63,8).

ITockonbKy HEOXHOPOAHLIH OTKOC TPH OTCYTCTBHH HebJaarompHsiT-
HO OpPHEHTHPOBAHHHIX INOBEPXHOCTEH CKOJbXKEHHS paccMaTpHBaercs
KaK OfHOpOAHBIH, TO HaHbo/ee BepoATHAs MOBEPXHOCTh CKOJbLIKEHHS
CTPOHTCS TaK Ke, KAK H B pacCMOTPCHHOM Bhille c/ydae.

Heo6xon#MO OTMETHTh, YTO €CJd B OCHOBAHWUH TAKOro HEOHHODPOA-
HOTO OTKoca 3ajeralmT cjabple TVIHHHCTHIE OTJOXKEHHS C YIIoM @<
<C13° TO NIOBEpPXHOCTbL CKOJbXEHMs 3axBaTblBaeT 4acTh OCHOBAHHA
oTKoca (cM. pHuc. 63,2). Ilpn sToM HOCTpOEHHe KpPHBOH CKOJbMKEHHS
HMeeT CBOH OCOOEHHOCTH IpH Nicpece€UYElinH KOHTaKra ¢o cjaaboil Ho-
pono#i B ocHoBaHHH OTKoca. CoraacHO HCC/IEAOBaHHAM, NPOBEAEHHBIM
Bo BHUWMMH, kpuBoJuHelHBIH yuacTOK IOBEDXHOCTH CKOJbXKEHHS HH-
ke touku C mnepecekaer caalblii cofl mox yriom 6 (cMm. puc. 63,2),
3HaueHHe KOTOPOro olpenesercd 1o Gopmyae

b= % +— (p,—9,) ——%—arcsin (ﬂnﬁ) , (408)

L
2 sin g,

£1€ @z U (3 — COOTBETCTBEHHO YIJbl BHyTpeHHero TpeHHs 6ojee Npoy-
HHIX H cJafblX NOpOA.

B Toamie caaGux mopon yrod musjioma P {cm. puc. 63,2) ompene-
jasercs Mo GopMyde $==(@Ps—@3)/2, IOCKOCTb CKOJbKEHHA B 3TOM
cloe HMeeT IIMABHBIN KPUBOJHHEiHH BHA W BHIXOAHT Ha HEKOTOPOM
pPacCTOSIHHM OT HHXHEH OGpOBKH OTKOca MOA yrioMm g=45°—q;/2.

Ec/iu yroa BHyTpeHHEro TpeHus caabofl Mopoabl ¢3<<5—7°, TO
YCTOHUHBOCTH OTKOCA MOXHO paccyHThlBaTh NO MeTOAy adrebpaHue-
CKOTO CJOXKEHHS CHJ, HCOOJAb3YS BeJHUHHY 0OIIero CoNpOTHBJCHUA
cABUTY Ges pasflefeHHs ero na cuensenue u tpenue. C 3Toil neapio B
npeneax Kaxjoro OJ0Ka NMOPOAL ONPEAEISAIOT HOpMaJjbHple Op H
CABHIAIOMME KacaTeJdbHEIE T, HANPSIXKCHHA, ACHCTBYIOLINEe HA TOpU30H-
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TaAbHYIO NAOHIANKY:
op="h; cos? Bi;

! .
ks Yh; sin 28;.

[lo pumarpaMMaMm CONpPOTHBJAEHHS CABHTY nJisi IIOPOA, CJAaralolinx
OTKOC, ONpPee]sioT BeAHYHHY HX INPOYHOCTH Tys, OTBevalomiyw pei-
CTBYIOLIEMY HODMaJbHOMY HAIpPSXKEHHIO ¢ B KaXXJOM BbliejeHHOM
670ke. KoshdHuUHelT yCTOHUYHBOCTH OTKOCA pPACCUHTHLIBAIOT MO OTHO-
IIEHHIO

g (409)
Yte

KoapduuuenT n Moxer OuITb NIOJyUeH B 3TOM cJyuae H rpadHUeCKHM
nyTeM. PacueTHyI0O NOBEPXHOCTb CKOJbXKEHHS pPas3BOpauHBalOT B IO-
PH30HTAALHYIO NPAMYIO, HAa KOTOpOH OTMeueHEL! NMOJOXKEHHS cepequHbl
BHieIeHHH X G6JO0KOB. B KaXXnoH OTMeueHHOH TOuUKe II0 OCH OpAHHAT
OTKJ/1a[bIBAIOT B ONpenefieHHOM MacuiTabe Hanps:KeHHH OTpPe3KH, CO-
OTBETCTBYIOLIHE cHauaJa KacCaTe/JbHBIM HalpAXKeHHAM ¢, a 3aTeM
3HAYEHUSIM CONPOTHBJEHHSI CABHTY Tyz. COEAUHAIOT NJIaBHOH KpHBOIX
KOHIB OTPe3KOB, OTBeualolllHe T¢, TAKyl0 Xe KpPHUBYIO CTPOAT IO 3Ha-
UECHUSAM Tyx. 34TEM PAcCYHTHIBAIOT NOJMyUeHHbIe NJOMIAAH 3MOPHl CABH-
ralolix H ynepXKHBaIOIHX CHJ, OTHOIICHHE KOTOPHIX Olpene/ser Be-
auuniy KoapdHuHeHTa yCcTORUYHBOCTH.

Ecau caabble mopoabl 3ajeraidT B OCHOBAHHH OTKOca B BHje TOH-
KOro npocjost (Au60 mpoc/exuBaercss clabnlii KOHTaKT), TO B 3TOM
cjyyae IMOBEpXHOCTb CKOJBXKEHHS IPOXONUT N0 c/1abofl TOBepXHOCTH
(cM. puc. 63,0) [23]. MakcuMaabHas HIHpHHA TPH3MBI BO3MOXHOI'O
OIlOJI3aHNA OT BepxHed OpOBKH OTKOCa NpPH BecbMa HHM3KHX IIOKa3are-
JX TIPOYHOCTH IO KOHTAKTy paccuuThbiBaeTca no Qopmye

a, = H{V&clg*a + 2ctg (45° + ¢/2)[3 ctg = I ctg (45° + ¢/2)[—
—2ctgal, (410)

rpe H — ray6una saneranusi ¢ca1a6oro KOHTaKra.

IlpuaMa ckKoJbXKeHust nedutcss Ha Tpu 6aoka (cM. pHc. 63,0):
1) npuaMa akrtuBnoro nasiaenuss ABCE; 2) npusma CFNE B npepenax
IJIOCKO! TTOBEPXHOCTH cKoJibXeHHs H 3) npuama MNF, aBaswoniascs
NPUIPY3KOli B HHXKHeH HacTH oTkoca. [IpH3Ma akTUBHOrO naBJACHHS
cnBuraer npusMy CFNE w Ha rpaHulle 3THX IIPU3M IIOSBJSETCH ce-
MelicTBO TOBePXHOCTEH CKOJBbXKEHHS, yrod MeXAay KOTOPLIMH paBeH
90°—¢@. [loBepXHOCTH CKOJbXKEHHS HAKJIOHEHH 1O OTHOWIEHHI K ro-
pPH3OHTaMbHBIM IIJOIEAAKAM Mox yrioM o=45°4-¢/2. Otpesok KC
MOBEPXHOCTH CKOJLXEHHS KPHBOJWHEEH, H Ha rpaHHue co ciaabbiM
KOHTAKTOM yroJ 0 Bxoxa KDHUBOH CKOJIbXeHHSI pPacCUHMTHBAEeTCs I10
dopmyae (408). [Ipusama MNF ucnultaer cxatue nox aeHCTBUEM naB-
Jdenns or npusMbl CFNE, W TOBepXHOCTb CKOABXKEHHS C M[OAOMIBOH
OTKOCA COCTaBJfAeT yroia e==45"—gq/2.
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Ecau B TOJMIE INIMHHCTHIX TOPOA HMEIOTCS HeGJIArONpHSATHO OPH-
eHTHPOBAHHBIE NOBEPXHOCTU OC/alJeHud, majalouie B CTOPOHY OTKO-
€a, ¥ YroJ HakKJOHa TaKHX MJIOCKOcTed §§ GoJblue, 4eM Yroa BHYTpeH-
Hero TpeHHs MOPOJA MO NOBepXHOCTH ochaabaeHus ¢ (B>¢’), a yroa
HaKAOHA OTKOCA a=={}, TO BBICOTA YCTOHUYHBOrO OTKOCca /{ MOMKeT GHTh
noJayvera no gopmyae

1
H=H, [——M ,
90( I-Ctga«tqu' ), (411)

rie ' — yrona CABHra MO KOHTAKTY CJOEB, KOTOPHIA paccYuTHIBAETCA
cl

no ¢dopmyse ¢’ = arctg (tg ¢’ +—) (0, — HOpMaJIbHOe HampsiKe-
g

n

HHE 110 npeﬂ,nonaraemoﬁ IJIOCKOCTH CKOJlb}KeHKﬂ) .

§ 4 ONPEAEJNEHHUHE NAPAMETPOB OTKOCOB BE3 HAXO)XI EHUSA
MOBEPXHOCTH CKOJIb)KEHHA

Iaa opubnueHHONW OLUEHKH NapaMeTPOB YCTOHUHBHX OTKOCOB H
CpaBHHTeNbHOH XapaKTePHCTHKH Da3/JHUYHLIX BADHAHTOB IPH HX HpPO-
€KTHPOBAHHH MOXKHO BOCNOJAb30BATHC pPa3pabOTAHHBIMH B HACTOS-
fllee BpeMsl MeTOLaMH, He TPeGYIOIHMH TPYLOEMKHX PacueToB [O Of-
peleseHHIO BepPOSITHBIX TOBEPXHOCTER CKOJIbXKEHHS.

OnHH u3 MepBLIX TAKHX METOJO0B, AAIIHX YA0BJETBOPHUTEILHYIO
CXOAMMOCTb C peaJbHBIM COCTOSIHHEM OTKOCOB, OB Npe/JIONKeH
I. JI. ®ucenxo [23].

[lapaMeTpsl ycTOHYHBOIO OTKOCa ONpepnensalotca IO rpaduKy 3a-
BUCHMOCTH MeXIY €ro npuBeacHHOH sbicotofi H'=H/Hs, (rne H—
BbICOTA OTKOCA) H yrJjoM a (pHc. 64,a).

Ecan oTKOC c/iOXKeH CAOHCTON TOJLIeH, TO ONpedendlOT CpefHe:
B3BellleHHble 0 MOIHOCTH 3HAUCHHA CleNJeHHS Ccp, YIJIa BHYTpEHHe-
ro TPEHHA Qcp H IJIOTHOCTH NOPOJ Yop B mapaMeTpsl Ccp H @cp BBO-
AAT KoaPuuueHT ycToHUMBOCTH (KOo3dduuuenT 3apaca), NoJdydas
TeM caMbIM DacYeTHBIE XapaKTEPHCTHKH Cp=Ccp/l H Qp=@cp/".

WUcnoab3ys ¢p, @p H yep, paccuuThiBaoT Hoy=2¢p/ycp-1g(45°+
+qp/2). lanee, eciu H3BecTeH YroJ HaKAOHAa OTKOca a H Tpebyercs
onpefie/UTh el'C BHICOTY, TO, 3HAd YroJ BHYTPEHHEro TPeHHS] HOPO.X
@p, ONpelenstioT N0 rpaduKy, NpHBeqeHHOMY Ha pHC. 64,a, ', a 3aTem
ero Beicoty H, pasuyw Hyo-H’. Ecau 3anana BbicOTa OTKOCa H Heal-
XOAMMO HaATH YroJ ero HakJOHAa, TO Bbiuucjsitor H’, 3aTeM 0o 3Ha-
yenuaMm A’ u @p onpeleasior a.

W3BecTHO, UTO HecBsi3Hble NOPOAbI, 00JiafalolUiHe TOJBKO YrAOM
BHYTpPeHHero TpeHHs @ (HIealbHO-chIydYas cpefa), MOryT ¢GOpMHPoO-
BaTb OTKOC OeCKOHeUHO OOJBbIICH BHICOTH NPH YCAOBHH, 4YTO Yrod
BHYTPeHHEr0 TPeHWs ¢ paBeH yIrAy ecTeCTBEHHOIO OTKOca .

Ecau mopona obsmagaeT TONLKO clelljieHneM H ¢=0° (upeasabHo-
mJIacTHYHad cpella), TO MaKCHMajbHast BHCOTA BEPTHKAJLHOTO YCTY-
Ia onpeneauTcs Kak

HE = %/y. 412)
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Puc. 64. CxeMpl R OnpefeleHds HapaMeTpoB OTKOCOB 0€3 NOCTpOeHHS [OBepXHOC-
Tefl CKOJbIKEHHS:

a — rpadpux BHUMH pan onpeleseHus BLICOTH OTKoCa HJM yrla erc sajomeHHA; 6 — olpene-
JIeHHEe KOoHTypa oTKoca B naacTHuyubix nopogaax (p==0) no B. B. CoKonoBcKoMY; 8 — ollpeaeje-
HHE KOHTypa DaBHOYCToHYHBOIO OTKOCZ B mnopofax npH @50 u ¢¥0; e — olpeneneHHe KOHTY-
pa niockoro oTkoca npu =0 u c¢x=0 (no . JI. Fanycrary); & — onpenejeHHe KOHTYpa OTKO-
ca no H. H. Macaosy (MeTon Fp)

Hike H$™® xontyp orxoca, cornacho uccaenomanuio B. B. Co-
KOJIOBCKOTO, KPUBOJHHEeEH W YpaBHEHHE KPHBOH HMMeeT BHJ

y=HE& Incos (413)

9=0 "
H90
Tny6una, Ha KOTOpOR KpHBAd acCHMITOTHYECKH BBIXOJHUT HA TOPH-
30HTAJbHYIO TOBepXHOCTb Hy, cocraBager (cM. pHc. 64,6)

Hy=nc/y. (414)

CnepoBsarenbHo, 06lag BLICOTA OTKOCAa B HAeaJbHO-NAACTHYHOH
cpene, yunThbiBasi (412) u (415), Gyaer

H,= HG -+ H, = 2c 4 me _ 5lde (415)
Y Y Y

Buicora H., 3aBucsmas OT CHENJEHHS W NJIOTHOCTH TNOPOAH, MO-
JIYUHJIa Ha3BaHHe Iapamerpa cBsisHoctH [6].

3Hag XapaKTepUCTHKH NMPOYHOCTH U MJIOTHOCTH TOPOMbLI, JIErKO pac-
cuntats HE? mo (412), nanee, 3anaBasicb 3HAUEHHAMH Y, Yo, Y3
H T. 1., 10 popmyse (413) mMoxHO HafiTH NpOPHIL OTKOCA B Wpeaetb-
HOM COCTOSHHH [JI5l HA€aJbHO-NNACTHYHBIX TOPOL.

Ecan cpena obiapaer TpeHHEM W cuemsieHueM, To ¢popMmyna (415)
mepenyilieTcs B BUJE

HE™ :i:i tg (45° - o/2). (416)

Coranacno pexomenpauusam . JI. TanycrbsiHa, mnpegenbHblH (paB-
HONPOYHLI) TPODHIb OTKOCA MOMHO TOCTPOUTH TPHOJIHIKEHHO, TPO-
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Beas paauycoM R (orpesok BD) wacThb OKPYXHOCTH MEXKAY TOUYKA-
MH B u C (cM. puc. 64,8).
BoaMoxHOCTb, ucnoJbizoBaHusa dopMynst (416) nuas onpenesnenus

HE™ nopTeepmmaeTcsi MHOTOUHCIEHHBIMH —PACUETAMH C HCHOJb30-
BauueM rpadHKa ua puc. 64,a npH BuicoTe o0TKOCOB OoT 10 n0 500 M n
p<<a<<70° [6].

Kpome rtoro, 3. JI. I'anycthsvoM 6blta yeTaHOBJSEHA cJA€AYIOLAs
32KOHOMepHOCTb: HHMKHHE GPOBKH OTKOCOB ¢ HEKOTODBIMH TIpeaesb-
HBIMH nmapamerpamu fy, He,..,H, u ai, dg,...,a; pacrosaraloTes Ha
onHoH npsaMo# BC, HaKJIOHEHHOH K TOpPH30HTY I[OJ YTJIOM BHYTpEHHe-
ro TpeHHs ¢ H 3aKalluHBaroumeflics sBeptHKkadbio AB=H, npu a<<70°
[6] (cM. puc. 64.e).

TaxuMm obpasoM, [Jif onpeiesieHHss NMpefeabHOH BLICOTBI OTKOCA
TIPH 3aJaHHOM yTJie HAKJOHA @ HEOOXOJHMO OT HEKOTOPOH TpOH3-
BOJLHOH TOUKH A, B3ATO# Ha OTKOce, ONYCTHTL NEPNEHIHKYJAp BhHICO-
Toll H., paccunThiBaeMo# 1o 3aBHcuMocTd (416) U mposecTH OT TOY-
KH B nop yrioM K ropusonty ¢ naunuio BC no mepeceueHs ee ¢ OT-
KOCOM.

BolcoTa npenesbHOTO O0TKOca H;p MOMKET OHITh pacCuMTaHa TaKKe
no ¢opMmyJie, NOJTyuyeHHOH aHaJHTHYeCKHM nyTeMm [6]:

Hy =3l te2)  He (417)
(1 —tgg/tga) I—1tge/tga
OTKyaa
tge
anp arc g ( I—Hg/Hup>. ( 18)

Bo Bcex 3tHx cayuaax kosbdHIHeHT 3anaca BBOAUTCA B Xapak-
TEPHCTHKH TPOYHOCTH C H .

KpoMme MeTO0B, H3J0XKCHHBIX BhIllle, IUHPOKO TNPHMEHSETcs TaK-
e Merton Fp, npeasoxennnit npod. H. H. MacaoseiM B 1949 r., no
KOTOPOMY OLEHHBaeTcs He CTEeNeHb YCTOHUHMBOCTH CKJIOHA HJIH OTKO-
ca, a IPOYHOCTL TOpOA B Haubosee cnabuix 3omnax [22]. Kpurepuem
TIPOYHOCTH TOPOJ B OTKOCAX H CKJIOHAaX NPH HCHOJb30BAHHH MeTONA
F, ABnsercss yroJ cONPOTHBJIEHHS CABHTY 1P, 3HaUEHHE KOTOPOTO MO-
KeT OnITh OIpe;esiello N0 JuarpaMMe CONPOTHBJIEHHS CABHIY T=—
=f (o), opu atom F,=tg ¢

sztg(p=—z—' (419)

Besuununa tg1p nenocToswHA H 3aBHCHT OT HANPAKEHHOTO COCTOS-
Husa nopoas! (cM. puc. 64,0). Ilna KaXpod paccMaTpHBaeMOH TOUYKH

F,=tg¢ =tge+—.

Ecaun orkoc HETIPDUTPYXKEH W HANPpAXKCHHUA B HEM BO3HHKANOT TOJIb-
KO 1moj )LleﬁCTBHeM c00CTBEHHOTO BEca nopon, TO BE€JHYHHA ITOpMaAJib-
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HOTO HaMpsIKEHUsT Ha TOPH3OHTAMLHOH nuomwanke paBua yz. Cueno-
BaTeJNbHO, Y MO¥KeT ObITb PACCUHTAH HO 3aBHCHMOCTH

tgq)=tg<p+{;, (420)

IpH 3TOM TOApa3yMeBaeTcs, YTO BeJHUHHa yZ OlpejensieTcsl NPH Ha-
JHUHH CJOHCTOTO OTKOCA KaK ¢cyMMa HanpsiZKeHHH OT Beca Bhllllele-
Kamux caoes (Zy:hi).

s oTKOca B NpelelbHOM COCTOSTHHH B KaXcAOM BbIJeJeHHOM
cJI0e YTOJ ero HakJOHa @; He AOJIKeH NPeBOCXOAHTH ;. IIOCKOIbKY
¢ ryOHHOA HampsKeHHs Y2 BO3pPAacTAIOT, TO 3HAUEHHS YIJa P H o
JIOMTKHBL YMeHbINAThCS H, CHeJ0BATENbHO, OTKOC, INOCTPOEHHBIH IO
Mertony Fp, HMeer BorHyTylo (opMy (cM. puc. 64,0). Ecan yroa a<<
<, TO MOXKHO ¢hesaTh BHBOA 00 yCcTONYHBOCTH IOpOJ B OTKOCE, MPH
06paTHOM COOTHOUIEHHH O.>>1 — OTKOC HeycTOHUHB.

§ 5. PACYET YCTOMYHUBOCTH OTKOCOB C YYETOM
FTAAPOCTATHYECKHUX U TUAPOOUHAMHUYECKHUX CHJI

Kak yke orMedaqoch B § 1, poab mOA3EMHBIX BOA MOXeT GHITh pe-
lamwmelt NpH OleHKe yCTOHUHBOCTH CKJOHOB H OTKOCOB, CJOXEHHBIX
pa3THYHBIMH THNaMH nopoia. WM3BecTHsl ciyuan, KOraa JAaKe ce3oH-
HOe NOBbIleHHe YPOBHA MOA3eMHBIX BOA MNPHBOAMIO K Pa3BHTHIO
OMOJ3HEBEIX NIPOUEccOoB. BausiHue moj3eMHBX BOA NPOSABJASETCA B pas-
BHTHH THAPOCTATHYECKOTO B3BEIIHBAHHS H THAPOAHUAMHYECKOTO AaB-
JeHHs1. DTH CHJABl MOTYT OBITh Y4YTEHH KaK IIPH HCIOJb30BAHHH METO-
0B pacueToB OTKOCOB IO HauOOJee BepOSITHON MOBepXHOCTH CKOJb-
JKeHHsI, TaK H B MeTOAaX IOCTPOeHHsl NPeieJbHOTO KOHTYypa OTKOcCa
Ha OCHOBe TEOPHH NpefeJbHOr0 paBHOBeCHS.

TuapocTaTHueckue cHJABLI OOLIYHO YYHTHIBAIOTCA HeINOCPeACcTBEHHO
H3MEHEHHEM IJIOTHOCTH TODHOH NOpOAb, KOTOpas oOlpefensercs ¢
YUETOM apXHMeJOBBIX CHJ B3BelUWBaHHMA. BeJHuHHa W HalpaBJeHHe
THAPOAMHAMHYECKHX CHJI YCTAHABJHBAIOTCA Ha OCHOBe aHaJHTHYe-
CKHMX pellleHHH, TpaMuecKHX NpHeMOB HJH IIyTeM MOJeJHPOBAHHSA
¢ npuMenenuem DTJIA.

ITpu pacdere ycTOHUYHBOCTH OTKOCOB 1O HanOOJee BepOATHOH MO-
BEPXHOCTH CKOJbXKelHsl THAPOCTATHUECKOEe W THAPOAHHAMHUYECKOe
JaBJeHHSl, KOTOpble IO ¢BOefl CYIMHOCTH SIBJASIOTCA OOBEMHBLIMH CH-
JAMH, PacCMaTPUBAIOTCA KAK KOHTypHBle. [IpH 3TOM pe3yabTupylomas
CHJIA I‘H}lpOCTaTI/IquKOI‘O U I‘H}lpO}IPIH&MPI‘!eCKOI‘O J1ABJE€HHH HanpaB-
JeHa II0 HOpMAJH K NOBEpPXUOCTH CKOJbXKeHHf. JTO IOJOXKeHHe Jer-
KO JIOKa3blBaeTcsl NIyTeM CJAeRVIOIHUX paccyXaeHHH.

Bec Boponacwimenuofi mopoas (6e3 yuera H3BelUMBAHHUA) B 00D-
eMe V 6J0Ka nopojnt

Py=V (1—n)y+nVys, (421)
a BeC TOH e NMOPOAH ¢ YYeTOM THADPOCTATHYECKOTO BelIHBAHHS
Py=V(1—n) (y—ys) +-nVys. (422)
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Puc. 65. Cxemnl ans onpege-
JeHHS]  pe3yJbTHPYIOWEH CH-
Jbl  THIPOCTATHYECKOTO |
THADOIKHAMHUYECKIO  JAaBJe-
et mo T. JI. ducenko:

a — cXeMa lleﬁCTBHﬂ THAPOCTATH-
JyeckKoro H THAPOAHHAMHYECKOTO

JdaBaeHHd; 6 —cXeMa AeHCTBHA
pesyabTupylowel cuint D, B

pacuetHoM 6J0Ke

mm L h

P74
v/
W

Pasnocts Mexay P; u Py paBHa cHJie B3BELUHBAHHUSA
AP=P,—P,=v:V. (423)

O6beM npu3Mbl B Opesnesax BbipejexHoro 6joka (puc. 65), koro-
pHfi HaxoAHTCs MOA AeHCTBHEM THAPOCTATHUECKHX CHJ, COCTaBJisieT

Vo= hi;cos B,

17 9
a BeJITHUHHA I‘H}lpOCTaTH‘{eCKOI‘O JaBJICHHA

D, = % hl; cos B;Ys. (424)

Ecin pasnoxuTh THAPOCTATHUECKOE NaBJieHHe B Mpejenax GJ0ka
N0 JHHHH CKOJbIKEHHSH, TO COCTABJAIONIHE HAMNPsKeHHH OyayT

Nrc:—;——hl,-cos2 Bi ]
| . - (425)
T,c=7hl,-cosﬁ,- sin B;. J

Hssecro, 4To rHApOJHHAMHYECKOE jfaBJeHHE

Dey=yIV (426)
H HaNpaBJIeHO mapaJ/iieIbHO JIHHHSIM TOKa BOJHI.
B npenenax BuaeseHHOH NpH3MBI cMemleHHs (cM. puc. 65) ee

00beM MOXKET GHITh ¢ H3BECTHOH CTeleHblo NpHOJHIKEHHA NOACUMTAH
no popmyJe

vz%m+mn4, (427)

a TpajiHeHT Hamopa

[ =t (428)

Besunuuna Dr,; ¢ yuetom (427) u (428) pasna 1/2(h2—he?). Ecin

npeneGpeub BeNHUHHOH Ao (BblcauHBaHHe B Npefedax NOBEPXHOCTH
0TKOCa),

D,, = %h’. (429)
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Mpunsas sextop D;; HampaBjenublM napaijiejbHO TOPU3OHTY H
pa3JoKuB €ro 0 JIHHHH CKOJbLXKEeHHA B fdpelesiaX BHACHEHHOTO 6J10-
Ka (cM. pHc. 65) Ha HOpPMAaJbHYIO H KacaTeJbHyl0 cOCTaBJsOLIAE, TO-
JyduM

N, = % h*sin Bj;
. . (430)
= 7h cos B;.
CyMMHpysi HOpDMaJIbHble W KacaTeJbHble COCTABASIOLIHE OT THA-
pPOAMHAMHUECKOrO H THApOcTaTHdecKoro pasieHnili AN=N ;—N;c u
AT=T,;—T:c ¥ yuuThiBas, uro A==1[sinf, noayunm

AT = _Lh” cos f; — —;—hlsinﬁi cosB; =0;
4 (431)

AN = — L p2sing, — Ll cos* ; = ——— A
2 2 2

CaenoBaTe/bHO, COBMECTHHI YydeT FHAPOCTATHYECKOTO M THAPOAMHA-
MHYECKOTO AaBJieHHH OIleHHBAaeTCA C NOMOIBLIO pe3yJbTHpYIOmEH Be-
auuunbl D;, 3HadYeHHe KOTOpOH B mpelelaX Kaxaoro O0J0Ka BBOZHTCSH
B pacyerT TOJLKO HOpMaJbHLIX HampsXKeHHH H ompenensiercsi 1o (op-
MyJe

D; =y (H—z;) -2 (432)

cos By’

rjie ys— MJIOTHOCTH BOAB;, H® — Hanop B cpefHefi yacTH GJoKa, oT-
CUHUTHIBAEMBI# OT HEKOTOPOH YCIAOBHOH MIOCKOCTH; 2; — CPENHSS OpAH-
HATA OT HJOCKOCTH A0 MOBEPXHOCTH CKOJbXKEHHS; @; — luupHHa OJ0Ka;
B; — YroJa HaKJOHA KAacCaTeNbHOH K IIOBEPXHOCTH CKOJbLXKEHHs 0o OT-
HOUIEHHIO K TOPH3OHTY (cM. pHc. 65).

CirenoBaTenbHO, HOpMaJbHble HANpsXKeHHst B GJOKe A0MKHH OBITh
yMeHbllieHbl HA BeJHYHHY D;, mo3toMy Koa(p@HIHeHT 3amaca paccyH-
ThiBaeTcs O GopMmyJe

(P cos By — Dyitg ¢y 4 Xyl
ZPl sin ﬁl ’
Ecin B pacyer BBecTH T'MADOAHHAMHYECKOE [ABJCHHE, TO BeC 6JO-
Ka P; onpemesnTcs ¢ yU4eTOM NOJAHOrO HACHIUEHHS NODPOA HUMKE ypOB-

Hfl MOJ3€MHBIX BOA, a NJOTHOCTb NOPOJ HPH NOJHOM 3amnOJHeHHH NOp
BOO#H

Yuac=YM(1_n)+YBn,
I'le Yu, Ys — COOTBETCTBEHHO MJOTHOCTb MHHEDAJbHOH YacTH MOPOAH
H BOJbl; 71— OOPHCTOCTh HOPOAHL.

Il moJIorHX OTKOCOB, Yrod KOTOpHX He npeBoiuaer 15°
H. H. MacJsos pekoMenayer ¢popmyay (433) mpeobpasoBarh Cleayio-
wuM o6pasoM. Ecau npunsth, 4o Bec 6J0Ka

P=vah,, (434)
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rie @— wHpuHa 6J0Ka, TO, Pa3iedHd YHCJAHTEAb H 3HAMeHATeJb B
saBHcuMocTH (433) Ha (434), a TakXKe YUHTHIBAS, UTO AJS IOJOTHX
OTKOCOB cO0s B~ 1 u sinB~tgf, MOXHO 3anucaTh

(1 i hiB > " + 4

- g+ 5
, %

n— 2 M b (435)

tgao

rie h;® — TOAIMMHA €JOs BOAH B pacueTHOM 6Jioke. B dopmynae (435)

caeiano ponyumenue, 4to y=2 1/M3, yz=1 T/M® H OTKOC OAHOpOL-

ubifi. Jlast ycaoBHi IpeenpHOrO paBHOBecHd, Korpa n=1,

i h® ¢
— L 2 —_ 436
tga,, < 5y )tch " (436)

Jasi HecBA3HBIX mopox npH ¢=0 NpexedbHO JONYCTHMBHIH yroa Ha-
KJoHa oTkoca Oyper

1 ®
tga,_, = <1 T }}1:.
13

- )tg ’. (437)

IIpu ycaoBuu moasoro o6BOAHEHHS] OTKOCA

3= (438)

Dopmyay (435) MOXKHO peKOMEH[OBaTb TOJLKO IPH OPHEHTHPO-
BOUHBIX pacuerax Ha INpeJBapHTE/]IbHbIX CTaiHsAX HCCAeLOBAHHH.

KoHTpoasrele gonpocet

1. Kakue npupoasbie dakropbl Heo6XOAHMO YUMTHIBATH B PacueTHOf cxeme yCTORUM-
BOCTH CKJOHa HJAH OTKoca? HaszosuTe NpHHUIHNL 00OCHOBaHHA NapaMeTpos TNpPOYHO-
CTH TOpOA, HCNOJb3YEMBIX B pacueTax YCTOHUHBOCTH CKIOHOB H OTKOCOB.

2. Kak H3MeHseTCs HaNpsKeHHOe COCTOSIHHe NOpOoA B 30HE, NMpHJeramolied Heno-
CPeACTBCHHO K OTKOCY? Ha KakoM pacCTOSIHHH OT OTKOCA NpoCaeXHBaeTCs H3MCHEHHe
HanpsXKeHHH [0 CPaBHEHHIO C €CTECTBEHHLIM HX paclpefej]eHHeM B TOJIE NOPOA?
Kakue ¢dakroph B 3HAUHTENbHOH CTENEHH BJHAIOT Ha yBelHieHHe pa3Mepa 30HHI,
B Ipegenax KOTOPOH MPOHCXOXHT H3MEHEHHe HaNpSKEeHUH NpH (GOpMHPOBAHHH OT-
Koca?

3. Tlouemy B BepxHeHl uyacTH OTKoca oOpasyercss 30Ha PACTATHBAIOIHX HANps-
KeHHI? Kak paccuHraTb MOLHHOCTb 3TOH 30HH? B KakuX [OpOAaXx PacTArHBakoLine
HAMpPSXKCHHA HC BO3HHKAIOT? Kakoe BJIHAHHE HA H3MEHCHHE HAIpPsIKEHHOTO COCTOAHHS
NOpold B OTKOCE OKA3HBAaeT 3HMaueHHe yria 3aJloXeHnHsi oTkoca? Kak B 3aBHCHMOCTH
OT yIJla OTKOCA MPOHCXOAHT (bopMHpOBaHHE INOBePXHOCTH CKOJNBIKEHHS?

4. TlpH kakux ycnaosHax HabnloRaeTcs passuTHe 00BayjoB B CKAJbHBIX H NOJY-
CKaJbHbIX MOPoAax? KakHe THIH ONOJN3HEBHIX CMELIEHHH XapakTepHbl AJA CKaJbHBIX
H TOJYCKaJdbHBIX MOPOA?

5. Kak BIMSIOT BeJHuHHH VYIJIOB Hak/JoNa moBepXHocTefl ocjabieHHs B ToJjwie
CKAJMbHBIX M MOJAYCKaJbHBIX MOPOA Ha XapakTep HapyWeEHHsS HX YCTOHUHBOCTH
B OTKOCe?

6. Ilpoananusupyiite cXeMbl pacuera YCTOHUHBOCTH OTKOCOB B CKAJbHHIX H IO-
JYCKaNbHbIX NOPORAX NPH HAJHUHH ORHOH NOBEPXHOCTH Ocnabmenns. Kakue Hamene-
HUS TipeTeplesalT pacueTHble CXEeMbl NPH HAIHYHA ABYX [OBEPXHOCTEH OciabmeHHs?

7. KakoBbl OCHOBHbIE IOJNOMKEHHS pacueTa YCTOHUMBOCTH OTKOCOB, CJAOMEHHBIX
NECYAHO-TIHHHCTHIME OTJIOXKeHHAMH? Kak (opMHpYeTCss MOBEPXHOCTh CKOJNbMKEHHS
B OXHOPOIHBIX OTKOCAax?

8. Kakse ocHOBHBIE cJ1ydaH HAa10 PACCMATPHBATbh IPH aHAaJH3e YCTOMUHBOCTH HE-
ONHOPOAHBIX OTKOCOB, CJIOMEHHBIX NECUAHO-TVIHHKCTHIMH OTJOXKeHHAMH? [lpH kakux
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YCJ0BHSIX NOBEPXHOCTb CKOJbXKEHHSI NPOXOAHT HHXKe OcHOBaHHs oTkoca? Kak dopmu-
pyeTcs TOBEPXHOCTb CKOJBMKEHHS B TMIHHHCTHIX 10POJAAX, ecjd Ha HEKOTOPOH riybuHe
OT OTMETKH OCHOBAHHMS OTKOCa 3a’jeraer NpOCJaOH cJaabbiXx OTJNOXeHUH HeGosbuioh
MOIIHOCTH ?

9. Kak ouneHusaeTcs BJAHAHHe THAPOCTATHYCCKHX M THAPOJAMHAaMHYECKHX CHJ Ha
YCTOHUHBOCTE OTKOCOB? JIOKaXKHTe, UTO pe3yJbTHPYIOLIAS 3THX CHJ Hallpam/eHa nep-
NeHAHKYJASIPHO K OTPe3Ky NJOCKOCTH CKOJIbXKeHHst B BblleJeHHOM O0J0Ke H, TaKUM
o0pa3oM, oKa3bigaeT BJMSAHHE TOJbKO Ha HOPMAJbHYIO COCTABJSAIOUIYIO Halpsike-
HHH Ar,'.

10. Kakue MeTOHbl CYUIECTBYIOT AJsi NpHOJNHIKEHHON OLEHKH YCTOMUMBBIX Ilapa-
MeTpPOB OTKOCOB 63 HaXOMJAEHHS MOBEpXHOCTH CKOJbXeHHUs? Kak onpellensieTcs Bbi-
coTa OTKOca B HIeasbHO-cBA3HON cpele U B cpelle, obaajalomel TpenueM u cllene-
uueM? QObACHHTE CYLHOCTL MetoXa fop.

Tnasa 8

ONPENEJEHHE YCTONYHUBOCTH FOPHLIX
MNOPOA B NON3EMHBIX BHIPABOTKAX

§ 1. OCHOBHBIE NPEACTABJAEHHUSA O NEPOPMUPYEMOCTH
H YCTOHYHUBOCTH rOPHbLIX MOPOA B NOA3EMHBIX BbIPABOTKAX

OneHka yCTORUHBOCTH BHIpaGOTOK, NPONHJACHHBIX B TOJIIE TOPHBIX NO-
pOA, HMeeT NPHHUHNHAJBLHO HHOH XapaxTep MO CPaBHEHHIO C HA3eM-
HBIMH COOPYXEHHSIMH, OTKOCAMH KapbeDOB H NPHUPOAHHIX CKJAOHOB.

Obecneuenne ycTOHYHBOCTH IOJ3EMHEIX BBIPAa0OTOK yCAOMKHsIETCS
H3-32 HUIUPOKOrO NHaNa3OHa TayOHH (OT JecATKOB A0 Thics4 MeTDOB),
Ha KOTOpBIX BeJAYTCs TOpHbie paborTel. B HacTosiliee BpeMsi H3BECTHH
BolpaboTkH, rayOHHa KOTOpHiX npesbimiaer 4 kM. HanpsaxenHnoe co-
CTOsIHME NOPOJ, BOKPYT BbipabOTOK 3aBHCHUT OT Beca TOJIIH, 3aJeralo-
mefl Hanx BHIPAaOOTKON, TEKTOHHUECKHX CHJ H BO3MOXKHOTO H3MeHEHHS
€CTECTBEHHOTO NOJAS HaNpsiXKeHHH B Pe3yabTaTe ee NPOXOAKH.

Coraacno B. II. Crecapesy, ycTORUHBHMH cjefyeT CUHTATb TakKHe
BbIpabOTKH, AedOpPMaUHH TOPHLIX MOPOJ BOKPYT KOTOPHIX B OCHOBHOM
ynpyrue. B nacrosimee BpeMsi, KpoMe yNpyrux jgedopmauuii, npeana-
raeTcsi TaKMe pAaccMaTPHBAaTL BO3MOXHOCTh Da3BHUTHs aedopmayuit
3aTyxawllel MoAsyuyecTH, NpOTEKawIleli B TeUeHHe HeOOABLIOTO OT-
peska speMend. Ecam sequuunbl ynpyrux aedopmanuit 1 aedopma-
UM 3aTyxalouieilt II0J13yYecTH HeBeJHKH, CMeljeHHe XKOHTypa BbIpa-
OOTKH HE3HAUHTENLHO H He I[PEACTaBJAsSeT ONACHOCTH, TO TaKHe BHI-
palOTKH CUHTAIOTCS YCTOHUHBEIMA.

BripaboTky caeayer paccMarpuBaTh KaK  HEYCcTOHUHMBYIO, eciH
mopoja BOKPYT Hee MepeXOAHT B NpeAeAbHOE IalpsiKeHHOEe cOCTOs-
HHe, IIpH KOTOpDOM OHa JAHOO oOpyuaercsi, AnbO niacruuecku aedop-
MHpYeTcsl B TeueHHe HeOrpaHHYeHHOrO BpeMeHH. ClefoBaTedbHO, NPH
[IPOCKTHPOBAHHH, CTPOUTEAbLCTBE H IKCHAYATAUHH NOA3EMHHX BBIpa-
GOTOK BecbMa BaXXHO 3HATb YCJAOBHS H BO3MOXIIOCTb Iepexoga Top-
HBIX I0pPOJ BOKDPYr BHIpAOOTKH B NpeaeabHOe cocTosiHHe. DakTOphl,
CIOcOOCTBYIOHE 3TOMY NepexOay, MOryT OHThL pasjiefieHb Ha IpH-
pOsHble H TOPHO-?KCNAYaTauHOHHBbIE.
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K npupoanbiM ¢akTopaM OTHOCATCA: COCTaB NMOPOX, HX CTPYKTYp-
HO-TeKcTYpHble 0COGEHHOCTH, YCJOBHA 3aJieraHusl, TeKTOHHYecKasi 06-
CTAaHOBKA YyUYAaCTKa, CTeleHb H TJyOGHHA 30HBLI BLIBETPHBAHHSA, TpELIH-
HOBATOCTb H (DH3HKO-MeXalilHUecKHe cBOHCTBAa MOPOJ, THAPOTE0JIOTHYe-
CKHe YCJIOBHs, HaJHUHe TeO0JIOTHUeCKHX [IPOLecCOB, CYIIeCTBOBABIIHX
A0 TIpOBeieHHS BhIPpabOTKH.

OcHOBHBIMH TOpHO-3KCINyaTALUHOHHBIMH  (QaKTOPAMH  SABJSIOTCH:
riybuna BEIpabOTOK, pa3dMephl, GopMa H NMOJNOXKeHHE HX B IIPOCTPAHCT-
BE OTHOCHTEJLHO 3JICMEHTOB 3aJIeTraHHfl [OPOJ H OCHOBHOH CHCTEMBI
TPELIHH, TeXHOJIOTHSl MNPOXOAKH, KpellJIeHHSI H CpPOK CYILeCTBOBAHHSA
BbipaboTOK, XapakTep NPOSABJEHHs roploro AabieHHs. Mckaounrtenn-
Hasi CJOXHOCTh H MHOrooGpashe BJIHANHSA 3THX (PaKTOpPOB Ha coBpe-
MeHHOM 3Talle HCCHeNOBAHHHA He MOryT OBITb B IOJIHOM Mepe YuTeHB
[IpH pacueTax yCTOMYHBOCTH NI0J3eMHbIX BbIpabOTOK.

ITepexon mopox B mpeneabHOe COCTOAHHe OCOGEHHO UYETKO TPOSiB-
Jsietcsl ¢ yBedHdyeHHeM TJyOHHBI BbIpaGOTOK H NpuOoGpeTaeT ocoboe
3HAUCHHE NIDH BeAeHHH TOpHBIX paboT Ha GoJbiuux raybunax. Ilous-
tHe Goabilafl rayGHHa BbIpaGOTKH OTHOCHTE/IbHO H BapbHPYET B LIH-
POKHX NpeAeNax B 3aBHCHMOCTH OT leOJIOTHYECKHX H TOPHO-3KCIJya-
TAUHOHHBIX YcJaOBHH. BoJibinas raybHua pa3paboOTKH 4acTo NPHHHMA-
eTcst 3a KPHTHUeCKYIO, Ha KOTOpOR HauHHaeTcs NAacTHueckoe pedop-
MHpOBAHHE IOPOABI HJH BO3HHKAIOT AHHAMHUYECKHe sIBJEHHS (TopHbie
yIoapel, CTpejsiHHe H IIp.) BOKPYI OAHHOYHBIX BbipaboTok sn6o BOJAH-
3 3a060eB OUHCTHBLIX BbIPaGOTOK.

Bumoanennsie 8 HUTPH pabortsl nokasasu, uto B ycaosusix Kpu-
Boro Pora 3aBHCHMOCTb MeXNy pOCTOM MJIacTHUeCKHX AedopManuii
TOpHBIX NOPOA B BhpabOTKAX H HX rAyOHHOM, XapaxkTepH3ylolas ypo-
BeHb HANPSKeHHOTO COCTOAHHMA, BBIpaXKdeTcs YypaBHeHHeM perpec-
cun [7]

I = (7,34 ﬂ_o,m) + 0,1,

K

rae Iy — cpenHsis raAyOHHA 30HBI PA3BHTHA MNJacTHUeCKHX aedopma-
UHH B Maccuse.

B 3aBHcHMOCTH OT 0cOGeHHOCTEH CTPOEeHHS TOJINH, CTEIEeHH ee
TPEIHHOBATOCTH H PACCAOEHHA, a TaKkKe CIOCOGHOCTH K Pas3BHTHIO
N1acTHUECKHX nedopManuii HabGAIOAAIOTCA CACAYIOIIME BHALI Hapylile-
HHA YCTOMYHBOCTH NMOPOJA B rOPHBLIX BbipaboTKaXx:

1) sbiBasIOOGpa3oBanye, OOLIYHO NPOHCXOASINEe B CHJBHO TpPelH-
KOBaTBIX TOPHLIX HMOpPOAaxX, KOrAaa Bec HOPOJ NpeHMYIIeCTBEHHO Haf
BHIPAGOTKOH WJM B ee GOKax NpeBbIlIdeT HX CONPOTHBJIEHHE OTPHIBY;

2) paapyilueHue mopoj MO IOBEpXHOCTAM ocjabJieHHsi, a TAKXKe B
30HaX KOHUEeHTpanHii HampsKeHHH 3a cueT Beca Bcell Bbllleliexameh
TOJILH, a TAaKXKe CYIECTBYIOIHX TeKTOHHUECKHX HalpSIKEHHH;

3) pasBHTHe MiacTHUCCKHX AedopMauHil MOPOA BO BPEMEHH B IIpe-
neJlaX Bcero KOHTypa BBIpaGOTKH 0e3 BHIMMBIX IIpH3HAKOB HX paspy-
ILIEHHS.
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[Tporros BHBa/NOOGpa30BaHNuA BecbMa CAOXEH H3-32 HAIHIHA Le-
JOro psiia B3aHMOCBSI3aHHHX (PaKTOPOB, AOBOALHO TPYAHO OUCHH-
BaeMblX B KOJHY4ecTBeHHOM orHOweHHH. H. C. Bynniuer mnpenscikun
onpesensiTh BO3MOXHOCTb O0pa3oBAaHHS BHBAAOB B BHpaboTKax
C IOMOLIbI0 IMIHPHUYECKOrO MOKAa3areds yCTORYHBOCTH S, KOTOPHIH
ABASIeTCS] BEAMUHHOH 6Ge3pasMepHO§ H BKJAOUYaeT psij 6Ge3pasMepHBIX
K03 QHIHEHTOB, YYHTHIBAIOUINX BJAHSHHE OCHOBHHX ¢dakrtopoB [4]:

Ky KpKy

S = —— ]
Ky KiKuK,

(439)

rae f—koadpduuuent kpenoctn nopon no M. M. TlporoabsikoHOoBY;
K3 — ko3¢ pHnuenT, yuHTHBAOUWIUA BJAHAHHE CTENCHH TPeuHIIOBATO-
CTH IIOpPOA; OH ONpejaeAsieTcss B 3aBHCHMOCTH OT IIpoNeTa BHIPabOTKH
2a 1o MOayJII0 OTHOCHTENBHOR TpelHHOBATOCTH n, paBHOMY 2a/l (I—
CpejHee pacCTOSIHHE MEXKAY TPElIHHAaMH); B 3aBHCHMOCTH OT n KO3(Q-
¢bunnent Ky OpHHHMAET CHeyIONiHe 3HaUeHHUs:

oo i e e e e e =60 60—25 2512 12—6 <6
Ky oo« ........05-25 °5-505,0-7,57,5-9,0 9—-10

Ky — ko3¢ puuuenT, YIHTHIBAIOUHH YHCAO CHCTEM TPELIHH HJAF ¥a-
paktep OGJOYHOCTH NMOPOJ, a TAKKE HX CJAOHCTOCTb (€CaAM TpeuHHBI
IpepHBUCTHIE H, KPOMe TOr0, HMEIOTCS CKDbIThIE IIOBePXHOCTH Oc.1ab-
nennsi, Ky=0,5—1,0, upu HaJHuYHH OAHOH CHCTeMBI TpeIHH —2, NBYX
cucreM — 4, Tpex —9, dethlpex u Gonee— 15, 1npu pasapobieHHoH
nopoae — 20); OpH YCJAOBHH, YTO CHCTEMB TpEIHH OCAOKHSIOTCS
CIOUCTOCTHIO, 3HaueHus1 Koshdunuenta Ky H3MeHSIOTCA cJedyIOniuM
o6pasoM: npu oaHO# cucTeMe Tpewwd Ky paBen 3, npu nByx — 6, npu
rpex — 12; Kr — KO3 PHUHEHT, 3aBHCAIIHA OT Xapakrepa IOBepX-
HOCTH CTEHOK (mpH mepoxoBaTHX K paBeH 4, IpH HEPOBHBIX BOJHH-
CTHIX ~— 3, MPH POBHHX BOJHHCTHIX -— 2, IPH 3ePKANbHBIX BOAHHCTBIX—
1,5, opu nAOCKHX POBHBIX, 3alONHEHHBIX BTOPHYHBIMH 00pa30BaHHUSA-
Mu, — 1,0, npu nanuuuu 3epkan ckoabxenusa—0,5): Kw — xoadpdu-
IIHEeHT, ONpeAensieMblii B 3aBHCHMOCTH OT YBJAXHEHHA HOPOJA H Xa-
paKTepa BONONpOsiBieHHA B BHpaborkax (B cyxux mopoaax Kw==1,0;
BO BAaXHHX — 0,8; npu Kamexe-—0,5; Ipu HaJHYHM TIPHTOKA BOAH
nmo tpeuiunam — 0,3); K;— kos¢pdunuent, ouenusawmuii creleHp
pacKphITHs He3alOMHEHHBIX Tpemuu (Opu mupuHe MeHee 3 MM K;=
=1, npu 3—15 MM —2 u Gosee 15 Mm—4); K,y — xoapduunenr,
3aBHCAIMMUHA OT Xapakrepa 3allOJHHTES TPEIHH M HaJHYHA KOHTAKTa
MEXAY HX CTeHKaMH (IpH CYlIeCTBOBAHHH KOHTAKTa MEHseTcd B
CleAyIONX IIpeeNaX: eClAH B KaueCcTBE 3alOJHHUTENS NPHUCYTCTBYET
KBapn aubo Kapbonatw — !, mecuanme H OGJOMOUHbIE PA3HOCTH —2,
MJIMHHCTHE NOpOAB — 3, chaloja, TanbK HiaH rpadpHT — 4; npu orcyT-
CTBHH KOHTAKTa H MeCUYAHO-TJIHHHCTOM 3alOjHHTENE — 5, NpH TJIHHH-
ctoM — 6—20); K, — x03dduiHeHT, 3aBHCALHA OT Yria o MeXIy
OCbI0 BHIpa6OTKH H OCHOBHBIM HANPABJIEHHEM TPEUlHHHI;
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Yronme, . rpagyc . . . .. .. 70--90 20—70 <20
K 1 1,5 2

3HaueHHs TIPUBEAEHHBLIX KO3(h(HUHEHTOB BHIGuUpaloTCcd AJs HaH-
6oJsiee pa3BUTOH H ONAaCHOH ¢ TOYKH 3peHHs YCTOHUHBOCTH BHpabo-
TOK CHCTEMBl TpelIHH.

CuesyeT TakxkKe OTMETHTb, YTO COOTHOLIeHHe KO3(h()HLIHEHTOB, BXO-
nauux B gopmyay (439), uMeer onpejneseHHBT (H3HUECKHI CMBICA:
Kn/Ky XapakrepH3yeT cTeleRb pacy/JeHeHHOCTH TOJIUH ITOpOA Tpe-
wwHaMu, KgrKw/K{Ks — IpPOYHOCTb TOJIIH TNOPOJ C Y4eTOM ee Tpe-
IIHHOBATOCTH.

B 3aBucumocTH OT mokKaszaTels YCTOHUHMBOCTH S MOPOAB IO  HX
NpeApacnoJoXeHHOCTH K BHIBaq000pa30BaHHI0 MOTyT OBITL pasaele-
HHl H2 NATb Kareropuii {Ttaba. 22) [4]:

Ouenka yCTOHYHBOCTH NOA3€MHbBIX BbIpaGOTOK NpH Ha/JAHYHH IIO-
Bepxuocrell ocjablenuss paspabarsiBanach psaaoM yuennix: I. H. Kys-
HenoBuiM, B. 0. Mzakconom, T. JI. ®ucenko, M. C. ByJabiueBbHM
# Ap. OcHOBHOH (pakTOp, BAUAIOLWIHN HA yCTONYHBOCTb, — OPHEHTHPOB-
Ka noBepxiocTell ocaabJ/eHHs 110 OTHOLIEHHIO K HalpaBJeHHIO MaKCH-
MaNbHBIX CXKHMAaOUIMX HanpspkeHull. Ecau yron Mexxay HHMH paBeH
90°, TO Takue NOBepXHOCTH ocJalJeHHs He BJHAIOT Ha YCTOHUHBOCTD
rOpHbLIX NOPOJ B NMOA3SCMHBIX BHpabOTKaX u TOJLIA IIOPOJA paccMaTpH-
BaeTcs Kak MolloJutiiad. Hau6osee nebaaronpHaTubiii cayvail BO3HH-
KaeT, KOrja HanpaBJ/eHWd [JaBHHX HalpsXKeHHWH COBNalalorT ¢ I0-
BEPXHOCTBIO ocaalbjeHus. B ropHoMm nese mnpenesbhoe COCTOSHHE PaB-
HOBECHS, KOTOPOe BO3IIMKaeT IO INOBEPXHOCTH ocJalbJ/eHHs, Ha3biBalOT
cneyuasvnoin [4, 311, YcnoBue crenuajbROrO NpefesbHOrO COCTOA-
HHSl paBHOBecHs] MOxeT OblTb 3amucaHo B GopMe ypaBHeHus KyJoHa:

T==c*+otge* (440)

o .

rie ¢* u tg @* —cuensienne H Ko3(OPHUILHEHT BHYTPEHHEro TPEHHS IO
NOBep XHOCTH ocJabJ/eHus.

Ilo nawuniM B. 0. HMsakcoHna, yroJa BHyTpeuHero TpeHHs ¢* nJjs
NOPOJ YrOJbHBIX MeCTOPOXKIEeHHI poctarournto crabHiaeH H pasen 20°.
CuenJ/ien#e MOXHO OUEHHTb, HCXOJAS H3 MAHHBLIX ONpeJeeHHs clellie-
HHMS MOHOJIMTHOH MOpPOAB ¢ # XapakTepa c(OPMHPOBAHHBIX IJOCKO-
creit ocnabaenud. Tak, nanpumep, I'. H. Kysdeuos pekomeujayer IpH-
HHMaTb ¢* paBHOH YacTH BeJHUHHBl ¢ MPH HaJHYUH: MHKPOCJOHCTO-

Ta6bnuua 22
Kateropus ycTofiun-
BOCTH NOPOZ, Crenenb YCTOHUHBOCTH 3nauenue S
I Brioane ycrofiunpsie >70
11 Yeroiiuusbie 5—-70
1 CpenHeil ycToHUHBOCTH 1—5
v HeycTofunBbie 0,05—1,0
A% BecbMa ueycrofiuuBbie <0,05
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ctd — ¢*=(0,6—0,8)c; noBepxHoctefi  oraeabHoctH — (0,3—0,6)c;
KOHTakKTOB cJloeB — (0-+0,3)c.

Jlas omeHKH YCTOAUMBOCTH IIOPOJ, HMEIOUIHX IIOBEPXHOCTH 0ocaab-
aeuus, I'. H. KysHeuoB npenJioxku/ HcNOAb30BAaTb BEKTOPHYIO AHar-
paMMy, KoTtopas ompejeJser 3HayeHHs M HalpaBJeHHS MaKCHMaJb-
HBIX TJIaBHBIX HalpsXXeHHI (AJHHAa DPaJHyCOB BEKTOPOB OT LeHTpa
IuarpaMMBl 0 ee BHeLIHero KOHTypa) B 3aBHCHMOCTH OT HallpaBJe-
HHA 3THX HaNpsi)KeHHH OTHOCHTeNbIO IJIocKocTelt octabienus [4].
Ecnu B TOJ1Ie MOPOJ NpOC/AeXXHBaeTCs HECKOJbKO IMOBepXHocrell oc-
AabJienusi, To AJs KaXAOH H3 HUX CTPOAT CBOIO BEKTOPHYIO AHarpam-
MY, TIOCJIe Y€ro T# JHArPaMMBbl COBMEIIAIOT.

YeTOHUHBOCTD TOJILIM NOPOA € 3aKOHOMEPHO pacnoJOXKeHHBIMH IO-
BEPXHOCTAMHU ocJabJeHusl MOXKET OIEeHHBATbCH TaKXKe Ha OCHOBaHHH
onpeieseHusl yCJAOBHBIX 30H HAPYIUEHHS CHJIOLIHOCTH TOJAIIH 1O 3THM
TOBEPXHOCTAM OKOJ1O FOPHOI BBIPabOTKH.

YcaoBHas 30HA He J0JXKIIA OTOXIAECTBAATHCA € JeHCTBUTEJbHOMH
30HON HapylleHus cmioigoct#d. M. C. ByablueB npensaraer ucnosb-
30Barh NoHATHe OO YCJOBHBLIX 30HAaX KaK CPaBHHTEJbHLI KpHTepuil
YCTOHYHBOCTH MOPOJ NpH OOOCHOBaHHM BapHaHTOB (OPMbL CeUeHHs
BHIDAaOOTKH, ee DACIHOJOXKEeHHs OTHOCHTE/JbHO NOBepxHocTell ocnaabJe-
Hus. JJs1 OKOHTYDUBAHHS TaKHX 30H HAXOAAT HaNpsXKeHHA T={1(2, y)
U 0=[o(2, Yy) AAS KaXIOH cuHcTeMbl MOBepXHOcTel ocaabaeHus (cJay-
yali NJOCKOH 3a7a4u) H NIOACTABJAAIOT 3HAUEHUS DACCUHTAHHBIX T H O
B ypaBuenue (440). CpaBHuBas uHanpaxeHHs ¢ IPOYHOCTBIO TOPOL,
ONpelessiiOT TOYKH, B KOTOPBIX BBIIOJHAETCS YCJOBHEe CIELUaJbHOro
npejeJbHOr0 paBHOBecHs. TakHe pacuerbl OGBIYHO BBHIMOJHAIOT C IO-
Molbio IBM.

B. IO. M3akcoH na ocHOBaHH# NPOBEIEHHBIX HCCJENOBAHUH mOKa-
3aJ, 4ro HapylIeHHe YCTOHUMBOCTH OKPYXKAWIIHX BHPaGOTKY NOpoO.X
(0 cpaBHeHHIO C OJHOPOJHOH Toaule#i) nabJmaaeTcs B TOM clyuae,
KOrjla pacCTosiHHe MeXJy NOBEePXHOCTAMH ocqalbJeHus m 10CTaTOYHO
Mano ¥ YIAOBJETBOPsieT HepaBeHCTBY

m<0,ly, R 94 (441)
Ry
rie Rcx u R, — NpovyioOCTh MOHOJHTHON MOPOABl COOTBETCTBEHHO Ha
O HOOCHOE CXAaTHe M pacTsKeHHe, 2a — MaKcuMaJ/bHbll pasMep I0O-
NiepevHoro ceueHHs BHIPabOTKH; 1)y — KO3 PHILHeHT, 3aBUCALUI OT TH-
na IOBepXHOCTH ocsabjeHus, NPOYHOCTH MOHOJHTHOH NOPOAbL, rJy-
O6uHbl pacnofoxeHus: BHpaborku (raba. 23).

B macrosee BpeMs IIMPOKO paclpocTpaHeHa MeTOAHKAa OUEHKH
NpeJeAbHOr0 COCTOSIHHA INIOPOJ  BOKPYr BHPabOOTKH 1O BeJHYHHE
Rew/vH {(rie yH —Bec cronba nopoipt Haa BbPabOTKOH, Rex —
IPOYHOCTb NOPOJbl HA OJHOOCHOE CXKAaTHe).

Ilpun napyllenun ycrofiuuBOCTH BHIpaGOTKH NpH Pa3BUTHH INJNACTH-
yeckux gedopmanuil mopon 6e3 BHAMMOro HapylleHHs CIJOLIHOCTH,
uyTO 0COOEHHO XapaxkTepHO MJs TJAHHHUCTBIX IIOPOJ, aApTHJAJHTOB, aJeB-
POJHTOB, MAHHUCTHIX CJAAHIEB, MO JAHHLIM KCIEPHMEHTAJbHHIX HC-
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Ta6auma 23

3navenHs kKosh' W'MeHTa 7, B 3aBHCHMOCTH OT THNA MOBEPXHOCTeH ocsabaenHs
¥ TPOYHOCTH MOHOJlPITHOﬁ TopoL B HAa O.HOOCHONE CXKaTHe
Tayon-
Ha, M KOHTAaKTH CJCEB | NOBEPXROCTH OTAENLHOCTeH
10'2(\'30'40 50‘60)10!20‘30 40 50 60
100 |0,6n0|0,440,28|0,22|0,075{0,03 |0,28|0,22]0,075]|0,03 |0,02 | 0,01
200 |0,72|0,60|0,44]0,28{0,22 |0,075{0,44|0,28]0,22 ]0,075|0,03 | 0,02
300 |0,80(0,72(0,60(0,44|0,28 (0,22 |0,60({0,44(0,28 |0,022|0,075| 0,03
400 |0,83/0,80{0,72|0,60]0,44 (0,28 {0,720,60|0,44 (0,28 (0,22 | 0,075
500 (0,87{0,83{0,80(0,7210,60 {0,44 {0,81(0,72,0,60 (0,44 10,28 { 0,22
600 10,90,0,87|0,83(0,80/0,72 |p,60 |0,83}10,80|0,72 |0,60 0,44 | 0,28
1
Ta6auma 24
K
y:;:trkgg:j- Crenenb yCTOAYHBOCTH ﬂng;r:g;go;g;o;ﬁna- Xapakrep pa3pyileHHf NOPOJ
CTH NOPOL
I BecbMa yetofiunBeie | Heorpanvuennas | OTcyTcTByeT
11 YerofiuvBee Ho 6 mec BeiBa Bl OTZETBHBIX KYCKOB MO~
poabl
11 Cpennef yetoliuvBo- | Jo N 5 mec JlokanpHble PaspyuweHud 1 OTAeNb
cTa Hbie BHIBaJABl Ha raybuny no | M
v HeyrToiiuBbie Ho 1 eyt Paszpyienve OXBaTeIBaeT GOJBILYIO
9acT» KOHTYPa BbIPaOOTRKM M pac-
npocTpaHAeT s Ha riay6uHy Gonee
I M
\% BecbMa HeycToiun- | Hemepnennoe pas- | [lepexojs, B ABAXKEHHE 3HAUMTENb-
BhiE pyweHde HBIX OGLAMOB HOPOJ
Ta6auma 25
Cwmeutenns U, MM
Kateropus Ccagoutbie nopo- | H3pep«ennne | Coasimble nopo-
YCTOHYHBOCTH CremneHb ycTOHYHBOCTH obl (MecYaHWKH, | NOPOAL! (TPaHM-| LBl (KaMeRHas
nopoxg aJleBpoJIHTHI, ap-| Thl, AHODHTHI, €04b, CHJbBH-
THIANATHI, HU3BECT- HOp’fprHTbl HHUT, KapRAJJAHUT
HSIKH, YrOJb H AD.) U Ap.) H Ap.)
1 YcrolunBoe <50 <20 <200
I CpepneycroilunBoe 50—200 20—100 200—300
111 HeycTofuusoe 200-—500 100—200 300—500
v CH.1bHO HeyCTOHUWBOE >500 >200 >500

CJIeIOBAHUIT NOJYUeHbl CjAefyiouiue 3Hauenusi Rex/yH, nosBoJsioniHe
cyaurb 00 ux ycrofiwuocr#: 1) 0,6 — ycrofiuuBble B TedeHue 6 Mec;
2) 0,3—0,6 —or 0,5 mec p0 1 cyr; 3) <<C0,3 — HeycToluuBHe (aAedop-
MHPYIOTCA TIPH NPOXOJKe BHIPabOTKH).

B o6meMm ciyyae YCTOHYHBOCTL TOPHBLIX MNOPOJ
MOXKHO XapaKrepu3oBarTb CJeAYIONIHMH NpH3HAKaMH:

B BnpaboTKax

a) BpeMeHeM

OTHOCHTEJIbHO YCTOHYMBOrO COCTOSIHHA BBIpaOOTKH 6€3 KpemJieHHs To-
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Puc. 66. Tpaduke Aif ONpeNeIeHHS NAapaMerTPOB BEIHUHHBI CMEIUEHUH MOPOX B TO-
PH3OHTAMBHBIX H HAKJOHHEX BHPatoTKax:
@ — aas TEnoBoTo cMmemenus U,; 6 — maa KosddullMesTa BIHAHHA BpeMeHH BO3BEIEHHS KPemH

K,

c/le mpoxoiku; 0) 30HOH pa3BuTHsA JedopMalHii MOpPOA OT KOHTYpa
BHIpAaGOTKH B ray6n toamu [4] (raba. 24).

B KkauecrBe KpUTEpPHA oUpejeseHHsl KaTeropdi YCTOHYHBOCTH TNO-
poa CHull 11-94—80 pekoMeHaylOT MCHO/b30BaTb BeJHYHHY HX cMe-
LICHUS Ha KOHTYpe NOMEpevYHoro ceueHud BbIpaOOTKM HAa Becb CPOK ee
cayx6e 0e3 kpernu. [IpH 3TOM KpuTHUecKas BeJdHUHHA CMelEHHS
ycraHaBauBaercsd nud@epeHUHpPOBAHHO B 3aBHCHMOCTH OT THIIOB I10-
poa, B KOTOpHIX NpofiieHa ropu3oHra/JbHas JAu0O HaKJOHHAs BBIpa-
Gotka (Tabua. 25) [29].

BesiuunHa cMemeHus {/ KoHTypa BupaboTku, mpofiieHHO} B oca-
JIOYHBIX WJIH H3BEPIKEHHHIX NOpOjaxX, paccuuTbiBaeTcd Ho chaeaylouiell

thopMmyae:
U=KaKsKsK:K;U-, (442)

rie U;— cMeumeHde Nopox B MM, NMPHHSITOE 3a THNOBOE, oupeneJse-
Moe 1o rpaduky (puc. 66,a) B 3aBHCHMOCTH OT PacUeTHOrO CONPOTUB-
JEHUST HOPOJ OJHOOCHOMY CXKaTHIO Rcex H pacueTHOfl riyOuMHBI pacio-
JoxeHHs Bblpaborku H,; Ko — Koabodunuenr BiansHusg yraa nafeuus
nopo/ M Hanpag/eHuA BHPaOOTKH OTHOCHTEJBHO NPOCTHPAHHA NOPOA
HJIY OCHOBHBHIX IJIOCKOCTEH TpemuHoBaTocTH (rabia. 26); Kg— Ko3d-
$HMUHEHT HampaBJeHHd cMeuleHus NOpOJ: NMPH OLEHKE cMelleHUds CO
CTODOHH KDOBJH HJH NOYBH (B BepTHKaJbHOM HampamJeHun) Ko=1,
npu pacueTe GOKOBBIX CMeIleHU# NMopoj (B FOPH3OHTAJLHOM Hanpas-
aeunu) Kg onpenensercs no taln. 26; Ks— kodahduiueHT BAMAHUT
pasmepa BbIpabOTKH, onpenenaseMeii no dopmyte Kg=0,2(6—1),
rae b —wmupuHa BLIPAaGOTKH npd npoxogke, M; Ky— Ko3GhuuueHT
BO3/MeHCTBYSA Apyrux Bepaborok: nja oamHouHblx Ky=1,0; aast nepe-
cekawomuxcst — 1,6, mis unapannensunx — (by+4-b2), Kp/L (L — pac-
CTOSIHHE MeX/]y BblpaloTKaMmu,M; O,-Fby-~— cyMMapuas uupuHa B3aH-
MOBJIHSIOWIHX BBIPabOTOK B npoxoike,M); K. — kosadbuienr, onpeje-
AdeMpifl nmo Taba. 27; K;— kosthunuenT BJAHSHHS BPeMEHu BO3Be-
JeHus Kpelu; 1Jsi BhIpabOTOK, CpOK cIyxkOH KotophHx £>15 1er,
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Ta6auma 26

3Hauenus KospbHuHenTOoB K, H Kg NPR DAa3HLIX Yriax sajeranHsi IOpoj

Hanpassenne RJH OCHOBHBIX IJIOCKOCTEH TPRILMHOBATO CTH, rpajgyc
HPOXOogKHn
Bigpaﬁg'rxﬂ Ho 20 30 40 50 60 ~70

Ky Kyg K, Ky K, Kg Ky Kg Ko, Kg Ka | Kg

Ilo npocTupa-)1,000,35/0,95/0,55/0,80)0,80}0,65/1,20/0,60/1,70!0,60)2,25
HUIO
Bkpect npo-{0,70{0,55|0,60{0,80(0,45(0,95/0,25{0,95]{0,20(0,80(0,15(0,55
CTHPAHHS
[Tog yraom k{0,85(0,45(0,80{0,65(0,65[0,90(0,45[1,05(0,35(1,10{0,35({0,95
NPOCTHPAHHIO

Ki;=1, npu t<C15 uner 3nauenue K; Geperca ¢ rpadukoB (cM.
puc. 66,6).

Pacuetnyio ray6uny pasmenienusi Buipabotku Hy cordacuo CHull
I1-94—80 pekomenayeTcsi onpenessth 1no GopmyJe

Hp=FkH, (443)

rie H-—mpoekrnaa ray6una BbpaGoTKH, M; kK — KO3 (HUHEHT, yUH-
THIBAIOUIMH HalpAXKeHHoe CcOCTOAHHE TOJIUH MOPOA MO CpaBHEHHIO
C HampsXKeHHEM coGCTBeHHOro Beca yH; 1A OOBLIUHBIX OpHO-TE0J0-
HYeckKHX YcJAOBHi k==1; a4 paiioHOB, IIOJBEpPXKEHHHX JIBUXKEHHAM
3eMHOH KOpPBl B 30HAX TEKTOHHYECKHX HapyUIeHHH, a TakxkKe IpH OT-
CYTCTBHH KCIIeDHMEHTaJbHKIX AaHHHX £=1,5.

Pacdernoe conpoTHB/ieH#e NMOpOJ OZHOOCHOMY CXKATHIO MO KOHTY-
py monepeyHoro ceyertuss BupaboTku coraacHo CHull 11-94—80 cae-
JyeT OLEHHBATb C y4Ye€TOM BCceX IlepecekaeMbiXx BHpalorkoll cJoeB
MougHocThio Gosee 0,1 M, 3aseraromux Ha pacCTOSHHH OT KOHTypa ce-
uenus BbIPabOTKH; B KpoBJe — 1,5-2a, B nouse u 6oKax BLIpabOTKH—
1-2a (rae 2a — wupuHa BbLIPpabOTKH).

Heo6x0auMo OTMETHTDb, YTO Nepexoj] IOPOA B IpEie/bHOe COCTOA-
HHe Ha OGOJBbIIHMX H Majelx rJayOHHax KayecTBEHHO padniuuen. B ToH-
HeJIAX, KallMTaJbHBIX H NOATOTOBHTENbHBIX BHIpaboTKax IpH paspa-
6oTKe NONe3HbIX HCKOMaeMhiX Ha MaJbeX IJy6uHax paspylleHHe IO-
PO MPOHCXOAMT B orpanuuenHoli obaactu cBola obpyuenus, (opMH-
pymoomerocs Haj BeipaGorkoii. Ha taknx rayOnHax BJHsIHHE OUHCTHBIX
BHIPabOTOK Ha MOATOTOBHTENbHBIE NPAKTHYECKH He CKa3blBaeTcs 1aXe
npH OCTaBJEHHH LeJJIHKOB HeGOJbLUIHX Pa3MepoB.

[Ipu BeneHum ropHeix pabor na GoJblivX rAyGHHAX Nepexo] IIO-
pol B NIpelesbHOe COCTOSIHHE M HX paapyllielHe 3aXBaTbhiBaeT OOLIHD-
Hbie 00JacTH ¥ 00BLeMBl NOPOJA, CKOPOCTb CMEIICHHH IOPOJ B Bbipa-
6oTkax ysesauuuBaerca. [Tapamerpsl BbipaGOTOK, HX PacHoJOXKeHHE H
THN KpPeNmd B 3TOM cJjyyae NPHITMMAIOT B 3aBHCHMOCTH OT Xxapakxrepa
nedopManuil HOPox B BeIpaBOTKaX.

[Tpu nobblye mOJME3HBIX HCKOMAeMBIX Ha GOAbLINX IyOHIax ycTo#H-
YHBOCTb IOATOTOBHTEJNBHBIX BHIPabOTOK CYIECTBEHHO CHHXKAETCH H3-
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Ta6nuna 27

Kospduyneur K, npu pacdernoM R, ., MIla

PacgeTnasg rayén-

Ha BHpaboTKH H_, Jlnsi BRpaGOTOK MO NPOCTHPAHHIO Jlas BHpaGoTOK BKPeCT NMPOCTHPAHUS
" 30 ] 60 l 90 l >120 30 ‘ 60 l 90 ‘ >120
?’_5 1’8 l’_? 1’2 5 2
Ho 300 5.0 T6 1.3 1.0 1,8 1, 1, 1,0
4,0 2,0 1,7 1,4
300—600 35 7.8 .5 1.2 2,2 1,8 1,5 1,2
6 L8 28 ) 20 0 16 6 | 2.1 LT | 1.4
R X R I I I B B B
5,0 3,5 2,5 1,8
900—1200 35 3.0 2.0 T6 3,0 2,5 2,0 1,5
5,6 4,0 3,0 2,0
1200 i kit i ki 3.4 2,9 2,4 1,7
Cotiue a0 | 35 | 23 | 1.8

IlpaMegaune. Bdaucanrese npuBenenbl suayeHus jast BLIPaGOTOK ¢ 6<35°, B 3maMena-
Tene—c a>35°.

3a OUHCTHHIX PabOT, MOCKOJ/BKY PaspylIaloTes jaKe NPeLoXpaHHTe b
Hble IleJIHKH OOJBIUIHX pa3MepoB. B ouncrHpix BHIpaOOTKax B mpejieib-
HOE cOCTOsiHe MepeXoAsAT He TOJAbKO NMOopPoAn BloepeaH 3abod, HO H MO-
POaHl HelOCPeACTBEHHONR KPOBJH H noush |31].

CrenoBare/bHO, NPH pa3paborKe NOJE3HBIX HCKOMAaeMBIX Ha GOJb-
IHX r1yOHHaX YCTOHUHBOCTL CJelyeT PaccyuThiBarb He JJa H3O0JH-
poBaHHOli BHPaOOTKH, a ¢ YYeTOM COBMECTHOrO BJHAHHS BHPabGOTOK
0 OrHefdbHBIM HOA3Ta)KaM, 3TaxkaM H T. 1.

YcroHuuBOCTb  3KCIIyaTHPYEMBIX BbipaboOTOK  obecneunBaercs
clelylomMMu cnocobaMu:

1) nmpupanvem nonepeyHOMy ceueHHIO BHIpaOOTOK — HajJex allux
(GOpMBL H pa3MepoB;

2) coxpauendeM 0GoJjlee NMPOUHBIX TMOPOA B KPOBJE H MOUBE, a TakK-
JKe 11eJIMKOB [0JIe3HOro HCKONaeMoro;

3) coopysKeHHeM HCKYCCTBEHHOH Kpend;

4) pacnojioxenuem BHPaOOTOK B 30HaX HaWMEHbLIHX HaNpsiKeHHH,

D) HMCKYCCTBEHHBIM CHHXKEHHEM HanpsiKeHH MNOpOI;

6) McKyccTBEeHHBIM YKpelJeHHeM TOpOJ, OKPY’KalomHX Bbpa-
6OTKY.

BoamoxHa TaKkkKe KOMOHHALMA yKa3aHHBIX cOCOOOB.

I[TepBblit n3 mepeurcaeHHBIX CNOCOGOB, NPUrOAHDIL JHUIL NIPH MPO-
Be/leHHH BHPabOTOK B J0CTATOYHO APOUYHBIX, HETPEHIHHOBATHIX TNOPO-
Aax Ha MaJblX rJ1yOHHaX, WHPOKO HCNOJB3YyeTcs B HPAaKTHKE TOHHEb-
HOTO CTPOUTE/bCTBA: NONEPEYHOMY CeueHHIO TOHHeJed uacto mpHia-
I0T noakoBooGpasHylo ¢opMy. B nogszeMHbIX BeIpaboTKax Gaaromnpu-
ATHYIO GOpMy BbLIPaGOTKH HEPEJKO COYeTaloT ¢ KpeNJeHHeM TOpPKperT-
GeToHOM A/ MPeJOTBPAIlleHAs] BbIBETPHBaHHA HOPOL.

[Ipepoxpanurespuyio TOMMY (MOAKPOBENLHYIO H  TOUBEHHYI0)
OCTaBJAKT AJs yBeJHUeHHs YCTOHUMBOCTH COOTBETCTBEHHO BepXHedh
H HHXKHe# uyacte#i BHpabGOTOK, Korja NoJjesHoe HCKONaeMOe MpouHee
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BMeNlaloUHX NOPOJ, a TAKXKE NPH OTCYTCTBHH oOcjaGiaeHHBIX KOHTaK-
10B. [loaxpoBesbHOM ToJEe MPHAAIOT CBOAYATYIO HJH MAOCKYI (op-
My. MomHOCTs Takof TOMIH MOXKeT OBITh olpejefieHa Mo (GopMyaaM
CriecapeBa 1/ IJIOCKOIl MOTOJOMMHB MJIM Ha OCHOBAHHH OIBITHHIX
AaHHBIX. B comsiibix H HEKOTOPBIX YrOJbHBIX ILIAXTaX MOLKPOBe/blias
TOJIa MOXKET CJYXKHUTh TakXKe [AJs HM3OJALMH BHIPAOGOTKH OT NPHTO-
KOB BOJIH.

Lle/MKH MMeIOT pa3jHuYHOe HAa3HAueHHe: NPeJOXPAHHUTENBHOE, OX-
panHoe u 6GapwepHoe. [lepBble obeperaoor nojzeMHble BHPabOTKH OT
BJIMAHHA COCEJHHX {HalpHUMep, IOATOTOBHTEJLHHE OT OYHCTHHIX).
OxpaHHBle HeJHKH HCIOJb3YOTcs B 60pbOe cO CABHXKEHHeM [HeBHON
NOBEPXHOCTH HaJ, NOJA3EMHBIMH BupaboTKaMH. bapbephble LeJHKH
IpejoXpaHAOT BEHIPAGOTKH OT NMpPOPHIBOB BOJLI U Ia30B, CKOMHBIIMXCA
B CTapHX, 3a6pomeHHbIX BEpaboTKax.

Hcnonb3oBaHHe Be/HKOB AJisi 00eCleueHHUsi YCTOHYHBOCTH BhIILEJe-
Kaweld toamy Hav6oJiee 3)(PEKTHBIO NpPH NPOXOJKE BbLIpaOOTOK Ha
HeOOJBIIHX TJy6HHAX, KOrja NOpPOABI NeJHKa He mepexoidTr B Ipe-
HEeJAbHOE COCTOfHHME H CJYXKaT ONOPOH, MpejoTBpaniasi CABMIKEHHE M0-
pon Haj BHpalboTKOM.

OcraB/sTh UHEJHKH Ha OGOJbHIMX IIyOHHax mejecoo0pasHO, echn
TaM 3a/leraloT BecbMa NpPOUYHBIC NMOPOABI, B KOTOPHIX LEAHK COXpalifi-
eTcsl B TeYeHHe BCEro IepHoja 3KcIIyaTauHd BHPabOTkH. O1HAKO Ha
TakHX rAyOuHax yacto HabJaK0gaeTcs pa3faBiHBaHHe 1EJHKOB, COIPO-
BOXawmieecsi CABHXKEHHEM H paspylleHHeM Nopo] KPOBJH Ha 060Jb-
IIHX ydacTkax. IIpH paspaboTke N/IacTOBHIX MeCTOPOXKJEHHI 1eJseco-
obpasHa OecueJHKoBasi cxeMa BejenHa pa6oT, ocoGeHIIo IpH oOTpa-
OOTKe CBHT MJAACTOB HJH cJoeBOH pa3paboTke MOMHBIX MJacTOB, KO-
Ja 30HBH KOHUCHTpAUMI HANPSKEHHH OT KalKAOTo NJacTa HJH c¢Jos
HaK/aJblBaloTcs Apyr Ha apyra [31}].

Jas nmopaepxaHua BHpabGOTOK B yCTOHUHMBOM COCTOSIHHH HCINOJb-
3yercsl Kpellb, T. €. HCKYCCTBEHHOE COOpYyIKeHHe, BO3BOJHMOE B IOA-
3eMHBIX BbIpaGoOTKax [Jsa NMpeLOTBpalleHHs oOOpYLIeHHs BMeINalOIIHX
IOPOJ, H COXpaHEHHSI HX HEOOXOJHMBIX Pa3MepoB H INONEPEUYHBLIX Ceye-
nuii Beipaborok [19). KoHeTpykuus JKecTKoil Kpelmd He JONYCKaeT H3-
MeHeHHs (OpPMBl U pa3MepPOB KDEIH B 11€/0M H OT/le/IBHHIX e€ 3JIEMeH-
toB. [logatnuBas Kpemp MoXKeT H3MeHATL cBolo oOPMYy H pasMepsl
BCJICJCTBHE B3aHMHOIOG CMEINEHHA 3JeMeHTOB HJH pa3pYLIeHHd OT-
JIeJIbHBIX 3/1eMeHTOB 0e3 mnorepn Hecymel cmocoOHOCTH M yCTOHYH-
BOCTH.

Kpene ropHblX BHpaGoOTOK KAacCHOHUHUDPYIOT: TI0 THIY BHIPAaGOTKH
(kanHTaJbHasH, NOArOTOBHTENbHAR H OUHCTHAA), B KOTOPOH €€ HCIOJb-
3YI0T; N0 MaTepHaJy (lepeBsinHas, OeToHHas, XKeJje3obeToHHad, Ka-
MeHHas, CMeliaHHasi); MO KOHCTPYKTHBHBIM OCOOCHHOCTAM  {cIJIOM-
Hasl, paMuas, MHOrOIIapHHMpHAas); IO CPOKY cJYXKOb (BpeMelHas,
MOCTOIHHAA) H T. A.

BriGop kpend omnpene/sercd TeXHHUECKHMH, NDOH3BOACTBEHHBIMH
M 3KOHOMHUECKHMH (haKTOpaMH.

[locTosHHYIO M KECTKYW Kpelb NPHMEHSIOT B OCHOBHOM B TpaHC-
IOPTHHX TOHHEJSX, KanuTa/JbHHX BhpaGoTKax (NpH AoObiue MNoJes-
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HHIX HCKONAEMEHX), KOTOPHE HAaXOAATCH, KaK NPaBHJIO, BHE 30HH BJIUS-
Hus Jpyr¥x Bopabotok. Takas Kpelb H3roTaBJHBaeTCd H3 JLOJroBed-
HBIX MaTepuaJsoB: GeToHa HJIHM KeJe300eToHa. [/ KamHTa/JbHBIX BHI-
paBoToK Ha OOJbIIMX rjAyOHHaxX NpH HaJHUHH CHJBHO xedopMHpYIO-
UXCSA NMOPOJ HCIOJBb3yeTcs CTaJbHas Kpellb.

[loaroroBuTesibHBIE BbIPaGOTKH OOBIUHO TMOJABepXkKelbl  BJIHAHHIO
OUHCTHBIX PadoT, 0cofeHHO Ha OOJBbIIHX rJAyOHHaX, KOrja cMellleHHe
KOHTYpa BbLIpaOOTKH MoOXKeT OHITh 3HAUHTeJbHBLIM BCJAeICTBHE HHTEH-
cHBHOro JeopMHpPOBaHHA MOponAbl. B 3THX ycJoBHAX Jydllle Bcero pa-
OotaerT mojaT/HBas Kpelb, MeTaJ/JlH4ecKas MJH JepeBsAHHAdA, KOTOPas
noabHpaeTcss B 3aBHCHMOCTH OT OXHJaeMbIX CMEIIeHHII B Nopoje, UX
XapakTepa M HalpaBJeHHOCTH.

Ha ocHoBe 06061meHHa GOJABLIOro (PakTHUECKOrO MaTepHada BO
BHHMMH ycraHOBJEHAa 3aBHCHMOCTH MEXKIYy OTHOCHTE/JIBHBIMH CMC-
HIeHHSIMH KpOBJAH (mouBbl) Bbipabotkd (U, MM) u Hecyuiefi cmoco6-
HocTbio Kpenu (p, MIla):

p="0,01(6,035U—2). (444)

Jra dopMysna Haubo/ee OPHrojHa NpH cMeleHHax Oosee 500 mM.

Tak kak c yBeJHueHHeM TJIYGHHLE pa3pabOTKH yCTOHUYHBOCTL Bbi-
paboTOK pe3KOo CHHIKaercs H, KpoMe TOTO, BO3PACTaeT BJHAHHE OUHCT-
HBIX palboT Ha ycToHuHBOCTb BLIpabOTCK, B HacTosilllee BpeMsi BHeApd-
eTcs cnocob npejBapHTeNbHON paspabOTKH NJIacTa, NPH KOTOPOM FroOp-
Hble pabOTH NPOXOAAT B 30HAaX NOHHKEHHBIX naBJjeHHH. B 30He BJH-
SHHS NPOHJeHHHIX paHee BHIPabOTOK 3a cueT OOpYLIeHHS KPOBJH H
JedopMauuil MOYBH YacTh HaNpsiKeHH CHHMaeTcs M IllepejaeTcd Ha
coceqHHe yyacTKH. Ilpu npoxoxke Bblpaboroxk B paspyuieHHoll obaa-
CTH JaBJjeHHe 00YCJOBJeHO TOJNBKO BEeCOM MOpoJ B Mpejejax CcBoOMa
obpywenus. I. JI. ®ducenko [31] ormeuaer, uro HauboJee Oaaronpu-
ATHBIE YCAOBHA CO31a10TCA CIyCTs oNpejaefeHHoe BpeMs NocJe Npose-
JI€HHS OYUCTHLIX paboT Ha paccTosiHMM He 6oJec 40 M OT rpaHHUH
BbIpab0TaHHOrO NPOCTPAHCTBA.

Ha Gosapmux rayO0HHAX, rie BO3MOMXKHBl JIHHaMHUeCKHe sIBJIEHHS
(ropHble yjaapol, cTpeJisHHe NOPOA), B 30He BJHSHHA BHIPabOTKH Ha-
Npsi2KeHHR HCKYCCTBEHHO CHHXKAIOT, H3MEHs COCTOAHHe MNMOPOJ TaKHM
o06pa3soM, 4TOOLl OHH NMpHOOpeJH CNOCODHOCTb K NJACTHUYECKOMY [«
(OpMHPOBAHHIO H COOTBETCTBEHHO K Depepaclipefe/ieHHIO HalpskKe-
HHA. C 3Tofl we/ bl HCNOJbL3YIOT KaMy(JaeTHOE B3pbIBAHHE MOPOAB B
CKBAXHHAX, NPOHJeHHBIX B GOKax BHIpabOTKH, HJAH HarHeTaHHe BOIHI;
B HEKOTOPHIX CJydasXx MOXKHO OrpaHHMuHTbcAd OypenHneM rJayOoKHX
CKBaxHH boJblnoro pguaMerpa B 60ka BHpaOoTkH. [/ oXpaHbl LeJH-
KOB H COOTBETCTBEHHO LITPeKOB BJ0Jb 0O6€HX CTOPOH BLIPabOTKH cO3-
HawTcsi OyTOBBHe MOJOCH, KOTOPHE CJAYXKAT «HJAacTHUHBIMHY ONOPaMH,
YMCHBILIAIOUMMH JeHCTBYIOUIHE HaMNpsXKeHHs, MpHueM o0JacTb KOH-
IeHTpaluuii HanpsKeHH# OTOABHraercs B riay6b FOPHHIX MOPOJ, OKpPY-
XK aIHX BLIPAbOTKY.

HckycceTBeHHOe yKkpemsieHHe MopoJ oObiuHO MPOBOIAMTCH MPH pabo-
Tax Ha HeOOJBUWIHX rayGWHAX B CHJBHO TPEIIMHOBATBIX MOpojaX, Tie
BO3MOXHBl MECTHHI@ BLIBAJAL W oOBaJsbl. HaunGojee NIMPOKO NPHMEHS-
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J0TCS [{@MEHTALMs ¥ CMOJH3auHs nopola. B paccianBalomuxes roamax
KPOBJH BBIPAGOTKH /S8 YOPOYHEeHHST MOPOX HCNOABL3YIOT IITAHTOBYIO
kpenb., C noMouibi0 mralHr MOryT 6bITb 3aKpeljeHbl H TPEUIHHOBATHIE
NOpPOJAL B KPOBJe W GOKax BbLIPAOGOTKH NPH YCJAOBHH COXPaHeHHUs HX
YCTOHUHMBOrO cOCTOstHUst 6e3 NoajepKHBaoLell Kpeny.

Kom6uHauts pasjgHuyHbiX MeTONOB oObecrnedyeHHst YCTOHAUHBOCTH
O0OBIYHO HCNOJBb3YeTCst B JHOCTATOYHO HEYCTOHYMBHIX NMOpOJAX A5 HOM-
JepKaHus BLIpaboTOK IJMTeNbHOro cpoka cayx06m. OjpHako Bonpoc
B3aUMOJEACTBUST KpenH BHIPAafOTOK C TOPHBIMH HOPONAMHU sBJAETCSH
NpeiMeTOM HCCAeNOBAHUs HOBOf NMCUHIJIHHBI—MeXaHHKH MOI3eMHBIX
COOPYXeHHH, B KOTOPOH «moJ3eMHble KOHCTPYKUMH (KpPernb IOPHBIX BbI-
paBoToOK HJAY 0OHesKH NOA3EMHBIX COOPYXeHHH) H oKpyxKalouias ToJ-
ra TOPHBIX MOPOJ PacCMaTPHBAIOTCS H PACCUUTHLIBAIOTCH KaK ejuHast
nedopmupyeMas cuctema, NpHyeM paBJjeHHe TODHBIX NOPOJ Ha Kpelb
(HarpyskH¥), a TouHee, HAaNDSKEHHS Ha KOHTAKTe MeXIY KPenbio H
NOPOAOH He 3a7al0TCst B KaueCTBe HCXOJHBIX JaHHBIX, & ONpPelessioTCs
B nipouecce eluHoro pacueta» [4, c. 3].

§ 2. OLLEHKA HANPSA)KEHHOIO COCTOAHHA FOPHbIX MOPOJ
OKOJIO NMOJA3EMHBIX BBIPABOTOK

IMpu uccnenoBaHUM BONPOCOB YCTOHUHBOCTH BbIPaOOTOK, ONOPHHIX Lie-
JHKOB, NIOTOJNOYHH B pacyerax AaBJjieHHs NMOPOJ Ha KPelb IepBocTenel-
HOe 3HaueHHe MpHoHpeTaeT BOIPOC O eCTEeCTBEHHOM HANpPsXKeHHOM CO-
CTOSSHUM TOPHBIX nopoj 10 NPOBeAeHHUs BbiDaBOTOK.

Kak yxe 6bl10 NOKa3aHo paHee {CM. . 3), HANPsKeHHs B TOJLLE
rOPHBIX NOPOJ BO3HHKAIOT TJaBHbHIM 00pasom nox MeHCTBHEM TIpaBu-
TAUMOHHBIX U TeKTOHHYECKHX CHJ. KpoMe Toro, B NPHIOBEPXHOCTHHIX
30HaX cJjelyer y4dUThiBaTb (OPMy pesbeda JHeBHOH NOBEPXHOCTH, €
rayOuHON BiaHsiHHe aTOTO Pakropa oc/jabeBaer.

OcCHOBHOH aKTHBHOH NeHCTBYIOUIEH CHJOH CUHTaeTcs rpaBUTAIHOH-
Had, 06yCJIOBJIeHHaH BeCOM BbllIleJiexaleil ToJAmu Hal TOYKOH, B KOTO-
poii onpeneisiotcss nHanpsaXenus. IloBceMecTHo AedCTByMOmast rpaBH-
TalHOHHAst CHJa XapakTeDH3yeTCss BepTHKaJbHBIM BEKTOPOM.

JHefictBie BepTHKaJbHON cocTaBastiouiedl BbisbiBaeT GOKOBOH oTNOP
OPOJH, peaKTHBHbie CHJABI KOTOPOro 06yC/a0BAHBAOT TOPH3OHTANBHBIE
COCTaBJIsIONMe HanpsxKeHHH.

[Ipoxo/AKa ropHbIX BHIPAOOTOK CYLIECTBEHHO U3MeHdeT eCcTecTBeHHOE
HanpsiKeHHOe COCTOsiHUE TOPHBIX NMOPOJ W NPUBOAMT K repepacnpene-
JeHUo HanpsixeHUid. XapakKTep Takoro H3MeHeHHs olpelesieTcst COBO-
KYNHOCTBIO (DAKTOPOB, [JAaBHBIMH H3 KOTOPLIX SIBJASIOTCS CleAyloliHe:

1) dbopMa ¥ pasMepbl NONEPEYHOrO CedeHHst, COOTHOUIEHUe IJAHHDI,
MIMPHHLE M BbICOTH BHIPABOTKH, 6JIH30CTL COCeJHUX BHPaAGOTOK;

2) (QU3UKO-MeXaHHUeCKHe CBOHCTBA NOPOX, OKPYXAIIUIHX BbipaborT-
KHY, 1 BO3MOXKHOCTL WX HU3MeHeHHs NOJ BJAHAHHEM HaIPsXKeHHOro co-
CTOSIHUSI U areHTOB BbiBETPHBANUA;

3) 0coOeHHOCTH ecTeCTBEHHOrO HANPSXKeHHOTro COCTOSHHA MOPOL A0
NpoBeJeHusi BbIpabOTKH;

4) BaustHMe cocoGOB MPOXOIKH M IKCIJIyaTallid BHPaGOTOK.
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Haubosee noaHo yuurtsiBaiorest GakrTopsl nepsBod W Tperbell rpynm,
TOCKOJIBKY B HACTOsilIee BPeMs AJs 3TOH ueau pa3paboTaHBl aHaJjH-
THUYECKHE ¥ 3KCHEeDHMEHTaNbHble METOAB. B craiun pazpaboTKu HAXo-
IMTCS paccMOTpeHHe (pakTopoB BTOPOH rpynmbl. OCHOBHbIE aHAJUTH-
YECKHe PelIeHHus, ONHChIBAL{He NOBeJAeHHe MMOPOJ BOKPYr FODHOH BHI-
paboTkyu, 0a3uPYIOTCH Ha MOJAENH TEOPHH YHOPYrocTd. 3HAUUTEJBHO
MeHee pa3paBoTaHbBl METOABl aHA/JM3a HEYIPYLOro MOBeJCHHS MOPOJ
¢ YueToM pa3BHTHA MNOJI3YYeCTH H MJACTHUSCKHX JedopMmaunii. Yer-
BepTas rpynna (akTopoB mpH ONPEAENEeHHH HAMPAKEHHOrO COCTOSTHHS
YUHTBIBA€TCA GoJIblIell YacThIO TOBKO KauecTBeHHO [29].

Kak mokasanu MHOro4yHcjJeHHble HAOJIOfeHHs, BOKPYI TOpHOIi BHI-
paboTKH NPOMCXOJIMT mepepacnpenesneHde eCTECTBEHHOro HOJsi HAmps-
JKeHHH, NIPH 3TOM BBIAEJSIIOTCS 30HBI, B KOTOPBIX HanpsiKeHHs MeHbIle
NEPBOHAUAJbHLIX M 3HAUHTEJLHO BBIUIe WX, OTHOWIECHHE HANPSIKEHHH,
BO3HHKIIHX H[OCJAe TPOXOXKJAEHUs BbIPAOOTKH, K HAYAJbHBIM Hanpsxke-
HHSIM B 3TOH Ke TOYKe MPUHATO XapaKTEPH30BaTh HEKOTOPHIMH 6e3pas-
MEPHBIMH KO3 dHIHMeHTaMH, HA3BIBAEMBIMU KOIPPUUYUEHTAMU KOHYEH-
rpayuti Hanpsaxcenuti. Haubospuias BeJHUHMHA KOHUEHTPAUHH HANps-
KeHull cocraBaser 4—6. Bnepsble TeoperHueckoe peuieHHe 3ajauM
0 pacnpeleseHHH Hanps>KeHHH BOKPYr COPU3OHTANbHOH rOpPHOH BbIpa-
gorku Ob0 fano A. H. Iunuukom, A, b. Mopraesckum u I'. H, CaBu-
HBIM, KOTOpPBle pacCMaTpPWBaJ/JH TOpPHBIE WOPOABI KAaK CHJIOLIHLIE H30-
TPOMHbIE H YODyrde Tejna, nmogunHswmMecs 3akoHy I'yka. B nmiaockofi
KpOBJie H NMOYBe BHIPAGOTKH BO3HHKAIOT PACTArHMBAON{HE HANPSKEHHS
(puc. 67)

o, = K, ﬁ vH, (445)

rae K — K03 HuHeHT KOHUCHTPAUHN HanpAxKeHH .

[To Mepe yaajeHHs OT KPOBJAM HJHM NOUBBI BBIPAGOTKH COOTBETCT-
BEHHO BBEPX WJH BHH3 BEJMUYMHBI PACTATHBAIONIMX HAMPSKEHH{ yOBI-
BAIOT A0 HYJIs, 4 3aTEM IEPEXOANT B CKMMAIOLIME, JOCTUTAOLUIHe 3Ha-
yeHn#, CBOMCTBEHHBIX €CTECTBEHHOMY HampsiKeHHoMy cocrosiHio. Ha
CTE€HKax BBIPAOOTKH AEHCTBYIOT CKHMAalOL{Ue HANPsaKeHUs

oen—KoyH, (446)

rie Ko — koapduuMeHT KOHUEHTPAauMH CXKHMAOWUX HanpskKeHHH.
CxkuMalouiue HanpsxKeHUs NOCTeNeHHO YMEHBIIAITCH 0 Mepe ypaJe-
HHs OT BBIPAOOTKM 10 o,=yH (cM. puc. 67).

PacnpenesneHne MakcuMaJbHbLIX M MHHHMAJbHBIX TJIaBHBIX Hamps-
KeHMH M MaKCHUMAaJbHBIX KacareJbHBIX HANPSKEHHH BOKPYL BBIpAbOT-
KW, IO CYIIECTBY, ONPEAENSIOT COCTOsIHHME TOPHBIX WOPOJA BOKPYT Hee
(pnc. 68). Tlpu CHMMETPHYHOCTH BHEUIHEH HArpy3k# H3OJHHHH Ha-
NpsKeHUl PacnosaraioTcs Takxke CHMMETPHYHO. B KpoBJe H nouse
BLIDAOOTOK HANPSKEHHA Omin ABJIAIOTCA PACTATHBAIOLLMMH.

Haubogapline 3HauyeHus Koa(p@PHUHEHTA KOHIEHTPAUHHM HAmpsikKe-
HHH OTMeualoTcst B yrjax BhipaGOTKHM M Ha G0KOBBIX cTeHKax (Kp>2).
B kposie u nouBe BLIPAGOTKH 3TH KO3(DQHUHMEHTH HeBeJHKH (K <
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Puc. 67. Smiopnl pacTATHBAOIIMUX Hanps-

6y (6, .
x (6) XKeHHH B kposJje (1), mouse (2) u cxu-
MAIIIHX Hanps:XKeHHd B OOKOBHIX CTEHKax
! (3) BHpaboTku
J
N { 3 = {
"
o 2 |
Gp
Puc, 68. WsonuHus T1aBHBIX (@) ¥ Mak-
4 cHMaJbHBIX (6) KacaTelbHBIX HalpsixKe-
Ui BOKPYr BHIPAaGOTKH MPSMOYTOJBHOTO
6,(5y) CeYeHHSI (HAa H3O0JMHMAX JaHp 3HayeHHs

kos¢p¢punuenta K)

=<0,3). OxHaKko ¢ y4eToM Toro, uTto B TaKuUx objacTax AedCTBYIOT pac-
TArHBAIOIIHe HANpsiZKeHUs, a NPOYHOCTh MOPOA HA PaCTsKeHHE HeBHI-
COKa, NPH OleHKe YCTOHUHBOCTH KPOBJH cjeiyeT o0pauiaTe 0coboe
BHHMAaHHe Ha ee HampsiZKeHHoe cocrosiHue., C yBeqHYeHHEM LIHPHHbBI
BLIPA0OTKH 1O CPABHEHHIO C ee BBICOTOH BeJHUHHA PAacTATHBAIOLIHX
HampsiKeHHH B KpoBJe (nmouBe) pacrer. PacTsarnpawpulue HanpsHKeHHs
B KPOBJie MPSIMOYTOJABHOH (GOPMBI MAKCHMAJBHEL, IPH TPalellHeBH HOH
dpopme — nHa 30% wmeHbuie. B BoIpaboTKax KPYrJjaoro WIH 3JJHOTHYE-
CKOTO CE4YeHHsi KOHUEHTPaUUH HanpsKeHHI Ha KOHType BLIPAOOTKH
3HAUUTEJbHO MeHblle, yeM B BHPafoTKax TpameuueBHAHOH GOPMH,
a pacTATHBAIONHe HANpsiKeHUst MOryT ObITh paBHbl Hymw. OpHako
3aBHCHMOCTH (445) u (446) He ZaOT NOJHOrO NpPeACTaB/JAeHHs 00
YCTOHUHBOCTH NOPOA, TAK KAK B PeajbHbIX YCJOBHsIX pa3pyuleHHs,
nabaojaeMble B OJHOH HJIH HECKOJBKHX TOUKAX OKOJIO BBIPAOOTKH, He
ONnpenesIsitoT ele HapyuleHui yeTOHYHBOCTH BEIPabOTKU B LeaoM. Kpo-
me TOoro, Ko3hduunenTsl K, u Ko He 3aBHCAT OT pa3MepPOB BbIPaOOTKH,
a onpelensitorcsi JHlIb ee POPMOH, a TakKe Haya/JbHBIMH Hampsixke-
HUSIMH,

30Ha BJAHSHHS BBIPABOTKH OTHOCHTEJBHO HeBE/JIHKa H 3aBHCHT OT
ee ¢opmbl. Ecian ceueHHe npsiMOYro/pHOE, TO 30HA BJIHSHHA COCTAB:
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AsieT 3,5 WHPHHE BHPaGOTKU, Ajst cBoAuaroil dpopmer — 2,5—3,0, mis
KPyraoit u sajauntHueckoit — 1,5—2,0 [19]. B oraeapHbx cayyasx
paauyc o6aacTi BJMSIHHsI BEIPAGOTKH MOKeT ObITh B b pas GoJblie ee
mupuHel, CieloBaTesNibHO, YCTOHYUBOCTh He3aKpPenJieHHOH TOPHOH BHI-
pa6oTku OylJeT 3aBuceTb OT COOTHOWIeHHsl mokazaTesed NPOYHOCTH
MOPOJbLl M BEJHYHHBI HanpsikeHHi B 30He BbIpaboTku. Ecau BennunHa
pacTsrHBaou(ero HanpsikeHHst B KPoBje (mouBe) BbIpabOTKH paBHA
HJH MeHblle npefejia MPOUHOCTH MOPOJ KPOBJH (NOYBBI) Ha pacTsixe-
HHe Rp, TO COCTOsIHHE MOPOA YCJOBHO MOXKHO CUHTATh YCTOHUYHBBIM.
AHa/luTHUECKH 3TO YCJOBHE MOXKeT OblTh 3aIHCAHO B BHAE

- K,
R,Z K, I—HYH'

[Ipu o6paTHOM COOTHOHIEHHH cJelyeT OXHAATb Pa3pyUIeHHS KPOB-
an (mouBb) Bepabortok. llopoan B 60Kax BbipaGOTKH YyCTOHUYHBBHL IPH
yeaoBuH Rex==KepH. Kpome TOro, BeJHYHHA4 MAaKCHMAaJbHBIX Kaca-
TeJbHBIX HANpsiZKEHHH JoJKHA ObITh pPAaBHA HJH MeHblie MPOYHOCTH

H
nopojisl Ha CABHI T, T. €. K2l2—<1,

OueBHAHO, UTO pa3pyiieHHe CTeHOK BHIPaboTOK 6yAeT MPOHCXOAUTH
1 H
npu ycaoBun KoyH > Rewx: Kz; >

Kputepu#i ycToiiunBocTH mnopofA, o0JagawmHx NJAaCTHYECKHMH
CBOACTBaMH, MOKeT OLITh 3aNMHCaH B HeCKOJBKO HHOI (Gopme [4]:

KQ‘VHéRCX(KyCTy (447)

rie Kycr — K03QGHIHEHT nOBLILEHHS YCTOHUHBOCTH MOPOM,
1 in
Keg=14+—(@0E""—1), 448
o= L ) (448)

sgecy Il — nokasatesp, xapaKTepu3ymuA MJacTHYeCKHe CBOficTBA
Opof,

1
. =[1~singo<1—-——27”°>]s‘““°, (449)
Rox
rie H,— nmpefenbHast riay6HHa uJacTHueckux JedopMauuii mopoi,
npotekapmux G6es pas3pyurenns. Beanunna Kycr==1,0, MOCKOABKY B
NJaCTHUECKHX MaTepHaJax, B TOM 4HCJe H TOPHBX IOPOAAaX, BO3HUK-
HOBeHHE KOHUEHTPALM{l HANPsIKeHUH MmeHee OmACHO, YeM B XPYHKHX.
Teopernueckne paGoTel O pacnpefeleHHH HANPSKEHHH NPH HEJdH-
HEeAHON 3aBHCHMOCTH Me/[Ay HANPsKeHHAMH H JehopManHAMH HOKa-
3bIBAIOT, 4TO (PM3HYeCKAst HOJAHHEHHOCTh NPHUBOAHT K GoJiee paBHOMED-
HOMy pacnpeje/eHHI0 HampsiKEHHH BOKPYr BbIpa6oTok [4]. Bripas-
HHBAHHe  HANPsXKEeHHH  NPOHCXOAUT  BCJAEACTBHE  MJACTHYECKOTO
dedopmupoBanus nopoi. CiegoBaTesbHO, pelieHHe 3aJ1aYH C HUCIOJMb-

30BaHHeM IMOJOXEHHH TeODHH YHODPYI'OCTH AaeT caMblie BBICOKHe 3Haye-
HHS HAIPsIZKEHHH.
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Tak kak peasfibHOe HANPSXKEHHOE COCTOSHHE MOPON He COOTBETCT-
BYeT YCJOBHSIM, NMPHHSTBIM NPH TEOPETHUECKOM PEIIeHHH 3ajaiu, BO
MHOTHX CJIy4yasix TEOPETHUEeCKYI0 HHTEpnpeTautio ClAeiyeT pacCMarpH-
BAaTh K4K KAYECTBEHHYIO, XaPaKTePUIVIOMYIO JHUIb OOIYI0 TeHAEHIHIO
H3MEHEHHs] HAMmPsKEHHOr0 cocrosinus, [ToaTomMy oHa foMxkHa 6bITL A0-
loJiHeHa JaHHbBIMH HEMOCPEJACTBEHHBIX H3MepeHHH W MpPOrHo3a Hamps-
»KEHHIl B COOTBETCTBYOLIUX re€0JOTHIECKHX YCAOBHAX,

§ 3. METOJAbl PACYETA TOPHOTO JOABJIEHHA
B NOPHU3OHTAJIbHbIX BbiPABOTKAX

[Toponm B HemocpencTBenunoii OJH30CTH OT BHIPAOGOTKH Bcerga He-
CKOJIbKO OC/a0JieHbl H3-34 MOBBILIEHHOH HUX TPEHIHHOBATOCTH H NPOSB-
JeHH#l nnacTHueckux gedopmanuii. TToatomy Bokpyr BHpaboTKH o6pa-
3yercst 064aCTh Heynpyrux Aedopmauuii, B KOTOpoll HanpshxkeHHs ne-
pepacnpegesiioTesl, 1 30Ha KOHIIEHTPALHU HaNpsiKEHHH OTOABHraetcs
B rAy6b TOJILH TOPOA.

B nopoaax, HemOocpeACTBEHHO OKpyKawmux BbIpaloTKy, (opwmu-
pyeTcs 06sacTh MOHHKEHHBIX HAmpsizKeHHH, 3a KOTOPOH pacnosaraer-
¢ 06JacTp MOBBIIEHHBIX 3HAUEHH HAmNpsiKenHd -— 30Ha OMOPHOTO
nasjenus: (puc. 69,a).

Onopuoe naBJjeHne BO3HHKAeT 3a CUeT Beca BblEJEKAUHUX TOPOX
vH u cymmbl H3rubalouux MOMEHTOB NOPOA, KOTOpble 3aBHUCAIOT mpHU
npoxoake BHPa6oTkH, Ouo GUKCUPYETCS MPU HATHUHH JI060# MOJOCTH
B TOJule MOPOJ BHE 3aBHCHMOCTH OT I'€OJOIHYeCKOr0 CTPOEeHHS H 0CO-
6ennocteli ux cBoiicTB [3]. OnopHoe naBneHHe HrpaeT peIIAIOUIYIO
pPOJb NPU BOSHHKHOBEHHH TOPHBIX YapOB, CTPeAssHHH NOpon, BHe3an-
HBIX BHIGpOCAX. DTH SIBJIEHHS CBsI3aHBl OGBIYHO C MOPOAAMH, HMEOLIH-
MH SIDKO BBIDAayKeHHBle YIPYyrHe CBOHCTBA HJH X4aPaKTEPH3YIOLIHMMHCSH
XPyNKHM paspyuiennem, B nopoxax ¢ naacTHueCKHMH CBOHCTBAMH MOR
JefdCTBHEeM OMOPHOTO AaBJeHHsi HaGJIOAAeTCsl mydyeHHe nouBbl Bbipabo-
TOK, KOHBEPr€HUHS X CTEHOK H KPOBJIH.

a !

H

Gy =PH

A o - -

Puc. 69. Xapakrtep pacnpefieJesusi HanpsKeHHH BOKPYT ropHO# BbipaGoTku:

a — pacrnojiojeHne 30H HaNpsxeHHNH (] — ecTecTBeHHbIX HanpsikenuH; 2 — ONOpHOro [ aBleHHS;
3 — noHH:KeHHbIX HANpsXKeHHii); 6—6 — H3MeHeHHe FOPHOTO AaBJIeHHA BO BPeMEHHM COOTBETCTBEHHO

B CBsi3HBIX H HaeCBA3HBLIX HOpORax
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34KOHOMEDHOCTH NPOSIBJGHHs OMOPHOrO JaBJjeHHsl 3aBHCAT OT THIA
MOPOd, CHCTeMH pa3pabGOTKH, CHOCO60B KpelJeHHsi BHIPA0OTOK H IP.
MHorounc/ieHHble HCCJeAOBAHHsA, BemoJHeHHBle JII'WM Ha yroapHsix
MECTOPOXKASHUSX, TOKA3aJH, YTO PACCTOsiIHHE OT 3a60s1 BHPAOOTKH A0
CeueHHs, B KOTOPOM (HKCHDyeTCs MAKCHMYM OMOPHOro XaBJeHHs, CO-
craBaser 8—9 m.

OnopHoe naByeHHe xapaxkTepuayer oJAHY H3 (HopmM BO3HUKHOBEHHS
H pa3BHTHsi ropHoro gasiaeHus. Cormacuo ompeaenenuo [1. M. Linm-
bapeBuua, eopHoe dasierue ecTb 00BEMHAA CUAQ, KOTOPAs Bbl3sleaer
Oehopmayuuy obrascenull 2opHbiXx ROPOO 8 8ulpaboTKaAx scaredcTaue us-
MEHeHUs UX NepsOHAYANbHO20 HANPANCEHH020 cOCcToAHuUA. opHOe AaB-
JIGHHe Hapacraer yaule BCETO MOCTemeHHOo, Xapakrep ero pasBHTHS BO
BpeMeHH 3aBHMCHT OT cBoficTe mopoa (cM. puc. 69,6, ¢). Yuactok AB
COOTBETCTByeT fAethOpMHPOBaHHIO MOpoj 6e3 paspelBa CHJOUIHOCTH,
BC — npoueccy TpewmuHoo6pasoBanus. B ciayuae, ecan TpemuHoobpa-
30BaHHe NPUOCTAHABJIHBAGTCS, HANPHUMED MPH ASHCTBUH XKECTKOH Kpe-
M, TOPHOe [JaBJIeHHE CTAHOBHTCS MOCTOSIHHBIM (yduacTok CD); Benan-
YHHA ero CHHKAercsi B pe3y/bTaTe 06pa3OBaHHsl CBOLA €CTECTBEHHOIO
paBHOBecHs (yuacTox CE). B HecBssHBIX mopopax Takoii cBoX obpa-
3yeTcd OTHOCHTeJbHO GBICTPO H MO3ITOMY TOPHOe JaBJIeHHEe De3KO CHH-
»KaeTCs BO BPEMEHH.

Pasiuyaior weycranosusuieecs WU nepeuuHGe TOPHOE JaBJeHHE,
pasBHBAIOLIEECs] 33 MPOMEXKYTOK BPEMEHH f;, H YCTAHOBUBWEECS WU
gropuinoe (yuacrox CD uan CE).

B nacrosimee Bpemsi He cyliecTByeT o6uiefi TeOpHH TOPHOro JaBJe-
Husi. OJdHU HCCJel0BaTeNH AOKAa3bIBAIOT OGL(HOCTH €r0 MPOSIBAEHHH B
PasJHYHBIX YCJOBHSIX H CYHTAIOT HEOOGXONHMBIM CO3JaHHE €AHHOH Teo-
pHH, APYTHe 0oJaraiT, YTO B PA3JIHYHBIX TEOJOTHYECKHX VCJOBUSIX H
[IpH Pa3HOH TeXHOJOrHH BeleHHs PaGOT OHO HMeeT CBOIO cneuH(HKY
H, CJeloBares]bHO, I1eJecoobpased aubdepeHUHPOBAHHBIE MOAXON
K pa3paboTKe ero T€OpHH.

Bce Teopernueckne pabGoThl MmO OmpelesieHHIO TOPHOrO JAaBJEHHUS
MOTYT OBITH pas3jejeHbl Ha NSITh OCHOBHBIX I'PYIN:

1. Topuble nopoabl paccMaTPHBAIOTCA KAK AE€3HHTErpHpOBAHHAS
cpena, o0najfaiomast BHYTPEHHUM TPeHHEM HJH TPEHHEM H CUEMJIEeHH-
€M, X KOTODOil MPHMEHHMB! 3aKOHBI CHIMy4HX cped. B 3agaue yuuTteBa-
eTCsl TOJIBKO AaBJjeHHe OTJeJHBLIeHCs 4acTH TOPHOH MOPOABI Hald BHI-
pa6oTKOi — teopusi cBoga (uccaegomanust M. M. [IpoToapsiKoHOBA,
I1. M. Oum6apesnua, H. M. TToxpoBckoro u ap.).

2. Toama ropHbIX MOPOA, OKPYXKAKHX BBIPAaGOTKY, paccMaTpH-
BaeTcs Kak cjoucrasi cpefla, COCTOsiuytass U3 6ajok (MJAMT) PasjaHuHOH
TOJWHHE H MIPOYHOCTH, AJSI pacyera yCTOHYHBOCTH KOTOPOH HCHOJB-
3yIOTCsl NOJIOKEHWsT TEOPHH COMPOTHBJIEHHS MAarepHa/oB (paboTH
. C. PocroBuena, B. [I. Cnecapesa, I'. H. Kysuenosa, A. A. Bopuco-
Ba U Ap.).

3. TopHBle nmoOpoAH paccMaTPHBAIOTCS KaK CHJOWIHAS OJHOPOAHAS
cpefa, MOAYHHAIONASACA 3aKOHAM ynpyrocTH. JlaBieHnle Ha Kpemp CuH-
TaeTcs pe3yJbTaTOM HamnpsiZKeHHH, BO3HUKAIOUIUX B OKPY2KAIOIHX BBI-
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paboTky ropublx nopoaax (paborsr A. H. JIuunuxa, C. I'. Jlexuuuxoro,
I'. H. CaBuna u a1p.).

4. JlaBieHune TropHBIX MOPOJ HA KPeNb PAaCCUHTBHIBAETCS HA OCHOBE
TEOPHH npejlenpHOoro pasnosecHsi (meroanl K. B. Pynneneiira,
C. I'. Apepminna, ®. A. Benaenxo u ap.).

5. Beanynpna paBJieHUS OnNpemessieTcss ¢ yYeTOM pPeoJIOTHUeCKHX
cpoficts  nopoa (meroaml B. WM. Pososckoro, K. C. Epwkanosa,
B. I'. I'momunckoro, M. I1. Bpoackoro u ap.).

Hapsaay c¢ Teoperuueckumu paboTamu B HacCToOsililee BPeMsi BeayT-
Csl 3KCMEPHMEHTAaJbHble HCCACAOBAHHUSA 1TO onpe1e/iCHHIO BEIHYHHBI I'OP-
HOrO NaBJIEHHST HENOCDPEACTBEHHO B BbIPAOOTKAX € MOMOIUBIO TIayOUH-
HBIX pemnepoB, CTPYHHBIX AATUHKOB, METOLOM Pa3rpy3KH mopol, reo-
$HUIHUECKHMH METOAAaMH U T. 1., & TAKXKEe € NPHUMEHEHHEM Da3 IuuHbIX
Cnoco80B MOAEMUPOBAHHA (ONTHUECKOrO, INEHTPO6EKHOre, SKBUBAJEHT-
HBIX MaTepHaJOB).

Mertopg M. M. TlpotoassikoHoBa. JToT Merox Gasupyercs
Ha rHnore3e (GOPpMHPOBAHHsSI CBOTA, BnepBbie MNPEJOXKEHHHH enie B
koHune XIX B. mpod. B. Putrrepom. CyTh 3TOH THIOTE3Bl CBOAMTCH
K TOMY, 4TO IPH NPOX0/JKe BHIPAOOTKH B ee KpoBiae GOpMUPYETCS CBOJX
eCTEeCTBEHHOTO paBHOBeCHst napaboJHueCKOro OuUepTaHus. JTOT CBOX
BOCIIDHHHMMAeT JaBjaeHHe OT BhuenexamHux nopod. Takum obpasow,
Ha Xpenb LAaBHT TOJBKO NMOPOAA, 3aKMAKUYeHHAs BHyTpu cBoia. Obpa-
30BaHMe TAKOro cBoga OHJ0 A0KA3aHO C IOMOIIbIO MPOCTOrO IKCIEPH-
meHTa. MK, Ha AHEe KOTOPOro HMeJOoCh OTBePCTHE, 3aKPHITOE I.1aCTH-
HOH, 3aMOJIHsICS BJaxKHbIM neckoM. IIpu oTkpHIBAHWU OTBepCTUS He-
KOTOPBIHi 06beM mecKa BBICBINAJCSI U HAaJL OTBepcTHem (GOpMHpOBaCS
CBOJ, KOTOPHIH MOAAEPRHUBAJ 3ajeralomuil sulile NecOoK, He 1aBasi eMy
BhIcBimathest (puc. 70,a).

AHanuTHyecKOe pelieHHe 5TOH 3ajaud MoxeT ObITh NPEICTaBJIEHO
B caenywoumeM BHae. CBoa ecTectBeHHOro paBHoBecust AOB cdopmu-
poBaJjicsi Hap BBIPaGOTKON IMHPHHOH 2a B HECBSI3HOH mnopole (cM.
puc. 70,a). Csox BbICOTOR b BOCHpHHHMAET JZaBJeHHE OT BHIIeNexa-
IMHX NOPOA KAK PaBHOMEDHO pacnpejesneHHYIO Harpysky p=yH (y —
naoTHocts nopoabl; H — ray6uHa BoIPaGoTKH). Bhlienum HexkoTopeiit
3;JeMeHT cBoja OM M pacCMOTPHM, Kakue CHJBI JEHCTBYIOT HAa Hero.

5 — 1 <~ i
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n . n t
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wergliy Sy | S/
2 ' £

Puc. 70, Cxemu pacueta ropnoro zampienus no M, M. Ilporomeskososy (a}
u 1. M. Llumbapcsuuy (6)

234



HauaJjo KOOpJAHHAT pPacmoJOKHM B BepuinHe csolda O. [lelicTsue mpa-
BO#l uacTH CBOAA Ha 3TOT 3JeMEHT 3aMeHuM cuJol T, aedcTByiouled B
Touyke (. PaBHOAeNCTBYIOUIAs OT BEPTHKAJBHOI'O AaBJ€HHS paBHA px.
OT HuXKHeld yacTH JeBo# mosoBHHH cBofa AM neficTByeT peakTHBHas
cuna W, HampaBiaeHHasi MO KacaTeNbHOH M MpHJIOXKeHHAs B TOuKe M.
IMockoabky uacTh cBoAa OM HaxOZHTCS B PaBHOBECHH, CyMMa MOMeEH-
TOB BCeX CHJ OTHOCHTENbHO TOUKH M paBHa HyJIo0, T. e.

px %—Ty =9, (450)
OTKyza
S 4
y= = (451)

[Tockoabky Touka M B3siTa Ha KOHType CBOAA NPOH3BOJBHO, TO
CBOJI €CTECTBEHHOr0 paBHOBeCHs, Kak cjeqyeT u3 (451), uMeeT mapa-
Gonuueckoe ouepranue. [Qusi Touku A ypaBHeHHe OygeT HMeTh BHI

p‘;_z —Tb. (452)

Peakuupo onopol R B Touke A pasjoxuM Ha BepTHKajbHYyi N H
ropusoHTanbHyw @ cocrtaBiasiionine. Cuia N co3gaerT AaB/ieHHe Ha
YacTHUH MOPOABI H BEI3bIBAET CHJY TPEHHS, a cHJa (@ CTPeMHTCs! CABH-
HYTb onopy c mecta. JlJsl YCJAOBHI paBHOBECHH cyMMa MpOeKuHHd Bcex
CHJl Ha J106y10 H3 oceil paBHa HyJ/10. CIpOeKTHPYeM CHJB Ha OCH X
Hy: Q—T=0; N—Pa=0. Torna Q=T u N=Pa.

CieloBaTeNbHO, cHJa TpPeHHs, BO3HHKamwInasi B omope A,

A/f()-——Pafo,
rae fo — ko3¢ duurent Tpenus. Ilpu capurawomeii cuiae
Q="Paf, (453)

CBOJ MEPEexXOIHT B COCTOSIHHE NpPeJebHOr0 paBHOBECHS,

Jast Toro 4To6H rapaHTHPOBATh ero yCTOHUHBOCTh, Tpebyercs mo-
MOJIHUTeNbHAS BEeJIHYHHA COmpOTHBJeHHs caBury. M. M. [Iporoapsko-
HOB BBeJ1 BeJHUHHY TFOPH30HTAJBHOro ciaBHramwiuero ycuaus t. Torpa
yCJI0OBHE PABHOBECHS

Q+vb=paf,, (454)

otkyaa Q=pafo—1b. Ilockonpky Q=T, To ypaBHeHHe KPHBOH B TOUY-
Ke A MOXKHO 3amucaTh Ha OCHOBAHHH ¢opmyan (452) B Bume

£ —Qb. (455)

IToncrasisst sHauenust Q u3 BbIpaxkeHusi (454) B (455), moayuum
2
’;i:(pafo —1b)b. (456)
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CiexoBaTesbHO,

o= pa b —a (457)

B

W3 ypaBreHHst (457) ompefesiiM MaKCHMAaJbHYIO BBICOTY BbIPaGoT-
KIH, B35IB IPOH3BOAHYIO T MO b H MPHPABHSB ee HYJ:

dz :O;
db
dr 20 b — (2fb —a)4b ] a—bfy _ A
Y =pa [ e ]_pa o = {. (458)

ITpupaBHsAB YHCAHTEAD K HYAIO, MOAYUHM
pa*—pabf,=0, (459)

oTkyAa b=a/f,. Ha xpens ZaBHT JuIb MOPOAA, HAXOASALASICH BHYTPH
CBOA eCTeCTBEHHOro paBHOBeCHs.. BejHuHHa ropHOro /JaBJjeHHs HA
I m BBIpaGoOTKH

€
P=—2—-2abyzi‘2a—q—y=iiy. (460)
3 3 fo 3 o

drtor Meron pacyera ropHoro aasjeHuss M. M. TIpoToabsikoHOB
pacmpocTpaHHJ H Ha CBsi3Hble MOPOABI, 3aMeHHB KO3 GHIHEHT BHYT-
peHHero TpeHHS [o KO3 PHLUHEeHTOM KPemocTH f.

Coraacao paBeHcTBY (460), ropHOe gaBJjieHHe 3aBHCHT He OT TIJIy-
O6HHbI pacnooxKeHHst BblpaboTKH, 4 OT ee pa3MepoB H CBOHCTB MOPOA.

M3 paccmorpeHusi rHmOTesbl Cjaeayer, uTo BO H36exanHe (GOpPMH-
poBaHus cBoja o0pyuieHusi HeO6XOAHMO KpenJsieHHe BbipaboTku mpo-
H3BOAHTbL CPa3y e MNocjde ee NPOXOAKH, He OCTaBJ/sisl 3430Dbl MEXKAY
Kpenbio H mOPOAOH KOHTYpPa BbIpabOTKH.

Metopag II. M. Hum6apeBurnua. [Ipy HaJH4UH HEYyCTOHUHBEIX
nmopoj B 60Kax BHIPaGOTKH ee CTEHKH Pas3pymIaloTcsi, Onopbl nepeMenia-
I0TCs B IV1y6b TOMIH TOPHBIX MMOPOJ, UTO YBe/JHYHBAET HIHDHHY CBOAA
O6GpYIIEHHs], H OHA CTAHOBHTCs 6OJIblile IIHPHHB BLIPAGOTKH (CM. pHC.
70,6). B Takom ciayuae, KpoMe BePTHKaJbHOTO 1aBJjeHusi, Ha Kpemnb
Oyaer AeficTBOBaTh U AaBJieHHe CO CTOPOHBI CTEHOK BbIPaOOTKH.

Beanunny ©Goxosoro [dasieHHs 1. M. llumbapeBuu mpea/oxH
onpeaessTh KaK aKTHBHOe [JaBJjeHHe Ha MOAMOPHYIO CTEHKY OT CHOJI3a-
ION[HX MPH3M NOPOAbl /1, HAarpyKeHHBIX CBeDPXY BecOM NMOPOAbl B 00B-
eMe CBOJOB n. DOKOBOe AaBJjieHHe BO3HHKaeT B pe3yJabTaTe CrnoJ3aHHUs
NPHUTPYXKEeHHBIX CBepXy OOKOBbIX mpH3M. BpicoTa npu3M paBHa BbICOTE
BbIPAGOTKH fi, a yroJ HaKJOHA IMJOCKOCTH CHOJ3aHHS MO OTHOUIEHHIO
K TOPU3OHTy AOJIKeH ObITh paBeH 4b°-+¢/2. B atom cayuae wmupuHa
npoJiera HOBOro cBoja o0pylleHHs 6yaer paBHa 2a--2¢, a ero BBICO-
ta — by (cm. puc. 70,6). I1. M. [lumbapeBuu mojaraJ, 4TO IPUTPY3KY
Ha MPH3MBI CO3/aeT MOPOAA, HaxOAsasicss BHYTDH CBOl1a eCTeCTBEH-
Horo paBuoBecusi. CJefiOBarejbHO, TOPH3OHTaJbHOE [aBJIeHHE B MsTe
CBOAA

pi=vb1 tg® (45°—¢/2) (461)
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W COOTBETCTBEHHO B MOUYBE BHPAGOTKH
pe=" (b11+h)tg® (45°—¢/2). (462)

VpaBHeHHs cnpaBefJiHBEl NPH YCJAOBHH OJHOPOAHOCTH TOPOABLI B KPOB-
Je u 60Kax BelpaGoTKH. dniopa AaBjJeHHd, ReACTBYIOIero #a 60KOBYIO
CTEHKYy BbIPabOTKH, NpeACcTaBisieT co60fi TPAneUHio, H BeJIUUHHA T'OpH-
30HTAJbHOrO JaBJeHHs, AefCTBYIOIasl HAa eJHHHILYy AJHHbBI BIpabOTKH,
YHCJEHHO paBHA MJIONIAJAH TPANEIHH:

P, = % (2b, + h) h tg? (45° — ¢/ 2). (463)

IMoaynposer cBoja paBHOBECHS
ay=a+c=a-+h ctg (45°+@/2). (464)
BricoTa cBoaa ucxons u3 3aBucumocrel (455) u (464)
b, —a__athctg@® +¢2) (465)
fo tge
[Tpu pacyeTe maBjeHUs] CO CTOPOHBI KPOBJH BePTHKAJBHYIO HATDY3-

Ky Py MOXHO NPHHATh DABHOMEDPHO pacnpeieneHHol, 06yCi0BJIE€HHOR
BbICcOTOH cBojaa b;. Cieg0BaTebHO,

PB — QQYbl — 2ay [a + hi;g?(‘mo + ‘P/Q)]. (466)

Kak caenyer u3 npuBeleHHBIX (OpMyJa, GOKOBOE W BepPTHKAJIbHOE
JAaBJeHHs TaKyKe He 3aBHCST OT IJyOHHBl 3aJ03KeHUs BbIpaboTKH, a
ONpeJesaloTCs TOMAbKO pasMepaMH BbIPa6OTOK H CBOHCTBAMH MOPO/L.
WUccrenoBanus, npoBefeHHble Ha Kadeape pa3paboTKH nJjacTOBBIX Me-
cropoxaenusi JITH, nokasanu, uro 06.1aCTh NPHMEHEHHS THIOTE3bl
CBoJla NPH pacueTe rOPHOTO AaBJIeHHS OTPAHUUHUBAETCH OJHOPOJHBIMH
CBSI3HbIMH MOPOJAAMH NPU COOIIOAEHHH YCIOBHS

%>3,5 %. (467)

B TpemmunoBaThix nopoiax o6pasylorcsl BbIBajbl, N0 (OpMe HANO-
MHHAIOUIHe CBO/JbI, HO 3aBHCSIIHE OT OPHEHTHPOBKH TPENIHH, N0 KOTO-
pbIm HabJamonaerca Hauboabiiee ocnabienne. B cioHCTbIX HeTpelHHO-
BATbIX HJH ¢j1ab0 TPEUIHHOBATLIX mMOpoaax o6pa3oBanue CBONOB He Ha-
6monaercs [3].

Meroag B. 1. CaecapeBa. YCTOAYHBOCTL KPOBJIH BbHPaGOTOK
paccmaTpHBaeTCs NO CxemMaMm pacueTa npouHoCcTH 640K (niaMT). Bel-
f6op cxeMbl pacuera KPOBJIH OnpejessieTcsi paszHoo6pastieM reoJoruye-
CKOrO CTPOEHHst H MOJOXEHHEM TOPHOH BBIPAGOTKH 1O OTHOLUIEHHIO K
pas/MUHbBIM BHJAM HADYUIEHHH, KOTODHle BCTPEYAITCS B TO/NmE TOp-
HbIX nOpoA. IIpu JHH30BUAHOM 3a/€TAHHH, HAJHUHH PA3JTHUYHBEIX CHCTEM
TPEUIHH KPOBJIO MOXKHO DAaccMaTpHBaTb KakK 6ajnky WJW MJHTY, CBO-
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Puc. 71. CxeMmm pacuera ropHoro Aasaedus no B. I, Caecapery ({) u K. B. Pyn-
nenefity ({1):

Q—g — COOTBETCTBEHHO OepBHI, BTOPOH H TPeTHH mnpefedbHble Oposersl (I — AnHMua mnposera,
# — MOHIHOCTb KPOBJIH)

OonHo Jexauyio Ha omopax. IIpu BeinepkaHHOM 3a/1eTaHMM MOPOIL
KPOB/IM ¥ OTHOCHTEJHHO MOHOJHUTHOM MX CTPOEHHH IDHUMEHSIOT CXEMY
pacuerta 6ajki WJIH IVIHTH C 3aKPernJjeHHBIMH KPasiMH Ha OIopax.

Hcnonbsyst mo/okeHHs: TeOPUH CONPOTHBJEHHS MaTepHAJIOB,
B. J1. CaecapeB mosyuu, BblpaxeHHs JJisl ONpejejieHHsl PA3MEpOB Npe-
JeJbHbIX NMPOJIeTOB (WIHPHUHBI) BbIpa6oTKH. Ecau WHPHHA BbIpabOTKH
MeHblie HWJM paBHa BeJHYHHE MEPBOro mpelenbHOro mposera I, To
KDPOBJISI BbIDAaGOTKH HCHBITHBAET TOJIBKO ympyrue aedopmanuu, ocra-
TOYHble JdedopMaUHH HAKANJAUBAIOTCS mnocTeneHHo. KpoBasi B Takom
clyuae cdHTaeTCst ycTONUHBOH (pHc. 71,a).

YBe/HueHHe pa3dmepoB BBIPAOGOTKH X0 BEJHUHHB BTOPOrO mpefeb-
HOro mpoJseta lp, NPUBOAUT K TOMY, UTO B KPOBJE Pa3BHBAlOTCS Kak
VIpYTHe, Tak H OCTAaTOuHble Aedopmauul, moj AeHCTBHEM KOTODPbIX
KDOBJSI MakcumaJpHO nporubaercs Ge3 paspyuieHHs €€ CIIOWHOCTH
(cm. puc. 71,6). B. . CnecapeB o1meuaJ, uTo BO3MOXKHO CYIECTBO-
BaHHe BTOPOro mpeaebHOro mpoJgerta /o, NpH KOTOPOM B KPOBJie BBIpa-
60TKH MOryT MOSIBUTHCSL TPEurHHBl M pa3pbiBH, 4 TaKxkKe YacTHUHOEe €e
06pyuieHHe (cM. puc. 71,0).

Ulpu yBesiHUeHHH WWPHHBI BHIPAOOTKH 1O BEJUUHHBI TPeThero mpe-
JeJBHOro npoJjera Iy MpPOUCXOAHT mojHOe OOpyuieHHE KpoBjau (CM.
puc. 71,8). ©opmyJibl 48 pacueToOB mpenesbHbIX IPOJETOB MPHBENEHb!
& TabJa. 28.

Bce BbiBegeHHBIE 3aBUCHUMOCTH OTHOCSTCS K BHpab6oTkam GeckoHeu-
HO 601bUIOf AJUHBL. B BbIpab0TKax, y KOTOPHX Pa3HOCTh MEXAY LiH-
PHHOR M JAJHHOH HE3HAuuTe/bHa, HeOO6XOAMMO YUHTHIBATH AefcTBHE
6okoBblx cua. B, JI. Ciecaper mpeanoxua IJjsi BCAKOH BHPaGOTKU
OrpaHHueHHOro0 KOHTYpa HaHTH 5KBUBAJEHTHYIO BHPAabOTKy GeckoHeu-
Ho GOJIBLIOJ NJHHBI, KPOBASA KOTOPOR HAXOZUTCH B TeX XK€ YCAOBHSX
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Ta6anuga 28

Tpegensanft nposer Bes yq}e{:ao;z:;ginneﬂHﬂ C yqe:OaMo;i};)ginneHHﬂ
h R
[epaeiil 1,151/RL 1,41 I/L
7 7
Bropoi:
R;h Rph
a) MaKcuMadbHbIH Mporub KPOBIH; 1,41 l/ -2 1,73 i
Y X
Rph R
6) wacTHuHoOe Da3pyiueHHe KPOBJIM 1,63 l/L 2,00 —T{—
Y
h Ryh
Tpertuit 2,0 ij_. 2,44 A
h

paBHOBecHsi. [/ pacuera ycTOHYMBOCTH TaKux BRIPabOTOK OBIJIO BBe-
JAEeHO MOHfATHE 5KBHBAJEHTHOro mpoaeTa ly,=—2F/S (rae F — naomaae
cOHaxeHust KPOBJAH B Npelesax BolpaboTku; S — mepumeTp mJjollaiu
obHnaxeHus).

B. [. Cnecapes cunTas, 4TO OCHOBHAsl MPHUMHA TOPHOro JAaBJje-
Husl — BeC JeKauiux Hax BbIpabOTKOHA mopoj u UTO naBJeHue CO CTO-
POHBI KPOBJu BbIpabGOTKH, 3a pelKHM HCK/JIOueHHeM, BCerja MeHblie
Beca cTosn0a mopoabl Hax BEIPaGOTKOM.

IlycTs p — naBjieHHe €O CTOPOHBI 06HAXKEHHS KPOBJH BbpaGOTKH.
ITpuMeM NAOTHOCTH MOPOAB HaJd BHPabGOTKOH y H MOLIHOCTH KDOBJH,
CJI0KE€HHOH HaHHOH mopono#, A 04eBHAHO, YTO 44dCTb AABJEHHS OT mO-
pcael, paBHoe vyh—p, OGyaer nepejaBaThcsi Ha  GOKOBBIE TO-
POABI LEJHKOB, OKPYXKAIOmMHX BbIpafoTaHHOe mpocTpadHcTBO. Toraa
(yh—p)/h — NAOTHOCTH HEKOTOPOH YCAOBHOH NOPOABI KPOBJIH, MpH
KOTOPOH ee pedopMmanuH OTCYTCTBYIOT H cobatolaercsi ycjoBHE mep-
BOTO NpejenspHOro nposeTa (6e3 yueTa 3akpemseHHMs Ha omopax). Be-
JHYHHA MpoJeTa B 5TOM ciaydae

h2
[=1.15¢4/ R
th—p
0TKyAa

h—13R 2
p=1h—1 el
IIpu 3akpensieHHH KPOBJAM HA OmOpax
h2
OueBHAHO, yTO BeJHUHHA p MpeACTaBjsieT co6oli cpexHee paBje-

HHUE, KOTOPOe HeOOXOAMMO Yy4YUTHIBATDH NPH pacuyeTe KPenjieHUs Bripa-
6otkH. Ecau npHHATB, 4TO JaB/jeHHe B MpoJieTe€ BHIPA6OTKH pacmpe-
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Jeasercss O 3akoHy mnapaboJjibl, TO MaKCHMaJibHOe ero sHauyeHue
pmax:1,5p-

Ecau KpoBas c/oxeHa CJAOHCTOH ToOaIleH, TO AJsi ONpedeseHHsi
JIaBJIEHHST C €e CTOPOHBI, a TaKxKe BLISBJEHUS BJAHSHUS BbllIejexalled
nopoisl Ha Huxeqexamyo B. L. CuecapeB npeasoxu/i NpUMEHSTb
METOI CKOAb3AUel 8oLpAGOTKU.

Merton K. B. PynnenefiTa. K. B. Pynneselit peuni sagauy
pacuera AaBJeHHsI HAa NOAATIAUBYIO H MKECTKYH Kpelb HAa OCHOBAHUH
CUIIOTE3b O (GOPMHPOBAHMHM BOKPYI' BBIPAGOTKH 30HBI HEYNPYTHX Je-
dopmauuii (cm. puc. 71,/1) Kak c/aeICTBHS KOHUEHTPAaUHH HalpshKe-
Hul. Be/quunHa AdBJCHUS 3aBHCHUT OT pasMepa 3TOH 30Hb. 3ajada
Obljia pelleHa € MCNOJAb30BAHHEM TEOPHU INPEAeibHOrO pPaBHOBECHS.
Paauyc xonTypa 30HbB Heynpyrux aedopmanui

ri=ro-+-rri(0), (468)

rae
AgyH f-cctge

P Hcege
royH (2 —sineg) cos 26
2sino(AyH + cctgy)’
B — yroa, oTcuuTHIBaEMBI# OT TOPH30HTAJMBHOH OCH BHPabOTKH; ¢ H
¢ — yroJi BHYTPEHHEro TPEHHsI M CHellJeHHe MOpOoJbl B HeyIpyro# 30-
He; Ag=(1-+1)/2;, L —Koapduunenr GokoBoro pacrnopa nopox; H —
rIyOHHa pacnosiokeHdsi BHPAaGOTKM OT HOBEPXHOCTH; p’ — OTHOP
KpenH.

OTnop noAaTaMBOH Kpend KPyrioi BupabOTKHU

[ 3 o o2

2

p =R, (L%O(,)a) [(1—sine) (A yHA-cclgo)|® —cctgo,

~0

rie Ry — paauyc BbipaboTku; a=2sin¢/(l—sing); G — moayas
casura; Uy — paauanbHoe mepeMellleHHe HA KOHType BbIpabOTKH (no-
JaTJHBOCTh KPENH).

s pacuera xecTKOH KpelH, aonyckatrouiefl HeOOJbIIHe IO BeJH-
ypne cMmemenus, K. B. PynnesefiT npeanaraer caeaywouyw dopmyay:

0= (I_Sin(P)

A= (1= 1, (6) =

—1=SN% WH 4 cetgg) et —ccig g (469)

I 4 sing
Kak cjeayer U3 npuBejeHHbIX (opMys, BeJHYHHA [AaBJACHHS Ha
Kpellb 3aBUCHT OT TJAYyOHHH 3aJ0XK€HHs BbIpabOTKH, €€ Pa3MepoB H
csoficts  mopoA. OaHako JAAs  TNPaKTHYECKHX DacyeToB  METOA
K. B. PynneneiiTa He Hauiesa 1mMHPOKOro npuMeHedHst. OcHOBHAs INpH-
YHHA TOTO KPOETCS B HECOOTBETCTBHH psila IPHHSATHIX AONYUIEHHH pe-
ajJbHBIM YCJAOBHSIM, B pacuere, Hanpumep, He YYHTHIBAeTCs HepaBHO-
MEPHOCTh pacIpejc/ieHuss HANpSKEHHA BOKPYr BbLIDAOOTKH, a TaKKe
H3MeHeHHe XaPaKTePHCTHK MPOYHOCTH MOPOAL B Heynpyroi o6jacTtu
OT MHUHHMAJIbHBIX HAa KOHTYpe BBIPAaGOTKH A0 MakKCHMa/JbHBIX B 30HE
ynpyroro aegopmupoBanus nopoa [19]. 3ameps aedopmaiHit nopoa
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B BBIPAGOTKAX MOKA3LIBAIOT, YTO 30HA HEYNPYrux nedopManuil B KPoB-
Jie Bblllle, yeM B ee 60Kax, 4To OOBSACHSETCH HaJHuHeM paCTAruBalo-
(UX HaANPsKEeHUH B KPOBJe.

Meroasl pacuera TIOPHOTO AABJCHHS € YYETOM DeOJIOrH4ecKux
cBoiicTB NopoA. CTPOUTEABCTBO H KCIJAYATANHS NOI3EMHBIX COOPYXKe-
HUH Ha OoablWIHX rayOHHAX, NPOXOAKa rIYOOKHX IIAaXT BHI3BIBAIOT He-
06X01MMOCTh Pa3paboTKH pacuyeTOB rOPHOrO AaBJEHHS U YCTOHYHBOCTH
BeIpAa0OTOK C YyUeTOM IMOJ3Y4YeCTH, AJUTEJbHOH NPOYHOCTH H pesaKca-
UMW HanpsikeHuil. OJHUM W3 NePBHX pelieHHH OBJIO olpeneeHHe
JlaBJIeHHs Ha Kpelb MOPH30HTAJNbHOR BHIPAOOTKH KPYyrJIOTO CEYEHHs MO
3aBHCHUMOCTH, NpeaaoxenHoi A. CanycroBrueM,

2G + aK, 1 2G a(yH + K.Uy) I

tie G — MOAYJib CABHra NMpH JJHTEILHOM HarpyxeHuH; p=(2G-+
+aKr)/2q — KO3(DPUHUEHT, XApaKTePHU3VIOHIMA OTHOCHTENbHYIO CKO-
POCTB YOPYroro mocjegefcTBUsl DOPOI; 1 — BSA3KOCTL Mopol; Ky — KO-
5 GUUHEHT KECTKOCTH Kpeld; a — paauyc BoIpabOTKH; {— CPOK
cayx0b BolpaboTkH. M3 npusejgeHHOro ypaBHeHHUs CJeAyeT, YTO CO
BpEMEHeM BEJMHUMHA JAaBJIEHHS HA Kpelp BO3PAacTaeT M IpH f—»00, Ma-
KCHMaJIibHOE JaBjeHHe MOMKET ObITh ONPENeJEeHO H3 BLIPaXKEHHS

_2G(yH + Kdly)

471
2G - aK; (371

pomax = YH

Onnako pewende A. CanycToBHYa MMeeT Psijg HEAOCTATKOB, CBSI3aHHBIX
C UCXOJHBIM JONYyUIeHHEM O TOM, 4TO Kpelb NJOTHO NPHUMBIKAET K [O-
poiaM MO KOHTYPY BHIPAaOGOTKH, a Tak:Ke TPYAHOCTLIO OLEHKH Hapa-
METPOB PeOJOrHueCKHX CBOHCTB.

CJie/lyeT OTMETHTb, UTO B HACTOsllee BPeMs METOJAbI pacueTa rop-
HOro AapJjieHHs ¢ HCIIONb30BAHUEM PeOJOrHueCKHX MO3HIHUH HAXOAATCS
B CTaaun pa3paboTkd. OcobeHHo O0JbLIOH BKJIAA B pelleHHe 3TOH
npo6Jemnb caenan M. . Po3zosckum u JK. C. EpxanoBsiM. B pa6orax
nocJe/Hero NoBeleHHe NMOPOJA C yueToM (paKTopa BpeMeHH ONHChIBA-
eTCsl M3BECTHHIM yPaBHEHHEM TeOpPUM JHHEHHOH HAacJAenCTBEHHOH NOJ-
3yuyecTd bosnbumana — Bosabreppa.

§ 4. ONIPEAEJEHHE FTOPHOIO NABJIEHHSI B BEPTUKAJIbBHBIX
BbIPABOTKAX

BeprukanpHble BHIPabOTKH (CTBOJBLI IIAXT) OOLIYHO NepeceKaloT TOJ-
HIM TOPHBIX NOPOXA, PE3KO OT/JAHYAaioHiuecss MO CBOUM (PH3HKO-MeXaHH-
4YEeCKHM . CBOUCTBAM H, CJAeL0BaTeNbHO, N0 yCcTOfiuuBOCTH. CTBOJ 11aXThi
ABJIAETCS KallUTaJbHBIM JOJrOBPEMEHHBIM COODY:KEHHEM, K KOTOPOMY
Npe/bsABAAIOT NOBHIIEHHble TpeGOBaHHUS.

Bokpyr waxTHBRIX CTBOJIOB KPYIJIOA (OPMbl BO3HHKAKOT pajiHajib-
Hble O, U HODMaJbHble O, HANPAXKEHUSA B OJHOPOJHOH, YIPYrofi M H30-
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TPOMHOHA cpene

o = YH(l—ﬁ'}; (472)

[ — r2

.

°n=—”~YH(1+ R ) (473)
l—p r2

rie R — paauyc cTBOJA; r — paccTOosiHMe OT JAaHHOH TOYKH A0 IeH-

Tpa cTBoJa. Iy TOuek Ha KOHType CeueHHs CTBOJA NpH R=r pajau-

ajibHble Hanpsxkenus g,=—=0. CTeHKH cTBOJIA OYAYT YCTOHUHUBEI, €CJAH Ha

€ro KOHType npu R=r

Op = 1 2'%“ YH <Ré>m (474)

rae R’cx — mpeles NPOYHOCTH MOPOAB NPH ABYOCHOM CXKATHH.

Mertonbl pacieTa ropHOro JaBJeHUS B BePTUKAJBHBIX BbiPaBOTKAax
MOTYT OBbITb pasjedieHbl Ha TpH rpynnel. K nepBoii U3 HUX OTHOCAT pac-
yeTbl, OCHOBaHHble Ha TEOPHH MOANMOPHBIX CTEHOK, KOrga JaBjeHHe Ha
Kpenb CTBOJA PAacCMAaTPUBAETCH B BHUIe BHEUIHeH HATpy3KH, CO3jlaBae-
MO# G0KOBBIMH NOpojgaMH. BTopasi rpynna MeToj0B OCHOBAaHa Ha THIO-
Te3ax CHON3aHHS HEKOTOPhIX OOBEMOB HOPOJA MO KOHHYECKHM HJIH
OMU3KHUM K LMJIHHIPHYECKUM TMOBEPXHOCTSIM € OOpa3oBaHHEM paau-
AJBHBIX CMeEUIeHHH KOHTYPOB BBIPAaGOTKH, KOTOphle OKa3hBalOT LaB-
JIEHHe Ha Kpenb CTBOJMOB. TpeTbss — 6a3upyeTcsl HA 3MIHPHUECKUX 3a-
BHCHMOCTSIX, NONYYEHHBIX 0 Pe3YyJbTATaAM 3KCIEPHMEHTAJbHEIX padboT
¥ HATYPHBIX H3MepeHH HemOCPeNCTBEHHO B LUIAXTHHIX CTBOJAX.

Pacyer ropHoro naBjieHHsI B BEPTHKaJbHBIX CTBOJAX C HCMNOJbB30O-
BAHHEM TEOPHH MOANOPHBIX CTEHOK MOMKeT OBITh BBIIOJHEH MO cCXemMam
M. M. I1poroasskonosa u [1. M. LlumM6apenuua.

M. M. [1poTOAbSIKOHOB HCXOAHJI H3 TMPEANOJOKEHHs, UTO Ha Kpelb
CTBOJIa AefiCTBYyeT rOpPH30HTAJAbHOE AaBJeHHe, aHAJOTHYHOE 1aBJeHHIO
Ha IJIOCKY10 MOANOPHYIO CTEHKY, KOTOPOe MOXeT OblTb DACCYHTAHO 1O
3aBUCHMOCTH AJsI HECBA3HOH Cpelbl

pr=yH tg? (45°—¢’/2), (475)

rie ¢’ — Kaxyumuics Yroa BHYTPeHHero TPeHUS. IDTOT TepMHUH Obij
BBeneH M. M. IIpoTOaBSKOHOBHIM JISl yueTa CLUENJAeHHS B TOJILE NO-
poA. ¥Yron ¢’ GoJblle, ueM ¢, U onpeienasercs no gopmynae arctg ¢'=
=qarctg (otg ¢+-c)/o.

JlaBneHdHe Ha Kpemb BePTHKAJALHOA BBIpaGoTKH no (opMyse (475)
3ABUCHT OT IMIYOHMHBl M, CJEI0BATENbHO, NPOABASETCS B NOPOLAX JIO-
60/ npoyHOCTH. B OeACTBUTENLHOCTH B NPOUHBIX NOPOJAX CTEHKH CTBO-
JIOB COXpaHSIOT yCTOHYMBOCTb Ge3 Kpenu Jake Ha OoJiblIOH riayOude.
drtor MoMeHT Obii orMeueH M. M. [IpoTOABAKOHOBEIM NpH aHAaJH3e
NpaKTHYECKOro OnbiTa KPemMeHHH CTBOJOB IIAXT B JOCTATOYHO NpoY-
HbIX mopoiaax: Ao ray6uds 200 M BelHyHHA TOPH3OHTAJBHOrO JaBJe-
AHS He MeHsIach, M B cpexeM cocraBiasna 0,033 MIla. Kpome toro,
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Puc. 72. 30Hbl cMCLIEHHs FOPHBIX HOPOJ BOKPYI WIAXTHOTO CTBO.JA:

u— pacyeTHas cxema DBepesaHueBa (¢ -— MHHHMaJjbHOe OOKOBOe HAaBJdeHHe [OPOL); & — 3KCHEPH-
MeHTanbHbi¢c Hccaeaosanus H. C. ByabiveBa (/—2 — COOTBETCTBEHHO 30HLI HAYANbHBIX H 0pO-
TPECCHPYIOLWIHX CcMeweHuH); 6 — KoudHrypauus cpoasamouero obbeMa (J—3 -— COOTBETCTBEHHO
npH ray6unax H,, H> u Hs)

6oJIbIAS MOTPEHIHOCTh B pacueTax AABJeHHs BO3HHKAeT, €CAU HE YuH-
THIBATh KOHTYDP BEPTHKAJLHOIO IIAXTHOrO CTBOJA (KPYIaniA WIH KpH-
BOJIMHEHHBIH U 3aMKHYTHIH B NJaHe).

I. JI. ®ucenko [31] rakxke oTmeuaer, 4TO JaBleHHe Ha Kpenb
IIAXTHHIX CTBOJIOB 3HAUYUTEJbHO MEHbIe, YeM HA KPenb FOPHU30HTA/Ib-
HBIX BBIPabOTOK.

CoraacHo runoTede [1. M. llumbapeBHua, npu ONpeXeeHHH BesH-
YHHBl TOPHOrO 1aBJeHHS YUHTBIBAIOTCH (PU3HKO-MeXaHHUYeCKHe CBOHCT-
Ba nopoa kaxaoro cjod. [1. M. IlumbGapesuy noJsaraer, 4To yCcTOHYH-
BOe COCTOSIHHE NOPOJ, M OTCYTCTBHE AABJEHHS B HHUX BO3MOXHO NPH CO-
O6mopeHuu vcaoBHs (474). Ilpn o6parHOM COOTHOLUEHHMH [HaBJeHHE
paspylaniix NOPOJ Ha KpPelb BhPabOTOK

=y mtg® (45°—¢/2),

rjpe M — MOL[HOCTh Pa3pyIIeHHOro CJ0s UM HEeCKOJAbKHX paspylleH-
HuIX cMexHbix caoeB. CornacHo [1. M. IIlumGapeBuuy, naBjeHUue Olpe-
JeNsieTesl PA3NeNbHO IJIST KaXI0ro CJIos Ha ero KOHTAKTax.

Hcnonb3ysa mosoxeHus TeOpHU NpejedsHoro pasuoBecus, B. I'. Be-
pesanileB MNPeLJOXKHJ CAEAYIOUIVIO PACUETHYIO CXeMY [IJs Ompejaeje-
HUS 1aBJLHHs Ha Kpellp WIAXTHOrO crBosa (puc. 72,a). B paccmartpn-
BaeMOH CXxeMme INDHHSATH CJACIYIOLLHe IONYILIEHHs: 30HA NPeAeNBHOro
COCTOSIHMST NOPOjL OTpaHMueHa KOHYCOOOpasHOH NMOBEPXHOCTHIO, HAKJO-
HeHHOH MO YIVIOM K TOPH30HTY nt/4-+@/2; MOBEPXHOCTH CKOJbXEHHS
NpSAMOJIHHENHBl, KpOMe TOro, TpeHHe MOpOox MO Kpenu CTBOJA OTCYTCT-
BYET; 332 30HOH NpeAedbHOr0 PaBHOBECHS TOJINA [IOPOJ paccMaTpHBa-
eTCsl Kak Heaepopmupylomasncs. B TaKkoM ciaydyae B 30HE NPeNeNnHOro
PaBHOBECHS 01==03, 03=0;, T=0.
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Ilpu OTCyTCTBHH NPHrPY3KH NOBEPXHOCTH M CLEIJIEHHs Ha rJjyGuHe
Z2—00 JaBJieHHE HAa Kpellb MOMKET XapaKTEepH30BAThCS HeKOTopo# no-
CTOSHHOH BeJHYHHOH, PACCYHTHIBAEMON MO popMmyJe

tg(n/4—¢/2) (476)

p=yR =T
n—1

rae n=2tg ¢ tg(n/4-+¢/2).

H. C. ByJbiueB Ha OCHOBaHMM 3KCIEPHMEHTAJIbHHIX HCC/AEAOBAHHH
no xapaktepy JAepopMHDOBAHHs HECBSI3HOH CpeAbl Ha MOJENH CTBOJA
BRIIEIHJ JBe CTAaAMH: Ha NePBOH nepeMelleHHs] POUCXOAAT B HEKOTO-
poii obmacru / (cM. puc. 72,6), KoTopasi He HMEET YeTKO BhIPaKeHHOMH
rpanuubl. Ilo Mepe cokpauienns puamerpa CTBOJIa nepeMelleHHs] KOH-
LHEeHTPHPYIOTCA B HENOCPENCTBEHHOH OJU30CTH OT Hero, H BOKDYT CTBO-
Ja GopMHDyeTcss TaK HasbiBaeMbll crnoasawujuld o6vem (cM. pHC.
72,6), OrpaHHueHHBI{ BBIPAXKEHHOH IOBEPXHOCTbIO CKOAbXKeHus, KoH-
¢purypanusa cnogasawonero o6beMa IpH pasjauyHoll rayO6uHe CTBOJA No-
Ka3aHa Ha puc. 72,8. Ha ocuHoBanuu 3T1ux gauubix H. C. DyJjbluen
NpeJACTaBH/ BeJHUHHY HArpy3KH Ha Kpenb KakK JaBJj€HHe CHOA3AK0ULETO
o0bemMa, NMpuyeM B TOPH30HTANBHOH MJOCKOCTH €ro pasMep olpeLesnser-
csl HayaJbHbBIM DaaHycOM BBIPAOOTKH, CUMTAS OT ee KOHTYpa, H He
3aBHCUT OT TMIYOUHB CTBOJA (CM. pHC. 72,8).

Ha ocHOBaHHMH pacCMOTPEHHUS YCJIOBHS PABHOBECHs CIIOA3aIOLIETO
o06bpeMa AaBJAeHHEe HA Kpenmb MOKeT OBITh pACCUHTaAHO mo hopmyine

p:=u=y R1g (v—0q), (477)

rae R — paauyc CTBOJIA; v — yroJ HAKAOHA [JIOCKOCTH CIOJN3aHMS.
Ecau npencraButh, uto H—oo u v—-m/2, To 3aBucHMOCTb (477) npu-
MeT CJeAYIOUHN BHA:

p=1RItg 7. (478)

Comnocrap/ieHde pe3yabTaToB Jab0paTOpHBEIX HAOJOieHHHA 3a 1aB-
JieHHeM Ha Kpenb CTBOJIOB ¢ paccudTanuaeiMu no ¢opmytae B. I'. Bepe-
3anuesa (476) u H. C. DyawbueBa (478) nokasano, uro HaHbogee
YIOBJIeTBOPHTENBHOE COBIAAeHUHE HaeT ¢opmyaa (478). Tak, nanpu-
Mep, M3MepeHHOe AaBjJeHHe Ha Kpedb B CYXHX I€cKax COCTABHJO
0,9 klla, a nogcuurannoe no ¢opmyae (476) — 0,25 kIla, no (478)—
1,15 kIla. Ilpu ucnbelTaHHH CMeCH IleckKa, YYryHHOH JApoOH U macJja,
MOAEJMUPYIOUIEH CBSI3HYIO Cpely, AaBjeHHe HA Kpelb IO pe3yabTaTam
3aMepoB oKasasoch pasubim 3,3 k[la, mo (476) — 1,15 kIla u no
(478) — 4,20 k[la.

OrTciofa MOXKHO CAeNaTh BBIBOJ O TOM, UTO /aBJeHHe Ha Kpelnb Bep-
THK4JbHOTO CTBOJIA 3aBHCHT OT pajauyca BhIpabOTKH R 1 CBOHCTB mo-
poi, a BAHsHHe TJYOHHBI Yalle BCero HeCYIIeCTBEHHO.

dopmysa (478) xopolwo corjacyercs ¢ pesyJbTaTaMd Henocpe-
CTBEHHBIX 34MepOB NaBJeHHH Ha Kpelb BEPTHKAJIbHBIX CTBOJOB Ha
maxrax Jou6acca npu H3MeHeHHH HX rayoudel ot 160 1o 900 m [4].
[ToayueHHasi Mo 3THM HaO6JIOJeHHsM 3IMIHPHUYCKAS 3daBUCHMOCTh MO
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Ta6aunna 29

Kareropus

e OLeHka COCTOSIHHS TOPOJ, Besnunna KpHTEpHA YcTOofud-
yc"'gg;’;‘f”“ N0 YCTORUHBOCTH eocTu nopog C
1 Yerohuusoe Ho 3
I1 CpeaHeycToiunBoe Or 3 06
I Heycroituupoe Ot 6 go 10
v OueHp HeycToHuuBOE Boaee 10

MMpumevanue, Tpn RC)K<2 MIla nopogbl oTHOCATEA K 1V KaTeropuy ycTOHIHMBOCTH,

CBoeli CTPYKType OJH3Ka K dpopmyne (478)

p=K-®R (479)
f

rie f — k03¢ GuuHeHdT KpenocTd, paBHuil tg @; K — aMOHpHUUECKHl KO-
3¢ pruUHeHT, 3aBHCAINI OT TEXHOJIOrAH YCTAHOBKH KPENH H ee Xapak-
TepUCTHK (K=5— 117 MOHOJNHTHOI 6eTOHHOH KpemH NpH ee BO3Be-
JIEHHH HemocpPeACTBeHHO B 3afoe cTBOsA; K=3 — 1Jis1 MOHOJHUTHOH Ge-
TOHHOH KpEeNH NPH ee BO3BEJLEHHH C OTCTaBaHHeMm or 3abos; K=l,l—
AJs TIOOMHIrOBOH KpelH, YCTaHaBJHBAaeMOIl He paHee uyeM uepe3 jBe
HeJeJd MOc/e NMPOXOAKH NHOpoJ).

Paszpa6oTanHble MeTOABR pacyerTa JaBJAeHHA HA KDenb BepTHKAaJb-
HBIX CTBOJIOB JIETJIM B OCHOBY pPEKOMEHAVeMBIX pAaCYeTHbIX CXeM B
CHuIl 11-94—80. CoranacHo atoMy JAOKyMeHTY, FODH3OHTaJbHBEE (pa-
JAHMajbHble) AABJEHHS PACCUATHBANOTCS i Pa3/jHYHBIX Y4acTKOB
1IAXTHOrO CTBOJIA: NMPHMOOBEPXHOCTHON (ycTheBOH) 30HBI, Gojee ray6o-
KOH, a Takxe B 30Hax cOmnpsikeHHi, KpoMme Toro, mias BepTHKaJdbHOH
BLIPAOOTKH ONpeesieTcss KPUTepHA yeToiunBoeTy C, Mo BeJTHYHHE KO-
TOPOrO BCe NMOPOJBI AEASATCS HAa 4yeTbipe KaTeropuu (Tabna. 29).

Kpurepuit ycroitunBoctn € paccyuThiBaercs o GopmyJie

C= KeleoRuRethy , (480)

26,3 4+ K, Rew(5.25 + 0,0056K , Rexc)
rie K. — Ko3¢pduuuenT, YuHTbIBaWOIMA B3BelINBAIOlLee AefiCTBHE BO-
Jbl: TIPH OTCYTCTBUH BOJOHOCHBIX TOPH30HTOB K;=1, asad nopox BoOxo-
HOCHOI'O rOpH30HTa

(vhy — pe) 4+ (1u—1&) T

v H *

v__h2
K, = -2

rae f; — MOWHOCTh TOJIIH MOPOA OT MOJOIUBH BOAOYIOpPA 0 3eMHOH
MOBEPXHOCTH; Ay — MOLIHOCTb TOJIIH NOPOJ OT PaccMarTpUBaeMOro ce-
yeHHUs B BOJOHOCHOM [OPM30HTE [0 MOJAOLIBK BOAOYIOPd; Yu U Ys —
COOTBETCTBEHHO MJAOTHOCTh MHUHEDAJbHOH 4acTH MHOPOAB H IJIOTHOCTb
BOJABI; € — K03(hGHUIHEHT HOPHUCTOCTH MOPOJ BOJOHOCHOrO FOPH3OHTA;
ps — JlaBjieHHe NOA3EMHBIX BOJ C YY€TOM BOJONOHMKeHHA; Ke6 — KO-
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s puIHeHT BO31eCTBHA Ha CTBOJA ApYrHX BHPasOTOK (/14 HPOTHAKEH-
HBIX YYaCTKOB CTBOJIA paBen ejHHHIE, Ijd conpsxkedHi — 1,5); Ky —
KO3(QHUHEHT BJIHAHKHS OUHCTHBIX PaGoT (NPH OTCYTCTBHH TAKOTO BJIH-
sHuss Ky=1); Ko — KO3(pHuHeHT BJAHAHHUS Yyrjia 3aJderaHHs [OPOR
(8751 TOPH3OHTAJBLHO 3ajeralUIMX NOPOA pPaBeH €IHHHIE, B OCTANb-
HBIx caydasx — 1/(14-0,5sin a); K; — KoadpunueHT BIHSIHHS Bpeme-
HH 5KCIJIyaTauWH NPOEKTHPYeMOH BBIPAaOOTKH (jJisi LIAXTHBIX CTBOJIOB
paBeH efHHHIE).

TopusonTanpHOe AaBJeHHe JJs YCTBEBOH YacTH CTBOJA DACCYHTH-
BAETCH C yueTOM NMPHIPY3KH OT HA3eMHBIX COOPYKeHHH BGJH3H CTBOJA,
a TakKXxke THAPOCTATHYECKOrO JaBJjIEHHsT BOJAOHOCHBIX TOPH3OHTOB. Ecin
B BEDXHell uacTu pa3pesa 3ajeraiwoT [1eCYAHO-TJHHHUCTBIE NOPOIH, TO
rOpH30HTa/bHOE AaBJeHHe onpejessercs o Gopmydae

) )H +Py '

(481)

rie n — Kos¢dhUuuHeHT neperpy3kH, pasubil 1,3; Ky — Kospdunuent,
3aBUCAIIHHA OT NMpoeMoB B Kpend (Bappupyer B npepenax 1,7—29);
R —paguyc crBoja; ¢ — 6e3pasMepHHll  Ko3poduuuedT (==
=2tg @ tg (n/4+9/2); pe — HaubosblIas cymMmapHas AONOJHHTEIbHASA
Harpyska OT 3JlaHHll K COOpYyIKeHHIl, pacnoJioxKeHHbIX Ha NOBEPXHOCTH
BOJIU3H CTBOJIA,

TopH3ouTa/MbHOE AaBJeHUe B OoJiee ryOOKOH yacTH CTBOJA CJely-
eT ONpeaeJsATh N0 (popMmyJre

pr=nmynyp* [14-0,1 (R—3)], (482)
rie n — Koa¢®UuHeHT neperpyskH, paBHul 1,3; my— KO3 bHUIHeHT
YCJAOBHH pabOTHl, NPpUHUMAEMbI#i B 3aBUCHMOCTH OT THIA KpenH (s
Habpei3r-6eronHolt — 0,5, cbopHOH — 0,75, monoautHOH — 0,8); ny —
KO>(p(HuHEeHT NPHBeIeHHs K DPacueTHOMY (MaKCHMaJbHOMY) JaBJje-
HHIO TIPH HepaBHOMepHOH »miope Harpy3ok * (CHull I11-94—80); pr —
HOPMAaTHBHOE JaBJleHHe Ha Kpenb, OnpelelseMoe B 3aBUCHMOCTH OT
BeJUYHHBl KpHTEpHs ycToiuuBocTH nopox C: npu C<<6 p*=10[ (2C—
—1)+A}, npu 10=C=>6 p»=10[(3C—7) +A] (comuoxurean 10 Bse-
new gnas nepexona k CH); 3gech A — napamerp, yYuTHIBaOmH{ TeX-
HOJOTHI0 NPOXOAKH WIAXTHOTO CTBOJA NMPH MOC/AEeIOBATEJNbHON H Ia-
paJsieIbHOI TexHoJorHueckux cxemax (A=0 npu coBmeumeHHO! Tex-
HOJIOTHYECKOH CXeMe IMPOXOJKH C NepeJABH;KHOH onany6koi; A=2 npu
C<6 u A=3 npu 10==C>6).

™ AY
tg | ——¢/2 .
pl‘any YR..g(_‘—‘I__(P__L R

1 —
v—1 (\R-I—Htg(

\

w
4

I\’)|‘G

* Ilpn nepeceucHuu OCBOAHEHHHIX NOPOJA BMECTO KO3(pHIHeHTa ny B dopMyny
140, 1(R—3)(n—1)}

nojcTapigercs 3HaueHue xodpduuuenta ny =1 - ,

1+0,1(R—3)+’;—;

rae p;=YyaHs— naBJieHHe NoOJ3EMHHX BOA.
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PacueTHOe rOpH3OHTAABHOE LABJICKHE TOPOA HA Kpenb BEPTHKANb-
HOH BBIPAOOTKH B paiione conpsixkenus (Ha 20 M BHU3 H BBEDX OT HEro)
onpeleasieTcs 5o popmyne (482) npu 3ameHe nn, p* HA BEJHUMHBI Nge
U pct), KOTOPHE MOTYT GHITh NOJYUYeHb MO CAeAYIOUIMM 3aBHCHMOCTAM:

Rue=ng—+ (20—2)y; pEf=p=(1,5—0,0252),
rjle Z — PaccTofHUe OT y3Ja CORPAMNKEHHS paccMaTPHBaeMOro cedyeHHs
B pafione 20 M; y — KO3 duUHUeHT NepexoAa OT NPOTSKEHHOTO yya-
CTKa K pafloHy compsKenusi (npu a<<10° y==0,037—0,050; npu a>
= 10° 4=0,025).

Bce npuBeaeHEBIe Bbllle 3aBUCHMOCTH MOJyYeHb MO Pe3yJbTaTam
MHOTOUHC/EHHBIX HAGJI0/leHHH M 3KCHepHMeHTadbHbIX paboT, mpoBe-
JIeHHBIX B Pa3jHYHBIX HHKEHEPHO-TEOJOTHUeCKUX YCA0BHAX. Ux mocTo-
BEDHOCTh NOATBEpKAeHa OO/IBIIUM ONBITOM NMPOXOAKH H IKCHAYaTalHH
MIAXTHHX CTBOJOB Ha MecrtopoxaeHusax Coserckoro Colosa.

Konrpoasnsie sonpocet

1. Jafite nousTHe 06 YCTOHYMBOM COCTOSHHMH MOPOA B mojA3eMHbIX BepaboTkax. Ka-
Kde (AaKTOpBl ONMpeledsiioT 3Ty YCTOHYHBOCTE M KaK MX OXAPaKTePU30BAThE KOJIMUECT-
BEHHO?

2. Kak MeHsileTcsi HaNpSXKEHHOe COCTOsHUe NOpoJ Moc/ie MPOoXOJKH IM0A3¢MHOM
BripaGorku? Kakue 30HH 1O UANDPSIKEHHSIM MOTYT OLITh BBIAEJEHB OKOJIO BHIPABOTKH?
Uro rtaxoe omopuoe AabicHHe? KakoBa ero poJb IpH OLEHKE YCTOHUHBOCTH HOPOT
B NOI3€MHBIX BHpaGoTkax?

3. Chopmyaupyiite noHaTue eoproe Oagaexue. Kak oHO pasBuBaercs B pasiny-
HBIX THNAX nopoa? KaxHe MeToAb ero pacueTa cyIIecTBYIOT B HacTofliee BpeMs?
Kax oud Moryr GHTb CHCTEMATH3HPOBAaHBI?

4. Kakue npellnochliKH MOJOXKEHb B OCHOBY MeTOJOB DacdeTa FOPHOTO AaBIeHHs
no M. M. IlporoapsikoHoBy u mo Il. M. [{um6apesuuy?

5. Yro Takoe npedeavroui npoaer esipaborku? Kak wucmosas3dyercess 3TO NOHSTHe
JUisl OUEHKH YCTORUMBOCTH KDOBJM HOA3€MHOl BhIDABOTKH?

6. Kak paccunTnBaercst rOpHOe JaBJeHHEe ¢ YYeTOM B3auMOAeHCTBHH KpeNH Bbi-
paboTKH U TOpHOIl MOPOAHI?

7. KakoBb 0CO6EHHOCTH DAcHpeleneHHsi HANpSKeHUH OKONO BEPTUKAJBHLIX Bbi-
pabotok?

8. Kakue MeTOAM pacdeTa FOPHOTC HAABJNEHHS B BeDTUKANbHHIX BHpPaGoTKAaX Hau-
Boee TOMHO OTBEYAKOT PealbHOH cXeMe HalpsiKeHHO-AehOpMUPOBAHHOIO COCTOSHUS
nopoa? Haiite noudrre o cnoasarouiem obveme mopoR ¥ OGBACHUTE KAK OHO HCHO.Ib-
30BaHC B pacyeTaX yCTOHUMBOCTH HOPOJ B BepTHKaJbHBIX BhipaGoTkax? Jlafite ocHOB-

HEbfe N0.JOXKEHHS pacueTa TOPHOTO JAaBJeHHs B BEPTUKAJbHBIX BbIPAGOTKAX COrNIACHO
CHull 11-94-—80.



[MTPUJIO)KEHHUE

B HacTrosimleM NpHIOXKEHHH NDHBeJeHB NMPHMEpH pellleHHs 3alay Mo
pPa3jHUYHBIM pasjefaM MeXaHHKH TOPHBIX MOPO:

1) pacuer pacnpexsesleHHs] HanpsiKeHHH OT JefCTBHS Pa3JUYHOIO
BH/Ja HArpy30K U COGCTBEHHOTO Beca MOPOJH;

2) pacuer OCcaZKH COOpYKeHHII,

3) pacueT yCTOHUHBOCTH COOPYXKeHHUIT;

4) pacuer yCTOHYHBOCTH OTKOCOB;

5) pacuer ycTOHUYHMBOCTH MOA3EMHBEIX BHIpabOTOK.

Kpome Toro, B NPHJOMKEHHe BKJ/IOUEHBl TakKXKe 3a7a4d aHaJdUTHue-
CKOT0 Xapakrepa C y4eToM OCOGEHHOCTell AesiTeJbHOCTH CNendaanCcTOB
[0 HHXKEHEPHOH reoJOrHd, ITH 3a4a4d Jai0T BO3MOKHOCTb YOEIUThCS
B TOM, KaKyl0 OOJIBIIYIO POJb MFPAOT NPABUJIBHO OOOCHOBAHHbIE 3HA-
yeHUs1 CBOHCTB NMOpPOJI, BEIOOD pacyeTHHIX CXeM Ha 6ase aHajausza pabo-
TH CHCTEMH «COOPYXKeHHEe — [ODHbIe MOPOABI».

3ajaud, NpUBe/leHHble B JAHHOM IIPHJIOXKeHHH, SBASIOTCS HJJOCT-
paunefl K OT/AeAbHBIM, HauboMee BAXKHBIM PaszjenaM Kypca «MexaHHuka
rOPHBIX TIOPOX>.

3adaua 1. Paccuntath W CPAaBHUTh BEAHUHHbI HaNpsKEHUH ©, NpH
neficTBHH cocpenotoueHHol cuabl P=100 xH u pasHoMepHO pacnpe-
JleJIeHHOR Harpy3ku no OeckoHewHofl npsiMoii p,=100 kH/m B Toukax,
NPOXOASINHX Yepe3s JIHHUH AeHCTBHS CHJ M HA DACCTOAHMAX OT JIHHHH
AeficTBHs CUJBl, PaBHBIX 2, 4 M Ha ray6ute 2=2 M. OCHOBHAs (popMy-
Ja 1Js1 pelleHHs 3aJa4H NMpH NeACTBHH COCPeNLOTOUEHHONR CHIBI

P
5, =K,
22
[Ipn neficTBHM paBHOMeDHO pacnpeae/eHHON HArpysKH
_ Py
Oz = Knn z .

Kosdounuentol K u Kyy sBAs0TCA O0e3pasMepHbIMH BeJHUHHAMH,
OnpeaeNsieMbIMH B 32BHCHMOCTH OT OTHOCHTEJbHBIX KOODAHMHAT TOYEK,
npu atom K=f(r/z) (rme r — paccTOsiHHEe OT JIMHHI] AEHCTBHS CHJBbI)
U Ky,=F (y/z) (rpe y — pacCTosiHHe OT OCH 2).

B Hamewm cayuae 3HaueHHs r/z W y/z paBHu 0, 1, 2; BeJIHUHHBL
K03¢ppuuneHToB K H Kyy ONpenensiioTCsi COOTBETCTBEHHO no Tabdj. 4
u 6. [Ipn oTHOCHTE/JBHBIX 3HAYEHUAX r/z WIH y/z, pasubx 0, 1, 2, 3Ha-
yeHus K cooTBeTcTBeHHO cocrasasior 0,478; 0,084; 0,008, a Knyx —
0,638; 0,151; 0,027,

Bennunnr HanpskeHHH# o, Ha rjayOHHE z=2 M IIPH H3BECTHBHIX KO-
s5¢¢UuHeHTaX JeTKO MOryT OBITh DACCUMTAHB! MO YK432HHBIM BHILIE
dopmyaam. Ha JMHHAN 1efiCTBUs CHJBL, T. €. IPH r HJIH Yy, DABHBIX HY-
JI0, 0; OT COCPeJOTOYeHHON cuabl cocramasier 1,2.10-2 MIla, ot pas-
HOMePHO pacnpejaesJeHHOR Harpysku no npsamoft 3,2-10—-2 MIla, na pac-
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CTOSHHH r==2 M UJIH y=2 M 0; OT COCPEAOTOYeHHOHA CHAb paBHo 2,1X
X 10—% MIla, or paBHOMepHO pacnpeleJeHHOA Harpyskd — 7,55X
X 10-3 MIla, Y, HakoHen, npu r=4 M uJd y=—4 M 3HaueHUS YyKa3aH-
HBIX Bhblillle HaNpsiKeHUii cocrtasasior 0,2-10—3 MIla u 1,35-10~% MTJ]a.

CpaBHuTeJbHAs OneHKAa Halpsi>KeHUH NOKas3biBaeT, YTO HA OJHHX H
Tex ke TAyOMHAX A5l NJIOCKOH 3ajauH BeJHYHMHA HANpsKEHHS Cylie-
CTBEHHO BHIIE, UeM JJIsT 00 beMHOM.

3adauaq 2. PaccuytaTh 3HAYEHHUS HANPSKEHHA 0, MO LEHTPAJBHOH
BEPTHUKAJAH MOA KBAAPATHBIM H JEHTOYHBIM (yHAAMEHTAaMu [PHU OLH-
HaKOBOHl HUx IMpuHe b paBHOH 4 M H OJHOM H TOM Ke AaBJAeHUH P
paBaoM 0,2 Mlla Ha ray6unax 2; 4 u 8 M OTCUHTAHHHX OT MOAOIIBH
¢yupaMmenra. OnpeneauTb JAOCTATOMHYIO TAYOUHY OYpeHHs] CKBAXKHH
Ha CTaJMH U3BICKAHUI NMOA 3MaHMS, CTPOUTENBbCTBO KOTODHIX 3aNpOEK-
THPOBAHO HA YKa3aHHBIX Bbllle (GYHAAMEHTAX, €CAH H3BECTHO, YTO
CTPYKTYpHAs INPOYHOCTh MOPOJA HA CXKATHe, CJAATAIOU[HX OCHOBaHHe,
cocrasiaser 0,05 Mlla.

Bennuuna HanpsikeHud o, NOA JEHTOUHBIM QYHIAMeHTOM (IJA0CKas
3aJa4d) 3aBUCUT OT BHEIIHErO QaBJEeHHSl U OTHOCHUTEJNbHBIX KOOPJUHAT
Touek m=y/b B n=z/b, T. €. 0. '=f(p, M, n); NOL KBAAPATHHIM (YH-
LaMeHTOM—OT JaBJeHHs, OTHOCUTEJbHbIX pPa3MepoB QyHAAMeHTa m==
=I/b u orHOCHTENbHOI rAyOUHH TOYKH 2/b, T. e. o**=f(p, m, n).

HJs pacuera HanpsixkeHU o, NOX JEHTOYHBIM (QYHAAMEHTOM MOK-
HO BOCNOJb30BATLCSA NAHHBIMH TabJ. 7, B KOTOPOH NpHUBeAEHbl BEJIHYU-
Hbl HaNPsKEHUHA NpU pasjHuyHbBX m H n U aasaedud 0,1 MIla. B na-
meM cayuae m=y/b=0 wu n=z,/b=2/4=0,5; no==z./b=4/4=1,0;
n3=23/b=8/4=2,0.

IToCKOJIbKY HANpsixKeHUst IPAMO MNPONOPIHUOHAIbHB BHEIIHEMY 1aB-
JIEHHIO, TO COOTBETCTBYIOLLHE 3HAYEHUS O, NIPU PACCUHUTAHHBIX BHIIE M
H 7 HAaAO0 YBEJHUHUTHL B ABa pasa.

3HaueHUsT HANpsKeHUH Moj KBAAPAaTHHIM (yHIaMeHTOM IO IeH-
TPa/JbHOH BEPTHKA/JIH MOXKHO OlPeNeNUThb, BOCIOAb30BABIINCDH JAHHBIMH
taba. 5 Crenyer Tak:xe MOMHHTb, YTO 3HAUeHHUS HANpsKEHUH B Cay-
yae NPOCTPAHCTBEHHOHN 3ajayd MOTYT OBITb JIETKO DACCUUTAHBI METO-
JOM YIJIOBBIX TOYeK. BeJHuyMHB HalpsKeHUN MO yeHTPaJbHON BepTH-
KaaMu IJsi YKA3aHHBIX OTHOCHTENBHBIX IVIYOUH MNOJ JEHTOYHHIM 0,7 H
KBAJPAaTHBIM 0,8 QyHAaMeHTAMH NPHUBEIEHbl HUIKE:

A=2b. . « . v e i e e e ... D, 1,0 20
o, Ma. o . ... ... .. ... 0,640,110 0,062
o5, MMMla . .. ..........0,1400,070 0,017

CpaBHeHHMe BeJHYMH HANpsKEHUH 0, MOKa3blBaeT, 4TO MOA KBajpar-
HbIM (YyHA2MEHTOM 3aTyXaHue HaNpsKeHHH NPOUCXOLUT 3HAUHUTEJBHO
obICcTPEE, UeM IOA JIEHTOUHBIM,

3HaHHe pacnpelesieHdss HaOpsyKeHUH Mo rayOuHe NOJL KOHKPETHBHIM
byHAAMEeHTOM MO03BOJIsieT O0OOCHOBAHHO HA3HAYAThb TJNYOUHY CKBAXKHH
Ha cTajuu u3blcKaHUf. Tak, HanpuMmep, eClu U3BECTHO; YTO CTPYKTYp-
Has NPOYHOCTh MNPH CXATHH Ocrp AJAS I[IOPOA OCHOBAHHS pPaBHA
0,05 MIla, To MOXHO OLEHHTb, YTO NOA KBaApPaTHBIM GYHIAMEHTOM
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rayOHHA, Ha KOTOPOH BBIIIOJNHSETCS DPAaBEHCTBO 0,=0.rp=0,05 MIIa,
OyleT COCTaBIsATb OKOJAO 5,5 M (Mid HaxoxnieHHs 0,=0,05 MIla He-
06XOAMMO NPOH3BECTH HHTEPHOJALHIO NI OTHOCHTeNbHBIX rayOHH 1
u2).

Tlog nenTouHblM yHAAMEHTOM HanpsixkeHHs o,=0,05 MIla 6yavr
NPOCJAEKHBATLCS Ha TayOHHe Oonee 8 M (n>2); npu n=3 (2=12 ™)
0,=0,04 MIla. CienoBatenpHO, HHTEPNOJUPYS HA TJAyOHHAX Mexay 8
# 12 M, JIerKko MOXKHO NMOACYUTATh, 4To 0,—=0,05 MIla puxcupvercs Ha
ray6une 10 m. CooTBeTCTBeHHO, ITIyOHHA CKBAaXKHH [PH BO3BEACHHH
COOpYIKeHHH Ha JEeHTOYHHX ¢yHiaMeHTax OyAeT B ABa pasa GoJbule.

3adawa 3. PaccuHTaTh HaNpsikKeHHS ©;, BOSHHKAIOUIHE B OCHOBAHHH
COOPYXKEHYUS, BO3BOLHMOTO Ha IIHTe padMepom b X 20 M, 3araybiaeHHOR
Ha 2,5 m. /laBjaenue ot coopyxenus cocragJseT 0,15 MIla. TlnotHOCTB
nOpOJ, BHILIE OTMETKH AHA KOTJI0oBaHAa yy==1,8 T/M%, HHKe — y,=2 T/m>.
HanpsixkeHHs caefyer onpenessiTb uepe3d Kaxkibie 2 M 10 TJayOHHBI
10 M poig AByx chayuaeB: a) OLCTPOfi 3aMeHbi BeCca BbIHYTOR MOPOAH
H3 KOTJOBAHA BECOM COODYKeHHs; 6) npH AJUTEJbHOM NPOCTAHBAHHH
KOTJiOBAHA OTKPLITHIM.

[ns mepBoro cayudasi Hanpsi>keHus coOCTBeHHCTO Beca Ha rJybuHe
3aJOXeHusT GyHIaMeHTa  COCTaBAAIOT 0, 5=y hy=1,8-2,5-10"?=
=0,045 MIla. CaeloBaTesbHO, daBjeHHE, KOTOpoe OyaeT BHI3bIBATH
U3MeHeHHe HANPSXKEHHOTO COCTOSHHS MOPOA NPH BO3BENEHHH COOpY-
JKCHHS, COCTaBUT p=p.—yih$=0,15—0,045=0,105 MIla.

COOTBETCTBEHHO HANPSXKEHUsT ¢,° JOJXKHB PACCUUTHIBATHCSI TOJBKO
¢ yuetom napiaeHusi p==0,105 MIla. HanpsskeHUs: OT COOpPYKEHHS 0,¢
Mo UEHTpaJibHOH BepTHKAAH npH m=I/b=20/5=4 (wiockas 3axaua
pacupegeJeHusi HAUpPSKEHHH) € HCHOJb3OBAHHEM NAHHBIX, NPHBELEH-
HBIX B Ta0J. 7 COCTaBASIOT:

Noe e v e e e e 0,4 0,8 1,2 1,6 2,0
¢y, M[Ma .. . . .0,09 0,065 0,048 0,039 0,032

HanpsizkeHHsi 0T COGCTBEHHOTO Beca MOPOIBL 0,8 HA Tex xKe TayOu-
Hax OyAYT paBHBI:

npu z—=0 (oTMeTKa aHa KOTJoBaHa) yihgy=0,045 MIla;

IpH 2, = 2 M (cuuTasi OT OTMeTKH AHA KOTJOBaHA)

o€ = 7,1y +71,2,=0,045+2,0X2X 167 = 0,045 4- 0,04 = 0,085 Mlla;

npH z, = 4um

of = Y,hy+ Y2, = 0,045 4 2,0X4X107* =0,125 Mlla;

npu z, =61

o€ = Y,y + 2 = 0,45 + 2,0X6X107* = 0,165 Mlla;

mpun 2z, =8 M

o8 = Yhy + 122, = 0,040 +2,0X8X107* = 0,205 Mlla;

mpu z,= 10w

o€ = Y,y 12, = 0,045 + 2,0X10X107* = 0,245 Mlla.
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Iasi BTOPOro Ccaydasi OmpefejJcHde HAMPsiKEHHH ciaelyeT BECTH B
CAeAVIOUIeM MOPsiAKe:
a) paccudTHIBAIOT HAMpSXKeHHss COOCTBEHHOTo Beca o8x, KOTOphIE

CYIECTBOBAJNH A0 OTKPhITHsI KOTJOBAHA;
6) ompemessitoT [OTePl® B HaNpsiXKEHHsX CoOCTBeHHOro Beca

cj‘htb B YCJOBHSIX AJUTEJAbHOTO OTKPHITOTO KOTJIOBAHA 3a CYET IIPOTH-

BOAABJEHHsI, paBHOTO y1hp=0,045 MIla. Pacuer npoussomsit B npei-
[ONOKEHHH, UYTO I[IPOTHBOAABJIEHHE [IeHCTBYeT MO MOJOCe, MIHpUHA
KOTOpO# paBHa INHPHHE NpPOCKTHpyeMoro ¢yHiameHTa (B HaleMm
cayyae b=">5 M), HCIOAb3Ys NaHHble Tab.1. 7;

B) pPaccYUTHIBAIOT KOHeYHBIe HanpsizKeHHusi coOOCTBEHHOTo Beca

—Tih

ch = fH -G e,

CoriacHo nepBoOMy CJYYaw HanpsiKeHUst COOCTBEHHOTO Beca Ha
rny6uHax 0, 1, 2, 4, 8, 10 m (cuMTas oT AHA KOTJOBAHA) COCTABJSIOT
coorserctBenno 0,045; 0,085; 0,125; 0,165; 0,205; 0,245 MIla.

CorjlacHO BTOPOMY CJy4ai0 HOTEpsi HANPsiKEHHH OT NIpOTHBOAAB-
JdeHHsi y kg Ha Tex xe rayOHHax npH n=z/b, pasusix 0; 0,4; 0,8; 1,2;
1,6; 2,0, 6yaer cooTBETCTBeHHO cocTasasiTh: 0,045; 0,036; 0,028; 0,021;
0,017; 0,014 MTIla.

CornacHo TpeTbeMy CJAY4Yar KOHeuHBle HAMpsiKeHHst COBCTBEHHOTO
BeCa Ha tex raybuHax 6yayT cocTasuasate: 0; 0,049; 0,097; 0,144; 0,188;
0,231 MIla.

Y4uTBIBAs, 4TO B Pe3y bTaTe PacCeHBaHUsI HaNPsKEHH[ KOHEYHHIE
HanpsixeHHusi 0T cODCTBEHHOr0 BeCa HOPOAH HA OTMETKe JHA KOTJOBA-
Ha PaBHB HYJO, HAnpsiKCHUS OT COOPYKEHHUST 0, PACCUUTBLIBAIOTCSE
C HCIIOJIb30BAHHEM MOJHOTO AaBjACHHsi 0T coopyxenusi — 0,15 MIla —
U OyayT paBHH Ha YyKa3aHHBIX Bbime raybunax: 0,15; 0,13; 0,094;
0,070; 0,054; 0,046 MIla.

3adaua 4. QuenuTs AONyCKaeMble PACXOXKAEHHS B MOAY.Jsix obmiet
nedopMalUuy HOPOJ B OCHOBAHHH PA3JHMUHBIX THIOB TPAXKIAHCKHX B
NPOMBIILJIEHHBIX 3JaHUf NpH 3aJaHHOH BeJHYHHE OTHOCHTEbHOH
OCajKH, He MPEBHINAOIICH A0MYCKAEMYIO.

Kax u3BecTHO, Haubo/ee KecTKHe TpeGOBAHHS MpelbABISIOTCS
K HEPaBHOMEPHOCTH pasBHTHA Jedopmaunii. OTHOCHTeJNbHAs 0CaAKa
¥, PaccuuThbiBaeMas KaK Pa3HOCTb OCAMOK JABYX COCEIHHX HECYIIHX
KOHCTPYKIHH S; H Sp, MOxeT ObITb oNpejedcHa mo Gopmye:

81_82
L ’

rie L — paccTosiHHe MEXKAY COCEIHHMH HECYIIHMH KOHCTDYKLHSIMH.
Ilpn veaoBHH, 4TO Harpy3ka Ha HecymHe 3JeMeHTH [OCTOsiHHA
{p=const), pasHOCTb OCanOK OYAET ONpeAeAsiThCsi TOJbKO NOKa3are-
JsIMH 1e(pOPMAaIHOHHBIX CBOHCTB 1O DOJ.
Ec/ay BecTH pacuer oCafkH C HCHOJb30BAHHEM CXEMBl JAHHEHHO-Je-
(GhOpMHPYEMOro MOJNYIIPOCTPAHCTBA, TO BEJIHUHHA y MOXKET ObITh Onpe-
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JeseHna no gopmyie

Bxs, h; Yo, ki 1 1
i _l3 i f’zczihi (____)
y = £ Ey __ E, E 1
L L )

M3 atoro BuipameHus Jerko nOJYYUTb 3aBHCHMOCTb MEXKAY MOMY-
JsMu nedopManuy npu 3anaHHO BeJHUHHE OTHOCHTENBLHON OCAIKH ¥

ﬁzcz.hi

E, = _AT; A=—rie, 2)

144 .
OTa BeJUYHHA MOxeT ObITh paccyuTaHa 3apaHee AJsi 3aJdHHBIX KOH-
CTPYKIH{1 COODY:XKeHHs, pasmepa GyHIAMCHTOB, A4BJCHHSR H AONYCKa-
eMOT0 3HAUYeHUS ¥.

Tak, HanpuMmep, AJast 312HUs C NOJMHBIM Kapkacom coraacuHo CHull
2.02.01—83 nonycxaemasi BejHUMHA OTHOCHTENbHOH ocanku ==0,002.
Ecau mwar KonoHH cocTaBasier 12,0 M u pasmep dyHaameHTa 2X2 M,
1o npu pasjenuun 0,15 MIla BenuyuHa monynas obwe#t nedopmaypuu
Ey He mosKuHa ObBITb MEHbIIE VKa3aHHLIX HHXKe 3HaueHHH (3HaueHUe
Eo 1pn 310M CUUTaeTCs U3BECTHBIM).

Eg Ma. . o v v v v vv . .10 20 30
E, MMa. .. ........ 4,7 6,0 7,0

ITosbliieHue aeficTeyiomero aasJiedus jpo 0,2 MIla upu Tex xe
KOHCTPYKTHBHBIX OCODEHHOCTAX COOPYXKEHHH u THMOB (GYH1aMEeHTOB
JaeT cJAeAYIOLIHe COOTHOWeHU Mexay Eq H E).

Epy Mlla. o . v v v v v v .10 20 30
Fp, Mlla. . . v ...... 55 8,0 9,0

Ecau mar xosoHH yMmeHbmiaercss A0 6 M, TO COOTBETCTBEHHO BO3-
pacraior #@ TpeOOBaHUsS K H3MEHYHMBOCTH MOAYJAecH obuieln AedopMaiuy.

Epy Mlla. . . .. 10 20 30
E, Ma. .. . .6,5/7,3 9,511,2 11,2,14,0

3payenus E, B uyHcauTese oTBeyaroT gasiennto 0,15 MIla, a B
sHamenatene — 0,2 Ml1a.

AHasu3 npuBeICHHBIX BHIIE PE3Y/bTATOB JaeT BO3MOMXKHOCTb yCTa-
HOBHUTb, 4TO [IPH MCNONb30OBAHHY OTAEIbHBIX (HYHIAMEHTOB NOA KOJOH-
Hul TPebOBaHHS K M3MEHUHUBOCTH nokasaTesasi £ AHKTYIOTCS paccTos-
HHEeM MeXAY KOJOHHamu L W jJaBjeHUeM 1O HOAOWBe $HYyHIAMEHTA.
Tipn ymenbwieHu¥d L W yBeJHYCHHU JAaBJeHUS TpeBOBAHUS K OJHOPOI-
HOCTH MOPOJ B OCHOBAHHH COOPYKEHHs BO3zpacramT. ITO 06CTOSITEb-
CTBO JAOJXKHO YYUTBIBATHCH NPH Pa3MelleHHH CKBAXKUH B Ipefenax
KOHTYDOB 3] aHHH.

AHanoruyHo bopmynae (2) MOXKHO IIOIYYUTb 3aBHCHMOCTb AJS OI-
pefle/ieHHsT KPHTePUsi ONHOPOJHOCTH OCHOB&HHSI HCXOAs H3 HAedopMa-
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[HOHHOH CHOCOGHOCTH MOPOJ JJsl COOpPYXKeHHH, NPOEKTHpyeMbiX HA
yniamMentax GoJblioro pasMepa ¢ b=10 m:

S(K:—K;
E ES _~D___. D — prC~(K1 thl)‘ (3)
1 1 ’)(,‘KmL
1+ D —
£
BeauyuHa L B 1aHHOM caydade cOOTBeTCTBYeT aubo AjuHe MAHTH [
{mpoBepKa Ha HePABHOMEPHYIO CXHMAeMOCTh OCHOBAHHS MO AJHHHOH
CTOPOHE COODYKEHHs) Miid ee WHPHHe b. B mepBoM cayuae BHpaXKeHHE
< K Z(K; —Ki_
s D moxer ObITh MepelucaHo B Buae: D, = PRE(K; i)
YKmem

rie m=I[/b — oTHOCHTeJbHbI pa3mep pyHAaMeHTa. Bo sTOopoM cay-
chz(Ki"‘Kz’—l)
% Km )

[Ipeanaraercs camocTosTe/IbHO, 3a71aBasiCb PA3NHYHBIMH 3HAYCHH-
aMud E; 1Js KOHKDETHBIX COOPYKEHHII ¢ INOCTOSIHHBIMH [apaMeTpamu
(yHLAMeHTOB W J4BJEHHH [0 MOJOWBe, paccuutarte £y. Ilo moayueH-
HbiM 3HauyeHHsM NOCTPOHThL KpHBble E;=f(E,, D) npu m=—const, p=
=const u y=const.

[poananusupyiite, ucnodb3ys dopMmyay (3), Kak BJAHAKT AaBie-
HHe U OTHOCHTE/bHble pasMepbl PyHIaMeHTOB HA AONYCKACMYIO H3MCH-
YHBOCTh MOJYJIEH AeopMalHUHy.

3adaxa 5. OupenennTte cpelHIO O0CAAKY COOPYMKeHHUsl, BO3BOJHMO-
0 Ha OTJeJ]bHO CTOAUIMX (YHAAMEHTax pasmepom 2X2 M, 1aBjeHHE
0T coopymeHHsi coctaBasieT 0,2 MIla. @ynpameHTsl 3arnyG.eHbl Ha
1,5 M. [lapamerpnl cBOHCTB I[IOPOJ: Bhillie OTMETKH AHA KOTJOBaHA 3a-
JleraroT CYIVIHHKM ¢ y1==1,7 T/M3, HUXKe — IVIHHbI [BlJIEBATBIE C Yo=
=1,9 1/mM3. [ledopmaivoHHble XapaKTEePUCTHKH IJIHH: KO3(hbHIHEHT
nonepeyHoro pacwiupedds p=—042; moay,ap obuiell nepopMauUn B HH-
repsaJe aasaenuii ot 0 go 0,1 MIla cocraBasier 9.0 MIla, B unrepsaae
or 0,1 mo 0,2 MITa — 1,05 MIla u ot 0,2 no 0,3 MIla — 1,10 MIla;
KOMIIPECCHOHHAST KPUBAS OJs 3THX [OPOJA MPUBELEHA HHXKE:

Hasnenne, M[Ta . . . . . .. . 0,0 0,05 0,10 0,15 0,20 0,30
Koag¢wunent nopuctoctw . . . . 0,988 0,907 0,853 0,841 0,838 0,832

b4

yae penuydHa D onpepeJHTcsl U3 3aBHCHMOCTH D, =

Pacyer ocaiku mnpousBecTH aByms wmertomamu: a) Hlmefixepa —
[TospwiuHa; 6) 3KBUBAJEHTHOTO CJIOS.

Pacyer ocazkn mo meroay Hlaefixepa — [lospmHHa MoxeT ObITh
BHITOJIHEH 1O dopMyse

g — opb(l—p)
=,

B sroit dopmyne Ko3dHUUHEHT @ 3dBUCHT OT OTHOCHTENbHLIX pa3me-
poB m==I/b, $HopMBl H KeCTKOCTH $YHIAMEHTOB, AJs KBaApPaTHOro
dynnamenta npy m=1 ©=0,88. J{aBjeHue Beca COOPYKEHHs C YUeTOM
3arnyOneHus $yHaamenta cocTaputr p=~0,2--0,025=0,175 MIla. B un-
TepsaJge nasiaends no 0,2 MIla moayab nepopmanuu pasen 1,05 MIla.
Caenosareasno, S=0,88.0,175-2(1—-0,422)/1,05=0,24 M=24 cwm.
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Pacuer ocaaku mo MeTOay 3KBMBAJEHTHOrO CJOS HPOH3BOLHTCH MO
thopmyne
S=aphs,.

MomnocTe 2KBHBATEHTHOTO CAOS MOXeT GHThL ONpeaeaeHa 1o 3a-
BHCHMOCTH

ho— =1

3

1—2p
p, = 1=0420° 5gg.0 03417655,
1 —2.0,42 0,16

Koa®duiieHT GTHOCUTENBHON CXKUMAEMOCTH ONPEIENUTCST KaK Qo=
=ga/(l-4e) (rze a=(e;1—ez)/(pe—p;), HHTEpBAJ JaBJeHHsi BbIOGHpa-
eTCsl, HCXOMAsT U3 KOHKPETHBIX AaBJeHHI.

HauanbHoe AaBaenHe pi=yhep=0,026 MIla, 3Tromy paBaeHHIO OT-
Begaer KoapodHuHeHT mopuctocTH e;=0,948. KoHeuHOe pnaBieHHE po
COPJIACHO YCJAOBHio 3afaud cocrasaser 0,2 MIla, e; coorBercTBeHHO
0,838. Cneposarenbro a=(0,948—0,838}/(0,2—0,026)=0,63 MIla-! u
a="0,63/ (14-0,948) =0,323 MIla-'.

5$=0,323(0,2—0,026) X3,74=0,21 m=21 cm.

Taxum 06pasom, pacueThl ¢ Hcnoab3oBaHHeM dopmyanl [lnefixe-
pa — [MogpuiiHa ¥ MeTOLA 3KBHBAJAEHTHOIO CJIOS AAl0T BHOJHE YAOB-
JeTBOPHTEJbHOE COBNAJeHHe pe3yabTdToB (s HEOOJALUIHX B NJaHe
(bYHIAMEHTOB).

3adaua 6. Hcnoassys pexomengauuu CHulIl 2.02.01—83 sbi6pars
METOJ pacuera OCagKH ABYX 3JlaHH{ H pacCudTaTh ee BejdHuHHy. Cpas-
HHTbL 3TH 3HAYeHHUs C JONYyCKAEMBIMH,

1. 3nande, B KOHCTPYKUHAX KOTOPOrO He BO3HUKAWOT YCHJIUS OT He-
PAaBHOMEpPHBLIX OCAJ0K, 3aNPOEKTHPOBAHO HA CIVICIIHOM (YHAaMeHTe
pasamepom 20X 60 M, ¢ nasaendem Ha ocHoaude 0,25 MIla u raybu-
HOH 3aJI0XKeHHst KOTjoBaHa 2,5 M. B OCHOBAHHM 3ajeralor MOpeHHLIE
CYTJMHKH, Dasjuuaiouidecss no cBoicTBaM B paspese. Bepxuuil cuao#
MOIUHOCTbIO 4 M H Moayiaem pedpopmanuu Eq=15 MIla cmeHnsiercss 60-
Jee NJOTHLIMH H fIPOYHBIMY PA3HOCTAMH, MOUIHOCTH KOTODPBIX IN1PEBbLI-
waer 10 M u Eq=32 MIla.

2. Bropoe 3naHne — beckapkacHoe, C HECYIUHMH CTeHAMY H3 Kpyn-
HBLIX NaHeJdell BO3BOJLUTCSI HA JICHTOUHBIX $yHIaMeHTaX, WIHPHHON b=
=24 wm, raybuHa KoTJo0BaHa cocrasasieT 1,5 M; daBjJeHHe OT COOpYKe-
nusi — 0,175 MIla. HuxeHepHo-reosoruuecKHii paspes (CuHTasi OT
JHEBHOH NOBEPXHOCTH) CJeAVIOMIHA: B BEPXHEH 4acTu paspe3a npo-
CIEMKUBAIOTCST 03€PHO-JCAHHKOBbie CYMIHHKH (y1=1,85 /M3 0 Ej=
=8,5 MIla), MomwHOCThIO D M, HHXKe 3a7eraeT MOpeHHBle CYTVIHHKH
(y2=2,2 1/M® u Eoc=20 MIla), BcKPBITas MOIIHOCTL KOTOPBIX COCTAB-
Jasier 15 wm.

3adaua 7. [lpoaHanu3upyiiTe BO3MOMKHbBIE MPUUYUHBI nepexoAa 37a-
HUsi B aBapHHHOE COCTOSTHHE NPH YCJAOBHH, YTO NPOEKTHOE 1aBJeHHe Ha
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ocHoBaHue coctasisinio 0,5 MIla, ¢pyHaaMeHTOM CJyXH/IA CHJOIIHAS
naura pasmepom 20X 104 M. KoHcTpykuus 3AaHus Oblna paccuuraHa
Ha 3HA4YMTeJbHble HepABHOMEpHble oCajKH. B ocHOBaHuM 3ajeranu BO-
NOHACLIIUEHHBIe CYTJIMHKM ~ MSATKONJACTHYHOH KOHCHCTEHUHH C y==
=2 T1/M?, BJIAXKHOCTbIO, H3MEHAINEHCH B Y3KoM HHTepaJse or 20 10
23Y%, ¥ MOmHOCTLI0 5—06 M, KOTOpble MOACTHJ/IAJIUCH NPAKTHUCCKH He-
CKHUMACMbIMY KOPCHHBIMU MOPOAAMH.

Ha craguu npoeXTupoBaHus IJs1 pacieros OblIM OPUHATHI mapa-
MEeTPbl IIPOYHOCTH IJsi KOHCOJNHAMPOBAHHOTO COCTOSHHS CYTIVIHHKOB:
¢=0,015 MIla u ¢=25°. OnpeneseHue pacyeTHOro CONPOTHBJICHHA
OCHOBAHHst R npu JAHHBIX XAPAKTEPHCTHKAX NPOYHOCTH II0KA34JO0, UTO
BeaudnHa R npesbiuaer 0,7 MIla, B To Xe Bpemsl L1aBJeHHE OT COOPY-
KeHus Obio pasro 0,5 MIla. 1lpu Taxux ycaoBusix AasjeHHE OT CO-
OpY2KEHHUsi OBLIO MPAKTHYECKH PAaBHO nepBoft KpUTHYECKO! HATPY3Ke, H,
CJ1€10BATE/1bHO, MOAE/b JUHEHHO-AedhopmupyemMolt cpeibl Oblia BHOJHE
IpHMEHNUMA Ui pacdeTa OCaAKH coopyxeHuil, PacdeT ocajgku BbIoJ-
HSJICS IO MeTOAY JHHEHHO-1e(hOPMUPYEMOro CJ0f KOHEUHOH TOJILHHYI,
npu4eM MOAyJb AedopMauun Obi HOJYyUeH 1O Pe3yJbTATAM KOMIpeC-
CHOHHDBIX HCOBITAHHH C Y4€TOM [OBBIIAKIUX KO3 dHUHEeHTOB Aruie-
Ba — MrHaToBoii ¥ Oblj paBeH B UHTepBaJe AeHCTBYIOWMX HampsiKe-
Huif 30—40 MIla. Besuuyuna paccuuTadHON OCajKH HE npeRbluiajga
15 cm u Obia BoOJHE AOMYCTHMOH AJ51 IPOEKTHPYEMOTO COOPYIKEHUS.
OJHAKo eilue HA CTAAWH CTPOMTENbCTBA, KOrja AaBjeHHe OT COOpyiKe-
HHs IPEBBICHJO II0JOBHHY NPOEKTHOH BEJHUYHHBI, HA4AJaCh UHTCHCUB-
Hasi ocajika 3/laHus, KoTopas GUKCHPOBAJIACh 110 MAPKaM, YCTAHOBJCH-
HplM B ero uoxose. CTpOUTeNbCTBO OblJIO DPHOCTAHOBJCHO NPH AaB.Je-
HUy oT coopyxeHud, pasHom 0,43 MIla. Habuawaesus 3a ocagxaMmu
BEJUCH B TeueHHe Oosee 14 mer, ocaaxu npesbicuau 50 ¢Mm v npopo-
¥ aJdu pasBUBaThCA CO Ckopocthio oT 0,5 po 1,5 cm/roa. Hcecaenosanus,
NpOBEICHHbIC 34 H3MCHCHHEM COCTOSIHHSI IODOL B OCHOBAHUM COOPY-
JKEHMS, JaJH BO3MOMXKHOCTL yOCAUTLCS B TOM, 4TO KOHCONMAAUHS [JIH-
HUCTBIX OTJOXKEHHH B OCHOBAHUH, CYAsi 110 BEJHYHHE HX BJAXKHOCTH H
ILJIOTHOCTH, He HalJawjanace. [lapaMerpsl IpoyHOCTH, OTBeU a0l e He-
KOHCOJMJAUPOBAHHOMY COCTOSTHUIO NOPOA € Y4eTOM TeX HANpsiKeHHH,
KOTODBle JEHCTBYIOT B OCHOBAHUHM COOPYIXKEHHS, COCTABUJAU (=
=0,033 MIla u ¢==5°. PacyerHoe COnpOTHBJEHHE MOPOJ OCHOBAHHS
OpH 3TUX XAPAKTEPHCTHKAX NPOoYHOCTH Owso pasHo 0,27 MIla, [lo-
CKOMBKY peficTeymoliee nasaenue (0,43 MIla) cyuiecTBeHHO mpeBbia-
JO BeJUYHHY R, c/eiyeTr upeanonararb, uTo pa3BuTHe aedopmanuit
IIPOMCXOAKJIO 3a CueT AedhopMmalnui NDOA3ydecTH H0OL JeficTBUem He
TOJBLKO HOPMAJIbHBIX, HO M KaCaTeJbHbIX HAUPSKEHHUH M B OCHOBAHHUH
COOPYXKEHUS W0 POPMHPOBAHME 30H IJIACTUUECKUX Aedopmaiuil,

Has pacuera ocagku npH p>R Oblia ucroab3osaHa dopmyaa Po-
sendennna. 3Hayenne Kosdbuiredra m=>0,2, 3aBUCALULEr0 OT 3HAYe-
HUli MoAyJAst AepOopMAlUHK HA Y4aCTKe JHHEHHOH CBsI3W MEXpAy AaBJe-
HueM d ZedopmanusmMu E¢" B Ha CTalHH PasBUTHSI I1aCTHYECKHX Je-
topmauuit £y, 6bi0 OnpefeseHo mo pesyiapTaTaM crabuaomerpuye-
CKHX HCclefoBaHHH 00pasios NOPOJ B HEKOHCOJIHIHPOBAHHOM COCTOS-
U — E¢1=14,6 MIla u E1=30 MIla.
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Pacyer ocaaku mo ¢opmyJe BHIMOJNHSJCS OPH YCAOBHH, 4TO p==
=0,5 MIla, noanas Hecymiasi cnocoBHOCTb NOPOA pe, ONPELEJIeHHAas
no ¢opmyaam, npuseaenaslm B CHull 2.02.01—83, cocrasaser
0,8 Mlla, u=0,4; E¢"=14,6 MI1a, ©®=0,88, b=20 M, n=2. Benuuuna
KOHeuHOH OCagKH NpHM TaKWUX HUCXOAHBIX AAHHBIX cCOocTaBuiaa 79,5 cM.

[lpuBeneHHbli npUMep AOCTATOYHO HATJSAHO H YOEJUTEJAbHO CBH-
JeTeNbCTBYET O TOM, KaKy[ pOJib HrpaeT npeiBapuTeibHblfi HHXKeHep-
HO-T€OJIOTHYeCKUH aHajau3 paboTsl HOpPOJALl B OCHOBAHHU COODYXKEHHS,
Ha 06a3e KOTOpPOro HeoOGxoAHUMO 060CHOBATHL MeTOJHUKY ONpeNe/eHHs Mo-
Kasartejell mpoYHOCTH U NedOPMUPYEMOCTH HOpPOXL, a TaKKe BblOpaTh
CXeMy pacuera OCaJKH B OCHOBAHHH COOpYyxeHHSA. BnoaHe noHsTHO,
YTO OP¥ HCHOJL30BAHHWM B pacyerax [oKaszarteJef COnpoTHBJAEHUSN
CABHUTY NOPOA OCHOBAHUS B HEKOHCOJHJHPOBAHHOM COCTOSIHHH O CTPOH-
TEJABLCTBE DACCMATPHBAEMOrO COOpYXKeHHS Ha (YHAAMEHTe-UJIHTE He
MOTJIO OblTb H PeYM NPH TAKUX BBICOKHX HATPY3KaX OT BeCa COopy:xe-
HHSl. YuUTbIBAs HEGOMbIIYIO IyGHHY 3a/eraHUusl KOPEHHBIX MOPOA TJIHH,
Haubosee 3¢pheKTUBHBIM OBINO Gbl IpUMeHeHHE CBAHHOTO PyHAAMEHTA,
COCTOAILEro u3 CBail-cToeK. DTOT THUN $HYHAAMEHTA ABWJCSH Obl ONTH-
MaJpHbIM BAPDUAHTOM B TNOJ00HBIX HHXKEHEPHO-TEOJOTHYCCKUX YCJIO-
BUSIX,

3adawa 8. Tlpoananuzupyiite, GYAeT Jd nPOTEKATb (GHIBTPAlHOH-
Hasl KOHCOMMIaliMsi B OCHOBAHHWM COOPYIKeHUS, W ONpefesuTe MOII-
HOCTb TAKOI 30HBI, €CJH U3BECTHO, YTO B OCHOBAHHH 34JETdeT TOJINa
03€PHO-JICTHHKOBBIX TVIHH MOI[HOCThI0 6 M MSTKO- M TEKydenadCTHyHOH
KOHCHCT@HIIHM, [OACTHIAeMbIX NJOTHBIMH MOpeHHBIMH CYTJIMHKAaMU.
JlaBneHHe OT COOPyXEHUs (B AAHHOM CAydae HaMplTbie HECKH XBOCTO-
xpaHuauma) cocrasasiio 0,22 M[la. B nosnesbiXx ycaoBUSIX GbLIO 3a-
MepeHo mopoBoe AaBieHue, paBHoe 40% or BenHuHHBl BHEUIHETO 1aB-
JeHds. 3HaueHHe HAYaJbHOTO rpajaueHta Hanopa [y, OnmpelNeNeHHOTO B
sabopaTopHuu pasHo 2.

3adaua 9. PaccuutaliTe xapakTep pas3BHMTUsi OCaiKH BO BPEMEHH
2-MeTpOBOTO CJ105 BOMOHACHIIEHHOH TMIMHHCTOR nopoasl moa AelcT-
BHEM Beca HAMBITOTO meckKa (pedy/nHpoBaHHe TEPPUTOPHHU), MOUIHOCTH
KOoTOpOro cocrasaser 3,5 M, y=2 1/mM3 kosddunuent duasrpanuu
TJIMHUCTOH mopoasl 1 CM/rof; KOMOpeCCHOHHAsi KpUBasi NPUBEIEHA
HIDKE!

€ . - w . .. ...1,152 1,023 1,002 0,968
p,Mlla .. ... ..0,0 0,05 0,10 0,15

3HayeHUe OCANKH HeoOXOAUMO OmpeiensiTh uyepes Kaxawe 10 cyt
B rteueHde 30 AHell. @UAbTPAUUS K3 CJAOS TAHHBI — ABYXCTOPOHHSIS.

Pacuer ocagku BO BpEeMEHU BBINOJHSIETCS B CJACAYIOIMEH nocjaeno-
BATENBHOCTH:

1. Jaa sajgadHoro uHTEpBaja Aap/ieHHss onpefessieTcs BeJUYUHa
k(1 -} ¢y) .

aysg
JeHust B paHHom ciydae coctaBasier p, =0, p, = YAea = 0,07 Mlla,
e —e 11521012 014 MMa~ e, u
Po— P 0,07 0,07

Ko3(uureHTa CKOPOCTH KOHCOMHAAUMM: €, = HHTepBal AaB-

COOTBETCTBEHHO 4 ==
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€, COTJIaCHO KOMIPECCHOHHOH KpuBofl cocrasmsior 1,152 u 1,012, ¥, =
= 1,0 t/v*, ciepoBatensuo ¢, = 1,07-10% em®/ron.

2. HafinenHoe 3HayeHue ¢, NO3BOJISIET PACCYHTATH BeJHYHHY (ak-
TOpa BpeMmeHH 7, AJsi 3aiaHHBIX NpoMexyTkoB BpemeHu (10, 20, 30
CYTOK).

7 o et 3,143K1,07X109X10 —0.07;

q

Rz 365 43¢ 104
Bpems £, cyr . . . .. ... L 10 20 30
dakrop Bpemerd Ty . . . . . . 0,07 0,14 0,21

3. 3Has BeJuuHHb GAKTOPA BpEeMEHH, MOXKHO ONPeieJUTh CTENeHH
yuaoTHeHHs cjaosi U, Kotopble co0TBeTCTBeHHO paBHBl Ui—igcyr=0,19;
Ui—20 cyr=0,27, Up=30 cy1==0,33.

4) Ocazaxa Bo BpeMeHU PACCUHTBIBAETCH 1O GHopMyae

S(t)=SU.

Koneunas ocagka Sk oupenensiercsi no dopmyae

Up—r) py . OAXOOT o5 _ j3cy
1+ e 141,152

CnenoBatenbso, S¢, = 130,19 = 2,47 em; Sy, = 13X0,27 = 3,51 cwm;
Sfl = 4,29 CM.

MoxHo pemuth 00patHyio 3ajgady QJsl TE€X e YCJAOBHH, T. €. pac-
CYNTAThb, YEpPEe3 KAKOE BpEeMs OcajKa UPAKTHUECKH crabuausupyercs
(crenenp ynJjoTHeHus ciaos U=095). Ilo seauyune U onpeneasiercs
¢axTop BpemeHu 7,=2,8 BpeMs CTAOUAH3AUMM DACCYUTHIBACTCS IIO

Popmyae
p o Tul® _ 2,80¢4x10t
"2c,  3,142%1,07X104

—=1,05 roaa.

3adaua 10. TlpoBectd aHanu3 aBapuiiHON cuUTydiMH, KOTOPAs IIO-
BJeKJ/Ja 3a cobofi paspyuieHde 9-3TaXKHOTO 3MAaHHsI, BO3BEACHHOrO Ha
JUTHOHUHPOBAHHBIX TJAHHHCTHIX OTJOXKEHHsX. 3xanHe OblJIO 3ampoek-
THPOBAHO KaK KOHCTPYKuHs C MMONEPEUHBIMH HEeCylIMMH CTeHaMH Ha
AeHTOYHbIX (BYHIAMEHTAX INHPHHON b=2 M, pacmoJoOXKeHHHX Ha Dac-
crosiHul 6 M ofHa ot Apyrofl. 3aray0b/aeHue GYHIAMEHTOB COCTABJASIIO
1,5 ™, Harpy3ka Ha ¢yHmameHT—600 xH/M, ciegoBartesnibHO, gaBJeHHE
no noaowBe ¢ynpamenta — 0,3 MIla. B ocHoBaHHH cOOpyXKeHUs 3a-
geranu rauusl ¢ W=24% u y=2 1/M% (BesluuuHAa BJAKHOCTH COBNA-
Jlana ¢ BJAXKHOCTbIO HA npejlese pacKaTtbiBaHusi). Ilapamerpel mpod-
HOCTY TOPOJ OCHOBAHUSI MO Pe3yJbTaTaMm JAPEHHPOBAHHO-HEKOHCOJHIHU-
pPOBaHHBIX HCHbITaHHA cocraBasnd ¢=0,047 MIla, ¢=10°, nperupo-
BAHHO-KOHCOJHAMpoBaHubIX — ¢==0,023 MIla, ¢=18°. Ilpu HcmoJap3o-
BAHHU NApaMeTPOB APEHHUPOBAHHO-HEKOHCOJNMIHPOBAHHBIX HCIBITAHU
pacuetHoe conporuBiaeHue R cocraswio 0,255 MIla u ¢ yueTom moBbi-
LIEHHOTO 3HAaueHHss Kosbduuuenta vy, =1,25 (cornacno CHHuII
2.02.01—83), R=0,32 MIla, npenenbHoe AaBJeHHE Ha OCHOBAHUE —
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0,45 MIla. [IpumeHeHue B pacueTax napaMeIpoB JAPeHHUPOBAHHO-KOH-
COMUJMPOBAHHBIX HCOBITAHUIl Aano 3Hauenus R=028 MIlla u upe-
penbpHoro jaapienus — 0,47 MIla. Ecau yuecTb, uTO JaBJEeHUE, BhI3bi-
BAOEe H3MCHCHHE HAUPSKEHHOTO COCTOSIHHS [OPOX B OCHOBAHHH C
yaerom 3ariaybiaeHHsi ¢yHmameHTa, He npesmimaer 0,27 MIla, crpou-
TeNbCTBO W 3KCHAYATalUHst paccMaTpUBAEMOro 37aHMsl COrJIACHO pe-
3yJbTaTaM pacueToOB He BHI3bIBAJNO HUKAKMX omaceHuil. OaHaxo npH
BO3BEJEHUU 7-TO 3TAKA HAUAJNOCh UHTEHCUBHOC pa3BUTHE AedopManui,
KOTOpCe 3aKOHYWJIOCH BbIIABAMBAHHEM [10pPOJ B mpenesax BCEro KoH-
Typa 318Hus, CNeJ0BaTe/1bHO, HA4aJ0 NPOrpecCHPYmEro paspylleHUs
I'IMHUCTBIX TOpoj oTMeuanoch npu gasieHuu 0,23—0,24 MIla.

Bcraer Boupoc, Ha KakoM 3Tafie MpOEKTHPOBAHHs Obljia JONylIeHa
ciuinbka? JIHTUPUIIMpPOBAHHBIE TAHRHUCTBIE OTJOKEHHS, 3aJEerawiine B
OCHOBAHMU, 06/Maga0T KAK MakKpo-, TAK U MUKPOTPELIHHOBATOCTbLIO,
{Ipu ucrmosp3cBauMuM AOCTATOUHO Y3KHX (b==2 M) GyHIAMEHTOB ne-
(popmalHds NOPOJ B OCHOBAHUHM COOPYKEHHH NPOUCXOIHT HPH BO3MONK-
HOCTH Hx OOKOBOTO pacCIUHDCHHsl, Korga B HaHOosblie# CTelleHH IIpo-
SBJASETCS BJAHSHHE MAKpO- U MHKPOTPELIMHOBATOCTH HA NMPOYHOCTH MO-
poX. BnusinMe MUKPOTPEIUHHOBATOCTH MOXKHO Y4Y€CTb, HPOBOAS ONBITHI
10 ONPEACNECHUIO C H @ B YCJOBUSX TPEXOCHOrO C3KATHsi, MAKpPOTpellu-
HOBAaTOCTH — ¢ TOMOULbI0 KO3$duuHeHTa CTPyKTypHOTo ocaabiaeHus
nopon [16]. Caeayer Tak:ke OTMETHTb, UTO [10Ka3aTEIH C H ¢ JMTH-
bUIHPOBAHHBIX TJIHHUCTBHIX NOPOJ JAOJKHbBI ONPENeAsiTbCS B YCJAOBUAX
HCAPEHHPOBAHHO-HEKOHCOMHAHPOBAHHEIX HcnbiTanuid. Mccnenosanus B
cTabunoMerpe 1o 3aKpbITOH CXeMe [OKA3ajH, 4TO CPEIHHE BEeJIUYHHb]
¢ H ¢ cooTBeTCTBeHHO cocTasasiioT 0,088 MIla u 2°. Oanako ucoosb-
30BaHHE 3TUX JAHHBIX B pacueTax HeJONYCTHMO, MOCKOJbKY He V4TeHa
MaKpOTpemHHOBATOCTb, CpellHee 3HaueHHe Ko3(phUIMEHTa CTPYKTYP-
Horo ociaabnenus A pasHo 0,48. CiejoBaTenpHO ClLENJEHHE TPEIIHHO-
BA4TbIX [JHMHHCTBIX IIOPOJ B OCHOBAaHMU ¢; He mpessliano 0,042 MIla.
[1Ipu napameTpax ¢;==0,042 MIla u ¢=2° Ob10 paccuuTano R=
=0,174 MIla, a npegenbHoe JaBJE€HuHe HA [OPOABI OCHOBAHHS COCTA-
puso 0,24 Mlla. CnexoBaTtesibHO jaBjeHHe OT COOPYXKEHUS IIPEBBICHIO
Ty BeJHUYMHY, KOTGpasi onpefensieT MOMHYI HECyHiylo cnoCoOHOCTb [10-
pOJ OCHOBAHMS, W €ro paspylleHHe NpH TAKUX YCJAOBHSIX BIOJHE 00b-
SCHUMO,

JaHHbI npuMep HArAsAHO CBHIAETENbCTBYET O HEOOXOAUMOCTH T -
TEJIbHOTO aHAaAu3a JOCTOBEPHOCTH TE€X HapaMmeTpPOB, KOTOpble HCIOMb-
3VIOTCSl B pacyeTax, nmpHYeM NOPABHABHOE HX O0OCHOBAHHE — OAHA U3
rMaBHBIX 33ja4 HHXKEHepa-reojiora Ha 3aKMOYHTENbHBIX CTAAUSIX MPO-
e€KTHPOBAHUS KOHKPETHOTO COOPYKCHHUS.

3adaua 11. Paccuurtalite yCTORYMBOCTD OTKOCA, CJ0XKEHHOrO OJHO-
POAHO# TAMHHCTOR mopolol, umewuieid y=1,95 1/m%, ¢=0,032 MIla n
¢=I14°, ¥Yroa sanoxeHHs orkoca a=20° gpicora oTkoca H=I8 m.
PacueT mnpoM3BEIUTE METOJA0M aarebpaudueckoro CJAOKEHUS CHJA I
JABYX YCJAOBHH: 1) NOBEPXHOCTb CKOMbXKEHHS MUMEET KPYTJIOUHIHHIDH-
yecxkoe ouepTaHHe W mosoxeHHe Haubosee caaboil NOBepXHOCTH onpe-
pensieTcs no cnocody dennenHuyca; 2) noBepxXHOCTb CKOMbKEHHSI KpH-
BOJIMHEHHA W mOJOXKeHHe Haubo.iee caaboit NOBEpXHOCTH HAXOASIT MO
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cuocoby BHUMM (kpuBasi CKOJbXKCHHS OMH3KA MO OUEPTAHHIO K JIO-
rapudbMH4eCKOl cCOUpaJu).

J19 3THX JABYX NOBEPXHOCTEH CKOMbKEHHS CJAeLyeT PaccCudHTaTh KO-
3¢ GUIHEHTHl YCTOHUHBOCTH H CPABHHTh HX 3HA4eHHs. OLeHHTe, B Ka-
KOM caydae K03bOHUHEHT yCTORUHBOCTH HMeeT OoJjee BbICOKHE 3HA-
YeHUS.

3adaua 12. Tpebyercss OUEHUTb YCTOHYHBOCTb IECYAHOTO OTKOCA
BBHICOTOH 15 M ONHOro M3 XBOCTOXPAHHJIHIL, HAMBIBAEMOrO Ha O3€PHO-
JIELIHHKOBble TVIHHHCTBle OTJOQXKEHHS. YToJa HAKJIOHA [eCHaHoro OTKOCa
coctaBasier 12°. [TapameTps! cBOHCTB MEeCKOB H Tela XBOCTOXpaHHJIHINA
caenyiomHe. /115 DecKOB y Bbillle YPOBHSI TPYHTOBbIX BOJA paBeH 2 1/m3,
Huxe — 1 1/mM® (ypoBeHb IPDYHTOBBIX BOJ 3ajeraer Ha rayOHHe 7 M OT
IIOBEPXHOCTH HAMBITBIX MecKoB), ¢=0, ¢ BbllIe YDOBHS TPYHTOBBIX BOJ
paBuo 30°, Huxe — 27°.

Pazpes nopoj OCHOBAHMS: MOUIHOCTb BEPXHEro CJ0si 03€pHO-JeIHH-
KOBBIX OTJIOXKEHHH cocrasaser 3 M, y=1,97 1/M%, ¢=0,035 MIla, ¢=
==14°, MOWHOCTb CJOS 3ajeralomero HHKe COCTaBJIseT 2 M, y—=
=1,93 1/M3, ¢=0,032 MIla u ¢=11°.

Ha ray6uue 0Ko10 5 M OT KPOBJH O3€PHO-JEIHUKOBBIX OTJOXKeE-
HUI npocnaexuBaercs cAabbifi TIMHUCTHIH OPOCAOH ¢ XapakKTepUCTHKA-
mu: y=1,8 t/m3, =0 u ¢=0,018 MIlla, xoroppli u oupenensier
YCTOHYHBOCTh OTKOCA.

[IpoBeneHHble HCCACNOBAHHST HA ONOJ3HEBbIX yuacTKaX XBOCTOXpa-
HUJIHILA [OKA34JH, YTO NOBEPXHOCTb CKOJNEXKEHHS HPOXOAHT MO cJja-
0OMY CJIOI0 DPAKTHYECKH HA BCEM IPOTSXKEHHH OTKOca, T. €. coBmanpaer
C TEOPETHUYECKUMH MOCTPOEHHSIMH, paccMaTpHBaeMbiMd B 1. 7. Ciaeny-
€T OTMETHTh, UTO HA YCTOHYHBOCTH OTKOCA OYAYT OKA3bIBATh BJAHSIHHE
TaKKe THAPOCTATHYECKHE H THIAPOAHHAMHYECKHE CHJIBI, MOCKOJbKY K
necKkaM OPHYPOYEH BOLOHOCHBI ropu3oHT. Pacyer poJkeH IOKAa3arTh,
NpH KAKOM [ONOXKEHHH YDOBHS TIDPYHTOBBIX BOX YCTOHYHBOCTb OTKOCA
MOXeT ObiTh rapaHTupoBaHa.

Pacuer Heo6XoAuMMO BHIIOJAHSITH B caeayiowedl mocjaeroBaTeabHO-
CTH:

1) onpereiuTh HOAOKEHHE NOBEPXHOCTH CKOJIbKEHHS C MUHHMAaJjlb-
HbIM KO3 G dHUMEHTOM 3anaca;

2) OueHHUTH yCTORUUBOCTL OTKOCA [OPH yueTe TOJbKO CHJ THAPO-
CTATHYECKOro B3BCIUHBAHHsS (10 Haubosee ca1aboi NOBEPXHOCTH CKOJb-
KeHust);

3) onperenuTb YCTOH4YMBOCTb OPH YYE€Te PE3VAbTHUPYVIOLEH CHJIbI
THAPOCTATHYECKOrO M THAPOJAHHAMUYECKOrO MAABJEHHH UPH YCJAOBHH,
4To cuja D; Hanpap/aeHa HOPMAJbHO K [OBEPXHOCTH CKOJbXKEHHS H
TIPHJOKEHA B CPEAHEH €€ TOYKE B Ipeaenax BbiICJIeHHOro 6s0Ka Imo-
pox (mo naubosee cnaboldl NOBEPXHOCTH CKOJbIKECHHS);

4) oueHHTb kKO3bOHUHEHT 3apmaca IOPH NOJOXKEHHH I[OBEPXHOCTH
CKOJIbXKEHHS cOpaBa H cjaeBa OT Haubosee caadof.

CieayeT OTMETHTb, YTO PEKOMeHAyeMulii KosdduillieHT 3anaca upu
NpOEKTHPOBAHHH XBOCTOXPAHHJIHUIY cocTasasier 1,15.

Ecau npu pacuerax yCTOH4HBOCTH OTKOCA KO3 dHIHMeHT 3anaca oKa-
x)ercs menee 1,15, To aas obecneyends ero yCTONUHBOCTH HEOGXOMHMO
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NOHH3UTh YPOBEHb IPYHTOBBIX Bon. Ilpesiaraercst ¢amMOCTOSATENBHO
PacCUYHTaTh, HACKOJBKO HYXKHO MOHH3UTh YPOBEHb, u4TOOH KO3(hHIH-
eHT 3anaca Owbia 661 He menee 1,15,

Heo6x0auM0 noguepKHYTh, UTO B AaHHOH 3agaue MOMXKHG HCNOJb-
30BaTh ABa NpHema MeToAa ajre6panuecKux CJIOXKeHMH CHJ: a) pac-
yeT YCTOHUHBOCTH TO COOTHOUIGHHIO YAePKHBAEMBIX H CABHIAIOIIHX
cug Ge3 pasfelleHUst BeJHUYHHBI CONPOTUBJEHHSA CABHIY Ha TPeHHe H
cuenJiedue; 0) yaep:kuBalollde CHjbl PacCMaTPHBAKTCA B BHAE JABYX
cnaraeMblX {CHJIBI TPEHHst H CLENJeHHs), NOCKOJAbKY D; yuMThIBaeTCs
TOJILKO B HOPMaJbHO# cocTaBasiolieil N,.

3adaya 13. QupepenuTs Yroa 3ajJ0keHHs OTKoca BBICOTOH 30 M,
ucnonansys rpapuxk BHHUMH, ecau #u3BecTHO, YTO B TOJLLE NOPOA BHI-
JeJeHBl TPH PAa3HOCTH MOPOA C PA3JHUHBIMH HOKasaTeasiMu (QH3UKO-
MexaHM4eCKHX CBOHcTB. B BepxHeil yacTH pa3pe3a 3ajeraror CyrJaHHKY,
MOLIHOCTbL KOTOPHX coctaraser 7 M, y=1,90 1/m3, ¢=0,04 MIla u ¢:=
=12°, uuxe — raugel ¢ y=2,1 /M3 ¢=0,055 MIla u ¢=8°, mouw-
HOCTb TJHH 15 M, HHXe TPOCAEKHBAIOTCA NECKH MOUIHOCTHLIO GoJee
40 M ¢ y=2 1/M® u ¢==28°. Takum o6paszom, 30-mMeTpOBHIl OTKOC MO-
KeT GbITh pasjejeH Ha TpH caos: 7, 15 u 8 M. Ilopsaaok pacuera cie-
AVIOMHH:

1) ompeaensioTcs cpefiHeB3BellleHHble XaPAKTEPHCTHKH NapaMeTPoOB
CBOUCTB NMOPOA IO MOU[HOCTH:

= LOX7+2,1X154 28 2,03 1/m%;

Ten 7+15+8
o0 = 12X7 +8X15 + 28X8 _ 1 40.
» 74+ 1548 ’
_ 0,087 4 0,055X15 4 0X8 _ 4 (437 MiTa.
° 711548 - ’

€cJTH npPHHATH K03¢UUNeHT YCTOHYHBOCTH 7, paBHblM 1,2, TO pac-
yeTHBle 3HAYEHHsT XapaKTEPHCTHK npouHOCTH ¢p=0,037/1,2=0,03 MI]Ia,
¢p=14/1,2=~11°40;

2) paccuuTeiBaercs uo ¢opmyae Hgeo= (2¢/ycp) tg (45°+F¢p/2);
Hgo B HameM cayuae paBHa 3,6 M;

3) oLeHHBaeTcs NPUBeAeHHAas BpICOTA OTKOCA

4) no 3Hauenusm H’'=834, ¢,=11°40" u, wucnonesys rpadux
BHUVMH, onpegenstior a=15°

3adaua 14. Onpefgeanre ycTOHUHBOCTL MOPOJ B BHPabOTKe € NO3H-
UMM BO3MOXKHOCTH 06pasoBanus BuiBaJsoB, MspecTHo, uTo BepaboTKa
pasmepoM 4 M mupoiiieHa B ToJiue NOPoA, UMewined Ko3p@PUUHeHT
kpenoctd f=7. B Tonme NMOpoa mpoC/aexHBAIOTCA JBE CHCTEMBI Tpe-
INMH ¥ OTMeYaercss CJIOHCTOCTh; HaHMeHblIee PAacCTOfHHE MEXAY OT-
AeNbHLIMH OJ0KkaMu B HauboJsee pa3BUTOH CcUCTeMe TPeNIHMH PAaBHO
0,25 M (MOAYJb OTHOCHTEJBHOIl TPEIMHHOBATOCTH n=106), TpellHHH
POBHBIe M BBINIOJIHEHBI NPOUYHBIMH BTOPHUHBIMH 06Pa3oBaHUsAMH. B Bh-
pa6oTKax OTMeuaeTCs Kamex. YToJ MeXJy OCbio BBIPAGOTKH H ToO-
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BEDXHOCTSIMH OcjabJjeHUss Haubosjiee PA3BUTOH CHCTEMH TpelldH CO-

craBaseT 75°.

Hcnoas3ys BeauuuHy noKasareas S, npeanoxennyio H. C. Byaw-
YyeBbiM, U [0ACTaBJAAs 3HAYeHHs Ko3(MOHUMEHTOB, BeJHYMHA KOTOPHX
3aBMCHT OT 3a4aHHbiX XapDAKTePUCTHK TOJIIH NOPOA H BbhIPAaOOTKH,

Hailem
§ =7 1TXIX0S5 g9
611
ITo Taba. 22 ompenensieM, uTO NOPOABI B BHPaGOTKe OlEHHBAMOTCH
KaK yCTOHYHBbIE.
3adaya 15. Paccuuraiite, Kak MeHAeTCH BeJHUHHA FOPHOro AaBlie-
HYs B BHIpaboTKax mepeMeHHOTO CeueHHs, eclH OHU MPOHAAeHbl B NOPO-
nax, ko3 ¢pHIHeHT KPenocTH KoTOpeix f=4 M u y=2,4 1/M3 (nponeTh
BEIpaGOTOK COCTaBastioT 2a;=2,4 M; 22,=3,6 M; 2a3=4,6 m).
Beauunna ropHoro aaBjieHud, corsacHo runoTese IIpoTonsskoHoBa,
3aBHUCHT TOJBKO OT Pa3MepoOB BHPabOTKH u CBOHCTB TopoA: Pi=
=11,5 kH/m; P»==259 xH/m; P3=42,3 kH/wm.
Cae1oBaTesbHO, O Mepe yBeJlHUeHHs pasMmepa BBIpabOOTKH pe3KO
BO3pacTaeT BeJHUYHHA FOPHOTO JaBJICHHS.
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