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MPEAUCJIOBUE K PYCCKOMY M3 JAHWIO

Kuura wuaBecTHOro SINOHCKOTO crienuadnicra npodeccopa 1. Oxka-
MOTO TOCBSILEHa BonpocaM ofecneueHHs CeflcMOCTONKOCTH MHIKEHED-
HBIX COODYXKEHHH, a TaKkKe COAeP:KUT KPaTKHMe CBEJCINS 110 HHIKeHep-
HOU ceHCMOJIOTHU, KOTODPbIE HCIOJAb3YIOTCSL B TEOPHH H NPakTHKe cefl-
CMOCTOMKOI'O CTPOHMTE/bCTBA.

B npeanaraemyio BHUMAHHUIO COBETCKOI'O UHMTATENIs KHHMIY BOLLJIH
JeCSTh H3 BOCEMHAJLATH I1aB MOHOTpauH, ony6IHKOBAHHOK H3JaTelb-
crBoM Toxufickoro yHueepcutera. I PYCCKOTO H3JaHusl OGbLIH OTO-
OpaHbl TJaBbl, HauboJee MNOJHO NPEACTaB/SIOME Pe3yJbTaThl TEX Ha-
VUHBIX MCCJAEJIOBAHWH, NPOCKTHPOBAHMS H CTPONTEILCTBA, aHa/AM3a
NOCNEACTBUH CHJbHBIX 3eMJCTPSICEHHH, KOTODBbIe elle He HalllJd J0-
CTAaTOYHOTO OTPaXKeHUsI B OTEUECTBEHHOH JuTepaType 1o ceHCMOCTOH-
KOMY CTPOHTENbCTBY M HH2KEHEPHOW CEefICMOJIOTHH.

Bonbuioe BHEMaHnHe B KHHUTe YJeJEHO aKTyaJbHBbIM BOIIPOCAM OLLEH-
KM KoJe6aHHH TPYHTa M BJHUSIHUS TPYHTOBBIX YCJIOBHH Ha CefiCMOCTOH-
KocTh coopy:xenufi. IlpuBoasitcss pesysbrathi OOHIMPHOIO aHaAu3a
MOCJIeACTBUH  3eMJIETPACEHHH, B TOM 4YHCJE BJHSHHS HHXKEHEPHO-
Fe0JIOTHUECKHX YCJOBHH Ha MHTEHCHMBHOCTb H Xapakrep KojeGaHuH
IPYHTOB, KapTHUHBI NOBPeXJIeHHH 3JaHHA U COOPYKCHHH NIPH CHJLHBIX
semiierpsicenusix. IIHpoxo ocBellieHBl pe3yJabTaThl HAYYHBIX HCCAEN0-
BaHUH, NPOBEJEHHbIX B HOCAEAHUE ToJpl B SINOHKM M APYTHX CTPaHAax.

K coxanenuio, B KHHIe NIPAKTHUECKH He NOJYYHJIH OCBELIEHHS pe-
3YNbTATHl UCCACNOBAHUN TO celicMocTORKOCTH oOcHOBaHMH u dyHAa-
MEHTOB, HWHXKEHEPHBIX H ClelLHaJbHBIX COODY>KeHHUH, IPOBEIEeHHbIX
B CCCP.

B mesoM KHHra npeicTaBUT HECOMHEHHBIH HHTEPEC IS MIHPOKOTO
KDPYyTa ClEeNHAaNHCTOB B 06/JacTH CeACMOCTORKOTO CTPOHTENbCTRBA, HHIKE-
HEPHOH celiCMOJIOTHH, JMHAMHMKH TPYHTOB. Hayunbie paGOTHHKM, MHH-
JKEHEPBI-CTPOHUTENM H IPOEKTHPOBIIMKH HaBJyT B HeHl NOJe3Hbie CBe-
JAEHUST O METOZAX OOfeCleueHHsT CEHCMOCTOHKOCTH DPsfa HHIKEHEPHBIX
COODY>KEHHHI, PeKOMeHJalLUU MO PAcUeTHOH OLEHKe 11apaMeTpoB KoJle-
GaHui TpyHTa. BO/bLIOE KOMHYECTBO NPHMEPOB H3 NIDAKTHKH IIPOEK-
THPOBaHHSI M CTPOMTENbCTBA, HATJISAHBE MIIOCTPALUH [O3BOJST
COBETCKHM cllelHa/IucTaM foJiee TJIyOOKO NO3HAKOMHUTBLCHA C METodaMH
pacuera M KOHCTPYHPOBAHHS COOPYXKEHUH JAJIs1 pPafloHOB BBLICOKOH celi-
CMHYECKOH aKTHBHOCTH.

Kann. texu. nayk JI. I. Kuaumnux



HPEIMCJ/IOBUE ABTOPA

Ha 3emHOM 1ape cyllecrByer MEOIO CeHCMHYECKUX 30H, H B 3THX
3oHiax . HeoOxoauMo ofeclieduBaTh HaJEXKHOCTb paGoThl COOpYke-
Hu#. CeficMOCTONKOE CTPOUTENBLCTBO IPeJCTaBasieT co0oii  00JacTb
CTPOMTEIBHOH TEXHHKH, MNPEAHA3HAUYECHHOH J/Isi BBILOJHEHHS 3TOH
3a/]a4uH.

Hayxa o ceficMOCTOHKOM CTPOHTE/bLCTRE BKJIOYAET B cefst IMPOKUi
KPyr BONPOCOB, B TOM 4YHCJ/JIE TeOPH3UKY, TeOJOTHIO, CeHCMOJIOTHIO,
TEOPHIO KOJeOAHHH, AMHAMHUKY COODY:KeHUH, NPOYHOCTh MAaTEpPHAJIOB
NpH JUHAMUYECKHX HArPY3KaX, CTPOUTEAbHBIC KOHCTPYKIMH U TEXHO-
JIOTHIO CTPOMTEJNLHOrO MNpPOHM3BOACTBAa. DoJsee TOuHO, ceficMocTORKOE
CTPOHTEJLCTBO IIPEACTABJsIeT COOOH MpPHJIOKCHHE BCeX YKa3aHHBIX
JUCHHIVIUH K ONPELEJIEHHOMY OOBEKTY — KOHCTPYKIHUSAM 3JaHUH, yCTOH-
YHBBLIX NPU 3eMJIETPSCEHHAX.

TlocKoabKy BOIPOCH! CEHCMOCTORKOCTH COOPYKEHUN HaYaIHd H3Y4aTh-
Csl CPaBHHUTEJNBHO HEJaBHO, BBLIIJIO elle MaJo KHHI, NOCBAINEHHBIX CH-
CTEMaTHYeCKOMY H3JIOXKEHHIO STOH AHCOHIHHBEL B yactHocTH, HOYTH
HeT NYOMHKAUMH 0[O HHMKCHEDHBIM COOPYXKEHHSM, 334 HCKJ/IIOYECHHEM
3fanui. a5 padbHeHilero pasBUTHA CEHCMOCTOHKOTO CTPOHTENBLCTBA
HeoOXOAHMO CHCTEMATH3HPOBATh OCHOBHbIE HOJYUYEHHEIE pPe3y/bTaThl.

Io-Buanmomy, ToabKO Iocae 3emierpsicenuit B HoGu B 1891 T.
u B Can-@paunnucko B 1906 r. celicMOCTONKOCTL COOPYIKEHHH TNIPHB-
JIEKJ1a BHHMaHME YYCHBIX-ucc/IefoBateseil. Bo BpeMsl 3THX 3eMJeTpd-
ceHuH 6oJiblIoe YHCJIO 3JaHNH, MOCTOB, HabeDEKHBIX MU HPPUTallHOHHEIX
NJOTHH TOJYYHJIH TMOBPEXKJAEHHS, KOTOPLIE HEBO3MOXKHO OBLIO yCTpa-
HUTh. M3yuenne mocJaeACTBHH 3THX 3eMJAETPACEHHH [I0Kas3ajo, dUTO
COODY2KEHH S JIOJKHBL BHIIEPKHUBATL HE TOJLKO BePTHKAJbHblE HATPY3-
KM, HO TakKie NPOTHBOCTOATh TOPH3OHTAAbHBIM BO3JeHCTBHSM.

Crenytomefi  katactpodoil  ssusmoch KalTckoe 3eMJeTpsCeHHe
1923 r. MHorue MHXKEHepHBlE COOPYIKEHMS, BKJIIOYas COBPEMEHHble,
6buIH paspyliensl. Kpome toro, noxkapw B Toxkno u Mokarame npusenu
K ruGesn 140 Thic. genoBex. D10 3eMJieTpsiceHHe N0Ka3aJo, uto pobiaema
CeHCMOCTOHKOCTH THOKMX COOPYZKeHHII He MOXKeT ObITb DPalHOHAaJbHO
pellleHa (e3 UCNOJb30BAHUSL TeOPUH KoseGaHHH. AHaNOrHYHBIH NOAXOJ
YTBEDJAHJICA H B APYTHX CTPaHaX, paclo/OXKeHHbIX B CEHCMHYECKHX
paiionax, a nocye 1940-x TOXOB ¢ NOMOLLBIO HOBBEIX 3JIeKTPOHHO-BLIUHC-
JIHTeNbHLIX MallHH OblJ] ZOCTUTHYT CYLIECTBEHHEBIH NPOTpecc B PA3BUTHH
METOJIOB JMHAMHMYECKOTO pacyeTa CEHCMOCTOHKHX COOpYy:KeHHH.
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Chejyomul 3Tan passBHTHA HaYKH O CEHCMOCTONKOCTH COOPYKeHUH
CBSI3aH C 3eMJIeTPSICEHUSIMM  TepBoil  mosoBHHBL  1960-x  TomOB
B Huurata u na Anscxe B 1964 r. Ha stor pa3 uH:keHepHl yBUesH,
YTO Cepbe3Hble IIOBPEXKIECHHA MOTYT ObITh BBI3BaHbl OOPYLIEHHSIMH
rpyHTa npu semierpsicenusix. C 3TOTo BpeMeHH JAHHaMUYecKHe CBOM-
CTBa IPYHTOB CTaJH NPEAMETOM HHTEHCHBHBIX HAYUHBIX HCCASIOBAHHM.

B 1954 r. apropom OblIa HanucaHa KHHTA MO CEHCMOCTOHKOMY
CTPOUTENBLCTBY, KOTOpas MpeaHasHavdasach JJsi HCIOAb30OBAaHUS IIPH
IPOEKTHPOBAHHH I'PAXJAHCKUX coOPY2KeHuil. Kuura cocrosna us JeBstT
rJIaB M Ha3biBaJgach «MeToikl MPOEKTHPOBAHUS COOPYIKEHHI C yYeToM
ceficMHueckux Harpysok». B 1960 r. ona 6bina nepenszana M paciuu-
peHa yo 13 rnaB. Hacrosimas KHura ocHoBaHa Ha JBYX NPEAUIECTBYIO-
MIMX, COAEPXUT pe3VyJbTATH TOCAeAHHX HCCIeNOBAHUA M COCTOMT M3
18 riaB*. Ypenuuenue ofbeMa KHHTH CAMO IO cefe OTPAXKaeT Pa3BATHE
HcCaAeNOBaHNH Mo ceficMocToliKoMy  cTpoutensctBy. K Hacrosimemy
BPEMEHH TEOpHs CeHCMOCTOMKOCTH coopyxennil, pazpaboranHas HCXOAs
U3 MOJOXKEHUH CTAaTHKH, NPEBPATUJIACh B AUCHMINIHHY, OCHOBaHHYIO Ha
JAHHAMHYECKOM NOAXOZe. DoJjee TOrO, JUHAMHUECKHE PacyeTel M3 HH-
CTPYMEHTA TEOPeTHUCCKHX HCCJe0OBaHHH Nepepociv B METOABI Npak-
THYECKOTO pacueTa KOHCTPYKIUIL.

HecMoTpsi Ha TO YTO coseprKaHHe KHHTH MOKET H3MEeHsThCs 110 Mepe
PasBUTHSL TEOPHHM CEHMOCTOFKOCTH, (PYHAAMEHTAJLHbIE TNOJOXKCHHA,
PacKpHITBlE aBTOPOM B NepBOH MoHoTpaduu, He NpeTeprnesd HHKAaKHX
uaMeHenui. B atoil pabore aBTop yKaswBan: «Cienyer u3beraTb ycra-
HOBJICHHS METOJIOB IPOEKTHPOBAaHHSA B onpejeaeHHON Qopme nyTeM
YMO3DHUTENBHBIX INPEACTABJEHUHA O 3eMJeTpsiceHHH. PannoHalbHbe
MeTOJAbl NPOEKTUPOBAHUST HeNMb3sl pa3paforaTh 10 TeX Top, MOKa He
6yZeT OCMbIC/IeHa NeHCTBUTENbHAS NPHPOAA CEHCMUYECKHUX IBMKEHHH
H TOBPEXKJCHUT MPU 3eMJETPSICEHHAX, 4 HHKEHEP-IPOEKTHPOBIINK He
3agymaercsi H He OVAeT MMeTb UETKHMX NpejCcTaBleHHH O NMPHHIMIAX
cefCMOCTOMKOCTH COOPYIKEHU».

Tnasel 1 u 2 Hacrosiell KHHIU TOCBAIEHE CEHCMUUECKUM KoJe6a-
HHSM H KPaTKO XapaKTePU3YIOT CTPOEHue 3eMJiu, IPHPOLY 3eMJIeTps-
CeHHd, HX NPUUYMHBL, CeHCMHUeCKHe BOJHHI, ceficmMorpadbl, mikany cei-
CMHYeCKOH HMHTEHCHBHOCTH M CEHCMHUECKYI) 3HEPTHIO. DTH BOITPOCH
U3y4aTca reo@u3nKaMy, HoO OHM HEOGXOMUMEI ClElHaIHCTaM, 3aHHMAI0-
IUMCA BONPOCAMH MPOEKTHPOBAHHST CEHCMOCTOHKHX COOPYXKEHUH.

I'naBa 3 mocBAuieHa COOTHOMIEHHAM MEKIY KOJNeGAHUSIMH PPYHTA H
ceflcMuuecKiHMM JABUKeHHAMH. M3 onnita 3emileTpsiceHHil XOPOIIo H3-
BECTHO YTO NOBpeKIeHHs 37aHHI CYIIECTBEHHO 3aBHCAT OT IPYHTOBBIX
yeiosuit. ITo3ToMy ¢ TOUKH 3peHHsT OMACHOCTH TOBPEXKICHHSI TPH 3€M-
JIETPSICEHUAX TPYHTOBBIE YCJOBHS HMEIOT GoJbiiee 3HAYEHIHE, YeM pac-
CTOsIHHe JI0 pagnoma. Celfuac HccsenOBaHHst TPYHTOBHIX YCJIOBHI cTaNH
HeoTheMNeMOll yacTbio pabor Mo TUTAHHPOBAHMIO H PASBHTHIO TOPOJIOB.

O6mue cpefieRust 0 NPUMEHSIEMbIX ceiigac B SIIOHMHM MeTojax IIpo-
€KTHPOBAHHA H HOPMHPOBAHMSI B OGJACTH CeliCMOCTOHKOTrO CTPOUTENb-

* Ilepesog knuru nybaukyercs ¢ coxpamennsamn, Hymepauus rnap ns-
Menena. (ITpuM. nmepesogunka.)



CTBa M3JI0XKeHH! B Iv1aBax 4—=6. [TockoabKy GOJBLILHHCTBO TEOPETHIECKHX
HCCAEAOBAHHH OCHOBAHBI HA JHHAMHYECKHX NOAXOJAaX, B KHHUIE KPATKO
pPaccCMOTPeHBl JHHAMHYECKHE MeTOJbl aHAIH3a, NPHMEHHUMBbE MPH pyu-
HoM cyere. OpHAKO cTaTHUECKHE METOAB! BCE €IUE LIKPOKO TPHUMEHSIIOTCS
IPH pacyetre KOHCTPYKIHH, NOSTOMY OHH TAaKMKE IIPHBEJEHBI B KHHTE.

I'maBa 7 nocesiieHa BONpocaMm cefiCMOCTOMKOCTH 3e€MJSTHBIX COOpY-
Kenui. Kaxk yxke orMeuasoch, 3ajaud pacyera IPYHTOB JTHHAMHYECKUMH
MeTOJIaMH HauaJli PasBHBaTbCs JHIIb B NocaegHne rofel. Ilostomy He-
JIOCTATOYHBIH 06BEM pe3y/bTaTOB HAYUHBIX HCCJAEJOBaHHH OTOABUraeT
Ha Oynyllee MX HCNOJb30BAHHE B NMPAKTHKe NPeKTHpoBaHHA. B aroi
rJiaBe cTaTHUeCKHe METOJbl pellleHHf 3aAay JOMNOJHEHBl HEeKOTOPHIMU
cOOOpakKeHHIMH 1O JHHAMHUYECKOMY aHaIu3y. MoKHO HajeaTbes, UTO
B OYAyLIEM TAKOH CJABHI' IPOH30HAET M MOJYUAT Pa3BHUTHE AHHAMHYECKHE
METOAB! aHTHCEACMHUECKOH 3alUTEL 3eMJISIHBIX COOPYIKEHHUH.

B rnaBax 8—10 paccmorpenbl Bompochl ofecrnedeHHs: ceACMOCTOM-
KOCTH HEKOTOPHIX THIIOB COODPYIKEHHH.

CrpoutenbCcTBO CEHCMOCTORKOrO COOpPYXKeHHs TpefyeT paspaGoTKH
COOTBETCTBYIOIMX METOJ0B MPOH3BOJACTBA pabor, GasupyrolluXcs Ha
COUETAHHH HAYYHOTO H TIPOM3BOACTBEHHOTO ONEBITAa PAa3HLIX CIIEHHA/H-
croB. IlosTOoMy mpu TOArOTOBKE 3TOH KHHIM OBIJIO H3YYEHO OTPOMHOE
yucsto ny6aukanuid. K HuM ciaeayer 10GaBHTh pe3yJsbTaThl HaydHBIX
HCCIEIOBAHUI, IPOBEIEHHBIX B JaOOPaTOPHH AMHAMHUYECKOH MPOYHOCTH
CTPOHTEJBHBIX MarepuasnoB MHcTHTyTa npoMBILVIEHHBIX HCC/eIOBaHHH
Toxuiickoro yuusepcurera. IlosTomy coneprkaHue HacTOSIEH MOHO-
rpadguy BO MHOTOM 0GSI33aHO HAYYHBIM HCCJEIOBAHHSIM MHOTHX Crelina-
JHCTOB. ABTOp COMHEBaeTcs, B TOM, He BHEC JIU OH IIPH 0OOOLICHHH Ma-
TePUAJIOB HEKOTOPHIE CHOPHBIE TOJIOKEHUS] B TEKCT KHUTH H TIO3TOMY
CYHTAET [EeJeCOOOPasHBIM B Psie clyuaeB Gosee AeTajbHOE O3HAKOM-
JIeHHe C paccMaTpUBaeMbIMH IPOOJIEMaAMH.

3ambicest nyGJUKAIMH KHUTH GBI OCYLIECTBJCH B CBS3H C IIECTHJE-
CATHJIETHEM aBTOpa. ABTOp BEIpazkaer riyGoKyIo 61arofapHOCTh CBOUM
KOJIJIETaM H JIPY3LAM 33 PEeaH3alMIo 5TOTO 3aMbicja U OCOOSHHO Ipe-
cepaTesiro 106uneiinoro kKomutera a-py C. Harara, orBercTBeHHOMY
cekperapio npod. K. KyGo, npod. X. Tamypa u Muorum apyrum Giaro-
JKeJlaTeNbHBIM YUACTHHKAM 3TOrO [poekTa. HeolleHumylo nomolls npu
noAroroBKe KHUTH oKaszanu npod. Tamypa, npod. T. Oxana, K. Kato
u C. Mopumu v3 HMHcTHTYTa NpOMBILLIEHHBIX uccaepoBanuil Toxwuit-
ckoro yunsepcutera, npod. M. Xakyno uz HHUH ceficmocroiikoro crpo-
urenpctBa Tokuiickoro yHusepcutera. ABTop Gaarogaped mucc T. Ta-
nyma u mHcene M. llykaBa u3 HMHCTHTYTa NpOMBILJIEHHBIX HCCIELO-
BaHH 3a BBLINOJHEHHE PacueroB, oopmieHHe rpaduueckoro Matepuasa
1t momowWb 1pi nojaroroBke pykonicu, M. Tanaka us Kopnopanuu
Anbda-OpuenTt 3a nepeBoj KHHIM Ha aHrAMHACKHE SI3BIK, a TaKike
I1I. Musosa, T. Cacaxu 1 M. Muoye us usaaresbctBa TOKHACKOTO YHE-
Bepcurera 1 K. ®ymkuma us msmarensctsa Ohm Publishing Co.
ABrtop BBIpaxaeT 6MarofapHoOCTh BCEM VIIOMSIHYTBIM JIHLAM,

Ausape 1973 1. Llynso Oxamomno

IF'masa 1. 3BEMJIETPSICEHUA

1.1. CTPOEHUE 3EMJTH
1) CocraB 3eman

3emast npejcTas/aseT cofoil ceprueckoe Te1o ¢ PaAyCoM HOPsAKa
6400 xm. Ee BHyTpeHHee cTpoeHne H3yyajoch ¢ PasiblX INO3HIUHIL,
OnuuM 13 OCHOBHBIX METOJOB HCC/IEJOBAHHS SIBJASIETCS] CPaBHEHIe
[1apaMeTpoB KoJieOaHHH Pa3HBIX TOYEK HA HOBEPXHOCTH 3eMJH NIPH 3eM-
Jerpsacenusx. IlockonbKy semnerpsiceHust nposiBISIOTCS B BHIE KoJe-
OaHH#, BLI3HIBAEMLIX Ha IMOBEPXHOCTH
3emai TNPH pPacHpoCTPAHEHHH BLICBOGO-
IUBLIEHCS BHYTPH 3eMAu 3HEepPruH, Ha-
6monaeMast KapTHHa KoJieGaHuil 3aBUCHT
OT CBOACTB CTPYKTYPH BAOJbL Jiyua
pacnpocTpaHeHHs! CeACMHYECKHX BOJIH.
ITosTomMy HccmefoBaHHe KapTHHBL pac-
OPOCTPaHeHHs: KOJe6aHUH MO3BOJSIET
O0paTHBIM IIyTeM CYAHTb O BHYTPEHHeM
CTPOEHHY 3eMJIH. 5~40spm

B coorBercTBHE C pesyibraTamu Ta-
KHX MCCJIECNOBAHUA 3eMsst COCTOMT M3 Puc. 1.1. Crpoenne 3emau
TPeX CJOEB PA3HOH MOPOABI: SJIPa, WIH [ — sapo; 2 — mantis
LeHTPOCHEPE], MAHTHH U 3EMHOH KODHI,
UM JMTOCcGephl.  SIApo  cocTaBJIsgeT LEHTPANbHYIO 4YacTb — 3eMJH
(puc. 1.1) u npeacrasnser coBoit chepy c paauycom 3500 kM.
Ilockonbky sApo He NPOBOAUT noONEpeuHbIe BOJIHBI, N0 KpaiHell Mmepe,
€ro INOBEPXHOCTHAS YacTb CYMTAETCH KUAKOCTbIO. MaHTHS NMOKpLIBaeT
SAPO, HMeeT TOMUHHY 0KoJo 2900 KM H COCTOMT IVIaBHBIM 0GPasoM U3

7 2900k m

Ta6aunga 1.1
Yaeabnsie Beca pasnuyHHX KOMIIOHEHTOR 3emiH, T/cm3
Kopa 2,7-3,0
Marris [o Hapy:kHOMy nepuMerpy 3,3
Tlo BuyTpeHHeMY MepuMerpy 5,7
STapo To mepudepun 9,7
IlenrpanbHas yacTh 12,3




AMOnUTYAB ceficMHyecKHX KoJie0aHMH Ha IOBEPXHOCTH CHadyasa
XapakTepHaylorcs HeCoJbliMMHM KoJeOGaHHSAMH, a 3aTeM BHE3aIrlHO YBe-
JIHYHBAIOTCS. DTOT BTOPOH MEPHOJ Nmpolecca KoJeGaHnH MPOA0JIKaeTes
B TeYCHHE OMNPEJENEHHOrO NPOMEKYTKa BPEMEHH, [OC/Ie KOTOPOTO KoJe-
6aHuS MOCTENEeHHO sarTHXaiT. [lepBbI NEPHOJ JIETKOTO JpOXKaHH:
Ha3bBAeTCsl HAYaJbLHLIMH TOTYKAMH, CIeAY0as YacTb ¢ GOJbIIUMU aM-
NJAUTYAaMH — OCHOBHLIMH TOJYKAMH, U 3aKJIIOUUTENbHAS 4YacTb —
«XBOCTOM» KOJIeGaAHUH.

Kak 6yzer noapo6Ho paccMOTPEHO HHKE, BHYTPH 3€MHOH KODBHI IPO-
XOIST JiBa BHJAA BOJIH— IlePBHUHbIE, IPOJOJLHBIE BOJHEI (BOJIHBI PACTSI-
JKEHHS-CKATUS) ¥ BTOPHUHBbIE, IONEPEYHble BOJHLI (BOJHBI CIBHIa).
Korpa npoucxogur BhicBOGOKAEHHE SHEPTHH B FUIOLEHTDE 3eMJeTps-
CEHHSI, BCE 3TH BOJNHHI BO3HHKAIOT OXHOBpeMeHHO. OIHAKO, MOCKOJIbKY
CKOPOCTb DAacHpOCTPAHEHHSI NPOJOJBHBIX BOJIH GOJbIe, OHH PaHblIe
JOCTHTAIOT NYHKTa HaGMIOACHHsI HA 3eMHOH nosepxHocTH. HauanbHoe
JIpoxKaHue WEeJHKOM OIpefesieTcsl 3STHMH IPOJIOJIBHEIMH BOJIHAMH.
IMocnenyrolnee nosiBAEHHE NONEPEUHBIX BOJMH, a4 TAKXKE NMOBEPXHOCTHEIX
BOJIH XapaKTe€PU3yeT OCHOBHYIO a3y KoJeGaHHUH.

Ecan o6o3Haunth

§ — pacCTOSHHE OT THIOLUEHTpa A0 TOUKH HabJalojenls; Ug — CKOPOCTb pac-
NPOCTPAHEHHS IOIEPEYHBLIX BOJIH; Up — CKOPOCTb PACHPOCTPAHEHHS NPOAOMb-
HblX BoJH; T — pasHOCTb BO BpeMEHH BCTYIVIEHMS B NYHKTe HabJiojeHus npo-
IOJIbHBIX H TONEPEUYHHIX BOJIH,

TO NOJYYUM Clefyloliee COOTHOLICHHE
: —1
=3 3 =<_1-~—1) S WU § =(v—1—v—]) T. (1.1
s P

B stoM cayyae T — NPOJOJIKHTENBHOCTb HadyaJbHOH (ashl KoJe-
OaHM#, KoTOpas onpejejsdercs H3MEPEHHSMH, a Us U Up — I'COJIOTH-
yeCcKHe KOHCTaHTHl JJs jJaHHOi MectHOcTH. Ilostomy paccrosmue or
THIONEHTPA N0 IIYHKTA HAGMIOfEHHUST NPHOIMKEHHO NPONOPIHOHAIBHO
NPOJOJIXKUTENBHOCTH HavanbHON daspl KoseGannii. Kosdduiuent npo-
IIOPIHOHAJBHOCTH, KaK NPABUJIO, PaBeH 8 Km/c.

Eciu s onpegeneHo st KaXAoro H3 TpexX NMYHKTOB HalMIONeHHH,
TUIIOIIEHTD pacroJiaraercss B TOUKe IepeceyeHus: cep, UEHTP KamkIoil
M3 KOTOPHIX PACNONOXKEH B MYHKTe HAGMIOACHHS, a PajHyC NPHOIHKEH-
HO paBeH BEJUYHHE §.

HafinenHblll TakiM 06pa3oM THIOUEHTP SIBASIETCS HCTOYHHKOM BO2-
HHKHOBEHHs! TepBoii ceficMuuecKoil BosHBL. OpHAKO OH He0Osi3arelb-
HO COBNAJiaeT C MecToM HauGoJjiee WHTEHCHBHOTO BBIJEJICHUS JHEPTHH.
Jpyrumu cjoBaMH, NeHCTBHTEIbHBIH Odar 3eMJIETPSICEHHS] MOXET OX-
BATHIBATL HE OYEHb OTPAHHYEHHYIO IVIOWAAb. B HEKOTOPBIX ciydasix
OH TIOKPBIBAET JIOCTATOYHO GOJbIIOe NPOCTPAHCTBO, a HHOTJA He orpa-
HHYEH npejenamu oimod mioiaxu. Hanpumep, TrHIOUEHTD 3eMJIeTps-
cenust Kanro, 1923, 6b11 onpejesieH KaK PacloJIOXKeHHBIH Ha paccros-
nud okosno 10 km ot r. TancaBa, oHAaKO NOJMAraiT, YTO caMble 3HAUH-
TeJIbHble M3MEHEHMsI BHYTPH 3eMJIM NMPOU3OLLIH NoA 3anuBom Caramu
(cm. pue. 1.7).

14

Paspylmnre/bHele 3eMIETPSCEHHS OGBIYHO He OTPaHHYHBAIOTCA O1-
HHM KOJIeGaTe/IbHBIM BO3MYLUeHHeM. MarHuTyasl nocTenenHo yGbiBaioT,
HO OGBIYHO NPOSIBJISIETCST PSiA NOCTEAYIOMHNX TOMYKOB. Ilepsoe cuibHoe
3eMJIeTPsCeHHe Ha3hIBAETCS] OCHOBHBIM TOIYKOM, a MOCJEAYIOLIHE 3eM-
JerpsiceHusi — aprepmokamu. IHIOLEHTPE adTepIIOKOB HEOG si3aTeb-
HO COBNANAIOT C THIIOLEHTPOM OCHOBHOIO TOJIYKA, MOCAETHHH OGBIYHO
pacmojiaraeTcs Ha Kpaw THIOMEHTPaJbHOH 06JACTH a(PTEPHIOKOB.

0. Xowwaiido Doropo Moo
Tomaromau o ,

Mopu
Aewodame

& % o M=7.4(1968.5.16,19:59)
008 00 ® ©

b S

. 0°° M=7.9(1968.5 16,09 43)

o O o O mabusiir momox
o o® o
& o
o

M=5.5 (1968.5.17, 08 05)
®o
JM=17.5(1966.6.12,22:47)

tanama 0 100 200 kM

o ore ;
Ageama eHia

Puc. 1.4. Pacnpegenenne aTepwokoB semJerpacenus Tokaun, 16 mas 1968 r.
@ — raaBHBIN TOJYOK, GCHOBHBIE abrepmokn; O — abrepmoru

O6bem maccuBa, OXBaTHIBAIOWME TOUKH, B KOTOPLIX NPOSIBASIOTCS
aTePIIOKH, CTPEMHTCS PACIUNPHTHCA B NEPHOJ BPEeMEHH cpasy nocJje
OCHOBHOTO ToMuKa. Ilostaraior, uto pasmepn oGaactu, B KOTOPOH BO3-
HUKAIOT N€PBOHAYANILHbIE TOIYKH, ONPENCISIOT TOPSAOK HAKOM/IEHHO
SHEpriM, BLILIBAIOIIEH raBHBIA Toauok. Ha puc. 1.4 nokasaso pac-
lipefienenne agTepuokoB mocie semserpsicenust Tokaud, 1968, mo-
KprBaromee maomans 300X 150 k.

B Slnomuu, rpe semmerpsicenust KNacCHQUUUPYIOTCSl 1O TayGHHe
Ouara, mpu riy6une 10 30 KM OHM Ha3BIBAIOTCH OYeHb [I0BEP XHOCT-
HbIMH, 1pu ray6use or 30 go 100 kM — HOBEPXHOCTHBIMH H HHXKe

KM — rayBokodokycueMu. B apyrux crpanax 3eMJIETP SICEH U
C ouarom B mpenenax 60 KM OT NOBEPXHOCTH 3eMJIH HA3BIBAIOTCH T1O-
BepxHocTHEIMH, npH 60—300 KM — NPOMEXKYTOUHBIMH, a NIPH TIyGHHE
Gomee 300 km — Ty GOKOGOKYCHBIMH, Makcumanbol TayGHHOM ouara
‘CanTaior Besruuny 700 KM.
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2) MpuunHbl 3eMJaETPSICEHHI

Ins o6bsicHEHUS] NPHYUH BOSHUKHOBEHHS 3€MJIETPFACEHHH BLIIBH-
rajuch Pa3JHUHbIE TEOPHH, KOTOPHIE PACCMATPHBAJH TaKHE XapakTe-
PHCTHKH, KaK NepPHOAHYHOCTb NPOSABJCHHS, PA3/MHUHs IO pasMepa,
HepaBHOMepHOe pacnpefiesieHHe no pernoHaM. OCHOBHBIE pacrpocTpa-
HEHHbIE B HACTOALce BPEMSA IMOAX0AbI 6a3HPYIOTCSA HA TEOPHAX JEHCTBHSA
Marmbl 4 CHJI TopoobpasoBanus (oporenesuca). Ileppas reopust paccmar-
PHBaeT 5Ty NpobJieMy B CBeTe JHGO BHE3aNHbIX U3MEHEHHH B 3eMHOIt KO-
pe B CBSI3H C MPOHHKHOBEHHEM MArMbl B CJIOU NOJYTBEPAOH KOPHI, Tle
HapyIlIalTcst YCAOBHS PABHOBECHS Teria H HANpPsiKeHHH, PacHpsior-
CAl CYUIeCTBYIOLIME MM 06pasyloTCsl HOBBIE TPELMHbI, JU00 HEeOXKHAaH-
HBIX H3MEHEHWH B COCTOSHHM caMoii Marmbl. Bropas TeopHst nocrpoera
Ha fIBJICHHH BHE3aMHOIO OCBOGOXKIEHHSI YaCTH 3IHEpPrHH JedopMaluit,
HaKOIIJIEHHBIX B KOpE 3a CYET CHJI ropoobpasoBaHusl. B nocaeanem cayuae
IIHPOKO paspaboTaH NPHHIMII, COIJIACHO KOTOPOMY CHJIBI TOPooOpaso-
BaHHSI BHI3BLIBAIOTCH KOHBEKTHBHBIMH JBHKEHHSIMH B INpefeJax MaH-
THH.

B JeACTBHTENBHOCTH, MecCTa, [Jie TNPOHUCXONAT 3eMJETPSACEHHS],
CYILECTBEHHO Pa3JMYHBl II0 TeO0JOTMYEeCKHM YCJIOBHSIM H OXBATHIBAIOT
KaK cTapble KOHTHHEHTAaJbHble IJIOWany (takue, xak Bocrouynas C-
6upsb 1 Kanaga), Tax u HoBble yuacTky cywn (Aseyrckue u Kypuibckue
OCTpPOBA), KOTOpble cefiuac HAXOJSTCSI B COCTOSIHHH aKTHBHOIO DOCTa.
IosToMy npHunHEI 3emJeTpsiceHHH He 003aTeJbHO ObIBAOT OJHHUMH
H TeMH Ke.

B cooTBeTCTBHH ¢ TEOpHeH, NpPeANHCHIBAIOLIEH 3eMIeTPsICeHHs Jlei-
CTBHIO CHJI TOPOOGPA30BaHKs, B MeCTaX, Ile HaKalIHBaeTcs H30bITOuHAS
sueprus u pedopmaiuu npesbimator (1—2)107¢, B Gonpluiux pasiomax,
BKJIIOYAsi TPAHULBl OJOKOB 3€MHOH KODEHI, YBEJIHUHBAIOTCA CKOPOCTH
CKOJIbJKEHHS] MJH BO3HHKAIOT HOBLIE Pa3JOMBl, NPHBOAALIME K BBICBO-
GoxaeHHIO celicMuyecKol sHepruy. HanpasieHne ABuKeHHs B PasjoMe
3aBHCHT OT XapaKTepa HanpsokeHui. IIpy pacTAruBammux Hanp sKeHusx
BO3HHKAET HOPMaJbHEI Pa3/IoM, a NIPH CXKUMAIOLIMX HalPsKEHHAX —
nonepeunslii pasyoM. Korja nposiisiercst 1BUkKeHUe B GOJIbIIOM PasJo-
Me ¢ o6pa3oBaHHeM I'PAHHI MeXAYy 6J0KAMH 3€MHOH KOPLI, KOJIMUECTBO
BHICBOOOXKJIa€MOH 3HEPIHU BeJHKO. B Tex claydasx, Korja IPOHCXOASAT
IBH:KeHHs] B HeGOJIBIIMX MECTHBIX pasJjioMax B Npefenax OTAEIbHOrO
6/10Ka, KOJIMYECTBO 3HEPIHH HEBENHKO.

Kpome Toro, pasjoMbl, BH3HIBAWOLIMe pasfie/ieHue OTAeJbHbIX 6J10-
KOB, INpoCcTHpaloTcs Ha GoJbliylo ray6uny. Iloatomy Takhe semie-
TPSICEHHSI MOT'YT BO3HHKATh B HH2KHEH YaCTH 3€MHON KOPbI HIIH B BepXHek
YacTH MaHTHH. 3eMJIeTPSICEHHS OT HeGOJBIUHMX JIOKAJbHLIX PasjoMOB
BCETJa MMEIOT OYard Ha HeGoJbIIMX Iy6HHAaX B Ipefenax 3eMHOH
KODHI.

TaM, rie oTMeYalOTCsi HHTEHCHBHBIE JIBHXKEHHS [OPO06pasOBaHHSA
H ObICTPOE HAKONJIeHWe SHePTHH, BO3pacTaeT CceHCMHYecKast AKTHB-
HocTb. HMHTepBanbl Mexay 3eMIETPSICEHHSIMH PasJjHyaloTcs B COOT-
BETCTBHH CO CHOCOGHOCTHIO GJIOKOB 3€MHOH KOPHl HAKalJIMBaTh SHEP-
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ruio gedopmanuit. Ecau crnocofHOCTh K HAKONJIGHUIO SHEPTHH BEJIHKA,
peJHuUMHa TOJBHXKKH B paasioMe 6yeT GOJLIIOH, UTO YBEJIHUHBAET Pas-
Mep MpOsiBJsiollerocst semierpsicerus. HaoGopor, ecau cnocobHocth
K HAKOIUIEHHIO 3HEPruM jAedopyanuii maja, Gyjaer npoHCXOZHTb He-
npephBHOE MeJIEHHOE CKOJIBXKEHHE B PasjioMe, a BEJIHUYMHA NONBUKKH
BO BpeMsl 3eMJIeTPACeHHs H, CIEICBATENbIO, Pa3sMephl CaMoOTO 3emJeT-
psicenns GYAyT HEBeMNKH. M3 51010 CleayeT, uto B NEPBbIX 30HaX, Kak
npaBu/o, He GYAyT NPOHCXOAMTH cJalble 3emaeTpsiceHHs, HO uepes
Gosbiiue POMEXKYTKH BpeMeHU 6YAYT HMETh MECTO OUeHb CHJIbHDLIC 3eM-
nerpsiceHnsi. Bo BTOpHIX 30Hax, HaoGo- '
poT, CcpefHHe H caabple 3eMIeTpsCceH s
6YAyT NPOHCXOAMTL JAOBOJIBHO HacTo.
Ilonarator, uto 6oJiee crapole, INJ0THBE
o0pasoBaHus (TaKHe, KaK [1a/1e030HCKHe
(opMalui) OTHOCSTCS K HEPBBIM 30HAM,
a HOBble OCpaszoBaHUs (Me3030HCKHE K
KafiHo3zolcKue Qopmaliy) — KO  BTO-
peiM. Her neo6xoaumocTd TroBOPHTE,
YTO B palloHAX C aKTHBHBIM I1POLECCOM
OporeHe3Hca YacToTa NPOsABACHHS 3eM-
JIETPSICEHHH BBILlE BO BCEX caydasX H
3JleCb BO3MOXKHO BO3HHKHOBEHHE OUYeHb p
CHJ/IBHBIX 3eMJIeTPSICeHHI,
Ha6nionenns 3a HaNpaBJCHHEM €D~ pyo |5 Pacrpeseacie  3on
BOTO JIBHXKEHHsl MDH CEHCMHYECKHX KO- jpapjennst B  paspsKeHHs IpH
JieOaHMSAX TI03BOJAIOT YCTAHOBUTh MeXa- 3emuerpacennd 18 wmas 1917 r.
HHM3M PaspyLIeHHA IPH 3eMJIETPsCeHHH.
Hauanenoe xose6aTespHOE ABMKEHNE [P 3€MJIETPSICEHHH IPECTABJASAET

' co60# MPOOABHYIO BOJIHY, PajHaJbHO PaclpoOCTPAHSIONIYIOCs OT GOKY-

ca, a ee TOPH3OHTAJIbHOE HATIPABJICHHE COBNAAET C HATIPABJAEHHEM K 3IIH-
uentpy. Korga onnospemenno HaG/ojaemoe BePTHKAJbHOE NBHIKEHHE
Hanpap/ieHO BBEPX, HaNpPaBJeHHe TOPH3OHTAILHOTO ABHKEHHSI MPOTH-
BOIIOJIOZKHO HANPABJIEHHIO K SIHLEHTPY, a KOrja BEPTHKAJbHOE JBHIKe-
HHe HanpaB/JeHO BHU3, TOPH3OHTA/JbHOE JBHIKEHHE U HanpasjeHHe K
SMUUEHTPY - coBNajaioT. B nepeoM cayyae ceficMuueckasg BOJHA Hasbl-
BaeTCs1 BOJIHOH AABJIeHHS, a BO BTOPOM — BOJIHOH PaspsiKeHHS.

Ilepsbie KoneGamusi NP 3eMJIETPSCEHHH B PasHBIX TOYKAX IIPOSiB-
JIIIOTCSA KaK BOJIHBI NaBJE€HHA HA OJHMX IVIOWAASX H BOJHBI paspsixke-
HAA — Ha JpYyruX. IpaHuIpl 3THX ABYX MJOMafell NPeACTaBJSIOT coGOil
NpsiMble THHUH, NepeceKatoliiecs NoJ NPsIMbIM YIVIOM, HJIH KOHHUECKYIO
Gurypy. Dror pakT HenocpesCTBEHHO CBA3AH C MEXaHH3MOM PA3PYLIeHHs:
IIpH 3eMJIeTPsiCEHMH, a pacrnoJyioxenne u GopmMa rpaHMYHLIX JAHHMI 5B-
JISIIOTCSE UCTOYHHKOM H3YUeHHS] MeXaHH3Ma 3eMJIeTPSICeHH .

Ha puc. 1.5 npexcraeneno pacnpenesienne 30H naBieHnst 0 paspsi-
MCHHA BO BPEMs MEPBOrO KOJICGAHHSI 3€MJIETPSICEHHS, [POH3OIIE]-
lero s oxpecrrocty p. Tenpro 18 Mas 1917 r. 3aumirpuxoBaHHble Kpyk-
KH 0603HAYAIOT BOJIHBI J@BJEHHS, 4 HE3aITPUXOBAHHEIE —BOJIHEL Pa3-
Psixenusi. I'DaHHUBI WX NPOSIBJIEHHS NPEACTABJIEHHl JBYMS DPSIMbIMMU
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JMHHUSAMH, HampaBaeHHe kortopuix I03-CB u IOB-C3. Takoe pacnoso-
KeHHe SABJAETCST O0Ulell 3aKOHOMEPHOCTHIO MOBEPXHOCTHBIX 3eMJIerpsi-
CeHHH, NMPOUCXONSIUX B 3TOH 06JaCTH.

3) CeitcMuuecKkHe 30HBI

Ananus reorpauH 3aperucTpUpOBAHHBIX 3eMJIETPSICEHHH [OKa-
3bIBaeT, YTO OHH pacHpefensiioTesi He caydalHbeM obpasom. Hanporus,
padoHBl, B KOTOPBIX NDPOHCXOJAAT PaspylUUTeJNbHbIC 3eMJIeTPICeHHs,
upe3BblYaiiHO orpanuyeHbt. llockosbKy o6bIUHO 5TH PaHoOHBI 06PasyloT
0014CTH 11051COB, OHHM HA3LIBAIOTCHA CEHCMHUUYECKHMH IOSICAMH HJIH Cei-
cMU4YecKHMMH 3oHamH. CeficMHuecKHe 30HBI pasjessioTCs Ha YeThpe
KJacca, Kak [okasaHo B Tabi. 1.3. B ciayuae oxeaHHuecKHX H OKO-
JIOOCTPOBHBIX MOSICOB THIOLEHTPHI 3€MJIETDPSICEHHI pacrmoJiaraiorcs
B NpeJieJlax MAaHTHH, a B CJyYae OPOreHHYECKHX T€OCHHKJMHAAbHBIX
H KOHTHHEHTAaJbHBEIX IIOSICOB — B 3eMHOH Kope. KOHKpeTHBIE NpHMepH
TAKUX MOSICOB npuBejeHsl B Ta6i. 1.3.

U3 menn sIMOHCKHX OCTPOBOB LEHTpalbHas YacTh OTHOCHTCH K cell-
CMHUYECKOH 30He TeOCHHKJMHAJLHOTO THIA C 3eMJIETPSICEHUSIMH B OC-
HOBHOM KopoBbMH. CeficMHYecKue nosica OKOJOOCTPOBHOTO THIIA BJOJb
Kypuanbpckux ¥ MapHaHCKHX OCTPOBOB JOCTHTalOT SIMOHHH ¢ BOCTOKA,

Ta6auna 1.3
Yerripe Kiacca celCMHYECKHX 30H

PacnosioxeHue
Tun Ornucauue FUDOLEHTPa TIpumepst
OKeanuyeckuif Caenyer BnajguHam Manrus IlenTpanbubil nosic
Ha JiHE OKeaHa WNuguiickoro oxeana
Bokpyr Caenyer ayrawm, Manrus Auneyrtckue, Kypuiee
OCTpPCBOB OKDYXKalom UM ckne, Mapunanckue
HeGoJIbIINEe OCTPOBA OCTpOBa, OCTPOBA
Proxio
Oporennueckue Caenyer pyram rop-| 3emnas xopa sInoHckue ocrposa,
I'eOCHHKJ/IMHANK HBIX XpeOTOB Ha M MaHTHA PuIUANMHCKUR apXu-
KOHTHHEeHTaX HJH neJiar, 3anajHoe Mo-
AYyraM, OKpYKaiouum 6epexbe HOxuoit Ame-
6oJibILMe OCTPOBa PHUKH, 3amajfHoe Io-
Oepexne CeBepHOH
Awmepuku, Upaw,
Typuus
Konrunenranp- | BuyTpn KoHTuHenToB | 3emHuasi xopa Bocrounas Cubups,
HEle TJIATO Annanayckuil perxoH
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a ceficMHUecKu nosic BOKpYr octpoBoB Prokio -— ¢ 1oro-3anana. Ilosromy
B SIMOHHMH 3eMJICTDSICEHH, 3apPOKIAIMECH B MAaHTHH, TaKkKe IIPOHC-
XOAAT JOBOJBHO 4acTo.

14, NPOSIBJAEHHE 3EMJIETPSICEHHH

1) O6mue nM0JN0KEHAS

Korza npOHCXOAHT 3eMJeTpsiCeHHe, OHO MNPOSABJAETCS He TOJBKO
B IPOCTOM COTPSICEHHH 3€MJIH, a CONPOBOXKAETCS JAPYTHMU PasIHYHbIMH
saplAeHHSAMH. K BaXKHBIM C HMHIKEHEDHOH TOUKH 3PEHHSl SBJCHUAM OT-
HOCSTCS: CeHCMHUeCKHe TOJYKH, JBHMKEHHS 3eMHOIl KOpel, o6pasoBba-
HHe PasjoMOB M cOpPocoB, LiyHaMH. B jpomo/snenye K 3TOMY NPOHCXOAST
H3MEHEHHA B IeOMATHETH3ME M 3JIEKTPHUYECKOM IoJe 3eMsH, KOTOphie
IPEACTABASIOT GOJIBIION HHTepec Al reo(H3HKOB, HO HE OKa3bIBAIOT
IPSIMOTO BJHSIHHST Ha BOIPOCH CEHCMOCTOHKOTO CTPOHTE/NbCTBA B Ha-
CTOsIlllee BpeMs.

2) CeiicMuyeckKue TONYKH

Hast nponeccos KoJeGaHUH 3€MHOH NMOBEPXHOCTH XapaKTepHbl Ha-
yaJLHble cJabble TOMTUKH HeGoJabIION NPOJOJIKUTEJIBHOCTH, 34 KOTOPBIMH
CeNYIOT HHTEHCHBHBIE KOJe6aHUsl B TEUCHHE ONPEJeJIEeHHOro Mpo-
MEXYTKa BpPeMeHH, NocJje Yero KoJeOaHHsl MOCTeIIeHHO 3aTyXaioT.

B kauecTBe mpumepa ceficMorpaMM Ha pHc. 1.6 nokasaHBl 3allHCH
adrepuioxka semdserpsicenuss Torropu, 1943, 3aperucTpupoBaHHOIO B
r. Torropu u B Kore. Kax ormeuasioch, Kaxpmas ceficmorpamMma co-

0 10cex
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Puc. 1.6. Celicmorpamma adrepmioka 3emserpsicenusi Torrtopu, 1943, saperucrpu-
POBanuas B r. TorropH (a) u B Kore (b)
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JEPXKAT HAua/TbHbIE COTPSICEHHS, OCHOBHBIE KOJIEOAHHS M  «XBOCT».
B HauasbHON (pase perucTpHpPYIOTCS NPOJOJbHBIE BOJIHBI, a NMPH OCHOB-
HBIX KOJIEOAHHMSIX — CABHIOBBIE H MOBEPXHOCTHBIE BOJIHBL.

@opma ceficMHUeCKHX BOJIH SIBISETCS JOCTATOYHO CJIOXKHOH., ITO
CBSI3aHO C pa3JHYHsIMH B MeXaHM3MaX paspyIlIeHHs NPU 3emJeTpsce-
HUSIX, OTPaXKEHHEM H IIPeIOMJeHHeM CEeHCMHYECKHX BOJIH Ha IpaHuIEax
CJIOEB TPYHTA C Pa3HBIMH XapaKTePHCTHKaMH, apaMeTpamMu Kosebanuii,
CenuHUECKUMH Il KaKJIO0r0 YHKTa CEeHCMHUeCKHX HabJIoAeHuH.
C Touky 3peHHs aHaaM3a HHGOPMAIHUH O NMPOXOKAEHHH CHIHAJIOB CAOXK-
Hasl popMa ceficMHYeCKHX BOJH SIBISETCS ONMpelesIomen 11 U3y YeH s
MeXaHU3Ma 3eMJIETPSICeHHST H CTPOEHHsST 3eMJH.

3) Koporbie aBukeHus

Ha ocHoBaHHU ~BEMOK JI0 H TOC/E 3eMIeTPsiCeHHH HHOFAa OGHApy-
JKUBAIOT, UTO TOBEPXHOCTh [PYHTA INpPeTepHeBacT NepeMelleHHst 110
060HM TOPH3OHTaJAbHBIM ¥ BePTHKA/JAbHOMY HAMpaBJeHHAM Ha GOJBUIONH
mromanyd. EcaM cheMKy yJIaercsi BBIIIOJHHTb HENOCPEIACTBEHHO Iepej
3eMJIETPsICEHHEM M cpasy rocse Hero, TO MOXKHO OlpeleJHTh TOUHBIE
M3MeHeHHs, Bbl3BaHHBIE 3emileTpsiceHHeM. OnHako B OOJBIIMHCTBE Y-
yaeB TaKoe CPaBHEHHE YJaeTcsl NPOBECTH Ha OCHOBAHMH CBEMOK 3a-
JOJITO IO 3eMJETPSICEHHS U CPa3y NOCJe Hero, IO3TOMY He OUeHb SICHO,
BHI3BAHBL JIH TaKUe U3MEeHeHUSs TOIbKO 3emjerpsceHHeM. TeM He MeHee,
NO-BHIUMOMY, BECbMA BePOSITHO, UTO 3eMJeTpsiceHde OTBETCTBEHHO 3a
3HAYUTENBHYIO UACTh HAGJMIONAEMBIX NepeMelleHHIl.

Metonpl uaMepenusi nepeMelieHHH 3eMHOH KOPBI BKJIIOYAIOT B Ce0s
HPEIU3HOHHYIO TPHAHIYISIHIO ¢ HCIOJL30BAHUEM TPHAHTYAAIMOHHLIX
CTAHIMH M NPENH3HOHHOEe HHBEJHPOBAHHE C HCIIOJb30BAaHUEM pErepoB.
OnHaKo 3TH METOAbLI MOTYT OBITL HCII0JIb30BAaHbL HE BCET/a U B Psje cy-
uaeB JOMOJIHAIOTCS HeNPEePhIBHON perucrpanieil NoAHATHSA U OTyCKaHH S
GeperoBEIX 30H NpPH MPUJIMBAX M oTaHBax. Kpome TOro, B mociegHHe
TOJBI JJIsT exKeIHeBHBIX HaGMI0AeH!H HAUMHAIOT NPUMeHATh 060Dy AOBaHHE
00 H3MEepPEeHHI0 HaKJAoHOB M jedopmauuii 3emHoll Kopel. OHO cOCTOHT
M3 TPYNINB TPEX B3aUMHO I[epeceKalolIuxcs TOHHeJel, 060pyA0oBaHHBIX
HakKJOHOMEpaMH B Buge TPyO ¢ BoZoH nynHO# okojso 30 M M 3KCTEH30-
meTpaMi U3 Tpy6 C paciaBjeHHBIM KBaplleM. Pe3y/bTarhl H3MepeHUH
¢ IIOMOMIBIO TaKMX TPUOOPOB IMOJE3HbI AJsI OnpeleseHHA BHe3aNHbIX
U3MEHEeHUH B 3eMHOH Kope, I103BOJSIOT PErHCTPHPOBAThL H3MEHEHHS
YIJOB HAKJIOHA C TOYUHOCTBIO JO MHUHYTHL M, TaKuM 0o06pasoM, cayxkKar
pellieHHIo 3a1ay N0 MPOTHO3Y 3eM/IeTDPSICEeHHH.

Kak nokasblBalOT 3eMJIETPSACEHHUS MOCAEJHHX JeT, ABHKEHHS 3eM-
HOIl Kophl HauboJjiee 4acTo NPOSIBASIIOTCS IPH 3eMJETPSCEHHSIX ¢ He-
rayGOKMMH THOOLEHTPAMH, SHEPTHSI KOTOPBIX TIPEBBILIAET OlpejeleH-
uolit npegea. Ilonarawor, uro anasa semderpsiceHust ¢ IMyOHHOR oyara
meHee 20 KM 3TOT IIpefie] paBeH npuMepHo 1022 spr.

Iast semaerpscennit B SlnoHuu oGHapy:keHo, uto GOMLIIKE, UeM Ha
cyllle, TepeMelleH st NOBEPXHOCTH npoHcxonsT B mope. Ciayuau 3ape-
CHCTPHPOBAHHLIX TMepeMelleHHHl Ha CYIe pPacCMOTPEHBI HHXKE.
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Puc. 1.7. Jipuxenust seMuofl KopH npH 3eMierpscenun Kawnro, 1923, Boabmnsmi
magpaMi ¥ KOHTYDHBIMH JIHHHSIMH NOKA3aHBl BepTHKaJbHBlE NMepPEMElieHUs] B MeT-
pax, nudpamMu Y CTpesKaMH NOKa3aHbl OPH3OHTAJbHBIE IEPeMEIleHHS B MeTpax

1) emaempscenue Karnmo. Ha puc. 1.7 nokazaHbl TOpU3OHTAJbHBIE
H BEPTHKAJbHBIE TlepeMellieHHs] TOBEPXHOCTH 3eMJH, COMYTCTBOBABLINE
semaerpsicento Kauro, 1923. Kak BugHo U3 pucyHka, B pasHnix paio-
Hax TOPH3OHTAJbHEIE nepemeleHns coctapasau or 1 go 3 M. Ilo Bep-
THKaJu Oeperosasi nuuust 3anuBa Caramu M 10XHas 4acTh NOJYOCTPOBA
Boco nopusace, a maccus r. Tanzasa onycruncs. Ha woxHO# yactu no-
ayoctpoa Boco naGmopnaiorest ciienbl HeCKOJNbKHX NOAHATHIH, HMeB-

Puc. 1.8. Mopusitue o, Apacuma B6ansu SHHLEeHTpa 3eMJaeTpsicenust Huurara, 1964
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IIHX MECTO B TIPOIUJIOM, U JBHXKEHHSI TIPYHTa IIPH 3€MJETPACEHUH
Kanto uMesH Te e HANpPaBJeHHs, KAK H PaHblIe.

2) Semaempscenue Huueama. Tlocne semnerpscenus Huurara,
1964, B pafione ocrpoBa ABackma, HaXOAHMBIUEMCS B SMHUEHTPaJbHOH
30He, HaGmogasoch nogHaTHe cyun ot 0,8 po 1,5 M (puc. 1.8). Opuen-

Talys 3THX NOJHATHH coBla-
M I Jajna 10 HalpaBJIeHHIO C ABH-

Wi o
+1,0 W \ JKEHHAMH 3€MHO#  KOpBl TIPH
Ny
+05

psiie NpOIIeAIIHX 3eMJeTpsice-

X ,

\,\g\Q | HUH.
(9200 ,,, | 3) Semaempscerue Hawnxail.

0,0 - '/ﬁ\gjj —

—Z Ha puc. 1.9 nokasansl u3MeHe-
\ HHS OTMETOK PENePHBIX TOYeK
Komu Moic Mypomo — KQHHOYPA  ya joykHOM Gepery o. CHKOKY,
noABeprIeMcsl  BO3JIEHCTBHIO

Puc. 1.9. lsmenenns B paspese BLOJb 3eMJIeTp ACEHHS Hanxkait, 1946.

103kHOro Gepera 0. CHKOKY HpDH 3eMJeTps-
cenun Haukait, 1946 (nammse g-pa T. Ha- Bepxusas kpusast ykasbiBaer

rata) M3MeHEHHs] OTMETOK, 3aperucr-

pupoBaHHble 32 nepuoi ¢ 1929
no 1947 r., a HUXHSSI— pasHocTh orMeToK B 1895 u 1929 rr. M3 sroro
PHCYHKa BHJHO, UTO B Pe3yJbTaTe 3eMJeTpsICeHHH OKOHEUHOCTh MBICA
Myporo 3HauuTeNbHO nogHsaaach. Kpome Toro, xorst meic Mypoto uc-
IBITHIBAJT HEeNpePLIBHBIH HAK/IOH B I0KHOM HANPABJEHHH, 3eMJeTps-
ceHne 1946 r. BBI3BAJO Pe3KMH HAKJOH B [IPOTHBOINOJIOXKHOM HANpaB-
JIEHHH.

05

4) Pa3zjnombl

Bo BpeMs CHABLHBEIX 3eMJETPSICEHHI HHOTIA BO3HUKAIOT Pa3phiBbI JBH-
JKEHHUH 10 JBYM CTOPOHaM OT I'DAaHUYHOH JIHHWH, OXBATHIBAIOIEH Y3KHil
yuactok cyuwH. IlnockocTs paspriBa B hopme MOJOCH HA3BIBAETCS pas-
JgomoM. PaszsioMmbl, npuBojsiiive K JMUCJAOKAIHSM B TOPHU3OHTAJLHOM
HanpaBJeHun, Ha3LIBAIOTCS TOPH3OHTAJNLHBIMH pasJjoMaMu, a MPH JH-
C/IOKaIMAX B BEPTHKAJbLHOM HAlPaBJCHUH — BEPTHKAJIbHEIMH PasJio-
MamH. HexoToprle pasnoMel BEIXOAST Ha MMOBEPXHOCTD H XOPOLIO BHAHBI,
IpYrye NpoOHCXOAAT HA IMIyOHHE W He BBHIXOAST Ha [IOBEPXHOCTh IPYHTA.
Hx naanune MoxeT GLITL OOHAPYXKEHO TOJBKO IMOCJE MPOBEIEHUST [€0-
nesndeckux cbeMoK. Pasnom I'omypa, BHI3BaHHBIH 3emjeTpsiceHHeM
Kura-Tanro, 1927, saBnsercsd npuMepom pasjoMa IepBOrO BHAA
(puc. 1.10), a pasaom Dykyu mnocne DyKkyHCKOro 3eMJeTpsiceHHS
1948 r. — npumep pasjoma BTOporo Buia. B rtaba. 1.4 mepeuncreHbl
camble GOJIBLIME PA3JIOMBI TTOcae psjia CHIbHBIX 3eMJIETPSICEHHI Ha Tep-
puTOpHH $lnoHHH.

JIJIHHa H pacprlme pasJioMOB, KakK IIPaBHJIO, ONpPENEJsIOTCH Mar-
HHTYJAMH 3eMJeTsICeHHH:

g L =1,32 M — 7,99, (1.2)
lgD = 0,55 M — 3,71, (1.3)
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rae M — MarnuTyna semjeTpscenus; L — anuna pasnoma, &M; D — packpwi-
THE paSJIOMa, M.

PasJjioMel, NoOsIBUBIIMECH B pe3yJbTare 3eMJEeTPSICEHHH, MOIYT ObITh
cJeCTBHEM BHYTPEHHHX pAa3pbIBOB, KOTODLIE ABJSIOTCS NPHYMHAMU
3eMJIeTpﬂceHHfI, HJIH npousoﬁTH BJIOJb OCNAa6JAEHHBIX IIJIOCKOCTEH MOpos

1

Puc. 1.10. Pasnom Tomypa, BeisBauHbif 3emierpsicenneM Kwura-Tanro, 1927

BGJMH3M M B MeCTax IPaHHIl HEPAaBHOMEPHHIX IBH:KCHHMH MAacCHBOB IO-
POABI, KOTOpHIE CONPOBOXKAAIOT 3eMaerpsicenus. Ilostomy cuuraror,
4TO pacrosiokeHye PasaoMOB, IPOUCXOAIIMX BO BpeMs 3eMAeTPsICeHHH,
CBSI3aHO C TaK HA3bIBAE€MBIMHU Ie0JJOTHYECKHMH paspeIBaMy (pasiomam),
00pa30BaBIIMMUCS B IeoJIoTHUeCcKHe 3N0XH. DoapnmucTBo ceficMuuec-
KHX PasJioMOB B SINOHUM pacno/oxKeHo BOIb Te0JIOTHYECKHX Pa3pbIBOB,
CBSI3aHHLIX C JBHKEHHSIMH B YeTBEDTHUHOM II€PHOJE HJIH I[OCJAe BTOpoH
HOJIOBHHBL 3TOTO Tepuoaa. Tem He MeHee, MOCKOJBKY PasfoMbl OGBIUHO
UMEIOT ONPeLeIEHHYI0 KOHEUHYIO IHPHHY H 06pasyloT 30HB! PasJjioMOB,
JBHIXKCHHS] B HUX Heo0s3aTeJIbHO [IPOHCXOAAT IO OAHHM H TeM JKe ILJIO-
CKOCTSIM.

[eonoruyeckue HAGMIOAEHNS IO3BOJISIIOT Y3HATH, KOTAA U Ha KAKYIO
BeJIUYHUHY NPOU3OLLIM NOJABHXKKH B JaBHO 00DPa30BaBIIMXCA pasjoMax.
CorsiacHo 5THM HaGMONEHUAM, OGBHIYHEIE CKOPOCTH CKOJIbKEHHS! B Pa3-
Jgomax B Slnonuu pasHel 1—10 MM B rojf AJ1s FOPH3OHTANBHBEIX PasJo-
MOB M 2—3 MM B Troj—B BepTHKaJbHbIX pa3anoMax. [Ipuyem Takoe
CKOJIbJKeHHE NPOHCXOJUT PABHOMEPHO B TeueHHe, II0 KpaiHell Mepe,

MJAH. JieT u 100 ThiC. JIeT COOTBETCTBEHHO /ISl FOPH30HTA/JbHBIX H
BEPTHKAJbHEIX Pa3JIoOMOB. JTa MOABHKKA B FOPH3OHTA/IbHBIX pasjoMax
[IPOMCXONHUT TONBKO BO BPEMsI 3eMJIETPACEHHH, a cpeayu BepTHKAAbHLIX
' PasoMOB cylecTBYIOT TakHe, B KOTODBIX MeJVIEHHBIE ABHIKEHHS IPO-
HCXOnAT faxe B OGBHIYHBIX YCIOBHSX.

JlBuKeHus 3eMHOl KOPHI B OOLIYHOE BpEMs! MOI'YT HMETh TO Ke Ha-
lpaB/enue, 4TO U B MePHOl 3eMJIETPACEHHH, HO MOTYT MMeTh H 06paTHOe
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Tabauma 1.4

Pﬂ3JlOMbl, Bbi3BaHHbie 3eMJeTPsACCHHAMH

MakcuManbHoe mepe-
MellieHue, M
3emneTps- Ton Paszom Pacnosoxe- Huna,
CeHue HHe KM
TOPH30H - BEPTU-
TanbHOE KanbHoe
Ho6u 1891 Heonann | KaraGupa,
Kaunraun-
Muzopu,
Moto3yran 50 4 6
Kanuro 1923 Camypa n-08 Muypa
Dumos n-oe Boco 1
Kura-Taunro 1927 ToMypa Amuno-Mu- 15 2,3 0,5
HesMa
SImaza Houyuys-
Wsartaku 10 0,8 0,7
Kura-Hny 1930 Tanua Tamupo-
YKuxacu 23 2,4 0.6
Torropu 1943 HMommoka | HMownoxa- 4,5 0,9 0,5
Hozaxka
Mvxano CeBepHas
yacThb
r. [06o-Ky-
YHXOCOMH 8,0 1,5 0,25
Mukasa 1944 Pykony Muscako-
3auB Art-
cymu 9 0,5 2,0
Dyxyu 1948 Qykyu Dyxyiickas
paBHHHa 25 2,0 0,75

HanpasJ/enue. Hanpumep, ckoabxkenne B pasiome Can-Angpeac
B OObIYHBIX YCJIOBHAX COBNAfaeT 110 HANPABJIEHHUIO C IBHKEHHSIMH NPH
3eMJIETPACEHHUsX, a NOBBILIEHHe YPOBHSA Mbica Myporo GbulO Hampas-
JIEHO NPOTHBOIOJIOKHO ABMXKEHHUIO NpH 3emaerpsicennd Hankai. Tem
HE MeHee M3BEeCTHO, YTO HanpaB/ieHHe NMOJABHMIKKH HPH 3eMJIETPSICEeHH-
X COBNAJA€T C HalpaBJeHHeM JBHKeHUs] 3eMHOH KOPHI 3a JJIHTENb-
HbIH [1€PHOJ BPeMeHH.
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5) Ilynamu

LlyHamMu — 3TO MOPCKHE BOJIHHL ¢ GOJIbIUOH AJMHOH BOJIHBI, KOTODHIE
3aTOIIAIOT NPHOPEKHBIE PalOHBI, KOrja Ha jHe MOPS BO3HHKAIOT BO3-
MymleHHS. ODTH BOJIHBI 3aTYXalOT MENJIEHHO M PaclpoCTPaHSIoTCs! Ha
Goibline paccTosinust. OTMedeH cydai, Korja BOJIHa [yHAaMH, 3apOHB-
[masicsl mpM 3emyeTpsiceHud v GeperoB Uuam, Ha ciefyoWMd geHb oG-
pYLIHJIACch HA THXOOKeaHCKoe Nobepexnbe SIMOHHH M NMPUYMHHJIA TsKe-
Jible TIOBPEXJIEHH .

BrlcoTa BOJTH IyHAMH ObIBa€T Pa3/jHYHOH B 3aBHCHMOCTH OT KOHOH-
rypauuu GeperoBo#t Jiunuu. B mectax c onunakoBoi gopMoit Gepera BbI-
COTA BOJIHBI HE CJIMIIKOM 00JblIasi, OJHAKO Ha NoGepexbe ¢ GOJBIINM
KOJIHUECTBOM HEPABHOMEPHBIX NPENSTCTBUIH BOJHBI, CPABHUTEJNLHO He-
BBICOKHE B YCTbE 3aJIHBa, MOTYT JOCTHUb BHYTPH 3aJMBA IPOMagHOH
BLICGTHI. CYUMTAIOT, YTO 3TO HAIOMHUHAET SIBJCHHE cedllieH, H cTerneHb
yBeJHYeHHs BEICOTHI BOJIHBI Onpeje/isercsl Tonorpadued 3ajupa U AJIH-
HOH BOJIHBI LLYHAMH. ¥ CHJIEHHE IlyHaMH ¢ HeGOJbIIoH JJINHOH BOJH H BHI-
COKOH uacTOTOH HabJrOfaeTcsi B CPABHHUTENbHO HeGONBIIHX 3aJHBaX,
a IlyHaM¥ ¢ JJIMHHBIMH BOJIHAMH H HH3KOH YacTOTOH-—B 3aJHBaX 6OJIb-
[IOH MJICIIAJH.

ITyts BOJMH LyHAMH BHYTPH 3a/dHBa OLIBA€T OYEHL CJAOXKHBIM H 3a-
BucuT or ero Tonorpaduu. CKopocTs BOJH NPH NPUGIHKEHHH K nobe-
pexblo pasHa npumepuo 10 m/c. Ecau pesbed npubpekHoil 30HHL jocTa-
TOYHO MOJIOTHH, MOPCKAasl BOAA 3aTONJsfET BCIO IJIONAAb, 4 3aTeM, OT-
CTynast, CMEIBAET BCe HA CBoeM nyTH. IIpuuunsemsiil npu 3ToM yiepo
9acTO HEBO3MOXKHO H3MmepuTh. Bo Bpems nynamu Canpuxky B 1933 r.
B OJHO# M3 jepeBeHb Gbiio cMbito 90% Beex fOMOB.

1.5. CENCMHUYECKUE BOJIHbI
1) O6bemMubie BOJMHBI

Oueprusi, BEICBOGOK aeMast B I'NyGHHe, PACOPOCTPAHSIETCS 110 3eMJIe
B dopMe Kojie0aTeJbHOTO ABUIKEHW, NOCTUTash moBepXHocTH. B caoax
IPYHTa MOTYT NEPEAABATHCS ABa BHJA BOJH Pa3HON NPHPOJLI—IPOAOIb-
Hble ¥ nonepeunble. [Tpu npoxoxkaeHu NPONOALHBIX BOJH HANMpPaBJIEHHE
ABHXKEHHA YACTHI FPYHTA COBIIAAAET ¢ HAlIPaBJeHHEM ABHKEeHHS QpoHTa
BOJIHBI, 8 CKOPOCTb HX PacHPOCTPAHEHUS PaBHA:

«l/ E(l—0) (1.4)
p(1+0) (1—20)

e E — moayae Onra; o — xoaddumuent Tlyaccona 1t p — naotiocts.

Ilpu pBukennu nomepeuHblX BOJIH HanpaBJeHHe JBHKEHHS YaCTHIL
TPYHTa nepneHAUKY/SIPHO HanpaBJCHHIO (POHTA, a CKOPOCTH PAaclpo-

CTpanenusa pasHa:
T E
vs—]/———2p(l+c). (1.5)
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TaGauuma 1.5

CxopocTH pacnpocTpaHenns nonepeuHbiX BOJIH B MATKUX TPyHTaxX
(nanuble n-pa W, Omoro)

Onncanue rpyHTa Cxopoctb, M/C
ITecox 60
Hacumuoft rpysT 100
CYIJIMHOK 100—200
I'nnna 250
'paBuil ¢ npumecsiMu necka 300—400
Braxkabli necok 340
I'pasnit 600
Tperuunble mopos: 1000 u Bbimme

O6wuHo npuuumaror 0 = 0,25, uto paet vp/vs = 1,73, OpHako Ha-
TYPHBIE H3MepeHHs JAlT BeauuuHy 1,67 /s NOBEPXHOCTHBIX 3eMJle-
Tpsicenu#i u 1,78 a9 rayGoKoQOKYCHBIX 3eMAETPSICEHHH B SIIOHCKOM
paiione Kungu, a Takxe 1,67

g% JU1sT 3emJteTpsiceHuit BOJH3 Ka-
0 o8z sndopHun. Bemnunna 1,67 co-
i ‘ % OTBeICTBYyeT 3HAUEHHIO O =
- [) [

200 e = 0,22. .
0 HERP ] Crpoende 3eMHOH KOpPHI He-
x 60 ; o OJHOPOAHO, M CKOPOCTh pac-
A== H IPOCTPAHEHHS  CEHCMHUYECKHX
T 0HA ! ”
x BOJIH BO3DacTaeT ¢ rJyOHHOH.
= g B jgemoBuanpHBIX M aJIo-
BHAJILHBIX OTJIO’KEHHSX Ha II0-
s BEDXHOCTH 3eMJH  CKOPOCTD

I
12 4680 2 40ﬁ0/fa CYHIECTBEHHO OTJHYHA OT CKO-

Puc. 1.11. Bapuanuu CKOPOCTH momeped- DOCTH B 3aTMTyGIEHHBIX CAOTX.
HBIX BOJII B 3aBHCHMOCTH OT CTEleHH B ra6n. 1.5 TIPHBEACHBL BEJI-
VIJIOTHEHHs] Hjla M MecKa UUHBI CKOPOCTEH, KOTODLIE pe-
V — cKOPOCTb momepedyHod BOAHBL, N — Bejddu- KOMEHJYETCSI IPHHUMAThL B Ka-
ﬁz,ne?{ré;;%léiﬁigmaﬂ CTAHNAPTHEIM HCOBITAHHSM YecTBE CTAHAAPTHBIX 3HAYCHHIT
CKOpPOCTeH MOMepeyHbIX BOJIH.

CKopocTH pacrnpocTpaHenuss B TieCYaHBIX TPYHTAX CYIIECTBEHHO
pasJHualoTcs B 3aBHCHMOCTH OT cTeneHH ux mjaothoctd. Ha puc. 1.11
NPHBENEHBI CKOPOCTH NONEPEUHBLIX BOJIH, H3MEPEHHbLIE B TPYHTE U3 WJla

¥ necka B (OYHKIMHM 3HaYeHHH N M H3MeHsolMecs B juanasone oT 50
10 500 m/c.

2) HNoBepPXHOCTHBIE BOJIHDE

B6mu3n™ nopepXHOCTH 3eM/IH pasMyaloT KoJeGaHHsi TPYHTA, KOTO-
phie NPOSIBASIOTCS TOABKO B OBEPXHOCTHBIX CJIOSIX H GBICTPO 2aTyXaloT
B GoJstee ra1yGoKuX caoaX. OHH Ha3pIBAIOTCS IOBEPXHOCTHBHIMH BOJIHAMH.
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[MoBepXHOCTHASI BOJIHA, BO3HHKAIOWAS B OJHOPOJHOM TpYHTE, Ha3hi-
paercd BOJIHON Penest 110 HMeHH oTkphIBLIero ee Jopiaa Peaes. B stom
c/1yyae YaCTHUBL TPYHTA NPH JBUIKEHHH OMHCHIBAIOT 3JIHIC B BEPTH-
KaJbHOH INIOCKOCTH, MapasulejbHOH HanpasJeliHlo pacnpoCTPaHeHH s
BOJIH, TpHYeM O6oJbllasi Ochb 3JJ/MICA HanpaBJ/ieHa BEPTHKaJbHO, a Ma-
nasi — ropusoHTasbHo. CKOpocTh pacnpocTpaHenust BonH Penest uvg
HeCKOJIbKO MEHbBIIE CKOPOCTH Us W 3aBHCHT oT Kosdduiuuenta Ilyacco-
ga. Ecian

VrlUs =ky, Ur/Up=ky, (1.6)
1O k, ompeiessieTcsl CJACAYIOLIUM YPaBHEHHEM:
gyt 2o L (1.7)
8 1—0 1—o0

Ec/iu Takke U — FOPU3OHTAbHOE NepeMelleHue (HampaBjJeHHe BOJHBL
CUNTAETCS TONOXKHUTENbHBIM) H @ — BEPTUKAJbHOE NepeMenienue (ro-
JIOXKHTEJIbHBIM [IPHHSATO HANpaBJ/eHHe BBEpPX), TO

u=sin2mn (%—LM_._%_ exp (*—231; Vite 2 >+

L 2)/T—k2 YL
+ i exp <~ o) 1—F3 i)} (1.8)
Vi—k2 L)’
t X 2 / y <
= Lo XN 2 ) o0 VN ey A
w cos?n(T L){2_k% exp( a) 1 —k} L)
i—exp (— 2} T— k32 1.9
exp (—2a) T— %1 1)}, (1.9)

rae { — Bpemsi; T — mepuon; L — jJiHHA BOJHBI, X — pPacCTOsiHIE MO TOPH30H-
TanH; z — TayOHHA (MOJMOKUTENbHEIM IPHHATO HallpaBJeHue BIIH3).

IMocne BeimoHeHus1 pacyeToB npu ¢ = 0,22 nosyuus
vr=0,914 vs, vRr=0,547 up, (1.10)

4 aMIVIMTYAbl BOJIH yKaszauel Ha puc. 1.12. Kak BHaHO H3 pHCYHKa,
aMIVIUTYABL ¢ TJYOHHOR YMEHBIIAIOTCsI, IPHUEM 3TO CHUMKeHNe 0COGeHHO
3HAYNTEJNbHO 110 Mepe YBeJHueHHs! dacToThl. JIOCKOMLKY 9TH BOJHBI
pacnpocrpaHsiloTCs B ABYX HanpaBjeHHsIX M MeHblle 3aTyXaloT ¢ pac-
CTOSIHMEM, 4eM BOJIHBI, PAcIpPOCTPaHsIOLINeCs] B TpeX HanpaBJeHHsX,
OHH MOTYT IPOXOAUTb GOJIBIIME PACCTOSHHUS.

Bouiebr Pesiest BBISBIBAIOTCST NPOAOJBHBIMH H IONIEPEUHBIME BOJIHAMH,
HCXOAAIMKUME U3 runoienTpa. OgHAaKO OHYU MOPOKAAIOTCH He BOAU3H 311~
lenTpa. Paccrosinie or SMHIEHTPA, TA€ 3TO NPOHCXOAUT, GOJbLIe MH-
HUMaJIbHOTO M3 3HAYEHUH Sp H Sg COOTBETCTBEHHO JJIsI MOBEPXHOCTHBIX
BOJIH, NOpOKAaeMBIX NMPOAOJBHBIMI H IIONEPEYHBIMH BOJHAMH:

v Y
Sp:-——;_ﬁ_—é‘ d, SS:_,‘_%T d, (1.11)
Vvp—} ) v —o}
gﬂ§5dd— riy6una runouentpa. Ipu 6 = 0,22 stu Beauunns pasHs 0,65 d u
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3) 3asucumoctH Bpema — paccrosiHue

IMockonbKYy 1451 pacnpocTpaHeHHsi CeHCMUYECKHX BOJIH Tpedyercst
3HAUYUTE/ILHOE BPEMs, N0 MePEe YBEeJHUEHHS DPACCTOSIHUSI OT SMHLEH-
Tpa KoJle6aHHs HauHHAKOTCS B 60Jlee 03 HHE MOMEHTH BpeMeHH. DBruio
o6palleHo BHHMAaHKME Ha COBOKYIHOCTH OTHEJbHBIX CTagHil Habmogae-
MBIX SIBJA€HHH W HCCIEHOBAHBI COOTHOUIEHHH MeX]Y BpeMeHeM IOSIB-
JIEHHsT BOJIH ONPEJEJIEHHOr0 THIA | PAcCTOsiHHeM OT smiueHtpa. 3a-
BHCHMOCTH SMHUEHTPATBHOTO PaccTosiHis (KaK och abellice) OT BPEMEHH
BO3HHKHOBEHHS Pa3HbIX BOJIH (KakK OCb OpJHMHAT) HA3bIBAIOTCA AUArpaM-

80r
701
60

Bpemn, cex
3

10
1 | 1 ! 1 -l
100 200 300
Pacemognue, kKM
Puc. 1.12. AMMIATYAB TOPH30HTAJIb- Puc. 1.13. Xapakrtepuwii rogorpad
HOE M BepTHKaJbHOH BoaH Pejes, on- (uarpaMma BpeMsi-paccTosHue)
peleJieHHElE ¢ JIOMOIILIO BHIPAXKEHHUH 1 — Bonun P; 2 — Boxsbl S

(1.8) u (1.9) npu 6=0,22

Mamy, BpeMsi—paccrosHue uad rojorpadamu. Marub xpusbx Ha
puc. 1.13 yxaspiBaeT Ha CYIIECTBOBAHHE IUIOCKOCTH pPaspeiBa B CKO-
POCTSIX pacnpocTpaHeHHs BOJH Ha IJyOHHE M 3Ta XapaKTepHCTHXa HC-
N0JIb3yeTCs AJIST U3YUEHHS] CTPOCHHS 3eMJIH.

1.6. PETUCTPALLUSI CENCMHUYECKHX KOJIEBAHUHA

Jlns neficTBHTEJbHO HAYYHOTO aHaj{3a INPOIECCOB CEHCMHYECKHX
KoJeGaHHH KpaiHe HeoOGXOAUMbl HHCTPYMEHTAaIbHbIe H3MepeHHs. Peru-
cTpauus semaeTpsicennii B SINOHHM Hayalach B paHHeM nepuone Meiin
(1868—1912) ¢ opranusauueit rycrofi cetn cranuuii. OnHaKo B CBSI3H
C HEeCOBEPIIEHCTBOM PErHCTPHUPYIOWUX NPUGOPOB CHIABHBIX JIBHIKEHUH
olyUIaJCcsi HEIOCTATOK 3anicell CHJBHBIX JABHXCHHH, HEOGXOAMMBIX
A8 UCMOJIB30BAHHS B TeOPHH ceficMocToiikocTH coopyxennit. C
1952 r. pasBepHyJach paboTa IO yCTaHOBKE aKceJeporpagoB CHIBHBIX
JBHXKEHHH, CIOCOGHBIX perucTpupoBats yckopenust go 1000 gal, n B
HacTosiniee BpeMsl npumepHo 600 TakMX KOMINIEKTOB YCTAHOBJIEHO IO
Beeil cTpane. 3alHCH, NOJNYYeHHBle ¢ NMOMOIILIO ITHX axcejeporpados,
exxerofHo NyGaukylorcss KomureroM no perHCTpalliH CHJBHBIX Ceii-
CMHUECKHX JABHKEHHH.
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Takue akceneporpadbl YCTaHOBJEHBI HE TOJIBKO Ha MOBEPXHOCTH
rpyHTa, HO M Ha coopyxkenHsax. Takum o6pazoM, HENPepLBHO OCYIe-
cTBJAsIETCS] HAKOIIeHHe LeHHOH nHdopmauuu. TeM He MeHee HeoGXoiH-
MO TNIPEANPHHATE YCHJHS AJs PeTHCTpalMH APYTHX NapaMeTpoB, Ha-
npuMep, neopManyil HECYUHX 3JEMEHTOB CCOPYXKeHHH, a He TOJNbKO
KOMITOHEHTOB CeHCMHUeCKHX KoJeGaHHH.

OCHOBHBIM HHCTPYMEHTOM CEHCMHUECKHX HaOMoleHul siBJISeTCH
ceiicmorpad.

Tlpunuun ceficvorpada 3akaiouaercsi B npHBeJEHHH HEKOTOPOTo
Tesia B KoJlebaTesIbHOE IBHXKEHHE, OTJIHUHOE OT KoJeOGaHHH 1OBepXHOCTH

Puc. 1.15. Cxema tunosoro ceilcMorpada

Puc. 1.14. Ceficmorpad) BepTHKa/JbHHX KO-
JeGaHui :
! — ocHoBaHue; 2 —rpy3; 8§ — npy:KuHa; 4--
Aemndep; 5 — mepo wuiuw Hraa; 6 — pbluar; 7 -—
GapaGaH

TPYHTa, U PerucTPalyd OTHOCHTENBHBIX TlepeMellleHHil MeXAY 35THM
TEJIOM H IOBEPXHOCTBIO rpyurta. KoseGanusi rpyHra 3ateM onpenedisi-
IOTCS TEOPETHYECKH IO Pe3ysabTaTaM HHCTPYMEHTasbHEIX 3aluced.
Ceficvorpad /151 perucTpauuy BePTUKAJLHOR COCTABJASIOUEH KoJe-
Ganuii nmokasan ua puc. 1.14. Ecau rpys nojsemeH Ha NpyKHHE K

. CTEPXKHIO Ha IJINTE OCHOBAaHHA, OH 6y1IeT KosefaThbesl 110 34aKOHY, OT-

JAUYHOMY OT JABHXKEHHSI OCHOBAHHS, B CBSI3H C YNPYTOCTBIO NPY2KHHBL
IIpu nepuoge koseGauuii OCHOBAHHS HAMHOTO MEHBINEM, ue€M MePHOL
COGCTBEHHBIX KOJeGaHHH MasiTHHKA (COCTOSIIErO H3 IPYKUHBI H IPY3a),
Tpys Oyner coBepliaTh MaJble KoJieOaHHs, KaK NMPH TONBITKAX packKa-
YaTh TSKeNbIH O/BeLUeHHBIH KosokoJ. Bpamaiomufics Gapaban ¢ Gy-
Marou nJisi perucTpalMi IPHBOAMTCS B JBHIKEeHHe C PaBHOMEPHON CKo-
POCThIO.

Hockonbky Gapaban ycTaHOBJEH HA CCHOBAHHH H COBEpLUIAET OJHU-
HaKoBHIEe ¢ HUM KoJeGaHus, COeIHHEHHOE ¢ IPY30M Nepo, Kacasich 6apa-
6ana, GyzeT 3anuCHIBATH OTHOCHTENbHbIE nepeMelleHds] OCHOBAHUS H
Tpysa. /151 nosiyuenust 4eTKo Pa3IUYUMON 3amucH HeOGXOAUMO HCIOJb-
30BaTh NpHCnocobieHue 1151 yBeJHYeHHs. DTO JOCTHTAETCS ¢ MOMOLLBIO
Pbluara, a pennunna YCHJICHHS OIIPeJe/IsieTCsl H3 TeoOMeTPHUeCKHX COo-
OTHOWeHHH. Eciu masTHHK Jerko Koaebiuercs, To aMIUIUTY Bl OYIyT
TPYAHO pasfusuMel, 0 AJ1s UX YMEHBILIEHUST HCIOMb3YeTest geMndep.
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Cxema ceficmorpada nokaszana xa puc. 1.15. Coortnomenne mexzy
KOJIeOAHHSAIMH MasiTHHKA M TPYHTa ONpPeleNsercst CAeaylomumM audde-
PeHIHANLHEIM ypaBHEHHeM: -

d?x dx dy
m- c —-+kx=—m , 1.12
de? T dt + dez ( )

rie m — Macca MasgTHHKA; X — MepeMelleHHe MasgTHHKA OTHOCHTENBHO TPYHTa
{(perncrpupyeMoe nepemellenne); ¢ — Kod(pHLHEHT 3saTyXanus; k — xospdu-
IHEHT KEeCTKOCTH NPYXKHHE; ¥ — NepeMelllelHe MOBEPXHOCTH TPYHTA.

B stom chayuae, HejleMn(upPOBAHHBIA NEPHOA COOCTBEHHBIX KoJe-
Ganuit ceitcmorpada T's 1 mapameTp 3aTyXaHHs /L ONPeLessTIoT st CIeNYIo-
IIAMH COOTHOLUIEHH MU

( mo, e
Ts:zn]/k, h= s (1.13)

Mpeanonaras, yto ceficMuyecKne KoJeOAHHST SIBASIOTCS CHHYCOMAAb-
HOH BOJIHOH ¢ aMIIMTY/I0H Yo 1 nepuogom T,

.2
y=1YoSin—=1, (1.14)
Tg
MOXKHO ONPEeNIUTh aMIIHTYAL CKOPOCTH Uy U YCKODeHHs dg
Yo 2 Yo
Vo=2n -2, ap=4n? Z. 1.15
(1] Tg (] Té ( )
Ioacrasass sty Buipaxkenus B (1.12), nomyuum
d2 x dx Ant gom . 2mt
m ¢ ——--kx == sin
de2 + dt { T Tq
Permienyie 37010 ypaBHeHUS
12l : , (1.16)

Yo T, \2) 2 2
VA e
T Ts
Jlepas yacTh NpPeACTaBJasgeT COO0H OTHOLICHHE aMIJIMTYILI 3aMHCH K

aMIIUTYAE NepeMelleHHs TPYHTa. BbIIOHSs aHaJOrHyHble npeodpa-

30BAHUAA, TIONYUAEM:
Tyg

T,
[x| _ 2nTg , a 17)
Y% / Ty \2) 2 Ty \?
VA e
[x| (Tg/2nT)2 T2

(1.18)

02 - 2
Ve

Ha puc. 1.16 nokazaust sennunsbl |x|/y, npn Ty =1,0 ¢, b =
=0,25—1,0 (a), Besuuunn | x|/ v, npu Ty = 0,5 ¢, h = 0,6-—-2,0 (b)
u Bemuunnbl x|y npu Ty = 0,1 ¢, B = 0,56—2,0 (¢). Kak BuaHo U3
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uc. 1,16, a, orHomenue |x|/y, npu onpesieleHHOM HEGONBILIOM 3HAYCHUH
J npuMepHO TOCTOSIHHO TpH Majbix Beanuunax 7', CresoBatesbHo,
B 3TOM JHanasoHe YPOBEHb 3alHCH IPONOPLHOHAJEH aMIIHUTYAE KO-
ne6anuit rpysta. Ha puc. 1.16, b, B uurepsase, rie snavenmns T,
npuMepHo paBHbl T's, oTHOLIEHHE | x|/Uo NIPH GOJBIUINX K OYTH NIOCTOSIH-
HO W YPOBEHb 3alUCH MPOMOPIUOHANEH CKOPOCTH KosleGaHHi rpyHTa
g sToM uHTepBase. Haxowen, na puc. 1.16, ¢ oTHomenne |x|/ey npu
h = 0,5 npuMepHO IOCTOSIHHO B

uuTepBane nepuopos T, Gojb- ]
mux, yeM 15, U YPOBEHb 3alHCH Yo
NIPONOPIHOHATEH YCKOPEHHIO KO- 10
JeGaHHsl TPYHTa B 3TOM HHTepPBa-
Je. Paccmotpensble Ko3(hduuHeH-
THl TNPONOPLUOHAJNBHOCTH  HA3hl- Ixl
BaroTcs Ko3(dunHeHTaMH YYyBCT- 1
BUTEJIBHOCTH W ONPEJeJsIoTes 00 ¢ 20 405
OTAENBbHO AIS Kaxkjaoro mnpubopa s )
IpH TOYHOH TapHPOBKE Ha BHOPO- Lt ,' 7
cToJIE. Tq, cex

Kaxk BufHO M3 paHee BHINOJ- ]g 6) T.=05cen he05
HeHHBIX nPeoGpasoBaniil, KOTma gy~ 70
HePHOJl PETHCTPUPYEMBIX KoJseba- -4 20
nmii Gosee mau Menee ussecren, N07Y
a CcoGCTBeHHBII TepHON KoJeba- T R
HHIl perucrpupymolero npubopa Tp, cex '
GoJsbllle  TIEPHOAA CEUCMMYECKUX c) 7;1]:0,/&9/(
KoseGannti, npu h npumepro 0,7 Puc. 1.16. HMamenenne perucrpupye-

H3MEPSIIOTCA NEPEMEECHHST TPYH-  Moro mnepeMeileHHS ¥ B 3aBHCHMOCTH
Ta. Korna perucrpupymomuii npu-  or mepuoga T

Gop MMeeT IIepHON, NPUMEPHO

PaBHbIl nepuony KoseGaHui rpyHTZ, @ KOIPOUUMEHT 3aTyXaHust
BBIIlIC KPHTHYECKOTO, UBMEPSIIOTCS CKOPOCTH CeHCMHMYECKHX KoJeGaHHH,
Ilpu coGersenHoM neprome perucTpHpPYIONEro NPHGOPA MeHblue, uem
nepuol KojebGanufi rpynta, u h ~ 0,5 H3MepAIOTCS YCKOPEHHsI ceii-
CMHYECKHX KoqeBGanui. DT npubGophbl Ha3bIBAIOTCS COOTBETCTBEHHO Ceif-
cvorpadamMy  mepememenuit (usu npocTo ceficMorpadawmn), ceficmo-
rpadgamu cxopoctu (Besocurpagamu) M ceficMorpadamu ycKopenuit
(akcesreporpacdamu).

Ha puc. 1.17 noxasann 9JE€KTPOMAaTHHTHEIE celicMorpadul aJs 3a-
IHCH TOPH3OHTaNbHHIX H BepTHKAJbHBIX KoJebanuit. Kaxkabiit npubop
COCTOMT Exs CHJBHOTO Marnwta, Tpys3a, NOAAEPXKUBACMOTO JAHCTOBOH
TIDYXKHHOH, M WHAYKUHOHHON KaTYIUKH BOKPYT rpysa. Ilpu semserpsi-
CEHHU TDPY3 NBHKETCS OTHOCHTEJLHO MAarHUTa H KarylIKa lepecekaer
Marauthoe niosie. ITpit 51oM B KaTylrke BO3HHKAET TOK, NPONOPLHOHAIb-
HEIH YMCJY MarHUTHBLIX CHJIOBBIX JIWHHE, [epeceKaeMblX B eNUHHILY
igecl\)ace:;[‘]; ;Jm f:KOpOCTH llBI/I}{EeHHH MasiTHHKaA. DTOT TOK PerucTpupyercst
oo Ogrpa?e, MaruuTHOH Jenite ¥ T. 1. IlogoGHEIE H3MepHTENbHEIE

JIMYGIOTCS OT MEXaHHYECKHX TeM, UTO B HHX CHCTEMA 3aIIHCH
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HE3aBHCHMA OT H3MepuTeabHOH cHcTembl. IlosTomy He06xozmmou npH
TAPUPOBKE ONpPENEIATh UYBCTBHTEAbHOCTb H3MEPHTENLHOTO YCTPOHCTBA
M CHCTEMBI 3aMHCH COBMECTHO KaK €JHHOTO [eJIOTO.

[Ipu ceficMuyecKHX HAOMIOAEHHSAX € NOMOLBIO 3JEKTPOMAarHHTHBIX
ceficMorpadoB (uanueckue BeJHYHHb], XapaKTepH3yeMble 10Ty 4aeMbIMH
sanucsaMu, OYAyT 3aBHCETb OT BCEX XaPaKTePHUCTHK H3MepHTeNbHOMH
¥ perucTpupymoomeii cucreM. 3aBHCHMOCTH MeXAYy IepeMelleHH MU
Ha 3amHcH ocuuworpaga M IEHUCTBUTENBHBIMH HepeMelleHHsIMH

nepHoJ COOCTBEHHBIX KosleGaHMH MasTHHKA 3/JeKTPOMATHHTHOTO celicMOo-
rpaa (cucrembl rpys—unpyxuna); Ty, — NEPHOL CEHCMHUECKHX KoJle-
GaHHA.

[Tockosbky mepuon koseGanuft ocuunnorpada Ty = 1/30—1/50 c,
OOBIYHO PETHCTPALHIO cefiCMUUECKHX KOMEGAHHH OCYIIECTBJSIOT B COOT-
BETCTBUH C HMXKHell crpoxoit Tabu. 1.6.

3anuch B ceficmorpade MOXKET OCYLIECTBJSITbCS C TOMOIIBIO CTAJb-
HOTO Tepa Ha raajxoil Oymare, NOKPLITOH caxkeH, HIVIOH HA BOLIEHOH

B

Puc. 1.17. DnekTpomMaruuTHble ceficMorpad bt

IPyHTa MOTYT OBIThL NPHOJHKEHHO TIIpeACTaBJeHB B TabaM4yHO# (opme

(cm., manpumep, taba. 1.6).

3jiech NPHHATHL clelyiolye 0603 HaYeHU !

y — JeHCTBUTEeJNIbHOE IlepeMellleHue rpysra; 1, — nepuoj cober-
BeHHBIX KoJeGaHuil OCHHIIATOPA, MOARMHPYIOWEro ocuuitorpad; Ty —

Ta6aunna 1.6

Ceficmorpad
Ocnmnnorpad
Tg<Ts Tg=Ts, h>1 Tg> Ts
. . dy
Ty<T, fya y o7
dy d?y
>1 _ —_
h Y dt dez
dy 4y a3y
T,>T _ _ P
g% 7o dt dee des
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Puc. 1.18. Ceiicmorpad cumbubx npuxkenndi tana SMAC

Gymare, KPacHBIMH UePHHM/IAMH HENOCDEACTBEHHO HA TVIadKOM 6ymare,
BO3JIEHCTBHEM /IEKTPHYECTBA Ha Gymary, otorpadHueCKHMH MeTofaMH
Ha (oroGymare, 3alHCbIO Ha MATHHTHOH Jente. MeTox 3JIeKTpOneyaTu
BHOCHT HeGOJIBLINE NOMeXH B BHJE TPEHHs! H JAeT BO3MOXKHOCTH (HK-
CHpOBaTh Masedlllne KoJieGaHUsSI ¢ BHICOKOH YacTOTOH. 3anuch Ha Mmar-
HHTHOH JIeHTe OYeHb yAoOHA AJIs aHaIu3a Pe3yJbTATOB H, B YACTHO-
CTH, NOAXONUT JI/I5i H3MEPEHHIl C HHXKEHEPHOH TOUKH 3PEeHHS.

Ipu usmepennsix koneGamuii COOPYKeHHH BO BpeMs! 3eM/IeTP IceHHI
TPYAHO 0GecneunTh INOCTOSIHHOE YYacTHe YeJOBEKa, MOSTOMY OBGBIYHO
HCTONb3yeTcst cucTeMa aBTOMaTHUeCKOH perHcTpalii. B aTHX cayuasix
IPUMensoTest craprepsl (myckatenn). B oGBMHBIX yCIOBHSAX perucr-
pupyiomas annaparypa ceficMorpada OTkJIOYeHa, HO OAHOBPEMEHHO
C Hauanom 3semseTpsiceHHs cTAapTep NPUBOXUTCA B NefiCTBHE HepBLIM
CEHCMUYeCKUM TOMYKOM M PErHCTPHPYIOLLHEL npubop BrJouaercs. Ilo-
CKONIbKY OCHIYHO 3emJeTpSICEHHE MPOJOJIKAETCS B TEUCHHE HECKOJb-
KHX MHHYT, peructpupyrouqmii npu6op oTKJIOYaeTCS yepe3 HEeCKOJIbKO

?:HHHYT H coxXpamuseT croccGHOCTH K pafore [P CJAEAYIOLIeM 3eMJIeTp -
H.
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Ilns TaKuX H3MepeHHil legecoo0pasHo UMETh npuGophl, KOTOpHIE
B OGBIYHBIX YCJIOBHSAX DETHCTPUPYIOT CJafbie 3eMIETPACEHHS 1 croco6-
HBI 3aIHCHIBATD CHJbHBIE 3eMJIETPSICEHHsT C MOMEHTd HX BOSHMKHOBEHHS.
C oroli uenblo paspaGoTaHbl NPUGOPEL, B KOTOPEIX ABTOMATHHUECKH
U3MEHSIeTCsl UX UYBCTBHTEJILHOCTb NPH NPEBBILLEHIH  3EMJCTPACCHIEM
OIIPEJIEJIEHHOTO YPOBHSI.

B Ta6a. 1.7 npuBeneHsl paboure XapaKTEPHCTHKH pauGoJee WHPO-
KO TpHMeHsieMbIX ceficMorpadoB CHJIBHBIX nemxenuit. Ceitcmorpad
cwIbubx apukennii uma SMAC (em. puc. 1.18) paspaGoTaH U H3TO-
roBieH B Slmonum. Bosbluoe Ko/uuectBO MpHCOPOB 3TOTO THNA YCTa-

HOBJIEHO IO BCel CTpaHe.
Ta6auna 1.7

CragpapTaeii | CTaHAapTHHIH
akceseporpad | ceficmorpad CoBeTcKIit
Axceneporpad | Beperosoit Beperosoil axceneporpad
pi reozesuueckoii| reonesnueckoilt| ¥ AP
cayx6p1 CILIA | caym6er CILA

XapaKTepucTHKA

TMepros coBCTBEHHBIX 0,1 0,001—0,15 10 0,05

KoJeGaHuH, ¢

TeomeTpuyeckoe

yeusnenue

YygcTBUTENb HOCTD 25

gal /mm

CKOpPOCTb NMPOTSKKU 1 1
1—1000 — 25—1000

16 — — —

6ymaru, cM/c
JlnanazoH perucrpanny, 10—1000

gal

Kpome TOrO, HMMeloTCs ceficMorpadrl CrenualbHOro HAsHAuCHHH,
HANpHMep KISl YCTAHOBKH TOJ 3eMJeil MM Ha JHE MOpA. Ouenp BaxX-
HO 3alKTHTb HPHOOPHl OT TPOHHKAHUS TPYHTOBOH HJIM MOPCKOU BO-
xbl B Brard. s sToro pa3paboTanl METOAB! HX TOTPYKEHH: B MACIO.

C TOUKH 3DEHHsT HHKCHEPHBIX HCC/IeJ0BaHNM, CYIIECTBYIOWAS IIpaK-
THKA DerucTpauHu KojeGaHuii OGBEKTOB BO BPEMS 3eMJICTPSICEHUH §IB-
JsieTcs HerocTaToyHok. Yacto HeoGXOAMMO H3MePATh H3MEHEHH A nedop-

Puc. 1.19. Jdunammuecxkuit nedopMoMeTp TMma NpHGOpA KOHCTPYKIHHU Karo

34

Mamuil B CTPOHTE/IBHBIX KOHCTPYKUHMAX, NABJEHHA TIPYHTA, NABJIEHUS
BOJIBI, OCTaTOYHBIC IE€peMeIleHHsT COODYXKEHHH IPH 3eMJIETPSICEHHSIX
u 1. 1. s 3TOrO TaKxe paspaboTaHbl creuyajibHble npubopel. Ha
pHC. 1.19 B KauecTBe NpHUMepa NOKasaH JMHaMHUeCKHH gedopMoMerp.

raaea 2. MHHTEHCUBHOCTb 3EMJIETPACEHHUMA

2.1. HIKAJIbI CEHCMHUYECKOW HHTEHCHBHOCTH

TepMuH «ceHCMHUeCKasi MHTEHCHBHOCTbY NPUMEHSIETCs JJisl Xapak-
TEPUCTHKH CHJIBI 3€MJETPSCEHHS B oOmpejeseHHOM Mecte. IlombiTku
KOJIMJeCTBEHHO OXapaKTePH30BAThb TAKOE CJOXKHOE SIBJEHHE KakK 3eM-
JeTpsiceHHe OJHHM YHCJOBBIM I1aDaMeTPOM COJEPKaT CYUIECTBEHHYIO
BHYTPEHHIO HesloruyHoctb. Kpome Toro, Habmopaercs crpemienue
[pujaTh TEDPMHHOJIOTHH CTPOrOe KOJIHYECTBEHHOE Onpeje/eHHe, IO~
CKOJILKY OIIYIIEHHS 3eMJIETPSICeHUST 4acTO HeonpeneseHHBl. [loatomy
IIKala, OCHOBaHHAs Ha OWIYIIECHHAX JIOfeH, JelaeT HHKeHepHYIO
HHTEPUPETALHIO TEPMHUHOJOTMH HeyeTKo#. [eficTBylomiie B HacTos-
mee BPeMs HIKAJb [IOCTPOGHbI KAK HA WHIKEHEDHOH OCHOBE, TaK M HA
ONMCAHHH OLIyLIeHWH Joje#, a MPH HHTEPIPETANHH KOHKDETHBIX sB-
J€HHH HCMOJb3YeTCs Ta YacTh IIKagbl, KOTOpasi peACcTaBJsercs: Hau6o-
Jee nejecoo6pasHoil. Tem He MeHee, COOTHOILEHHE MEXIY YKA3aHHBIMH
9acTAMH WKA/ILl B HACTOsIIEe BPEeMs JOCTATOYHO XOPOLUO BBHISBJIEHO.

[kana ceficMuuecKOH MHTEHCHBHOCTH, ofo6pennas B 1949 r. dnou-
CKHM MeTeopoJiornuecKuM arentctBoM (/MA) u craBluast cTaHzapToMm
sl OmpejieJieHds] HMHTEHCHBHOCTM 3eMJIETPsICEHUH B SImoHMH, pas-
Eig?’raﬂa C YYETOM OTMEYEHHBIX 0COGeHHOCTeH. DTa MIKajJa NPUBOJHTCS

€.

1) Hlkana ceficMuueckoii unrencusHocTy JMA

0. He omymaercs: peructpupyercs npuéopam, HO He OMyLaeTcs
JIOJIbMY.
HHHL.MEeiHaqHTenLHoe: OIIYIIAETCs. JIIOALMH B COCTOSHHH NOKOSl HJIH
e CKIIIOWHTENbHO BOCHPHUMUHBLIMH K 3eMIICTPSACCHHSM.
e oy ‘-{H}foe. olgymaercs GOJBUWIHHCTBOM JIIOAEH; Jierkoe apefesska-
i IX H SITOHCKHX 3a[BHXKHBIX PelIeTUaTHIX JBEpeH.
CHJIbHc;eIIOCTgTOqHO CHJIbHOE: DPAacKaYMBaHHE JOMOB M CTPOEHHH,
moctp ApebesxkaHue OOBIUHLIX M ANOHCKHX JBepel, pacKaudBaHue
Cyray. APYTHX NOJBEILEHHBIX NPeAMETOB, KoJaeHaHNe KHAKOCTelH B CO-
s oo e IE 10108 1 crpoety onpor:
COCY OB, HarsoiME , MJIECKUBAHHE JKHAKOCTEH U3
) X Ha YeThIpe HSTHIX.
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V. Ouesb cusbHoe: pacTpeckuBaHue wTykatypke Ha creHax, oft-
POKU/ILIBAHHE KaMeHHbIX HaArpoOHi, NOBpEeXAeHHE KHPIHUHBIX Jbl-
MOBBLIX TPY0 M CKJI4ACKHX NMOCTPOEK H3 MECTHBIX MaTepHasloB.

VI. Paspywmnrensroe: obpywenne 10 30% SNOHCKHX JEPEBAHHBIX
JOMOB, MHOIOUHC/eHHble OINOJ3HH TPYHTa H paspylleHne OTKOCOB,
TPElHHbl Ha MOJOTHX yyacTKax IPYyHTa.

VII. OnycromureibHoe: obpyiienne Gonee 30% snOHCKHX Aepe-
BSIHHBIX JIOMOB.

2) Mopuduuuposannas mkana Mepkaaan (MM)

Illupoko npumensiemasi B Cepepoil Amepunxe MoAubULHPOBAHHAS
kana Mepkannu paspaborana B 1931 r. Ilo sToft mikane HHTEHCHB-
HOCTb ompejensierca 12 Gasnamu:

I. He omymaercsi, 3a HCK/IIOUEHHEM HEKOTOPBIX JIHIL, HAXOAAMUXCSA
B 0c060 GJaronpHsITHHX YCJIOBHSIX.

II. Omymaercst TOJIBKO JIIOABMH B COCTOSIHHM IIOKOSl Ha BEPXHAX
sTaxkax 3jaHuil. JIerko nojiBelleHHbIe NPeJMeTH MOTYT PacKaunBaTbCs.

I11. Omywaercss MEOTHMH JIIOAbMU Ha BEPXHHX STazax 3JlaHu#, HO
GOJIBIIMHCTBOM HE BOCOPHHHMAETCH KaK 3eMJIETPsICEHHE. Crosiiyie aBTO-
MAIIMHBL MOTYT CJerKa CKOJb3UTb KaK OT BHOPaluH, CO3/aBaeMOH
NPOXOJSIHM TPY30BHIM ABTOMOGHJIEM. [1poaoJ/IKUTENBHOCTD  MOXKET
GLITH H3MEpeHa.

IV. JInem oluyniaercsi MHOTHMH JIMI[AMH B NOMEINEHHH, HO TOJbKO
uacThio BHe nomelrennii. Ilocyaa, okHa U aBepH ape6esxkar, CTeHbl CKpH-
nsT. BocnpuHEMaeTcss Kak OyATO TsiesblH IPY3OBHK YyAapHJ 1O 37a-
Huto. Crosiye aBTOMOGHIN CHJABHO PacKauHBaloTCA.

V. Oulymaercsi BCEMH JIIOAbMH, MHOTHE NPOGYXIal0TCA. Yactp 110~
CYAB M OKOHHBIX CTEKOJ pa3OUBaeTcsl, MOTYT MOSBJATHCS TPEIIUHEL
B wrykarypke. Heycrofiuksble npeaMeTsl ONPOKHABIBAIOTCH. Huoraa
HABMIOAIOTCS MOBPEXIEHHs TeleOHHBIX CTOJIGOB, AePEeBbEB U NPYTHX
BLICOKHX OOLEKTOB. MasITHHKOBbIE Yachbl OCTAaHABJIHBAIOTCS.

VI. Jlioxu HcHyTadsl M BbGeraor u3 nomemienuil. Tskenas me-
Geslb MOKET COBHIaThCS, B OTAEJNBHBIX Clyuasx IajJieHHe INTyKaTypKH
¥ OMPOKUbIBAHHE ABIMOBBIX TPYO. HesHaunTeNbHble NOBPEXACHHS.

VII. Bce BoiGeraior u3 nomemiennii. HeanaunTe/bHbE MOBPEKACHHU S
3JaHMH, XOPOUIO 3aNPOEKTHPOBAHHBIX H MOCTPOCHHBIX; OT JErKHX IO
yMepeHHbIX B OGBIUHBIX 3JaHHAX U SHAYHTENLHBIE B IIIOXO MOCTPOCHHBIX
¥ HenpaBHJIbHO 3anpoeKTHPOBaHHBIX. [lajeHne JbIMOBBIX TpYyO.

VIII. Psax nospexjeHH#l jfake B 3JaHHsIX, XOPOIIO 3anNpOCKTHPO-
BAHHBIX M IOCTPOEHHBIX. 3HAUMTEJbHEIE OBPEXKEHHS! B OOBIYHBIX 3/~
HHSIX C OGpyILeHUeM HEeKOTOPhIX M3 HHX. CHJbHblE Pa3pyIIeHHs IIOXO
[OCTPOEHHBIX 3faHui. IlanesH cTeH OTAE/ISIOTCS OT 3/IEMEHTOB Kap KacoB.
OG6BaJbl ONHO- H ABYX3TaXKHBLIX MHJbIX JOMOB H 3aBOJCKHX TPYO, OT-
JeJbHO CTOAMMX KOJOHH, NaMsTHHKOB M orpai. Tsikemas meGenb orl-
poxkuapiBaercs. HeGonbune QOHTAHUHKH [€CKa H rpasu. Hamenenne
ypoBHs BOAb! B Kosoanax. ITomexu npu BOXKACHHH aBTOMOGUNEH.
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1X. CyulecTBeHHbIE [OBPEXK/EHHS B 3JaHHSIX, XOPOIUO 3alPOEKTH-

poBaHHBIX H nocrpoeHHbIX. OTPHIB COOPYXeHUH OT (yHAaMeHTOB. 3a-
merHble Tpelunbl B rpynte. IloBpexaenus: noaseMHbix Tpyo.
k. X. OOpyienue JePeBAHHLIX MKHILIX JOMOB, XOPOIIO 3aNPOEKTH-
POBAHHBIX H TOCTPOEHHBIX. BoMbUIMHCTBO KHPIHYHBIX H KAapKaCHBIX
coopysKeHH paspyliaeTcsi BMecTe ¢ QpyHiameHTaMH. TpeIuHEl B rpyH-
Te, BHI3BIBAIONIHE NOBPEKIEHHS 31aHHI. Hckpusaenne penascos. Onosns-
HH OTKOCOB M HaGepexHbiX. IlopnsTae ypoBHS BOAHI.

XI. O6pyuienue NPaKTHYECKH BCEX KHPIHYHBIX 3nanuil. Paspyure-
HHe MOCTOB. TpelIMHBHI NO Bcell mosepxHocTH rpyHra. Ilosnslil Beixoz
u3 CTPOsA IOA3EMHBIX TPYGONPoBONOB. IIpocaiku rpyHTOB M OMON3HH
MSTKHX TOPOJ TPYHTa. 3HAUHTENbHOE MCKDHBJIEHHE DPeJbCOB.

X1I. Toanoe paspymense. BuaHbl BOJHBL, NPOXO/SLIKEE MO NOBEPX-
HoctH 3emid. lsmeHenune tonorpadun mecrsoctd. Ilpenmersr mopGpa-
CBHIBAIOTCS B BO3JYX.

XoTst TOYHOE COOTBETCTBUE MEK/Y AMOHCKOH LIKaMoH 1 Hikajaoit MM

yCcTaHOBUTb TPYAHO, €ro OHYCHb HpHﬁJIH}KeHHO MOZKHO BBIDA3HTL CJIe-
JYIOIIUM COOTHOHIEHHEM

[M = 015 + 1’)511’

rae Iy — mxana MM; I; — wkana JMA.

3) llkana ceiicMuueckoii uurencusHocTH MSK

Henasro p-pamu C. B. Mengeneswm, B. IHnouxotiepom u B. Kap-
nukoM [8] 6bima npeasokena HoBasi ImKalia, H3BECTHast KaK Iikajia
MSK MHTEHCHBHOCTH 3eMmyieTpsiceHHH. B s1off mkane kiaccupukamus
TIOCJIEACTBUH 3eMJIETPSICEHHS OCHOBAaHA HAa TPeX UYETKHX KPUTEPHUSIX:
1) OLLYUIEHHSI JIOZEH M BO3JEHCTBHSI HAa OKPYXKAlOUHE NPEIMeTH,
2) BO3/IEHCTBHS HA 3AHUS PA3THUHBIX THIOB H 3) OCTATOUHBIE ABJEHHS
B IDYHTaX K M3MeHeHHe PeXXuMa IPYHTOBBIX M noj3eMHHIX BoJ. Hannuue
9THX TPeXx pasjenos orauuaer mkaay MSK ot Bcex apyrux mkan. Ona

?.2. CEHCMH'{ECKAH HHTEHCHBHOCTb B HH)KEHEPHBIX 3AJAYAX

1) Murencusnocts 3emJaerpsacenmit,
OnpenensieMas BeJHYMHAMH YCKOPEHHIT

cnsggcef: ngﬁiﬂepOB-promeneﬁ NPHHATO XaPaKTePH30BaTh HHTEH-
Honxs OCHOBaHp:ceHHu BEJIMUHHON MaKCHMAJIbHBIX ycKopeHu#. 3rot
e S ol a NPEANOJIOXKEHNH, UTO BO3JEHCTBUE 3EMJIETL SICEHH S
Yekopommen TaK(}))g)ernﬂ B OCHOBHOM OIIpPEJeJSIETCH MaKCHMaJdbHbIM
Paspymennn' kol noxxof 6oJiee UM MEHEE CIIPABENJIHB NMTPH XPYIIKOM
MHp et ,Olmal}( ocoogyx&enne MOJKHO CYHTATh NIPAKTHUECKH Henedop-
B THOKHE COOPYXKEHHs, TaKHe, KaK TPYO6H, BBICOT-

*" BBICOKHE apOYHble IJIOTHHBI, HEJNb3Sl PacCMaTPUBATh Ha
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b Puc. 2.1. TpaaHuBOUuBIH SOOHCKHH MaMATHHK, COCTOst-
IHH M3 KBaAPATHOIO 1ILI0HA 1A PACLIMPEHHOM KaMel-

HOM IbgjecTtaslc

H — rOopH30HTANbHOE YCKODEGHHE NPH 3eMJCTPSICEHHH, V — Bep-

// THKaTbHOE VCKODElHe, 00YCIOBJISHHOC CYMMOIl YCKODEHHA CH-
Vi Il TKECTH M BepPTHKAAbHON cocraBisioulell CeHCMHYECKOrO

h po3jeficTaust; PP — pesyabTHpYMILee YCKOpeHne

[}
t
i
|
! OCHOBE MaKcHMaabHRIX yckopenuii. Heo6xoxumo
i _’ TaKKe YUMThIBATD YAcCTOTY, NePeMeIleHHs, CKo-
;/ poctd H GopMbl CEHCMHYECKHX BOJH. B nocnen-
_______ HHE TO/Ibl CTPOHTEIBCTBO IHOKIX COOPYKEHHH BCe
P 4 GoJiee paciMpsieTest, U TaKHM 00Pa3oM, Bee s
GOJIbIIIETO YUCIA CAydaes IPHILUIT MaKCHMAJb-
HOTO YCKOPEHHS CTaHOBHTCS HeNPHEMJIEMbIM.
Korja MHTeHCHBHOCTb 3eMJIeTpsiceltil Bhpazkena 4epe3 MaKCcuMailb-
Hble YCKOPEeHHs, HCIOJIb3YeTcss €ro OTHOMICHHE K YCKOPEHWIO - CHJBI
Tsi3KeCTH. ECJIH MaKCHMAaJbHOE YCKOPeHHe NPH 3eMJeTPSACeHHH B TOPH-
30HTAJbHOM HANpPABJEHHH PABHO Gp, TO NPHMEHSETCsS OTHOMIEHHE

/g = kp, @2.1)
a k, HasbiBaercs Ko3(QdUIHEHTOM FOPH3OHTAJBHON CeficMUYeCKOH Ha-
IPY3KH (CEHCMHUYECKHNM Kos(punuenTom). AHaJOTHYHO, €CJAH MakcH-
MaJIbHOe YCKOpEeHHe B BePTHKAJIbHOM HANPABJICHHU &, TO

ag — ky 2.2)

u k, HaswiBaercs KO3(hQHIHEHTOM BePTHKANLHOI ceficMHUeCKOH Ha-
TPY3KH.

TTockoJbKY He gacTo GhIBAET, 4TO ceficMorpadpl sapanee ycTaHasJan-
BaloTCsl B pafioHax, TJe HMEIOT MeCTO NOBPEXEHHs NpH 3eMJETpsce-
HUSIX, HA DPaKTHKE MAKCHMAJbHOE YCKOPEHNE OLEHNBAETCA MO PE3yJb
TaTaM AHAJAM3a TOCAEACTBHII 3eMJIETPSICEHHsT U CTeleHH IOBPEXICHHAA
coopy:Kenufl, KaK M IpH paspadoTke ceficMHUeCKHX IIKaJ (CM. TPeabI-
aylui naparpad). B sTHX cydasx HCHOJB3YIOTCH PE3yabTaThi HSY-
yeHHsl NOBPEXEHHH NaMATHUKOB M [ePEBAHHBIX MKHUJIBIX AOMOB, pac-
NPOCTPAHEHHBIX N0 Beell STIoHHH.

Onenka MaKCHMATBHBIX YCKODEHHH Ha OCHOBAHHM DPAaCCMOTDEHHSA
paboTHl NaMsTHHKA BHITOJHSETCS, KaK MOKA3aHO HHKE. Ecaun npeano-
JOKUTb, YTO CHJA HMHEpIHH, ACHCTBYIOLWAS BO BpeMs MaKCHMaJbHOro
YCKOPEHUs TIPH 3eMJETPSICEHHH, NPIJIOKeHa CTaTHYECKH, TO COOTHO-
[eHHe MEXKALY CeficMHUeCKOH CHJIOH I CHJIOf TAMKECTH B MOMEHT, IIPEL-
JLECTBYIOIME ONPOKHBIBAHAIO NAMATHIKA, TIONY4aeTcst u3 CXeMbl Ha
puc. 2.1, TlockombKy B 3TOM C/lydae pesy/bTHpylollas chja P (pe-
3yJBTAT CJOXKEHHS] CefCMMUUECKOfl CHJbBL H CHJIBI TSXKECTH) NPOXONUT
uepes TOUKY D, mosyuaem

_kng b
g h
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CrienoBaTe/IbHO!
b b
h h * (23)

TakuM 06pa3oM, Ha OCHOBaHHH 00C/IeI0OBAHUS NAMATHHKOB Ha KJaj-
6uie, OnpelesieHHs COOTHOIEHHIT WHPHHBL OCHOBAHHSI K BBICOTE BepX-
Hero KamHs (0ObIYHO CPaBHHTEILHO JJIMHHOTO H Y3KOr0), 110 MaMsT-
HHKaM, He HMEIOLUIHM ITOJBHIKEK, NaMSTHHKAM CO CJejiaMd MOABHIKKH
a TaKKe CMEIEHHBIM H OMDOKHHYTBLIM NaMATHHKAM MOIKHO JaTh 06-
VIO OLEHKY HHTEHCHBHOCTH 3€MJETDACEHHS.

DTOT MeTOJ OLEHKH HHTEHCHBHOCTH 3€MJIETPSCEHHS BIIOJIHE NPHEM-
geM. OfiHaKo, KaK IpaBuJo, TPYHT Ha KJaj0Hmax ObiBaeT Gosee phix-
JIBIM, UeM Ha OKPYzKalollell TeDPHTOPHH, a BeDXHHe KaMHH MOTYT GBITh
He ONPOKHHYTH B CBA3H C ONDeJeNeHHbIM HANPaBIeHHEM CeHCMHYUECKHX
ToJukoB. Cpejir ONPOKHHYTHIX BEPXHHX KaMHell MOIyT GbITh cJayyau
KOTZa OHH CMEMaJHCh BACJL MbeJecTala U JHHIbL 3aTeM onpommbnaaj
micn. B mo6om cydae Takoll Mogxox K PacCMOTPEHHIO OMPOKHILIBAHH ST
HCXOIMT W3 TOTO, U4TO JAHHAMHUCCKHE HATPY3KH NPUHHMAIOTCH CTATH-
YeCKMMH, U TPHUBOAUT TOJLKO K rpyOeIM oleHkam. Clenyer Takke
NOMHHTB, YTO OOKYHO NDH MAa/JIOM NepHOZe COGCTBEHHBIX KoJeGaHuil
KaMHH He 6}’11}”1‘0 JIETKO OMNPOKHJBIBATBCS JlaXKe pH 6OJIbIHI/;X yCKo-
penusix. C Apyroit CTOPOHE!, B C/1yyae JVIMHHBIX NePHOIOB KoJeGaHHil
MOXKET Hab/MoAaTbCsl NIPOTHBOMONOKHAS TeHACHIHA.

Bruio 6p1 y06HO OLEHHBATDL BEeJUYHHE MAaKCHMAaJbHEIX YCKOpeHuk
OpH 3eMJIETPSACEHHAX HA OCHOBE IIKaJ CellCMHYeCKOH HHTEHCHBHOCTH
PacCMOTPeHHBIX B pasjele 2. C 310l nesbio AMOHCKHM MeTeoponom:

Ta6auna 2.1
M
Ilxana JMA axc%l\éizl::xoga%/cl(o- Iixansa MM Mzixugxée:{.r;;}m;a%/cxo-
0 Huxe 0,8 1 Huxe 1
1 0.8-2.5 2 1-—92
2 2,5-8,0 3 2,1—5
3 8—25 | 4 5—10
4 25—80 5 10—21
5 80—250 6 21—44
6 I
250—400 ‘ 7
i ‘ 'J 44—94
Bojee 400 8 94—202
— 9 202—432
|
— [‘ 10,11,12 Bonee 432
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YeCKHM areHTCTBOM YCTAHOBJEHBLI COOTHOLIEHUS] MEXKAY ONHCATebHBIMU
yacTaMH wkadl JMA u MM u MaKCHMaJLHBIMH YCKOPEHHSIMH CeH-

CMHYECKHX TOJNYKOB, KOTOphle NpuBelenbl B Taba. 2.1, Takue coorHo- Tat .
IeHHs, KaK NpaBWJO, CHPaBelIUBEL Il OGBIYHBIX 3eMJETPSCEHHH. " , muuna 2.2
Onnako Korja npupoja ceHCMUUeCKHX TOJYKOB HEOORIYHA, 3TH COOTHO- HTCHCUBHOCTE MO wKade JMA u coekTpadbuan unrencusiocrs
IIEHHST MOTYT ObITh COBEPIIEHHO HeNpueMaeMbl. Haraainem ToMy npu-
MEpOM SIBASIIOTCs 3eMierpsicednsi Maiymupo, 1966—1967 rr., npu Ko- Haunse nadmonennutt Sz
TOPHIX 3aperucTpupoBaHbl yckoperus 418 gal, a nospexaeHus 3fanuf PacrioioxeRie Maruic.
OBIIM He3HAaUuTebHBIMH. et Aara VAL | OmMumen- | Harencin-
tpamioe oers 1| | Honpane
Kajne Mfe
HHe, Ky TMA e
2) HHTEHCHBHOCTH 3eMJIETPACEHHUH, - -
onpenenseMan BEJHYHHAMH CKOPOCTeEH Canrama 14.02.1956 { 6.0 20 v 9.0 I
10:3 B3
®. Heymannom [13], no nanunim semierpsacenuit B CIIA, ¢ ycko-
penuaMu 100 gal u Huxe ObLNO NPOBEASHO JETaJbHOE CONOCTaBJAEHHE ITpeekTypa 30.09.1956 | 6847 9
My HHCTPYMEHTAAbHBIMY 3aNHCAMH H HaOJII0AaBIINMECS T10CJIe 3eMJIe- LenrpaabHasn 4 0 v 6,9 Clo
TpsiceHull noppexJenusiMu. COIVIaCHO ero HCCACI0BaHUSIM, CTeleHb I110- Tnba 1?; B3
BPeXJeHHH 3aBHCHT KaK OT YCKOpeHUH, TaK U OT NepHOJ0B KoJebaHuii. 8.9 %}:9
Haxe B Tex cayyasx, Korja yckopeHnne OBIIO OJUHAKOBEIM, B Clyuae : 6,4 Clo
6oJiee KOPOTKHX IEPHOJOB KoseGaHuil CrelleHb NOBpeKAeHU OGblIAa He ‘ 11,3 B3
CTOJIb CYIIECTBeHHa, KakK Ipu GojbliuX nepuojax Kosebanui. Korpa
JK€ CKOPOCTH KosieOanuil OBLIY OJANHAKOBLIMY, HE3aBUCHMO OT NEePHOJIOB Kycupo 21.02.1962 6.2 49 v 66
Habaofalach OflHA M Ta 2Ke CTeNeHb NoBpexAeHuii. Hanpumep, Mak- ' Cio
cuMa/lbHasi CKOPOCTb, UPH KOTOPOH B Hmtrata 16.06.1964 | 7.5 0
Sy CTeHaX 3JaHUI BO3HUKAIOT TPEUUHE, \% 53,5 Clo
paBHa mpuMepHo 2,4 cMm/c, a MaKcH- 190 v 3?,'(2) B3
Yyl MaJibHafl CKOPOCTD IIPY 3eMJIeTPACEHUH, 255 CBI??
] BO BpeMsi KOTOPOTO CTeHBl OOpYyIIU- 310 111 6:5 CIo
Jauch, Obiia oxodo 4,7 cm/c, 4,6 B3
k. B. Xaysuep [119] BBesn Besn-
0 1 z J 4HHY CHEKTPa/bHOIl HHTEHCHBHOCTH S/, duuzen 27.03.1963 6.7 145
T, cex HCXOAA W3 TOro, 4TO 3Heprusa Kojeba- —»HI_—; gg CIO
_ Huii, KOTOPYIO MOXeT NOTIVIOTHThL COOpY- ' 10 g}%
Puc. 2.2. Kpuas cmekTpaibuol  sxeppe Bo BpeMsi 3eMJETDSICEHHS, Ofl- 30 B3
HHTEHCHBROCTH pejleJIsieTCsl ero NpeJesibHOl  Hecyes g
CIIOCOBHOCTBIO. Samm Cypyra | 20.04.1065 | ¢.1 10 v
KosieGanusi CoOpYKeHHI NMpu 3eMJETPSCEHUSIX ONPeleNsioTcs na- : v Ig,g Cto
pamMeTpaMH UX peakKuuiu. ECIH MaKCHMaJbHYIO CKOPOCTb COOPYKEHHSI 20 Y 17,8 (};3%
0603Ha4UTh S,, Nepuoj coGCTBeHHBIX KoJebGanui coopyxeHud T w Ko- 22,4 B3
ahdunnenT saryxauus h, 10 S,, Kak npaBuso, saBucuT oT T u h. s T
KOHKPETHOTO 3eMJIETPsiceHus 3aBUCHUMOCTh S, oT T uMeeT BuJ KPUBOH, Okaug 16.05.1968 | 7.8 150 v '
noKasanuofi Ha puc. 2.2. Ha s1oli xpuBoit S, SIBASETCS MOUTH NOCTOSIH- g; Clo
HOH BeJMUMHON, 3a HCK/IOUeHHeM HHTEepBaja MaJjbix nepnopos T. Io- ‘ 20 ngm.
3TOMY CpejiHee 3HAUYeHUE S, Ha CpaBHUTE/NbHO NMOCTOSHHOM YYaCTKe HIH Ka ﬂﬁHoe

noMajb, OrpaHHYeHHAs KPHBOH ¥ TOPU3OHTAAbHOM OCBIO Ha 3TOM
yuacTke, MOTYT OBITh MPHWHATH B KauecTBe MePHl MaKCHMaJbHOTO 3Ha-
YeHHd peaKiuH B Bufie cKopocTH. Ha npakrriKe paccMaTpuBaercst HHTep-
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an niepuosios T = 0,1—2,5 ¢, a S, onpejensieTcs KaK HHTerpar. Torxa
cpefluee 3HaueHue S, Ha STOM MHTEpBaje PaBHO:

1 2,5
Sl = —— g S,dT
2,4
0,1

J HASBIBAETCS CMEKTPaJbHOH WHTEHCHBHOCTBIO SEMJCTPACEHHUA.

CooTHorenre Mexay SI u 6ailbHOCTBIO seMJIeTPsICeHUl IPHUBEJIEHO
B Ta61. 2.2 u Ha puc. 2.3. Kax ciexyer u3 rpaduKoB, Koria S 6oJblie
50 cM/c, CTeneHb TOBPeXJIeHHH COOTBETCTBYET GasipHocTd V 10 1IKaJje
JMA ymu  Bee, 1pu Sl
~ 920 cm/c - GaampHocrn IV H
npn SI =~ 10 ow/c noBpexeHul
coopyieHuil TpaKTHYeCKH He Ha-
7 Gmonactca. Hanpumep, B T. Xa-
i Brad THHOXe, Tje Obiia 3aperHcTpupo-
i 1 1 pama  crmexTpajpHasg ~ WHTEHCHB-
mocte SI = 60 cwm/c, HabJona-
y E: quch  KoseGauust M paspyIIEHHs
T apannil C  2Ke1e300eTOHHBIM  Kap-
r KacoM ¥ pacrpecKuBaHue OTKOCOB
rpynta (semJsleTpsceHHE Tokauu,
7 1968). B r. Huwrara m1pH SI =
/g Jig 7 — B5 cM/c OTMEUEHO pasKHIKEHHe

Wwmescubrocms (IMA) DHIXJBIX ~ TECKOB  (3eMJIeTpsiCeHHe

Pue. 2.3. CooTHolleHHe — MeX Huurara, 1964), 2 B I, Axata (sem
e MERLY  ernacenne Huurata) mpu SI =

CleKTpaJbHON HHTEHCHBHOCTBIO SI
1 mxanoit JMA, xapakrepusyiomed = 95 cw/c u B 1. CinMHA3Y (3eMie-
cTenenb MOBPeK/ICHHN tpscenne Ourasa, 1967) mpu SI =
— 90 cM/C UMeJIH MecTO TIOBpexJie-
Hus JePeBAHHBIX JOMOB, ONPOKUABIBAHHE 60uHblX OSTOHHBIX CTEH,
HeGoibIIMe TPElUHE B  KeJe300eTOHHBIX Kapkacax M BhillaJeHue
crexost. Ilpu semaerpsacenun Ourasa HabJII0Ra/MHCh TAKXKe OCAAKH 3€M-
JISHBIX Hachlneil HOBOW JKeJIe3HOIOPOKHOM JTUHAK Toxalijo.

3
S

~
=)

Cnexmpanshan unmencubnocms SI,emfeen
<

2.3. XAPAKTEPHCTUKH 3EMJIETPSICEHHH

1) Marnuryjaa

CeficMuueckasd HHTEHCUBHOCTD, paccMOTpPeHHast B MPEABLAYLIEM
pasjielie, XapaKTepH3yeT CHIY 3eMJIETPSCEHUS B ONPEJC/ICHHOM patione,
HO He aeT INpeJCTaBJenust O pasmepax 3eMJIeTPsICeHHsA KaK TaKOBOTO.
OHO olpefesieTca celicMpuecKoli MHTEHCHBHOCTBIO Ha GoabIIoH 1J10-
wamu. O cuie seMieTpsiceHus Cyaar ia OCHOBaHHH 00CJIeA0BaHUA TIO-
CcTpallaBIUMX PaHOHOB H NIOCTpPOeHHA KapThl u3oceficT, COeAUHAOMNX
TOUKW C OAMHAKOBOH OaslJbHOCTHIO ceficMuuecKuX Kosebauui, Eciau
KapTHHA H30CeliCT OXBAThIBACT GOJIBLIYIO TLIONIAAb, CYMTAIOT, YTO IpPO-
HSOILIO 3eMjeTpsiceHune Gonbluoil CUJBL SIOHCKOE METeopoJsIorHieckoe
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areHTCTBO KJacCH(uUupyeT 3eMJeTPsACEH /

300 km 1 Gosee; 200—300 xkn; 100— -200 Kﬁﬂﬁ ﬁéﬁl{}eteualegqomiwf Kpalmyce
BeTCTBEHHO 3HAYHTCJBILIC, JOBOJLIO 3HAYHTENbHbie I\Ia‘./'I,”'"'aK o
JKEHHOCTH 1 MECTHBIE. ’ o npot-

Ha puc. 2.4 nokasaHbl COOTHOLIEHHST MEXK/1y HHTE€HCHBHOCTLIO I

HeHTPaJIBHBIM PACCTOAHHEM LISl HeCKOJIbKHX NOBEPXHOCTHBIX 3eMJT o
ceHHI, KOTOPBIE CBHAETENbCTBYIOT O CHHMKEHHH HHTEHCHBHOCTH HJ Sene
yJlajleHus OT SNHLeHTpa. Amnanus 0 Nepe
PUCYHKA OKa3bIBaeT, YTO KpUBbIe
s pAja  3eMJIETPSICEHHH Mpu-
MepHO TapaJuiebHbl.  Apyrumn
CJIOBAMH, T[IPH  TOBEPXHOCTHBIX
(MeJIKO(pOKyCHblx) 3eMJeTpsice-

AN \//
AN A2
Ny
X3

—_ RN R,y ™

Hamencubocms, IMA

HUsX, OOGBIYHO BBI3BIBAIIMX IIO- \\ N NS
BPEXJEHHS, YMEHbIUeHHe 6ajlib- 6\\\ RN
HOCTH 1O Mepe YJAaJeHust OT SITH- =

N7

IEHTPa MaJlo 3aBHCHT OT pasMe-

pOB 3eMJETPSCEHHS] M IJ1yGHHBI

runonenTpa. Ecau 3To npueaTh

KaK THIIOTe3Y, TO HHTEHCUBHOCTb

3eMIETPACEHNA B pajioHax, cpa- ]PI)HHI; B2.é).' Mutencuprocts  3emiierpsice-

HHTEJBHO VAAJNEHHBLIX OT SIIMICHT-  CTOSHUS VI STALEHTPadbROro. pac-
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e JCrasanLy SEMJ’IETa TBEPJIOM FPYHTe, NPENJIOKHUI B KAUeCTBe M0-
DACEHHST BeJHUHHY

M =1g4,
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CUHTAIOT, YTO MATHUTY /b HauOo/lee CUJIbHBIX MPOLIEAIIHX 3EMIETPs-
CeHMiI HMEIOT CJefyiollue 3HaUYeHHs: 3emJeTpsceHuc Ho6u, 1891,
M = 8.4; KonymOuiickoe 3emJyeTpsiceHne B [Oxuoit Amepuke, 1906,
M = 8.6; semuerpsicennie CaHPUKY, 1933, M = 8.5. DTu BeJHYHHBI,
110-BUIUMOMY, SIBJSIOTCS MAKCHMaJ/bHO BOSMOMHBIMH. AccaMckoe 3eM-
nerpsicenue B uauu, 1897, koTopoe oulymasiock B paauyce zo 2000 KM,
CUNTAETCS CAMbIM CHJIBHBIM B MCTOPHH, HO TOUHOE 3HAUEHHE €ro Mar-

HUTYABl HEH3BECTHO.

2) MaxcuMaJbHbie nepeMeneHus ceflcMHUeCKHX KoJleGanui
M NMepHOXLl BOJH KOJeGaHMid C MAKCHMAJbHLIMH nepeMeIeHussMU

Kak noka3aHo Ha pHC. 2.4, MHTEHCHBHOCTb 3eMJETPSCEHHS, Kak
npaBuJio, YOBIBAET C YBeJMYeHHeM PacCTOSHHSA OT snuuentpa. X. Ka-
Bacymu [25] mpensioxuil CJeAyOULyio dopMyJ1y AJs HHTEHCHBHOCTH
IPH TIOBEPXHOCTHBIX 3eMJETPACEHHAX B TOUKaX, yIaJeHHBIX Ha pac-
crosuuu 6osee 100 KM:

I, = My —0,00183 (A— 100)—4,605 1g_1%0— , (2.8)

rae [ ; — MHTEHCHBHOCTB 10 HIKa/e JMA; A — snuuenTpajJbHOe PacCTOAHNE, KM.

PaceMaTpuBasi MaKCHMAJbHBIE TePeMellleHusl PH CeACMIUeCKHX BO3-
JeficTBuAX ¢ ray6uHamu odaros Jo 60 km, K. IlyGoit [18] mpensoxua
clIefyioliee BhIpaKeHHe:

lgA, = M — 1,73 g A — 3,17 (A < 500 xw), 2.9)

rae Am -— MaKCHMaJIbHO€ nepeMemeHHe, CM; M — MartHuryja, A — 3nMHUEH-
TpaJbHOE paCCTOﬂHHE, KM.

CrieoBaTeJbHO, ecau M BospacTaeT Ha eIMHHIY, MaKCHMAJbHOE
nepememenye yBeauynaercst B 10 pas, a Koria paccTosiHHe OT 3IIH-
HeHTpa Yy/[BauBaeTcs, MaKCHMaJbHOE NMEPEMElIEHNE cocrapaser 0,308
TNepBOHAYAJbHEIX 3HAYEHHH.

Uro KacaeTcsl MaKCHMaJbHBEIX CKODOCTed peakKnuH, TO, MO JaHHBIM
tabi. 2.2, noJyueHo cleiyioliee COOTHOLIEHHE:

lg SI = 0,759M — 0,867 1g A — 2,498. (2.10)

CieflyeT OTMETHTb, YTO INPUBEJEHHbIE COOTHOLIEHUs 3aBUCHT oT
IPYHTOBBIX YCJOBHH B MYHKTax HabmoneHuil, recJoruuecKoro Crpoe-
Hust 3eMJii Ha MyTH PacnpoCTpaHeHHs CeHCMMUECKHX BOJIH M MEXaHMS-
Ma TPOHM30LIEAWIEro 3eMJIeTPsCeHU . Cpenu 3THX (QaKTOpoB HauGosee
BeJIHKO BJIMSIHHE FPYHTOBBIX YCJOBHH B NyHKTeE HaGJIo[ieHust, H OJIHO
¥ To e 3eMjeTpsceHye, Hab/oiaeMoe Ha OAMHAKOBBIX paccTosHHAX
0 STHLEHTPA, HO B MeCTaX C Pas/IWYHBIMU YCJOBHAMH, MOKET JIaTh
pasiuuge B aMnuauTyAax o 10 pas.

OGBIYHO CUHTAIOT, YTO BJAHSAHHME MeXaHU3Ma 3eMJETPsCEHHs M Te€o-
JIOTHYeCKOro CTPOEHHSI ydacCTKa MPOXOKACHHS celicMMYeCKHX BOJH B
paiioHe SIMOHCKHX OCTPOBOB He NPHBOAMT X GOJIBLINM Pa3iHyHAM B
MaKCHMaJIbHBIX HepemelieHusix. Ofnaxo pe3yJbTaThl u3MepeHHH 103-
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. 3gBHCHMOCTb OOBIYHO NPHHH-

BOJISIIOT CUHTATh, YTO MAarHHUTY/JA 3eMIETPSCEHHS H IJINHA NIPOXOXK/CHHU S
poJIH OKa3blBalOT HEKOTOpoe BIMSIHHE Ha (POPMY CellcMHUeCKOll BOJIHEI

INeprosi BOJHOBOTO KoJIeOaHHSI, —OMNpEIe/SIoLero MaKcHMabHOe
niepeMellleHne, CBSISaH C MArHHTYJOH 3eMJIETPSICeHHsT H YNIMHSETCs ¢
BO3pACTaHHEM MarHHTYIBL. JTa

o
maeTcst B BHUIe S W T
38 & !
g Ty = —a - BM, S5 w ;e
rae T — NMEPHOL BOJHBL C Mak- NS et 527
cuMaJbHBIM CMellenneM, ¢; M — (S & 1 Z
MarHATyJa. §§ z = 7 T
Besmunubl T, MMeIOT 3Ha™ § S /g L iy
ynuTeJbHHIH pa3zbpoc M pas3Hb §§ § 7 —
MU aBTOPAMH JAIOTCS Dasint o S 4 [
HEle 3HaUEHHs Ko3(duuuento I ©
o u p. ITo B. T'yrenGepry [14] & 2 i
lg Ty = — 0,82 ’ §
glm 82+0,22M, Mazwumyda M

2.11)
Puc. 2.5. CoorHomenne wu
c. 25 exny M -
a no K. Kacaxapa [6] mas NO-  noii M u mepronom KO,’IeﬁaHHﬁ}} cangﬁzz-
BEDXHOCTHBIX 3€MJIETPSCEHHii:  Ma/JbHLIMH NepeMelCHUAMH

!

lg Ty = —0,78+0,28M (2.12) Kacsamn = @1 T2 goiiina " 8o

) J(]i.l?&; 4 — dopmysna Kamau (2.17); 5 —ag)ao};anf;-l
auyMmoro (2.13); 6 — dopmyaa I'yrenGepra

(2.11)

IgT,, = —2,59-+0,51M (2.13)

nl;aK I[.{ll;g NOBEPXHOCTHBIX, TaK U I1yGoKux semyerpsicenuil. T. Many-
CTooToonbx ]erFI/ICTpI/IpOBa.H B Ilyky6a semserpsicenus, NPHIIEALIHE CO
bep o MHKa3aHa, H aHa/lu3HPOBaJl 3allUCH C IOMOLIBIO PsiioB Py-
1630”.5 . ;M;ngﬁﬁenm, YTO CYLIECTBYIOT JBa NepHOJd B KoJeGaHusx ¢

JUTYJaMH, KOTOpPhle CBSI3aHBl C MaTHHTYAOH CJI -
IIUMH 3aBHCHMOCTSAMU: e

Ilg T = —0,19-40,25M; (2.149)

« lg T =—1,36-4+0,33M. (2.15)

Ha6m.oﬂi(HaHuaH [20] Ha ocHOBamMM pPe3yJBTATOB HHCTDPYMEHTAJBHBIX

Ay HH Ha ray6une 300 M Ha KOPEHHBIX NOPoAaX B XHTauW Mo-

Mo JlellyIollee COOTHOLIEHHE MeXNY CHeKTPasbHON aMIVIMTYROH u
AOM KoJleGaHHll ¢ MaKCHMAJbHBIMU TepeMelleHHAMH

e 1 lgT,, =0,39 1g 4,,, + 0,89, (2.16)

ms — MaKCHMaJbHOE CNeKTpa/lbHOe NepeMelleHHe, CM, OTHECEHHOE K SMH-

UeHTpanbH
oM accrost o
Hemte, c. 0 ¢ HHo 100 kM, Tpy — mepHof KoleGanuii n6 3TOH KOMIO-

Ecau n
puHATb, yTo A, U A,, KBUBaJIEHTHHI, TO MOXHO BHIDA3UTh

ms B YpaB
(2.93) non%qn};;m” (2.16) B ¢ynkunn M. Toraa mpu A = 100 kM u3

lg A, = M— 1,731g 100—3,17 = M — 6,63.
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Iloxcrasnss ero B ypaBHeHHe (2.16), NpHXOAHM K COOTHOLIEHHIO
lg T,y = — 1,740,39M. 2.17)

HecKolbKO BBIBEACHHBIX BEIlle YpaBHEHHI rpaduyeckn ngobpaxe-
HE Ha puc. 2.5. Kak Buano us pucyska, sbpaxenns K. Kanan (2.17),
K. Kacaxaper (2.13) u T. Mauymoto (2.15) Z0CTaTOYHO XOpOWIO COOT-
BETCTBYIOT APYT APYTY, a Buipamenus (2.11), (2.12) u (2.14) nator 3Ha-
YeHM$], CYLIECTBEHHO OTJIHYAIOIIKECs] OT NEPBBEIX TPeX.

3) dueprus ceilcMHUECKHX KosebaHui

Bosbliasg 4acTh 3HEPrHH, BHICBOOOXKJaeMOH BO BpeMs 3eMJeTps-
cenusi, pacrnpoctpansiercsi B ¢dopme ceficuuyeckux BoJH. st TOro
4TO6BI OLEHHUTH SHEPIHIO, KOTOPYIO HECYT 3TH BOJHBI, THIIONEHTP MPUHH-
MaeTcst B opMe cepnl, a IUIOMaAb, K KOTOPOH INepelaeTcsi Heprus
OT Bepxseit mosycdepsl, onpefensiercs ¢ nomoupio roxorpagos. Ha-
XOASAT MaKCHMa/JbHYIO CKOPOCTh PAcNpoCTpaHeHHs BOJH S B pasauy-
HBIX ToUKax HabJjiofeHuil HAa 3TOH IJOIAAM ¥ BHIYHCJISAIOT SHEPTHIO,
COOTBETCTBYIOILYIO eAnHHIEe ofbeMa. KpoMe Toro, oueHuBaeTcs BpeMs,
B TeyeHHe KOTOPOrO HM3JYYaloTCs CeHCMHYeCKHEe BOJIHEI, a 3aTe€M BBI-
YHC/ISIeTCS TOJHAs SHEPrus.

OpHeHTUPOBOYHbIE BeJIHIHHEI SHEPTHH PHBOJATCS HUXKE B KaueCTse

npumMepa:

semyierpsacenne Cautama, 1931..... 10% spr;
semyleTpsicenne Mukasa, 1945..... 102 » ;
semyetpscenne Kanrto, 1923..... 108 »
semseTpsicenust TonaHka#, 1944..... 103 »

semyleTpsicenusl ¥ nyHamMH CanpHKY, 1933..... 10% ».

CyulecTByeT Xopouasi 3aBHCHMOCTb MeXHy sHeprueil E B sprax,
‘BBIIe/isieMOfl B BHJe CeHCMMUECKWX BOJH, U MarHuTyllod M, KoTopas
BBIpazKaeTcsl CJAEAYIOUUM SMIKHPHYECKUM COOTHOLIEHHEM:

Ig E = 11,841,565 M. (2.18)

Torga, eciu M yBenuuuBaetcst ToIbKO Ha 20%, BblleJssieMast sHED-
rHs yiBauBaercsi, a Korfa M yBenuuubaercs Ha 1.0, sHeprusi Bo3-
pactaer B 32 pasa. OUeHKH NOKa3HBAlOT, UTO SHEPTUsI MaKCHMAJIbHO
BO3MOKHOTO 3eMJIeTpsiceHusi cocrapisier 5 « 10?% apr, a mocie noacra-
HOBKH 3TOTO 3HaueHMs B BhipaxkeHnue (2.18) mosyuaeM MakKCuMaJ/IbHYIO
BeJIMYHHY Maruutyasl M = 9.2,

raasa 3. BJUSHUE TPYHTOBBIX YCJIOBUM
HA CEMCMHYECKHUE KOJIEBAHHS MOBEPXHOCTH
3EMJIU

3.l.‘ BBELEHUE

Hroraa Habmmojaiores Gosblune pasiuuusi B CTeNeHH NOBPEXACHUS
3faHUil IPH 3eMJIETPSICEHUAX Ha TeDPPHTOPHSIX C NPAKTHYCCKH OJHHA-
KOBBIMH SIHLUEHTPAIbHLIMH paccTosiHusiMi. IloJaraior, 4To 3TO B oc-
HOBHOM BBI3BAHO OTJIHYMSIMH TPYHTOBBIX YCJOBMH Iulowmajok. Hanpu-
Mep, Bo BpeMsi seMlerpsicenus Kanto, 1923, noBpekenus JepeBsHHBIX
ZoMOB GbUIH HEOOJIBIIMMY, a IOBPEXKIEHHS CKJIAACKUX 3MaHuil U3 TIJH-
HOOMTHBIX MaTe€PUasoB M KeJe300eTOHHBIX 3JaHuil Ha CYIJIHHKOBBIX
XOJIMHCTEIX TEPPHTOPUAX Tokno 6B 3HAUWTENBHO CHUJbHEE, YeM B
HU3HHHBIX paloHAX C aJJIOBHAJBHEIMH OTJIOKEHHSIMH.

Boaee Toro, cusibhoe semserpsicenue B Kapakace, 1968, NOATBEp-
AuJIO, UTO 3HAUMTE/bHLIE OTIHYHA B NOBPEXKIEHHUAX CTPOHTEJbHBIX
KOHCTPYKUMH B 3aBHCHMOCTH OT THIIA TPYHTOBHIX YCJOBHEH HaGJio-
JaloTcs JlaXke B COBPEMEHHBIX BBICOTHBIX 3JaHusiX. IToCKOMBKY cyime-
CTBYeT TaKasl 3aBHCHMOCTh M€Ky THIIOM TP YHTOBBIX YC/IOBHIL ¥ TIOBPEXK-
AeHUAMH IIPH 3eMJIETPSICEHUsIX, €C/IM ee YUHTHIBATb HAa CTaJHM IPOeK-
THPOBAHHA Pa3/MHYHBIX OOBEKTOB, TO MOXKHO NPEIOTBPATHTH paspy-
LIeHHSA, & TaKxKe n36exaTh ua/uuipe COJBIIKX 3aTpaT Ha ObecneyeHHe
CeHCMOCTORKOCTH COOPY2KEeHHH,

Ha OCHOBAaHHH HCCJICJ0BAHHSI 3aBUCHMOCTH MEXAY THIOM TPYHTO-
BBIX YCJOBHM U CTeNEHBIO NMOBPEXJCHHI MOKHO OTMETHTH TPH CJELYIO-
KX NOMOKEHHA:

1) BnusiHne tunma rpy ' i
HTOB Ha HHTEHCHBHOCTb M (OPMY ceficMuue-
CKHX BOJIH; bopny )

2) BhMsHHE THI i
a TPYHTOB Ha CIIOCOBHOCTh COOPYXKEHHH K 3aTy-
XaHUIO KosieGaHuH; o Y

3) CHIXKeHWe NPOYHOCTH TPYHTA NMOX AeHCTBHEM KoJleGanmil.

5 3;1:;: l}({z;amca TEPBOTO M3 YKa3aHHLIX BONPOCOB, TO MCC/EAOBaHHS
oA PaB/JeHuyl B 3HAYUTeJNbHOH CTelleHd nposejerbl. OAHAKO
i ;J;LBa Bonpoca XKAYT CBOEro pelleHus. IlosTomy macrosimas
K IieHa B OCHOBHOM TNEPBOMY MOJIOKEHHIO.
nerp :éﬂn;ﬁxasmsam aHa/u3 pesyJbTaToB M3Y4eHHs! NOCJEACTBHH 3eM-
DOKH T e Hogpemneﬁnﬁ 3JaHHH BKJIOYAIOT OCAaJKH, HAKJIOH, OI-
TeHiEy cpe OOpasoBaHue TPEIIMH U T. II., NPHYEM KaxKIOe M3 OTMe-
Coopyems HI/IH COePKHUT criennuuecKkre 0COGEHHOCTH TOBPEeXeH Hil
BEeITe ne cereyeMoro Tuna. TeM He MeHee, KaK IIPaBHJIO, MOXHO
p OCHOBHBIE T'PYNIBI NOBPEXKASHUS] KOHCTPYKIHUH:

Hamo;;m %ﬂsglaﬁ CTelleHb MNOBpPEXKAEeHHH o0O6yc/oBAeHa oOCaiKaMy,
WAMics, ofpass HbIM ONPOKHU/IBIBAHHEM, KaK IIPaBHJIO, CONPOBONKIAN0-
ASioT 6onbmoﬁU03HHeM TPeILHH, KOTOpHE caMH o cefe He NPEACTAB-

acHOCTH (cM. pHc. 7.40)
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9) mauboJIblIas cTeleHb NOBpekKAeHH obycsoBiena obpasoBannem
TPEIMH B OCHOBHOM O0LEME COOPYYKEHHA WJAN TOPH30HTANbHBIM Tepe-
MeIleHHEM YaCTH 31aHusl, CBA3aHHON ¢ rpyHTOM. [IpH 3TOM CHJIBHO NOB-
peXxjaeTcst TOJIbKO MepeMellialonlasicss 4acTh 3AaHusd.

OneIT 3eMaeTpsiceHUH CBHIETENBCTBYET O TOM, YTO STH JABe I'DYMNIbI
NOBpeXAeHHUH B 3HAUHTEIbHOH CTElleHH 3aBHCAT KaK OT THIA IPYHTOBBIX

yCIoBHHA, TaK U OT KOHCTPYKTHUB-
w HOTO  pelleHHs]  COOpYHKeHHs.
MosxkHO cKasaTh, 4YTO IiepBas
rpynna noBpeXJAeHHH NPOHCXOo-
IHT, B OCHOBHOM, B O4eHb I'MOKHX
WIM TSKEJBIX COOPYMKEHHAX Ha
PBIXJILIX TpPyHTax, a BTopas — B
KECTKUX, HO XPYNKHX COOpYKe-

HUSIX HA [VIOTHBIX TPYHTaX.
leosoruueckue  0CoGeHHOCTH
Tuxud cwead  TIOBEPXHOCTHOTO CJIOSI TPYHTOB B
HauboJbllell CTelNeHU BJUAIOT Ha
CTEeHb IOBPeXACHUH KOHCTPYK-
Uufi, MO3TOMY OHHM H3Yy4YawTCs
ouenb noppobHo. Onnako ymepd
Ipu  3eMJETPSICEHUAX He BCETIa
: 006s13aTe/IbHO ONPEAIeNIIeTCs TOMBbKO
N // {C’Wm’ I'DYHTOBO-T€OJIOTHUECKUMH Y CJIO-
R 9 BUSMH  IOBEDXHOCTHBIX CJIOEB.
copmy MHorzia OH 3aBUCHT M OT TeoJo-
Hakaba ruu 6osee rayGoOKUX HamJIacToBa-
. Hu#i. Ilostomy HauGoJsiee MOJIHYIO
Puc. 3.1. Amomanmi B 1oxuoil uactn HMH(OPMALMIO JIsi peIleHus BOI-
npedextyps Aomopu (um(pH ykasa- POCOB CeHCMOCTOMKOCTH COOpYIHKe-
HBL B MHJLIHTaJax) HUH MOXKHO MNOJYYHTb Ha OCHOBa-
HUH H3YYEHUS TPYHTOBBIX YCJIOBUH
¢ MoMOIBIo Iy6okoro GYpeHHST M HCCIeJOBaHWSA aHOMaJHil yCcKope-

HHUST CHJIBL TSKECTH.

Hanpumep, pajion GolblUInX paspylleHHH BO BPeMsl 3eMJIETDSACEHHUS
Toxkauu, 1968, BK/OYAJ 30HY, PacloJIOXKeHHYIO BJoJb npsamoi CamBoH-
ru, Tosoxe, Hakapa, ®yxyru. Dta TeppuTOpHUS NpEACTaBJseT cobok
NeNIoBYaJIbHOE IIOCKOTOPbEe, a TPYHTBH 31eChb HE O4YeHb phbiXxJele. Of-
HaKo CJ1yX0a rpaBHTALMOHHBIX aHOMaJuH oOHapyXuJja BAOJb 3TOH JK-
HUM Ha/Juuue Buaauuel (puc. 3.1). 310 yKasplBaeT, 4To IJyOOKHE CJIOH
NPE/CTABASIOT COBOH CHHKJIHHAJBHYIO CTPYKTYPY, KOTOpast oKasaja
BJHSHUE HA MHTEHCHBHOCTb H BHI ceficMUUECKHX BOJIH B 3TOM palone.

3.2. CEMCMHUYECKHE KOJIEBAHUA AJUJIIOBUAJIbHBIX TPYHTOB
1) YacToTHbie XapaKTepHCTUKH CeficMHYeCKUX KoJebanui

1. Ilpeodaadaroujuii neptod. JLoNHHBI, BBIXOASILLME K MODIO I pe-
KaM, oObI4HO TYCTO 3ace/IeHbl 1 3aCTpoeHsl. MX reosorngeckoe cTpoenue
peerJia ONpellesgeTcs OTJOMXKeHHAMH Ilecka M TPaBHsl CPaBHHTEJNBHO
no3fHero Inepuola mnopepX OoJiee paHHMX HamJacToBaHul. B aTux
cayuasix CJIoHl HAHOCHBIX TPYHTOB SIBJIAETCS 3HA4YHTeJbHO OoJsiee PHIX-
JbIM, YeM noacTunatomui rpyut. Jdasa yao6ersa 6osiee ITOTHBLE HUKHULL
TPYHT MEI GyJeM HasLIBaTb «TPYHTOM OCHOBAHHWS», 8 BePXHUH CJOH OT-
JIOKeHUH «TIOBEPXHOCTHLIM CJIOEM».

[Tpu GoJiee NPUCTaJIbHOM PACCMOTPEHKH NMOBEPXHOCTHBIH CJION HMeeT
CJ0KHYIO CTPYKTYpY. Hanpumep, B Huxuell yactu r. Tokuo, Xxoporuio
KOHCOJIMAHPOBAHHEIA rpaBlil o6pasyeT IPYHT OCHOBAHUS, a [IOKpBIBaeT
ero ¢Joll uaa TOJLHHOH HeCKOMbKO JeCITKOB MeTpoB. OAHAKO CJIoH uaa
OTKJa/BIBaJICs 3JieCh He CPa3y, a HaKallJiuBaJiCsl B TeUeHHE Psfa HepHo-
JIOB 3aTOIJICHKST MOpeM K ero otcryisedus. [Toatomy aiech HabIIOAAK0T-
s IPOCJIOHKH CJIOEB I'DaBUd U IVIHHBI M HX YepeloBaHUe CO CJAOSIMU HJa.
Jaxe ecsn coceflHye CJOH COCTOAT H3 OJHOTO I'PYHTA, CTENEHb HX KOH-
coppallnl MOKeT ObTh pasiauyHoil., OcoGeHHOCTBIO aJMIOBHANbHEIX
HaMJIACTOBAHUH SBJSIETCS] PACNOJIOKEHUE CJIOSMH PA3JHUYHBIX 110 CBOHM
MeXaHUUeCKUM INoKasaTensim rpyuToB. [lpu ceficMHuecKHX BozJedCT-
BUSIX CTPYKTypa I'PYHTa, OCOGEHHO CTPYKTypa NOBEPXHOCTHOTO CJIOSsI
OKa3biBaeT CYILECTBEHHOE BAMAHHE.

Bo Bpems 3emJieTpsiceHHsT OCHOBHASI 4acTh BOJH nepelaercs BOJH-
31 _NIOBePXHOCTH 3eMJIM B (JOpMe NMOBEPXHOCTHLIX H IOMEPEUHHIX BOJIH,
INockospKy B paiioHax pacnpocTpaHeHHs aJlIIOBHAJBHEIX TPYHTOB CKO-
POCTb CeHCMHUeCKUX BOJIH B NOBEPXHOCTHOM CJIO€ MeHbllle, YeM B GoJee
TIIyGOKHX CJI0SIX, MONepeyHble BOAHLL MOAXOAST NOUTH NepHeHAHKY-
JSAPHO K IPaHHIle MOBEPXHOCTHOTO CJOS, & B CAMOM CJI0€ TIPOHCXOIMT
MHOTOKpaTHOE OTpakeHHe BOJIH. B pesysnbrate KoJjeGaHUsl TPYHTA
Pesko BospacraroT, a npeobiajaroliie KosebaHWsT NPOABAAIOTCS TNpH
CTPOro onupejle/ieHHBIX IlepHOAaX. ITH HepHOABl HA3BIBAIOTCH MPeol-
JaJlalolKMK lepuojaMu KosieGaHuil TPYHTA H ONPeJesIoTcs CTPYKTY-
POH NOBEPXHOCTHOTO CJOH.

- Korza HNOBEPXHOCTHBIA CJIOH NpeACTaBjeH OJHHM CJIOeM C OJHODPOA-
HBIMH XapaKTepHCTHKaMK, Npeo6saaalomuil nepuoi TPyHTa onpeessaeT-
¢ GopmyJioit

=4 (3.1)

[+

glle T — npeoBaagaromni nepuop; H — ToJIMHA NOBEPXHOCTHOIO CJIOSA; ¢ —
KODOCTh nonepeyHbix BOJH.

HBe sanucu, pacemotpennsie paree (cM. puc. 1.6), Grutu noJryyeHs
gollgyx MECTHOCTAX Ha NMOUTH OAMHAKOBLIX PACCTOSHHAX OT SMHIlEHTPA
o pems adrepiioka semserpsicenust Tortopu. Ofina u3 sanuceit Grua

VIyUeHa Ha a/VOBMAaJNbHBIX FPYHTaX, a Apyrast Ha TPETHUHBIX OTVIO-
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XKeHUsX. BTopast 3anuch coepKHUT TOJILKO OAHY TPYNIY CUJBHBIX KO-
JebaHuH, KakK OYATO WMen Me-CcTO MMOVJIRC NPH OJHOKPATHOM yjape,
nepBas xe NpeAcTaBIser cofoil cTaloHapHBIe KojeGanus ¢ onpeesien-
HBIM [IEPHOJIOM. DTO YeTKo YKA3LIBAET HA NMPOsB/IEHHE B [OBEPXHOCTHOM
CJIoe sIBJIEHUsI MHOTOKpAaTHOTrO OTpaeHHs. Pasinuumplil nepuox cra-
IMOHAPHBEIX KoJle0aHHll XapakT-epu3yer B 3TOM cJydae npeoliajatomuii
NepUoJ aJJIIoBHAIBHOTO TPYHTA.

Ha puc. 3.2 nokasauw xpmBble pacmpeflefeHuil YacToT KoJjeGaHH#
TPYHTA NPH 3eMJIETPsiCeHusx B LeHTpadbHol yacTH Tokuo. Ha pucyn-
Ke KPUBBIE JeBOro CToJ0a orHOCATCS K KoJTeGaHusIM npH OJH3KHX 3eM-

JIeTpACeHUsX  (3MULEHTPaJIbHOE

Yacmoma

77 45 96 07 10 12 05 08
Pynzeola
40 4
0 e —_ —
07 0 0F 03 10 47 7 7 &5 48
Nlepuad | cex flepuca, cex
) 12

Puc. 3.2. Pacnpenenenue uacror xo.e-
0aHMH TPYHTZ B HECKOJBKHX MeCTHO-
c1ix B Toruo a) nns Gauskux szem.e-
TpsceHHH, b) IaSM  yIaNEHHHIX 3emJle-
TpAceHuil (Zauuele wpod. M. Ummmo-

paccrosape po 100 kM), a npa-
BOrO CTosI0lla — K KoJeOaHHAM
IpH YAaJeHHBIX 3eMJIeTPsICeHusIX
(nuIeHTpadbHOE paccTosiHue 6o-
gee 100 kM). B mepBoM cayuae
MaKCHMaJbHble aMIJIUTYABl COOT-
BeTCTBYIOT mepuogaM 0,3 ¢ B
Aosima (e llOBHAJIBHEIT  TPYHT),
0,7 ¢ B Mapynoytu (aamioBHab-
el rpynT) ® 0,3 ¢ B Pyxkarasa
(anmoBuanbHbil  rpynt). Jas
yIaleHHBIX 3eMJeTPsICeHHH Hau-
Gosiee xapaKTepHbl nepuogsl 0,3 ¢
B Aosma, 0,2 ¢ B MapyHoyTtu H

10) 0,2 ¢ B QykaraBa., IJT0 U eCTh
npeobajaiiie IepUOabL.

2) Memoder onpedenenus npeobradarouux nepuodos. IloCKOAbKY
npeobJanaiouuil nepuox KoseGanuil TpYHTa 0KasbiBaeT GOJIBILIOE BAHS-
HHEe Ha KoJebaHHs 3JaHusi, KOTOPOe DACIOJIONKEHO HA 3TOM TPYHTE,
Asst obecrieyenust CeHCMOCTOHKOCTH 3JaHHsl 3TOT MepHoj lesecoobpas-
HO 3HATh 3apanee. CYLIECTBYIOT CJeAYIOLLNE NPAKTHYECKHE METOBI €r0
ofpesiesieHus:

1) perucrparust MUKpokoseGanuil (npu MUKpoceficMax);

2) TEOPETHYECKHE PacyeTh Ha OCHOBAHHH JAaHHBIX O TOJIIHHE CIOEB
1 CKopocTell CeliCMHYECKHX BOJIH;

3) cOop AaHHBIX O JefiCTBUTE/BHBIX [apaMeTpax CefiCMUUECKHX KO-
JebGaHui.

a) Perucrpanuag mMmukpokoaebanut, Ipysr mno-
CTOAHHO COBepllaeT KoJeOaHusA C aMIVIMTYAaMd NOpPSAKa HeCKOJIbKHX
MHKDOH, KOTOpble MOXKHO pacCMaTpuBaTb KaK yIpyrue KojeGaHus
NOBEPXHOCTHOTO CJ0S. ITH MUKpocelicMHYecKue KoJeGaHHS HasbiBa-
oTest MEKpocelicMamit. O6imel 0COGeHHOCTBIO YIPYIHX CHCTEM SIBJISIETCSI
XapakTep MX peaKlUWH Ha Bo3OyxKJeHHe B BHje LIyMa, KOTAa BJHSHHE
nepuoja COOCTBEHHBIX KosieGaHMH M DapaMeTPOB 3aTyXaHHsl 4eTKO
CKasblBaeTCsl HAa COOTHOLIeHMHM MeXAy KoJebaTeJbHLIMH IpolleccaMH
BX0oJa M BblxoAa. TaKum o6pasoM, npu MHUKpoceiicMaX NpOSIBJSIOTCS
XapaKTepHCTHKH NOBEPXHOCTHOTO CJIOH.
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Puc, 3.3. BolCOKOUYBCTBHTENBHBIA BeJAOCUTPAd) AN H3YUEHHA MHKpOCeHcwm

JI1s1 H3MepeHUst MUKPOCEHCM Ha TPYHTE YCTaHABJIHMBAIOTCS BHICOKO-
yyBCTBHTEeJbHBIE Besiocurpadst (puc. 3.3), a perucrpauus npoH3BOAHTCS
B TeueHpe HECKOJBKMX MHHYT. 3aTeM CTPOSITCH YaCTOTHBEIE KPUBhIE
pacrpefle/leHH#l H3MEepPeHHBIX BeauunH. Bce onepalmu BBINOJHSIOTCS
pechMa IpocTO. [l03TOMY OCHOBHHIM JOCTOMHCTBOM 3TOIO METOAA SIB-
JISleTCsl BO3MOXKHOCTD BBHITIOJIHUTD HaOioflenusi B GOJIBILIOM YHCJIE TOYEK
uccglenyemoro pafiona. Ilpumep samucn MuKpoceficM M YaCTOTHOH Kpu-
BOH MX pacnpefejieHusl NpUBeJeH Ha puc. 3.4.

K. Kauau [54] Ha ocHOBaHHM aHA/IM3a MHOTOUHC/IEHHBIX 3€MJIETpSI-
cenuii B CIIA u SInoHuH yCTaHOBUJI CJenyIouiHe 3aKOHOMEPHOCTH:

1) pns semierpsaceHuit ¢ MaruuTyo# Gosiee 6.0 npeoGianatouinit
nepHoj ceficMHYecKHX KoJeba-

HHH I Kaxuod MecTHOCTH ¥

CTPOro ompefiesieH U COBIajgaeT /"K/\/\/L/‘\/\/\/\Mm

¢ NpeobyafalouM [epPHONIOM M/W
MHKpoce#cM; y e

2) B paifonax, rjie npu ceiic- 40
MHY€CKOM BO3JeHCTBUM IPOSIB- ]
JSI0TC JBa MM GoJslee IIpeod-
JaJialomuX nepuoioB KoJieba-
HHH, IJ19 KaxkJIoro 3eMJeTpsice-
HUSL 3TH nNepuojpl PasInuHbL.
OnmHako oHHM COBmAjalT ¢ OX-
HHUM H3 MepHOAOB, KOTOPHIE Xa-
PaKTepnsymTu NHKH Ha CIeKT- 0 L L
g:}liul\%}‘mpoceHCanecxnx KoJle- 02 G4 06 08 1 12 14 1,15

6) Bruncaenus na
OCHOBe Teg PHH MHO- Puc. 3.4. 3amucs MuKpoceficM (a) n pe-
TOKpaTHOTO 0Tp a- 3yJbTaTBl Y4aCTOTHOrO aHajaH3a (b) (ma-

yajbpHasfg WKosaa B Ypascy, npedekrypa
®enus Henompsys Teo- Tusa) pancy, Tpedertyp

Yacmoma

flepuad, cex
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PHI0 MHOTOKPATHOTO OTPaXKeHHS BOJIH B NOBEP XHOCTHHIX CJIOSX, MOXK-
HO pacyeTHBIM NyTeM ONpeAesquTb Npeobaafalolluil nepuoi KoJeba-
HUH a/TIoBHAJbHOTO ¢J1os. KorZa noBepXHOCTHBIN CJIOH ABJSIETCS O]
HOPOJHBIM, IpeobJajalomui Nepuosl ofipefiesisieTCsl BrpakeHneM (3.1).
B cooTBeTCTBUM ¢ 3THM COOTHOLUEHHEM HpeoOJalaloluil NepHox Tewm
GoJbllie, YeM TOJILIE CJOH IpYHTA. DTO COrJIacyerTcsl ¢ JaHHBIMH HATyp-
HBEIX U3MepeHui.

B 1eHCTBUTEIBHOCTH MOBEPXHOCTHBIH CJIOH PEKO COCTOUT H3 OJHOTO
ciaos rpynra. Kak npaBusio, oH obpasyeTcss B pe3yJbTaTe OTJOKEHHS
CI0eB rpaBus, NeCKa, uja U T. 1. B 3ToM cayyae JJis onpelie/ieHus
XapaKTepUCTHK KoJieOaHus IPyHTa HeOOXOIMMO BHIIOJHHTE NOAPOGHLIE
BEIUMC/IEHHS, KaK NOKasaHO B IOCAeAYIOIUX pasjiesiaX 3TOH IJaBhl.
BmecTe ¢ TeM, eC/M XapaKTeDUCTHKH PasHBIX CJIOEB He OYEHb OTJIHYa-
I0TCSl IPYT OT ApYyra, HauGo/bluuil npeobaafalouiuil Nepros MOKeT ObITh
oripejleJieH 1O BeiuuxHe, 06paTHOH CKOPOCTH C:

ELA, Nl oy (3.2)

c Ci

rae A — obulast ToJIMHA TTOBEPXHOCTHOrO ¢10s; f{; — TOAMMHA {-I'0 OXHOPOI-
HOTQ CJI0f1; €; — CKOPOCTb PaCnpOCTPaHeHHs BOJIH B ITOM Cjloe,

HanpuMep, rpysTH, NoAcTHaawomiie . MeXHKO, AB/ISIIOTCS OTJIO-
KEHHSIMH CTAPOro 03epa U, KaK NPaBUJIO, NPeACTaBAEHBl TOJCTLIM CJIO-
eM TvinHbl. HaHockl B OCHOBHOM COCTOST M3 WJIUCTOH TJIMHBL, & Ha IJY-
6une 33,5 m 47,7 M HaXoAATCA CPABHUTEJBHO IJIOTHBIE CJOH NECKa.
Jlns 3THX ABYX ciy4aeB, ecJM BepXHHH W HUKHUH IJACTHI TleCKa pac-
cMaTpUBaTh KaK IPYHT OCHOBaHHS, TO C IIOMOILUBIO BhIpaxeHud (3.1)
U (3.2) MOXHO omnpelieuTh Ipeobafalolive INePUOALl PaBHBIE COOT-
BetrcTBeHHO 2,12 u 2,63 c. Tlpeobmanaromue nepuoasl, HafleHHEE TIPH
HHCTPYMEHTAJbHEIX HaOJIONCHHSAX BO BpeMsl 3eMJeTPsACEeHHS B Mae
1962 r., paBnnl 2,63 ¢ B Anamesa Ilapk u 2,25 ¢ B6su3u 6awnn JlaTuso
AMepHKaHO, YTO HPHUMEPHO COOTBETCTBYET PACUETHBIM 3HAUEHHIM Ie-
PHOJIOB. DTO CBHJAETEJILCTBYET O TOM, YTO DU OTHOCHTEJBHO TOYHOM
onpefiesieHHN 3(hdeKTHBHOH CKOPOCTH PacHPOCTPaHEHUs CeHCMHYeCKHX
BOJIH TEOPHSI MHOTOKPATHOTO OTPayKeHHs JdeT HaJleXKHble Pe3yJbTaThl.
OnHaKO NOCKOJBKY M3BJEUb HENOBPEkKAeHHBIE 06pasibl TPYHTa C GOJIb-
moit TyyOUHBL OYeHb TPYIHO, TOT METOJ PacueTa NOKa He NOJYYHJ IHH-
POKOro pacnpocTpaHeHHus, -

B UucTpyMenTaasbHbBe HaOMNIOAEeHUSA NIPH 3€M-
JdeTpsAceHu dX. B crpaHax, rlle semyieTpsiCeHMst TPOUCXOIAT
CPaBHUTEJBHO YacTO, BO MHOTHX CJAydYadX TOJIe3HYXO HH(OPManMIo O
napaMeTpax KoseGaHHH TPYHTAa MOXKHO INOJYUHUTh C MOMOLILIO yCTa-
HOBKHU ceficMorpadoB B u3yyaeMblX palOHAX M HENPEPHIBHEIX HHCTPY-
MeHTaJbHLIX HaOJIOJEHHH B TeUeHUE ONPEJeIEHHOrO IPOMEXYTKA
BpPEMEHH,

Ha puc. 3.5 mpuBeieHBl aKceleporpaMMbl 3eMJIETPACEHHH, sape-
THCTPHPOBaHHEIC HA TIOBEDXHOCTH I'PYHTA H Ha rayOuHe B pafiode Koto
B Tokmno, a Ha puc. 3.6 — aHasoruyHble 3anucu B pafioHe ApakaBsa
8 Toxuo. I'pyur B pafione Koto npencrasasier coboil Gosee nnn menee
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gJCTBIl CJIOH € NacTOM TpaBHA Ha rayGune Hike 50 M OT nosepX-
gOCTH. YPOBeHb IPYHTOBEIX BOJ HAaXOLMTCS OueHb 61143KO K IIOBEPX-
poctd TpyHTa. CKOpOCTh pacnpoCTpanenus BOTH S, 10 JaHHBIM HiMe-
enust CKOpoCTel BoTH P, olleHHBaeTCsl paBHOl 160 M/c. B paiione Apa-

KaBa paCHpOCTpaHeHbI ciou ciabo KOHCOJIMAHPOBAHHBIX IJIUHBL U I1eCKa

0

40 gal
]

0 1 2 J 4 5 cex

FaY

B-5 0
(-33m) 40 ga_lj

8-3 gaz
{'?7,53./7) ‘/00 J
(-49,8M)

)
0 1 2 3 4 5 cex
al

o5 20 90] /_,J J | /—\]
(-5.3m) 20 sﬂﬂ]
8-3 0
(-27,3 M) zogﬂﬁ
8-1 0

(-43,8m)

Puc. 3.5. AkceaeporpaMMbl, I10JySeHHEIC HA DasJIHYHBIX raybunax B pafione Koto
r. Tokuo Ipn MECTHOM 3eMmuerpsicerun 6 Mapra 1968 r. (a) u npu 3emaeTpsce-
unn Tokau, 16 mas 1968 r. (b)

tommuHOH 28,3 M, KOTOpBle MNOJICTHJIAIOTCS CJIoeM CHJIHO KOHCOJIH-
JHPOBaHHOTO MeECKa. HamepenHasi CKOpOCTb BOJMH S paBHa 150 wm/c.
OcHoBHOl  Tpeo0Jafialoluil  [ePHOA, ONpeAeNeHHbIH 110 dopmyJte
(3.1), pasen 1,2 ¢ a5 pafiona Koto u 0,77 ¢c—pna pafiona Apaxasa.

TaG6numa 3.1

TIpeoGaanaomuil nepuox
Crita zemjieTpsceHus

p-& Korto p-H Apakasa

0,77 ¢ (3emaerpsce-
uue Humrara, 16.06.
1964, M=7.5)

1,35 ¢ (semmerpsce-
uue Toxauu, 16.05.
1968, M=7.9)

Cunenoe semaeTpscenue

Cpem-lee 3eMJIETPSICEnHE

0,46 c (3emaerpsce-
e Xwurawu-Many-
ama, 1.07.1968,
M=6.1)

0,77 ¢ (3emaerpsice-
pue Xuramu-Many-
ama, 1.07.1968,
M=6.1)

CaaGoe semmerpsicenne

0,25 ¢ (MecTHOE
3eMJIeTpsICeHHE)

0,17 ¢ (MecTHOE
aeMJIeTpAceHHe)

53



Ta6auuwa 3.2

Amnantyanl KoneGanuit B PasHeX NYHKTax 0pu adrepmokax
semaeTpsicenus Hankaii

Mpeo6naza-
MecTHOCTD TpyHTH OrHolleHHe o1H
TIepHOA, ¢
Cpeansis mkoaa r. F'o6o | Ipasuit u necok 1 0,4-0,5
Bricas xenckas wkoaa | [pasuit u ua 1,340,3 0,2;0,4
r. I'oGo
Mapysawma CraGoBLIBE TpeJibie CKAJbl 0,7+0,1 0,2;0,4
Me3030HCKOH 3pH
Many6apa Croft mna, NMOKpEITHIHA 1,040,1 0,4—0,5
CJIoeM TpaBus
Huuxama MeikO3epHHCTHIN TIeCOK 0,84-0,1 0,6
Bana Ha ¢ npocnofikamu MeJsKo- 2,4 0,2;0,5
3ePHUCTOrO Necka
Humu To6o Hacuinso#t rpysr ¢ rpa- 1,5 0,5—0,6
BHEM

2) Maxcunanonoe yckoperue. KOMIOHEHTH! BOJIH, XapaKTepH3yeMBIX
MaKCHMaJIbHEIMH ITlepeMelIcHUAME, HUMeIOT GOJbIIHe NepHOAH, 8 KOM-
IOHEHTBl C MaKCHMaJbHHIMH YCKOPEHHSAMH MMEIOT MaJibie MepPUOJHL.
IlockoneKy 3TH mepHOAibI, KaK NPaBUJIO, CYIIECTBEHHO PAa3JIHUHEI, HeJlb-
35 CUHTaTb, YTO MaKCHMaJIbHbE IePeMellleHHsI 1 MaKCHMaJibHble YCKo-
PEHUS NPOABJSIOTCS NPU OJHMX U TeX ¥e KoJeCaHUIX,

Ha puc. 3.7 ofbennHeHsl pesyJbTaThl HHCTPYMEHTaJbHBIX Celi-
CMHYeCKHX HalJIofileHUH B NTH pafionaX T'. TOKHO C a/l/IIoBHAJbHBIME
rpyntamu. ITo ocn aGeunce npuBelieHbl SMULEHTPAJIbHBIE PACCTOSHHS,
a4 70 OCH OpAWHAT OTHOIIEHHS MAaKCHMAJBHHIX YCKODEHHH B DasHBIX
MECTHOCTSIX K YCKODEHHSIM Ha IJIOCKOropbe XOHIO € Jes0BHAJbHLIMH

. d
3’0 L a) ‘Za Fo o ® )
L)

200 . o 2000 e *

" Tale e . ! (47 .

LA 101 L, :
- ! A
) ) o
8 0o 200 km w0 200 km
2} 6) o} . 9
S . 7| . Pmc. 3.7. Ornocurenbuble ycko-
o Thogae ot Tt 'k. - PEeHHA B HECKOJBLKHX paHOHaX
3 10 l’f . fope® ., . r. Tokno B 3aBHCHMOCTH OT 2IH-
s L X .. HEHTPaJbHOTO PACCTOAHHS
E 7 200 kM0 100 200 wm a— Aoama (3anmammas wacTb, rpa-
3 Jot s C) RHIA a/JIOBHAJbHBIX H JAedI0BHAMb-
S . R HBIX TPYHTOB); b — Kamagma (ueHT-
& 20 & .e PalbHas 4acCTb, aJUIOBHAJbHLIE TDYH-
S [oenet ~ o Th); ¢ — AxaGase (cemepo-BOCTOY-

/}0';. .o Hasa 4HacTb, aJJIOBHAJbHBIE IPYHTHI);

I %o d — MapyHOYTH (UeHTpa/ibHas d9acrb,

O — aJIIOBHAJIbHbIE TPYHTHI); € — MyXoa-
100 200 kM 3HMa (BOCTOUHAA WYacTb, aJMIOBHAML-

ONuYERTPANOHOE PACEIMORHLE, KM~ ©me TpyRTH)
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.1IpeB

~pyHTaMH. BOJBIIMHCTBO aHaANHM3MPYEMbIX 3eMJIeTPACEHHH UMeqH HH-
gencuBHOCTs 1 1 11 Ganna no wkane JMA 1 HECKONbKO — MHTEHCHE-
goctb 111 Gamna. . )

3 pHCYHKa BUJHO, YTO OTHOLIEHHE YCKOPEHHH /15 MEOTHX PaloHOB
pilIaeT eIUHULY. II03TOMY MOMHO CYHTATh, UTO Kojebahus ai-
JOBHAJIBHBIX TPYHTOB XapaKTepH3YIOTCS GOMBIINME  YCKOPEHHUSIMH,
geM AeJIOBHAJBHBEIX. OJHAKO OTIMUHE MAKCHMAJbHLIX Uyc%)pemm He
raKoe 3HAUMTEeJbHOE, KaK MaKCHMaJbHbIX INepeMElleHHH. THOI_LIeC}’IriE
chopeHuﬁ 0CBIYHO HAXOIHTCA B wl,{% U p_ggﬁbwgegg(omgoMaK:
raer 2. UTo Kacaercs paitona Katna, To A1 HEr0 OTHOCHTEJbH ;
CuMaJIbHBIE YCKODEHHsI Ha a/llioBHa/bHBIX IPyHTaX GoJibllie eAVHHLE,
gorja SIHIEHTPaJbHOE PAcCTOSHHE MNPEeBLIIIaeT 50 kM, 13580 BpeMs
KaK [PH MECTHHIX 3eMJIETPSICEHHSIX C SMHUIEHTPAMH Omminxe KM, ne);
jioBHii HMeeT OoJiee BEICOKME aMIIUTYABl YCKODEHHH. s apyrd

afioHOB TaKHX ocoGeHHOCTell He HaOJII0/aeTCs.

8) Iospesdenus npu seMAeMPACEHUAX. Kpome cpaBHEHHA HHCTDY-
MeHTAJbHBIX JaHHEIX B 3aBHCHMOCTH OT IPYHTOBLIX YCJIOBHH NIDH 3€M-
JMeTPSACEHHSIX UacTO TPOMBBOAUTCS —CONOCTABJICHHE JEHCTBUTENBHON
cTeTeHH CeHCMUYECKHX NoBpexieHni. CpaBHEHHS HA OCHOBE HHCTDY-
MeHTAJbHBIX JAaHHBIX TPYAHO BBUIOJHHTH TIPH CHUJBHBIX SeMJ'IEprH-
CeHHUSX, B TO BPeMsi KaK OLEHKa CTeleHU NOBPeXACHUH B STHX CJIydasx
sBIAETCS BeChbMa 3¢dexTnBHON. Pe3y/bpTaThl PabOThl IKCHNEXULHH 1O
aHalu3y CTeleHH IOBPeXJEHHH Moc/e 3eMJIETpsCeHHH Tonankait

UraTa [IpHUBOASTCA HIXKE,

III}—III:IIpH SGMEeTpﬂCQHI/II/I Touaukall HauGoJibllie NOBPEXKIEHUS OXBa-
THBaJM paiion ot p. Kuky 1o 03. Xamana (cM. puc. 3.8). rngTOBble
ycnoBust 9ToM NMPHOPEXXHOH 30HEI MO Mepe YHaJeHus OT NOOEPEKDI
XapaKTepH3YIOTCS TIeCYaHbIMH JIOHAMM C BBIXOAAMH ann}OBuagb}mx
MOPOJ, ¥ TVIMHMCTHIMU IPyHTaMH, CJ/10H a/JIioBHAIbHOM I/IHHBI 0Opaso-
BaH OTJIOXKEHUSIMHM B JeJbTaX peK M JOCTHraeT MaKCHMaJ/bHOH TOJIIH-
He1 90 M B yeThe p. OTa u 30 M — B yerbe p. Kuky. KoauuecTso 060-
PYLIMBIIXCSA XKHJIBIX JOMOB B IPOLEHTAX OT ofwero unc/jaa CTPOSHHA
XapaKTepuayeTcs CJelyOLEMH Iudpamu, %:

05 10xm
A

Pure, 38. Teonornuecxne yenoBHst pafioHa HaHGONBIIHX NOBDEXKJEHHA MU 3emJe-
Tpsacenun Tomankaii
S —necox; D —iemonuil; G- necox ¢ rpashem; C — rauma; R — CKaubHEE TOPOABI
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B uHCTpYMEHTa/IbHBIX 3amucsX AJAs 000MX PafiOHOB YETKO npocse-

KuBaeTcst Npeobiajanue onpejieentblx 1epuojioB. OjHaKo, KaK BHIHO
(M3 Tabu. 3.1, nepnos oCHOBHOH BOJIHLI PA3/HYeH B 3aBHCHMOCTH OT

g CHIBL 3emuierpsicenusi. Korza npoHCXOAMT CHJIbHOE 3eMJeTpsiCeHHe,

NEPHOJ OCHOBHBIA KoJeOaHHH MPHMEPHO PaBeH PaCUeTHOMY 3HAYeHHIO
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Puc. 3.6. AxceneporpaMmur, TOJyYeHHble HA PA3JHYHLIX TAYGHHAX B pafioHe Apa-
xaBa I. TOkHO mpH MecTHOM 3eMuerpscenun 28 anpess 1964 r. (a), npu semaerps-

cenn Hunrata, 16 mons 1964 r. (b) u mpn semuaeTpsiceHun Xuramn-Marnysma,
1 mons 1968 r. (c)

| OCHOBHOTO TIpe0fJafatoIero nepuoja. B cayuae ke caaGoro semie-
| Tpsicenua mpeo6iagator BTOpast ¥ BhICIIHEe (OPMBI KoJebanuil cios,
la KoleGaHUS 1O OCHOBHOK (JOPMe HMEIOT MeHblllee 3HAYEHHE.,

Kak BuAHO H3 mnpuBelieHHOTO npuMepa, NPH HHCTPYMEHTAaJbHBIX
HaOJIIONIEHMAX 32 3EeMJIETPSICEHHAMM MOTYT OBITb TNOJYYEHBI npeobia-
J2IolIHe NePHOAbl H JPYrHe BaxkHble NapaMeTphl. OIHAKO CJeayeT IoM-
HUTDb, YTO B 3alHCHX CalbIX 3eMJeTpsiceHHll HHOTJA He YAaeTcs SBHO
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o6HapyKuTh 3(eKTsl, Hab/0aeMble NPIT CHIBHEIX 3EMACTPSCEHIIAX.
[TosToMmy cJeAyeT HaKamiBaTh KaK MO2KHO GoJiblle  HCXOAHOH HH(OP-
MaLWH, TI0 BO3MOMKHOCTH, CBASAHHOH C 3aNMCIMH CIVILHBIX 3€MIeTps-
cenuil. Kopoue roBopsi, B caydae, caa0bIX 3eM/CTPSACCHHIL 11 CHJIBHAIX
seM/leTpsiceHnil npeobaajaromye neproibl Kosle0aHuil rp6yHTa MOT'YT
6LITh pasIMuHEL 1J03TOMY CllefiyeT NpH NPOEKTHPOBAHHM QOECHETNEATE
HaZleXXHOCTb COOPY KeHHUI npy 000X BHaX BO3ACUCTBUH.

2) VIHTEHCHBHOCTb CEHCMHYECKHX KogeGaHHi aaoBHAIbHBIX
IPyHTOB

Jlns’ a/uiioByaIbHBIX TPYHTOB, NOCKOJbKY WX HMIEAHCRL 3Hati-
TeJbHO MEHbIle, YeM JJIsi CKaJbl WK JIETIOBHAJbHBIX TPYHTOB, & Ipe-
o6/ajaoiiEe NepHoAbl YETKO BbIPAXEHB!, BO BPEM 3CMJCTPSCCHII
BO3MOZKHO TpOsiBlenne OOJIbIIMX aMIIHTY] KOJIe6aHOHI/I. Maxcumadnnb-
Hble BeJMUMHbI YCKOpPeHHIl, CKOpPOCTeil 1 NepeMelieH i SBJIATCA BazkK-
HBLIMH XapaKTePHCTHKaMH CeHCMHYeCKHX KoJsieGanuii, ¥ Heo0XOAuMO
onpefieNaTh, B KaKOfl CTeleH: MPOUCXOAUT YCHJCHHE rapaMeTpoB Ko-
nebanuil TIPH HAJMUMH [OBEPXHOCTHOTO CJOA. Onmako cUTyallu st
GOJIBIIMHCTBA CJydaeB BecbMa PasHOOOPa3Hbl H TPYAHO NOJTYUHTH COOT-
Holllenus B obulel opye. Hyzke MPUBOAUTCA PsLi IPUMEPOB IO HHTEp-
mpeTalyy I0JyYeHHOH HMHCTPYMEHTAIbHOU nwadopMaLny.

1) Makcumanbroe nepesewenue. 1. To AaHHBIM HHCTPYMEHTA/IbHEIX
HaGmofeHuil 3a adTepIIoKaMi 3eMJIeTPsICeHNUs Hanxkaii, 1946, B Ko-
gy, MaKCHMaJbHble CMEI[eHHsl Ha a/TIOBHA/bHBIX IPyHTaX IIpH yad-
JIeHHBIX 3eM/IeTpSCeHUsIX Obuid B 44_—_41~1%p_e;35_,6o;10bme MaKCHMAaJbHBIX
nepeMenieHHil Ha TWIOTHBIX TPYHTaX ME3030UMCKON Sph, a npu 6Ju3-
KHX semseTpsicennsx — B 1,6—3,5 pasa. .

9. Tlo JaHHHM WHCTPYMEHTaJBHBIX HaOmozenuil 3a adreplioKaMi
semaerpacenns PyKyH, KOTOpbe NPOBOAMIHCE PUMEPHO B 10 xM 10K-
Hee r. DYKYyH, MaKCHMaJbHbIE [IEPEMEIIeHUs aJlTIOBHAIbHEIX TPYHTOB
o B 1,4—6,5 pas GoJblile MaKCHMAIBHBIX lepeMELleHul [11acToB
TperHyHOro nepuoia. llpu 31oM GbiTi GOJBIINMH _HE TOJBKO TepeMe-
WeHHsi B MeCTaX aJlIiOBHaJbHBIX HANIACTOBAHHU GOJIBILON  TOMUHD,
HO OTMeYasaCh TeHAEHIHs K YBeJHYECHHIO YCKOPEHHH. \

3. VmcrpyMeHTasibHble HaOJIOAeHHs 3a aQTepIloKaMu 3eMjerps-
cenusi Hamkail IDOBOAMJNCH B PasHbX paHOHAaX C pas/iIHYHLIMH TH-
mamu rpyHTOB. MaKCiMasibHble MepeMelleHus, OTHECCHHbIE K MaKCil-
MaJIbHOMY IepeMellleHHIo BOAH3H CPeXHeH LIKOJLL T. [oGo, nmpHBeieHb!
BTaba. 3.2. [pynTH B paiioHe cpeauefl IKOJbL COCTOAT U3 CJI0CB recka
H TpaBHfl.

Tanuble Ta6. 3.2 NOKa3bIBAIOT, UTO NEPEMElleHUs B MeCTax pacnpo-
CTpaHeHHs aJVIIOBHA/bHEIX IPYHTOB CYHIECTBEHHO Goatbltte, YeM Ha CKAb-
HBIX rpyHTaX. KoS(QQuUIMeHT YCH/CHHS, KOTOPBLI TPYIHO YCTAaHOBHTH
JJISi BCeX CJydaeB, B HEKOTOPBIX MECTaX gocruran 10. [TockosbKy KO3(-
(UUMENT YCHJeHNs, KaK NpaBHiio, HEBOSMOKHO 3apaHee MpeacKasarb,
JYYImEM METONOM [OJYYeHHs HaJIeXKHBIX Pe3yJbTaToB SBJAIOTCA Je-
TANbEEE TeoJOrHUeCKHE H3LICKAaHHS M TMpOBeleHHe NOAPOGHBIX BBIYUC-
JeHui,
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( TVIMHHCTBIE TpyHTH — 26,1
neCudHele TPYHTH — 3,5 Ta6anuna 3.3
rpaBuiiHO-Necualble IPyHTH — 1,4
IJIOTHBIE TPYHTH! (jleJIoBHH HAK cKana) — 0,2
Koadduuuentnr ycunenus G (T)

Ilo nanubIM o6caegoBanust T'. AKwnTa, mocse seMaeTpsicenus: Huura-

J—

Ta, COOTHOUIEHH MEXAY HHTEHCHBHOCTBIO (6aJsIIBHOCTBIO IO IIKaJe Tg.c

JMA) 1 THIIOM FPYHTOB BHINISIAHT CAEIYIOMMM 06pa3oM: . e
HOPOJB! TPETHUHOTO MepHoxa — 111 l 0,2 | 0.4 ' 0.6 | 0.8 | 1.0 | L2 | 14| 16
JAeJIOBHAJIbHbIE TPYHTEL M NECUAHKe JbIHL — 1+
e e ey ot ozl |l o o)
AJUIIOBHAJIBHBIM HJAUCTHIH TPYHT — OT 10 2 y , , » s s B
BOCCTAHOBJIEMHEIE (HaCbIIIHIS,e) rpyata — V 0j4 1,059 T% '3{"‘108' 2, 501 361332 33?8 3(1)53 é?SS éggg

06 [1,00]1,11 [T,643i3,5 51(2,: ,

%1 5 0,05 08 |1,014]1.06 |1,29 L 7 13,981 13,152 2,561 (2,319 2,194
‘ 3“HpI/IBUe,U,eHHbIX JAHHBLIX BHJAHO, YTO HHTEHCHUBHOCTb CEUMCMHUYECKUX ' 1.0 1,009 1,037 1,169 1 484 ) 334 ’473&33. 3,453 |2 752 2 .45
'BO3JENiCTBHI yBesHYMBaeTCS NP IlePeXoje OT KeCTKHX IPYHTOB K 12 [1,0061,026|1,112| 1,294 | 1,68 2,653 14,651 13,74 |2 041
:HeC‘{aHO-I‘paBHI‘/’IHbIM rpyHTaM, IeCYaHblM TPYHTAM U TJIMHHCTHIM TPVH- 1,4 |1,005(1,019(1,08 1,2 [1,425/1,876|2,956}4,944 §,013
TaM, JOCTHrasi mpupauienus asa Ganna (no wkane JMA) pis ranuu- 1,6 |1,004|1,0141,06 |1,146]1,296|1,559|2,0713,2455,216
\CTHIX TPYHTOB II0 CPaBHEHHIO C 2KeCTKHMHU NOPOJaMH,

HpI/IBeAEI-}’HbIe BbLIIlIe PE€3YJAbTAThl [IOJYYECHBI HA OCHOBAHHM aHaJH3a 0,1 |2,054[2,024|1,868]1,84 11,831/1,826(1,824(1,822/1,821
NOBPEXKICHUY IPU 3eMJIETPSICEHUAX JIePeBSIHHBIX KUIBX JoMoB. OnHako 02 {1,242]2,491)2,056)1,914)|1,87 |1,851|1,841)1,835]1,831
cllelyeT OTMETHTb, YTO CTeleHb IOBPexJAeHUH NPH 3eMJIETPSCEHHAX 0,4 [1,053|1,256(3,1082,377|2,073| 1,967 5,817 {,389 1,372
ONIPEZIENIAETCS COBMECTHEIM BJIMSIHHEM aPaMeTPoB KoJeGaHHMil TPYHTOB o1 | ok 1,023 i Lo 3,08 %82% S e 5 To | 5 08
U JMHaAMHYeCKHMH XapaKTepHCTUKAMH COODYKEHHH OlpeledeHHOro ’ 170 [17008]1,034|1.153 | 1,441 9,942 (4.333(3.285(2.599 [ 2.317
THIIa, a He TOJAbKO KoJeGanuaMH rpyHTa. [TosToMy pesyJsbraThl OLUEHKH 1,2 |1,006(1,023]|1,10111,267|1,62212,545|4,6513,562 2,775
HHTEHCUBHOCTH IO CTEHEHU INOBPEXAEHUS JEPeBSIHHBIX JKUJBLIX JOMOB 1,4 |1,004]1,017]1,072)1,1821,386 | 1,802 2,835 4,944 3,827
JIOJIKHEL OBITh TIIATEJNBHO NPOAHANU3UPOBAHEL Iepe] TeM, KaK HCHOJb- 1,6 |1,00311,013[1,0541,135|1,2681,5091,9823,113(5,216
30BaTh HX /IS COBEPLIEHHO HHBIX TUIIOB COOPYXEHHI.

4) Ycunenue celicmuseckux xonebanutl 6 nosepxrocmuom cace. Ko- 0.1 |2,054(1,936(1,785(1,759(1,75 | 1,746 | 1,744 | 1,743 1,742

4 ne6GaHus B MOBEPXHOCTHBIX aJ//IIOBHAJIBHBIX CJOSIX YCHJIMBAKOTCA B CBS- 0,2 11,223]2,491|1,96 |1,827}1,787|1,769(1,76 |1,754|1,75}
4 3K C sIBJEHWEM MHOTOKPATHOro otpaKenus. [yist Toro uTobel Kosinyect- 0,4 |1,048)1,23413,108(2,25811,9721,875) 1,829 1,883 1,788
BEHHO OLEHHTDH 3TOT 3eKT YCHIeHHS, HeOGXOAMMO PacCMOTPeTh IO- 015 8'2 -o2) ool i*gf} ?g’gg ggg’i’ %éi; é%g e %*g?g
BEPXHOCTHBIH CJIOH NpH AelCTBUH CeliICMUUECKOH BOJIHEL B MOACTHIIAIONIEM Y 10 | 1,007 | 1,031 1,139 | 1,402 | 2,151 4333 (3118|2456 | 2,194
cJloe W olpeleauTb GopMy BOJH Ha NoBepxuoct# rpyuta. K. Kamnam 1,2 {1,005]1,021|1,092]1,242 1,567 2,437 4,651 |3,383|2,618
[54] nonyuua caeayromyo GopMyJy Ha OCHOBAHHM MHCTPYMEHTaJbHBIX 1,4 [1,004(1,015(1,065|1,164|1,351(1,733(2,713|4,9443,639
U TEOPETHYECKHX MCCJAeROBAHUHA: 1,6 [1,003]1,012]1,049|1,12 |1,243]1,462|1,898|2,978]5,216
| e
G(N)=1- . (3:3) 0,1 [2,054]1,852|1,709|1,685|1,677|1,673|1,671|1,67 |1,669
1+k 0,3 T \2 0,2 ﬁzos 2,491.]1,87 [1,747]1,71 |1,694|1,685|1,68 | 1,677
= } + VTe T 0.4 [1,044(1,2133,1082,146(1,879(1,79 [1,748(1,725 (1,71
! G 0.6 {1.019{1,082]|1,499]3,582|2,423|2,024 |1,882|1,813|1,774
pic 0,2 0,8 [1,011]1,044|1,217|1,784|3,981 2692 2,17211,98 1,884
rge k=171 . 1,0 {1,007(1,028(1,126(1,364]2,061|4,333(2,953(2,322|2,08
bz C2 1,2 {1,005[1,019]1,083(1,219|1,515(2,33 |4,6513,205|2,471
G (T) — xosbbuuuent ycumenus; 7T — NepHOL HOAXOAMIIedl celicMHYeCKoi 1,4 |1,003|1,014)1,059|1,149|1,318(1,667|2,59 14,944]3,45
poanbt; Tg — npeoGuafatouinii HepHOZ KoAeGaHHI MOBepXHOCTHOTO CJOf; 1,6 11,003)1,011]1,044}1,108]1,22 |1,419/1,818 2,842f5 216_»
01 — IJIOTHOCTb NOBEPXHOCTHOTO CJ04; p2 — IIJIOTHOCTb NOACTHUJAKUIETO CJa0;
€1 H €y — CKOPOCTH pacnpoCTpaHeHHus CcefiCMHUECKHX BOJIH COOTBETCTBEHHO B IIO- .
BEpPXHOCTHOM H NOACTHJAWOUEeM caoax. B 1abi. 33HpHBeI(eHbI 3Havenusa G (T) 0 0,1 12,054 11,773]1,638 1,61711,609)1,606)1,604)1,603) 1,602
AR 10 BAsSae (19 18 a7 e | | s e e e
58
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oA ~ a5
11 poooasceHue maon, 3.9

TG,C
k
0,1 | 0.2 | 0,4 ] 06] o8] 0] 2] 1.4 ] 106
1,017 | 1,074 1,451 3,582 2,296 1,795 1,733 1,697
1,009 (1,04 |1,196]1,717 3,981 2,06 |1,884|1,79
1,006 1,025 1,113{1,33 1,974 2,79212,196| 1,974
0,25 1,004 (1,017 1,075} 1,198 1,467 4,65113,03 {2,332
1,003|1,012]1,053|1,1341,287 2,468 | 4,944 | 3,261
1,002 ;1,01 {1,04 |1,098[1,198 1,743(2,704 | 5,216
0,1 |2,054)1,698(1,573| 1,553 1,547 1,542 1,541 | 1,541
0,2 |1,17 |2,491|1,708|1,6041,57¢ 1,554|1,55 |1,547
0,4 |1,036]1,174|3,108{1,94 |1,713 1,605 1,586 1,574
0,6 |1,015]1,067[1,412]3,582(2,176 1,715] 1,658 {1,626
0,3 0,8 |1,009/1,036]1,177]1,652]3,981 1,954 [1,794{1,715
1,0 |1,005]1,022[1,102(1,297]1,888 2,635(2,078| 1,876
1,2 |1,004]|1,015(1,067 1,178 1,421 4,651|2,857 (2,202
1,4 [1,003|1,011}1,048(1,12 |1,258 2,346 | 4,944 | 3,074
1,6 |1,002]|1,009|1,036|1,088{1,178 1,671|2,567 (5,216
) N
0,1 [2,054(1,628|1,513(1,495(1,489 1,485 1,484 1,483
0,2 |1,15412,491}1,635(1,54 [1,513 1,495 1,491 1,489
0,4 [1,032]1,157|3,108|1,846 (1,638 1,541|1,5241{1,513
0,6 |1,014|1,06 |1,371]3,582|2,061 1,64 |1,589|1,56
0,35 0,8 |1,008(1,032|1,159|1,59 |3,981 1,856 (1,711}1,64
1,0 |1,005{1,02 }1,091(1,267]1,806 2,48311,968) 1,785
1,2 |1,003]1,014]1,06 |1,159(1,378 4,651 ]2,688]2,08
1,4 |1,002[1,01 [1,043]|1,108|1,231 2,927]4,944|2,89
1,6 |1,002{1,008]1,032|1,079|1,16 1,604 (2,431 5,216
0,1 |2,05411,561(1,456|1,441|1,435 1,432(1,431 1,43
0,2 |1,138(2,491 1,566 1,481 1,457 1,441(1,4371,435
0,4 |1,028|1,14 13,108|1,757 1,569 1,4821,466 | 1,457
0,6 |1,012(1,053|1,333/3,58211,951 1,57 | 1,524 (1,498
0,4 0,8 [1,007]1,028(1,142(1,53 |3,981 1,764} 1,634 1,57
1,0 {1,004|1,018]1,081(1,238]1,726 2,336 1,864 (1,7
1,2 |[1,003{1,012(1,053]1,142]1,338 4,651(2,52411,965
1,4 |1,002(1,0091,038|1,096|1,206 2,11 |4,94412,71
1,6 [1,00211,007(1,029]1,07 |1,142 1,54 {2,297|5,216
0,1 12,05411,499]1,404{1,39 |1,385 1,382(1,3811,381
0,2 1,123(2,491]1,502|1 426} 1,404 1,39 |1,3871,385
0,4 |1,025(1,125]3,108{1,672| 1,504 1,426 (1,413 1,404
0,6 |1,011|1,047|1,297(3,582|1,847 1,505 1,464 | 1,441
0,45 0,8 |1,006]1,025]1,126|1,473|3,981 1,678 1,561 1,505
1,0 {1,00411,016]1,072|1,211]1,649 2,194(1,767}1,62
1,2 [1,003]1,011]|1,047(1,126]1,3 4,65112,365| 1,857
1,4 11,002(1,008}1,034]1,085]|1,183 1,996 4,944 | 2,534
1,6 |1,001|1,006{1,025!1,062|1,126 1,48 |2,166|5,216

iTpodoancenue maba. 3.3

Tg.c

0.1 | 0.2 | 04| 06| 0.8 | 1.0 | 1.2 ] 1.4 ] 106

9.054|1,44 |1,355|1,343(1,339|1,337|1,336(1,335 1,335
17109 | 2,491 | 1,442 |1,375| 1,355 1,347 1,343 1,34 1,339
022|111 |3.108|1,593| 1,443 11,396 | 1,375 1,363 1,355
101 | 17042|1,262(3,582( 1,748 1,519 | 1,444 1,408 1,388
1005|1022 | 1,11 | 1,418{3,981| 1,004 | 1,506|1,494 1,444
17003 | 1,014{1,063|1.186|1,575|4,333|2,059 | 1,675 1,545
002|101 |1i042|1,111|1,264|1,731|4,651]2,212|1,755
17002 |1007] 1,03 | 1,075 1,161 |1,344|1,885|4,944 2,364
17001 {1,005 {1,022 1,054 |1,111|1,213|1,423|2,0385,216

0,5
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3) Kapthl celicMUuecKoii MHTEHCHBHOCTH MO THNAM TPYHTOB

Kax 0TMeuasoch BBILIE, aMIJMTYAB U YaCTOTbl MHTEHCHBHBIX KOJE-
Ganuil IPYHTa BO BpeMs 3eMJETPsICeHMs ONPEAeIAIOTCS XapaKTepHbIMH
0COGEHECCTAMH TKIIOB TPYHTOB, UTO OCOOEHHO 3aMeTHO AJs a/lIIOBH-
AJIbHBIX HATJACTOBaHHil, 3TH OCOOEHHOCTH HENOCPE/ICTBEHHO CBASAHDL
O CTenenblo TMOBPeXkJIEHNH 3/laHkil Ha TaKHX IpyHTaX. IlockoJIbKY Ha
OCHOBAHNM TPOBEJICHHBIX HCC/EAOBaHHH MOMKHO OUEHHTDH npoeo6na-
Jaloulyii 1epuoA M KoSGQHIEEHTb YCH/ICHHS JI ONPEAeJCHHON IIIO-
WaAKY, NPEACTABIAETCS BeCbMa LEHHBIM JUisl INIAHMPOBKH IopoAa H
NpesioTBpallel s PaspyIlienii cocTaBuTh KapThl XapaKTepHCTHK rpyH-
TOB JUisl KaXmoro pariona.

Ha puc. 3.9 npupejiena 4yacTb KapTel pacnpee/ienus NpOTHO3KpYe-
MBIX OICHOK CefiCMHUECKOH peakIluH, KOTopasi IOArOTOBJIEHA CTOJIHH-
HEIM COBETOM 110 NPEJOTBPALIEHHIO TIOCHeJCTBHH paspyILeHHH Tokuo
aas 23 pajionos. Ha 3Toil KapTe TeppuTOpHsA ropoja pasiesena oaHo-
KuioMeTpoBoil ceTkoii. Ha mHell yKasanbl npeobJajaiomye YacToThl
B MeCTaX NepecedyeHusi JUHUH H COOTBETCTBYIOLHE HM Koaqo)(pnunemm
VCHJIEHUs: KoJieGanuil Juisl MOBEPXHOCTH IPYHTa NPH BO3JACHCTBHH CH-
HYCOMJanbHOH CeHCMHUYeCKOH BOJHBL C npeobsafalolleil 4YacTOTOM MO-
BEPXHOCTHOrO €J10s1, KOTOpasi NOJAXOAUT OT MOACTHJIAIOWEro T'PYyHTA.
Ananus 310il KapThl NOKa3biBaeT, YTo JUisi Oosiee BLICOKHX IVIOLIaAOK
XapaKTepHO HaJHuKe OJHOrO Mpeolsajaiollero nepuoia KoJebaHuil, a
AJIS IEHTPaJIbHOrO HH3KOPACIOJIOXKEHHOro padoHa—HECKOJIbKHX mlo-
W@NoK ¢ TpeMs u Gosee npecOajaloliiMyl IEPHOJAMH. KoadpuunenTot
YCuneHus nis 06ouX paloOHOB NMPHMEPHO OAMHAKOBBHL.

Pesynprath uccsenoBanuii MOTYT ObiThb TaKKe HCIOJb30BaHB! NMPH
COCTABJEHMM KapT OXKMJaeMoll MHTEHCUBHOCTH CEHCMHMUYECKHX BO3LEH-

CTBUY C LeNIBbI0 HX NOCJICAYIOIIETo TPHMEHeHus JAJsi NPOeKTHPOBAHHA
COOpyXeHu#. DT0 ompaBlaHO TeM, YTO pacuyeTHasi HHTEHCHUBHOCTH B
KaXJoM paficHe mosyuena Ha OCHOBAHMH H3YYeHHs MOCJAEACTBHH IIPO-
-WeUIMX CHJIBHBIX 3eMJETPsICEHHH.
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3eManax

Bce npepiayliiie BHIBOAB OTHOCHJIHCH IVIaBHBIM 00pasoM K ecTe-
CTBEHHBIM OTJIOXKEHHSAM B BHJE a/JiOBHAJIbHBIX TPYHTOB. [IpHHSATO Cyn-
TaTh, YTO NPHHUMNHANBHO AHAJOTHYHEE ABJenus OyAyT HaGmoaTbes
HA BOCCTAHOBJIEHHBIX Tepputopusix. OAHAaKO, MO-BHAUMOMY, B CBH3H C
GoJsiee caalboll koucodaujaluedl HCKYCCTBEHHO HAachlIaHHLIX TPYHTOB,
KaK noKasan onsiT 3emaerpscenuit Kanto u Huurara, faxe B caydasx
BOSBeJieHHs 3JaHnil Ha TePPUTOPHSX, BOCCTaHOBJeHHBIX Gosee 300
JeT TOMy HasaJ, CTelleHb NOBPEXJeHHI OKa3hlBaeTCsi OCOOEHHO CHIlb-
noii. A. VMmamypa uccienoBas MOBPEXKJIEHNS NPH CHJbHBIX 3€MJIETPs-
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Puc. 3.9. Kapra ueurpasbHofl yactd ToKMO 1/ pacnpefeNeHuii pacyeTibX oOLe-
HOK ceACMHYECKOR peaxlMu, XapaKTepHusymoomas npeof/ajaioiiie yacroThl KoJge-
Gamuii B ['1 (cieBa) ¥ COOTBETCTBYIOLIMe HM KO3((HUMEHTH ycHIeHHs (crpasa)
B y3/aX IepecedeHns OJIHOKHJIOMETPOBOH ceTKH. B MeCTax NpOYepKOB NOApasy-
MeBaeTcsi OTCYTCTBHe Npeobiajaloniux KoneBauuil ¢ yacroroll seme 0,5 T
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cenuAx B paiionax Toxuo n Ocaky, B KOTOPBIX HaChINHbIe TePPHTOPHH
6pL1H CO3JaHblL B nepuofl Tokyrasa (1603—1867 rr.). On oOHapyxKuaI
w10 PaHOHE! C GOMBIIHM KOJTHYECTBOM paspylIeHHBEIX JOMOB 1 GOJIbIINMH
e TOBEUECKIMI KepTBaMHU TIOUTH BCEra NPUXOJAUJINCE HA TePPUTOPUH
¢ HACHIHBIME TPYHTAMH. Ha puc. 3,10, a noxasana npnépexHas 3oHa
ToKHO B CepelnHe XV croserust, a Ha puc. 3.10, b — 30Ha TOBpeXK-
gernii TOKHO TIPH 3eMJETPACCHUH Kanro, }%23 r. CpaBHeHMe STHX
kapT OKa3bIBAET, UTO MOLIALH C HauboJIbILIEH "CTeTIeHbIO MOBPEKACHHH
nipu 3eMJIEeTPSICeH Y KasTo otHoCsITCSt K epuoay Tokyrasa.

" Toxno 1 Ocaka SBJAKIOTCS NPUMepaMu TEPPUTOPHH C PHIXJILIMI rpyH-
gaMy TIOA HACHIMHOH ToJIIeH. Ha BoccTaHOBJEHHBIX TPyHTax He OHeHb
GoTbILIOH TOJIIIHEL Ha IIOTHOM OCHOBaHNH HE BCET/A CACAYET OKUAATH

0 Cymuder
~——

<= Augevcumd

il

Prc. 3.10. CpasunteabHsle KapTol Ji0 (crapoe Haspamue Tokuo) B nepuog Hopo-
ry (14571459 rr.) (@) u mioulafeli o6pYIIEHHs AepPeBAHHBIX KHUJIHX AOMOB BO
BpeMs 3emserpscenns Kauro, 1923 r. (b), xapaxTepHsyIOLIfe COOTHOLICHHE MEXK-
Ly BOCCTQHOBJIGHHBIMH 3EMJAMU M CTeIENBI0 MOBPEXICHHI 1IpH 3eMJIeTPSICeHHH

(ranusie x-pa A. Vmamypa)
I — mgpe; 2 — queHb CHALHblE TORDEKICHHT,; 3 — CUJBHBIE NMOBPEKIACHHA

MpU 3eMAETPSICEHUTX TakKuX e PaspynTeJbHBIX nocneacTBHil. Ha-
npumMep, Bo BpeMs semierpscennst Hunrara cTeneHb MOBPEXKACHUM
6b1a ouenb GoJblnol B paiione craporo Kasana p. CHHAHO, KOTODHIM
6Bl HACKIHLIM, HO B TAKMX MeCTaX, KaK npaBobepeKHas 4acTb MOCTa
Cosa Oracu, ¢ c/I0sIMH NlecKa (THIIa IlecYaHbIX JIIOH) HeBOIbIION TTYOUHEI
TNOBpeKIeHYS e OBUIH TaKuMH 3HauuTebHBIMH. CrlefloBaTe/bHO, BOC-
CTAHOBJICHHEIE (HACHIMHBIE) TePPHTOPHH CJeAyeT paccMaTpHBaTb IIpH
OlEHKe CeHCMOCTOHKOCTH COBMECTHO C NOACTHJ/AIOMHUMH TNIOPOAAMM.

Bo Besikom carywae sacTpoiika /s IPOMBIIVIEHHBIX HYKJ TEPPHTO-
PHil ¢ HacHIMHBIMU rpyHTaMH B 6YAYIEM, OYeBHIHO, CYLIECTBEHHO pac-
WwrpuTes. Takpe TPYHTH MOLYT PACCMATPHBATBCA KaK OYEHD MATKUC
H DHIXJIBIE aJITIOBHaJIbHble TPYHTHL H TPeOYIOT pelleHHs psala npobJaeM
Aist ofecrieyenys ceficMOCTORKOCTH coopyzKeHuil. I1o3ToMy HEOOXONUMEL
ClellManbRue wccAenoBanusa pPadoThl I'PYHTOB Ha HACBIMHBIX TEppH-
TOPUAX NPY CHJIBHEIX 3eMJIETPSICEHUAX.
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5) CeiicMHueckne KoJjeGaHust 3arjayOJeHHBIX CJ0eB rpyHTa

OyHgaMenT GoJbIIMX COOPYKeHUD 3arayGJsioTcst Ha Beluupy
OT HECKOJIbKHX MeTPOB JI0 HeCKOJIbKUX JeCATKOB MeTpoB. Ilostomy assj
pacdeTa HOA3EMHBIX COOPYKeHHH HeoOXOIUMO HMeTb HHOPMaLMIo o
ceiicMuUecKuX KosebaHUsX 3arayO/IeHHBIX CJI0eB rPyHTa. B ¢BsI3U ¢ pas-
BUTHEM [I0/I3€MHOTO CTPOUTENBCTBA aKTYaJbHOCTh DELIEHHS] 3TOH 33-
Jauu Bce GoJliee BO3pacraer.

W3 pannux npHMepoB MHCTPYMEHTAJbHBIX HaGMIOfeHUH 3a CelCMi-
YeCKHMHU KoJIeGaHUSIMH HHKe IOBeDXHOCTH 3eMJIH C/IeIYeT YNOMSHYTh
. Mujiga, KOTOPHIA H3MepsiJl B TPeXMeTPOBOH CKBaXKuHe KoJae0aHiis
BO BpeMs cuJibHOTO 3emilerpsicenus 20 mas 1885 r. Ha Tepputopny
Texnosorndyeckoro nHcTHTyTa TopanomoH B Tokuo. @©. Omopu aag
5TOH Ke IeJH NPOBOJMJ HCCAENOBAHHA B CKBaxKHHe TJYOHHOH 5,4 n
B YuuBepcuteTe Tokuo (mioTubll nsBecTHsK) npu 30 cnabhIX 3emer-
psceHMsX W OOHAPYKWJ, YTO HA YPOBHE OCHOBAHHS CKBaXKUHBEI Mak-
CUMAaJIbHEIE TlepeMelleHHs] COCTaBJISIIH Y/, , BEJMUMH MaKCHMAJbHBIX
nepeMellleHH# MOBEPXHOCTH I'PYHTa, @ MAKCHMAJIbHBIE CKOPOCTH U VCKO-
PeHHsI COOTBETCTBEHHO Y/, ¢ U1 1/, ;.

T. Cauta u C. Cy3yKd Takxke usydaau cjabple 3eMJETPSICEHHST B
TouKax Ha ray6une 10 M u 20,4 M B MapyHOyTH M OTMETHJIH, UTO IIO-
BEPXHOCTHBIH CJIOH M MOACTUJAIOIMI CJMOH MMEIOT OAHH H Te XKe Ipe-
obnajawmue fnepuofsl Kodiebanuil 0,2 ¢ u 0,7 c. Yckopenus Ha noBepx-
HOCTH Jle/IIOBHAJILHBIX HaIlJIACTOBAHHH COCTABJSIIOT JHIIb YACTh YCKO-
peHHH Ha NMOBEPXHOCTH aJ/LTIOBHAJIBHOIO CJ0sl, B annioBHanibHOM IPYH-
Te MEXIY KoJleOaHUSMH I'PYHTA HA OTMeTKe 10 M 1 Ha MOBepXHOCTH OT-
JIHYHe He o4YeHb 6OJbINoe, a MEXAY KoJieOaHusIMU Ha oTMeTKe 20 M ¥ Ha
IIOBEPXHOCTH — OUeHb 3HAUHTebHOe. OTHOLIeHHe NMoKa3aHuH pHGopoB
B 3THX YPOBHSIX COCTaBJAIU OT /5 o 1/,.

Ilo mepe coszaHusi Moja3eMHBIX ceificMorpadoB €Taso OOLIYHEIM B
NpaKTHKe H3YYeHUS 3eMJIETPICeHHH IPOBOANTD PETHCTPALIHIO C IOMOIILBIO
3ars1y0/eHHBIX celicMorpadoB B OYPOBLIX CKBaKuHax. BOausn navasib-
HOH INKOJIBL T. Ypasicu (mpedekrypa Tuba) rpyHT COCTOHT U3 CJIOS HJa
TOJIIMHOH IpuMepHO 30 M, IIOJ KOTOPHIM 34JI€TAIOT MJIACTHI MJIOTHOIO
necKa. 3/1eCh BHITOJHAANCH HHCTPYMEHTAIbHBIE HAOMIOASHHUA TIPH MUKDO-
ceficMax U 3eMJIETPSCEHHAIX B CKBaxkuHe raybunoil 37 M. Xapakrep-
HBle 3al1CH NMOJYYEHHBIX aKceJeporpaMM JaHbl Ha puc. 3.11.

AHanu3 3THX 3anucefi NOKa3bIBaeT, YTO B HAYAaJbHBEIX CTaJHAX OC-
HOBHBIX KoJleGaHu# 3allucH Ha r/1y6GHHe U Ha ITOBEPXHOCTH NOXOXKHU C He-
OOJIPIUIMM CABUIOM BO BPEMEHH, HO MOCTENEHHO BJHSHHE IOBEPXHOCT-
HOTO CJIOS CTAHOBHTCS ONpeleNsIomuM U KoJebaHHS Ha NMOBEPXHOCTH
IpYHTa CYIIECTBeHHO Bo3pacTtatoT. CKOpPOCTh pacnpoCTpaHeH st BOJTHEL [0
OlleHKe pa3HoCTH (a3 ABYX sanncell B HaYaJbHOH CTAJH COCTABJSET
okoJso 280 mM/c, a npeobGianaomuii neprox KoseGaHuH, BLIUHCIEHHBIH
no ¢opmyJe (3.1), pasen 0,5 ¢. C Apyrofl CTOPOHEI, NEPHOALI OCHOBHBIX
BOJIH Ha 3THX 3amUCAX paBHH npuMepHo 0,18 ¢, uTo He cormacyercst
C YKa3aHHBEIM Npeo0/1aJaloluM EePUOJIOM.
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KpuBasi pacrpefe/leHnst CocTaBa MHKDOCEHCM 10 MepuofaM /st
5TOil MECTHOCTH IpuBefeHa Ha puc. 3.4. Ha nelt s3amMeTHEI Tpu npeob.ia-
patomux nepuota 0,46 ¢, 0,32 ¢ u 0,12 c. W3 pux Besauumna 0,46 c,
Ho-BUAHMOMY, COOTBETCTBYeT npeoOJajalolieMy IMepHOAY KoJeGanuil
aJIJIIOBHAJIBHOLO  CJIOST, BBIUMC/JIEHHOMY IO CKOPOCTH PAaclpOCTpaHEHHs
BoJH ¥ ToJuuue cios. [Tepuoawt 0,12 ¢ n 0,32 ¢ MOXHO OTHOCHTb K
BJAHSIHHIO HEOJHOPOAHBIX MNPOCJAOEK BHYTPH aJVIIOBHAJIbHOIO CJIOs,
KOTOPO€ CYWIECTBEHHEIM 006pa3oM NpOsBJsIeICs B 3allHCH Ha TOBEPX-
HOCTH TPYHTa BO BpeMs semJjeTpscenus. OfHako N0 Mepe YBeIHYEHHS

gat NoBepxnocms
20

L)
3
D
>
=
—

gat Ha zaybune 375

0 cex

Puc. 3.11. AxceneporpaMMbl KoJie6aluii NMOBePXHOCTH M HHKHHX IJaCTOB FpyH-
Ta, moayyenusie B Ypasicu (npedextypa Tuba)

CHJIBL 3eMJIETPSICEHHsST POJIb aJITIOBHA/JIBLHOIO C/I0s1 B I€JIOM yBeJHYHnBa-
eTCK ¥ NPEBOCKOAUT BJIUSHUE MECTHBIX HEOAHOPONHHIX Hpocsoek. Toraa
WHTEHCHBHEIE KoJieGaHUsl MOBEPXHOCTHOTO CJIOS JOJIKHBL TPOUCXOAHTD
¢ mepuojoM okoso 0,46 c.

OrHomwenne yCKOpeHUil rpyHTa Ha MOBEPXHOCTH K YCKODEHHSIM Ha
raybuse B Ypasicu coctaBasio Qr.2 io 4. MuctpyMenTanbHbe Ha0.J110-
AeHHsl B JAPYruX TOYKaX Jaju NMPHUMEPHO Te ke Pe3ynbTaThl. TaKuM
006pa3oM, GpIO yCTAHOBJIEHO, Y4TO B aJNIOBHAJIBHBIX HAIIACTOBAHUAX
HabmosiatoTcs npeobafatoliye eprolsl 1 3beKTsl YCHIeHHs, H YCKO-
PeHMSI Ha ryyOuHe 3HAYNTEIbHO MEHblle YCKOpeHHi Ha TTOBEPXHOCTH
C OTHOWleHHeM, GoJice M/ MeHee GIM3KUM K YKasaHHOMY. JTH (akKThl -
MOXHO CpaBHUTeJbHO TOUHO B KOJIHUECTBEHHOM OTHOLUEHHH IIpeACKa-
SaTh C NOMOLIEIO TeOPHH, PACCMOTPEHHOH HHXKe.
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3.3. CENCMHYECKHUE KOJIEL AHUA
B PANOHAX PACHPOCTPAHEHHS CKAJIbHBIX FPYHTOB

1) MoBpexpaenns npu 3eMJIETPACEHUSIX HA CKAJbHLIX TPYHTAX

Takue OTBeTCTBeHHBIE COOPYMKEHMs, KaK IJIOTHHBI, THAPOJIEKTPO-
CTaHIUM H aTOMHbLIE JEKTPOCTAHIHH, OOBLIMHO BO3BOASTCA HA KOpPeH-
HBIX CKaJbHBIX mopopax. Jlyis oecrmeueHyst HaJeXXHOH pabOThI TaKux
COOpYKeHril ¥ BHYTpeHHero o0OpYAOBaHMS NPU 3eMJETPSICEHUSX He-
0GXOMO 3HATh INPHUPOAY CceHCMHYECKHX KoJeGaHu# B paiionax pac-
NPOCTPaHEHNsT CKAJBHBIX IMOPOL.

IoBpexnenus ¥ paspylueHHsl COOPYKeHuH Ha CKaJjle CBOAATCS B Oc-
HOBHOM K 06pa30oBaHMIO TPEUlHH B XPYNKHX COOPYEHHSIX M HX 00py-
IIEHHIO B CB3H C 3THMH TpelluHaM#u. Bo Bpems 3semJerpsiceHust Mma-
ut, 1949 r., KoTOpoe SIBJSIETCS] NMPUMEPOM 3eMJeTPsiCeHUsl B TOPHOIi
MeCTHOCTH, HaGJII0[aI0Ch MHOTO CJ1y4YaeB NOJHOTO M YaCTHUHOIO oOpy-
IeHHUsl IOMOB CO CTEHAMH K3 KaMeHHOY KJaiKH HJU OOJMLUOBKH M3 KaM-
us. Hanporus, ouenb rubkue JepeBsiHHBIE JoMa OODYILEHUH He HMeJH.
Bo Bpemst zemserpsicenusi KaHTo Haxke YCTOHUHBHIE BepXHHE KaMHu
HAMSATHHKOB OTIPOKH/IBLIBAIHCH B TOPHEIX MECTHOCTSX BOJIM3H 3IMIEHTPA,
YTO MO3BOJIMJIO ONEHHTh YCKOpeHusi B 3ToM paiione ot 0,48 gpo 0,67 g.
DTH YCKOpPEHHMs] 3HAUMTEJNBHO INPEBHIIANY BeJHYHHBI, 3aPErHCTPHPO-
BaHHbIE Ha aJJIOBHAJbHBIX I'PYHTaX.

[puBejentple NPUMEPH MOATBEPXKIAIOT, UTO NIPU CeHCMUYECKUX KO-
JeGaHusAX CKaJbHBIX IPYHTOB aMIVIMTYJBl HX IepeMellleHHH OOLIYHO
MeHbllle, YeM aJIMIOBHAJbHBIX TPYHTOB, & YCKOPeHHs! 0BOJbHO 3HAUH-
Te/IbHBEl B HaNa30He KOPOTKHX IEPHONOB.

2) MepeMelendss ¥ YCKOPEHHS CEHCMHYECKHX KoJieOaHuH
Ha JKeCTKHMX IpyHTax

Kax oTMeyaJioch, CpaBHeHWE HMHTEHCHBHOCTH CeHCMHYECKHX KoJle-
GaHKH Ha XKECTKHX M MATCKHX TPYHTaX CBHJETEJbCTBYET, UTO aMIUIH-
TYJABl NepeMelieHHH TJOTHBIX I'PYHTOB MeHbllle. UTo KacaeTcss ycKope-
HUl, TO, KaK INOKa3aJu OLEHKH CTemeHW NOBpeXieHuil, OhBAIOT CJy-
yay, KOTJAa YCKODEHHS JKeCTKHX TPYHTOB B Jualla3oHe KOPOTKHX Ile-
puofoB Gosbile, YeM MATKHX. TeM He MeHee JJIS1 KOJHYECTBEHHOTO OI-
pefleieHHs] 3TOTO ABJAeHHs OBLIO BHIIOJHEHO HECKOJIBKO HCCIeA0BaHMH.

s usydenus ceficMuugeckKux KojebaHuil IJIOWAA0OK Ha CKaJbHBIX
IPYHTaX HHCTPYMeHTaJ1buble Hab/IOeH s IPOBOAUNHUCE B BEPTHKAIBHOM
maxre 3MekTpoctanuuy Kunyrasa, pacnonoxennoil B 150 kM K cese-
py oT Toxuno. I'pyHTOBEIE YC/0BHA IVIOWAAKH XapaKTepH3YIOTCS I/1aB-
BBEIM 00pa3oM TBepABIMM KPynHO3epHUCTHIMU Tydamu. Oanako Ha Idy-
Gutre oT 42 7o 50 M MOpPOJB CJIOXKEHB! W3 MeJKO3epPHHCTOro Tyda, a na
ray6une oT 50 1o 54 M uMeloTCs MHOrouHC/eHHble TpelliHbl. Kponme To-
ro, Ha oTMeTKax 15, 22 u 36 M oTMeueHBl BK/IIOYEHHU S TJIMHBL TOJLLHHOI
cootBeTcTBeHHO 30, 40 M 20 cM. CKOPOCTh NPOAOJIBHBIX YUPYTHX BOJH
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p ckafie paBHa 3900 M/UC B BepxHeH wactu u 3500 m/c B umxuefr, mo-
CKOJBKY TY(bl B HHKHEH YaCTH HeCKOJBKO PBIXJee H HMEIOT TPELHHEL.

“Tlate akceJeporpadon OBIH YCTAHOBJIGHBl Ha PasHbIX ray6uHax, a
ABa ceficMorpada Ha TMOBEPXHOCTH TPYHTa M B OCHOBAaHHH ILAXTHI
(pHC. 3.12). .

Hecko/bKO NPHMEPOB MOJYYEHHBIX 3anucell NPHBEIEHH Ha
ouc. 3.13, 3 KOTOPHIX d — 3amuch npHu 3emjerpsicennn Huurata,
B KaxIOH cepuy IATh BePXHHX 3anucell NpeicTaB/siioT co00il aKcesie-
porpamMMbl, a JBE HHXHHE — CeiCMo-

rpaMMBbl. CJIezxyeoT OTMETHTb, UTO B 3a- g, [—a_ wes

nucsX CMellleHHH Ha orMeTkax O u L

67,2 M CYLIECTBYIOT TOJIbKO HeGoJblixe net

OTJIHYHSA. ~20m wez
SMIUPHYECKOE COOTHOLUCHHE MEXKIY 38,1 m

MATHHTYJOH 3eMJETDPSICEHHs!, SNMUEH- -40m NEs

TpaJbHBIM PACCTOSTHHEM M MaKCHMaJlb- s

HBIM CMelIEHYEM, KaK OJHO M3 BO3MOX- -g5, 5 N4

HEIX, onpejensieTcss (Qopmydon (2.9). e T

CpaBHEHBast BEJNHMYHHE], OIpeje/eHHble e

o Cedemozpager

no s10il PopMyJsie, C HHCTPYMEHTAJIbHO
® Jxcenepozpags

3apeTHCTPHUPOBAHHEIMY Ha 3JeKTPOCTaH-

uud KuHyrasa, nosayyaeM, 4ro sKCIe- pu. 312 Cxema paccTaHoBKy

PUMEHTA/TbHBIC JAHHbIE 3HAUMTEIBHO  npubopoB Ha  3MeKTPOCTAHLUH

Medblle (TobKO 6—20%) pacuertnpix Kunyrasa

(pI/IC. 3‘14). g-—aAMHHHCTEaTHBHOC 3aative;
MakcumanbHEIe YCKOpEeHHsT NoBepX- e s

HOCTH T'PYHTAa NPHMEPHO BABOE OOJIb-

e YcKopenn# 3arsy6ieHHbIX cjoeB. CQOTHOUIEHHE MEXKAY MarHu-

TYAOH 3eMJIETPSACEHHs1, SIHLUEHTPANBHBIM PACCTOSIHHEM H MaKCHMAaJbHbBIM

YCKODEHHEM, 3aperHCTPHPOBaHHBIM Ha OTMeTKe 67,2 M, npuBeleHO Ha

)p;(nc. 3.15. 91y 3aBHCHMOCTH MOKHO NPEACTABUTL CJEAYIOIHM BbHIpa-
eHHeM:

Jo Qmax _ A4+ 40
gt === (— 7,604+ 1,7244M —0,1036M7),  (3.4)

rae —
A€ Xmax — MaKCHMaibHOE ycKopenke, gal; M — MarHUTYAa; A — 30HuenT-
PambHoe paccTosmme, kM,

3) ®opma ceiicmuueckux BosH

E:el)::}gﬂcqacm Jlaxe 2KeCTKHX I'PYHTOB SIBJISIETCS BBIBETPEHHOM 110
ite Tpe HHH}KHHMH NJacTaMu M, KaK MPaBHJO, HMeeT MHOIOUNC-
TPYHTA na r[IIéBHH’ IPOCJIOHKH U T. II. B 3THX clyyasix XapaKrepHCTHKH
CHBe, Kax emepg}iocm OTVIHHAIOTCS OT XapaKTePHCTHK IPYHTA B Mac-
¢ OﬂpeﬂeneHHH bl CYIIECTBOBAJ IIOBEPXHOCTHBIA CJ0H, a KoseBanus
THYHO, Korja bIMH  lepHojaMH SIBJASUIHCh TpeobJafaiouymMu. AmHaJo-
HOCTH, g HMEIOTCSl 3HAYHTe/IbHEIE H3MEHEHUs! B TONOTPa(HU MecT-
. » TAKHE KaK TOpHBIe BHICTYNIB U TYGOKHE VIUebst, MOSIBIASETCS

Cpa
JieH

67



0 1 2 cex 3 4 )
||||(||llllllll-‘llfl||||||l||‘|\\|||||l|||llll|||l|

N2 1090l
we) L

WV
N
S M4
S| (51209090t
= (N95)J
s U0 i
S wo A P
§[ (9) sp. pax
§L 2 | .
& (67m) a)
NeG8-B 9 0 11 cex 12 13 14 15

l||:1|1||;|ﬂ1lr||l|i|||||Illl}llllllIIIIIIlllllllllllll|l|||l|l|

&
£
[~
S
=
L
% Mol ﬁ‘gﬂM/f
5| (622M) 3= y T
S e, 400mk -
& N VY
v 17)
.. U 1 2 cek 3 4 5
’.5 R N N N N SN NN NN N

. 7! v 80gal
Neyt J:’Z. A ath A Sl I\AV \/‘VVAV{\I\ I\AU[LJ-/\V/L} 7

Q
(% IUJ l
= ] L[
x H Sy MV;AA"Az;,V_qvv/‘x APl 4q}u~,4~%+
S (-éyf.?n) /0] qal v v ; [ifﬂyal
N:ﬂ5 AVAY" A‘V
C672m)
200K

A

Neperewyerue
1
= <3
— o e
S
i ES

0 ! ? I “ 5 13 7 cék
e 10“0‘&1‘“‘“lHi”lI"/’alH”’“’;“”””’g‘””“”}””IHHIIIIIHIIHI

we1 Mt e

(0w} 10 g

N2z E_,___,m%w u
w MZ?M”UE. : APAAndion o

7 aon gt e L NV WV o
§ ('-74,2/‘?’) 10 v vUVV‘V HANALVVM_VF hovelt A s A"'Vv At Y
g (;y§4)10 Y w"WLFﬁ“WMAA“@LA“Whﬁ“MWMWWMMAhA-a¢us4VWuAwgumgqﬁhﬂhu
5 M al
7 2o MWMWMW‘MWNWWWWW
' (“63/2;;). 50!177[[/‘017\5//\ < ™\ [ e T S .
§’§ E”:Za;’)m microns \'\/f\ N
3 AN Yxi/ NS Lo emmand
8% (0w [ 7 ~J A e <

d)

Puc. 3.13. 3amHcu YCKOpeHHIT H nepeMelleHuil Ha afekTpoctannuu Kunyrasa npa
semneTpsAcernax: 24 nexabps 1962 r. (a), 20 nexalps 1964 r. (b), 6 anpesa
1965 1. (¢) u semnerpscennn Hunrara, 16 mona 1964 r. (d)
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Ay,

—— i,

BEPOATHOCTDL JONOJMHUTENBHLIX Koslefaunil Maccuba TOPHBIX IOpog,
nofoGHBIX KoJebanuaM coopyxenuil. llosTomy paxe T1pu KeCTKHX
IPYHTaX BOSMOXKHLI CJy4YaH NPOsIBJeHUsS MNpeoGjafatolinX [epHOIoB.
CuuTaeTcs, YTO YacTO BO3HHKAIOILKE TPH 3eMJIECTPSCEHHSX YETKO BHI-
paxkeHHble KoJeOaHHs B TOPHBIX MECTHOCTAX C YlepHOZaMH OKOJI0
0,2 ¢ o6ycJioBJeHbl STHMH [PHYHHAMU.
Korga xe peskue u3MeHeHHs peJibedpa MECTHOCTH HEMHOrOUUCJICHHBI
U HET BBIBETPEJIOTO CJIOs, TIPeToarakoT, 4To ceficMuueckue KoJlebanus,
NOAXOASINEE K CKaJbHOMY OCHOBAHHUIO, JIOCTHrAIOT MOBepXHOCTH 0Ge3
MCKaXKeHui ¥ oTpaxaiorcst obpar-

20 " HO B IPYHT.
ol Hucrpymenranbubie Hab/ioge-
08 =% HHs 3a opMOH CceHCMMUYeCKHX
R —— BOJH B TBePAbIX TI'pyHTax OoJsee
g 04 \ |~ ] orpaHuueHBl, 4eM B aJJOBHA/Ib-
S HeIX rpyHTax. OguH cayvyad Ta-
o 02 \VaRa S KuX HaOJogeHull, MPOBOAUBIHHX-
= o N NE5 Cq Ha NJIOWAZiKe 3JeKTPOCTAaHIHH
gﬂ% —— \ KuHyrasa, yXe OIHCHIBAJICS, a
$ 006 e (RS NoJIyyeHHBIE 3allUCH TNPHBEJCHEI
Y - - Ha puc. 3.13.
' ! Ha puc. 3.16 nyHKTHpPHOH JH-
0 5 10 15 0 2 ppeli moKasaH CIIEKTpP CKOPOCTefl

Yaemoma cobemBerneix Kopebawnud , i NIpH 3eMJETPSICEHHH b, 3aMuch Ko-

Puc. 3.16. CnexTpsl cKopocTell 3emJe- TOpOro Jana Ha pHC. 3.13 (o
rpsicenrsi Ne 5 (cmiomHas Jaumas) u CHEKTPax peakinuu CM. §2ra. 7).
semietpscenust Huurata (UyHKTHpHAs — DTOT CHEKTP COAEPKUT YCpeJieH-
JIHHHH), IIOCTPOCHHbIE HO 3allHCAM Ha HBIE XapaKTepHCTI/IKI/I MHOTHX 3a-
NAOCLIAAKE SJCKTPOCTAHIIHH KHH}'I‘E\B& o

pPerucTpPUPOBAHHEIX HA 3TOH I1710-

majgke 3semjerpsiceHull  HeGoJsib-
IINX ¥ CPefAHHX Pa3MePOB C He OYeHb 3HAUUTEJLHBIMU SIHMIEHTPaJb-
HBIMH paccrosiHHaMH., Y3 3T0f KpuBofi BHAHO, YTO B AMANasole
yactor MeHee 7 'l npubaH3uTE/IBHO [OCTOSIHEH CNIEKTP nepeMellenuli,
B HHTepBaJe YacToT 7—16 'l npuMepHO NoCTOSHEH CHEKTP CKopocTe,
a B uHTepBaJse dactoT GoJee 16 I'il — crekTp ycKopeHui.

Crnomnolt munuelt Ha puc. 3.16 nokasaH cIeKTP YCKOPeHHH npii
semserpsicenuu Hunrata, saperucTpupoBantoM Ha 310l milomanke. Mar-
HHUTYJa 3TOTO 3eMJeTpsiceHus Obla oueHb Gojbiioi (7.5), a smuuei-
TpasibHOe PacCTOsHKe JOBOJbLHO 3HauHTeAbHBIM (180 kM), OTMETHM, YTO
B 9TOM CJ1y4ae CIIEKTD peaKUHHU COJAEPIKHT JJIMHHONEePHOJHBIE KOMIIOHEH-
TH KoJeOaHUH M TeM CaMbiM OTJHYAeTCs [0 CBOMM XapaKTePHCTHKAM
OT CTNEKTPOB CJIaOblX W MECTHBIX 3eMJeTPsICeHHI.

4) CeiicMuyeckde KoJeGaHUA 3ardy0aeHHOr0 CKaJdbHOr0 OCHOBAHHA

CorJlacHO WHCTpyMeHTanbHbiM Habmogenusim C. Haxamypa, npo-
BeJleHHBIM Y BXOJla B TOHHeJIb i BHYTPU HeTo Ha ryyOuHe 85 M, nepeMelile-
HHSI BHYTPH TOHHessl cocTaBasiun 0,43—0,8 BeqnUUH mnepememjeHHH
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oKOJIO BXOJA proab TouHesida u 0,6—0,8 — B NEePTeHAUKYASPHOM Ha-
ppapJeHiH. CpasHutesbubie usMepenns H. Hacy B xornosune Tanna
¥ Ha raybuHe 160 M B ToHHeJe T%HHa TOKa3aJjH, 49TO MPH AJHHHBIX Me-
pojiaX CeHCMIYECKHX KOﬂe6aHUHI/I (3—4,5 ¢) passinuue B 3amMUCAX He-
3HaqmeJIbHoel. OnHaKo NPHU CeHCMHYECKUX KOoMebaHuaX ¢ epHogoM 1 ¢

a) 1cek
. e [ . I
10 7 gai
puc. 3.17. Axceaeporpammul 1a J
[OBEepXHOCTH TPyHTa (a) H ma 0 \M \j“/N\M\_/\A/\/\/\/l/\.\,\/\NM
ray6une 38 M (b) BGausn Cyna- %)
ram, cesepHas uactbh npedexty- 70 paq
pot Ty 0 JV“\"‘\”\/“W\/VM\,MW

nepeMellleHHsi HA IOBEPXHOCTH NPHMEPHO BJABOE INPEBBILANH TepeMe-
menns Ha TIyOuHe, a npu nepuoie 0,3 ¢ 370 NpeBHIIeHHE JOCTHTANO0 4.
K. Kanau MCIOJb30BaJ CTBOJBI WAXTHl XUTaTh? AJ15 cellCMHUECKHX H3-
mepennii Ha rayOune 450, 300 u

40 I T 17 Illl/o TT

150 M ¥ OTMETHJT CHUXKEHHE aMIJIH-
TYJ, DepeMellleHHH ¢ TIyGUHOH, npu-
YeM MHHHMMAJbHBIE 3HAUEHUS JOCTH-
ralquch Ha ONpeleseHHOH ray6une
(B8 omsitax KaHau mHa OTMeTKe
—150 ™).

OnuH M3 pesy/ bTaTOB u3Mepe-
Hu# B CyJarad, pacloJIOKEIHOM B
150 xm K ceBepo-BocToKy oT ToKHO,
NoKasaH Ha puc. 3.17. CkaJa B 310l
MEeCTHOCTH CJIOXKeHa JVIapuTaMH, B
BepXHe# uacTH cjerka BBIBETPEJIbI-
mMu. Ha pucynke npejncrapiena sa-
IHEb 3eMJIeTPSICCHHA, SMUIEHTP KO-  Puc. 3.18. Cpagilenie MaKCHMAaJb-
TOpPOrO HaXonWJCHd Ha TEPPUTOPHUKU  IHILIX  YCKOPeHuH 1na IOBEPXHOCTH
npeQ)EKTypr TH6a Pel‘HCTan,HH KO- rpy;}{'ra H B OCHOBAHHH BepPTHKAJL-
JIe6aHHI;’1 HpOI/IBBo}II/IJIaCb Ha HOBer- :‘;,?l];a HIAXTLI 3JIGKTPOCTAHUHH KHHy.
HOCTH M Ha ray6ume 38 M, B MaluH-

HOM sane. KoseGaTesibnbie mpouecchl 06eHX 3anuceil comepxar cy-
WeCTBeHHEIe KOMTIOHeHTH! ¢ TiepiofaMi 0,4 ¢, a aMIJIHTYAbl KoseGanui
c “epHOJIauMH 0,3—0,5 ¢ Ha ray6une cocraBasior 45—50% amnantyn
g’ﬁgggi}mn Ha noBepxuocTH. TengeHNIHA K CHHKEHHIO aMIIUTYH [0

€ aHaJorvuga sIBJICHISM B aJJIIOBHAJbHBIX OTIoKeHusx. Of-

.
I

N

|

1

Yerapene rmobeprsosi  chaie

1 [N 11
172 4§80 N W
Yewgpenve 8 ocvobonuy cxansi

'H
aKo CymecTBeHnoe OTaIHYNe 3aKAIOYaeTCs B NOAOOHH IIPOLIECCOB KoJle-

AN U v o
g“ﬂ B IBYX YPOBHSIX, T. €. BiusiHHe OCOOEHHOCTeH MOBEPXHOCTHOTO
i1 €llBa npocsiexkuBaeTcs. IlosToMy B 5ToM caydae YCHJAEHHE aMOJIH-
1
TOKaﬁTOOHHeJIb Tanna — camwifi gaunnbii JKCJIe3HOAOPOKHEIN TOHHENb JIMHHH
20, pacnonoxen npumepio 5 90 &M oro-sanaauee Tokuo. (ITpum. asropa.)

5 3 ”Ia },
][ Ta 1TaTu pacnogoxena 0 )
B 13 KM ceBepo-3anajHee IOKPI().
( pHM. aB[‘Opa’)
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TYA KojieGaHHH He MoxKeT OHITb OOBACHEHO fIBJIEHHEM MHOTOKPATHOTO
oTpaxKeHHsi BOJH B NOBEPXHOCTHOM CJI0€.

CorslacHO pPaCCMOTPEHHBIM PaHee H3MePeHHsM B BepTHKaIbHOH Iax-
Te 3JeKTpocTanuunl KuHyrasa, B BeJIMUHHAX NepeMeliennil IPYHTA Ha
IOBEPXHOCTH U Ha Iy1y6HHe NPaKTHYeCKH HeT Pas3finulis, a yCKOPeHus
noBepXHOCTHOrO cJjost B 1,5—2,5 pasa GoJblie, YeM MOACTHJIAIONIETO
cios (puc. 3.18).

3.4. PACNIPOCTPAHEHHE YNIPYITHX BOJIH

1) YpaBHeHHe JBMIKEHUS CeiiCMHYECKUX BOJH

CeficMuyeCKye BOJIHBI, IPOXOJISILIMe B I'PYHTe, NPeACTaB/ISIOT CO00H
IPaKTHYECKH YIPYTHe BOJIHBI, U3 KOTODHIX IHOIlePeyHble BOJHBLI HMEIOT
HauGoJblee 3HaUeHVe ¢ HHKEHEPHOU ToUKH 3peHus. [Ipu nonepeyuHsix
BOJIHAX YaCTHIEL YIPYTOro Tesa KoJeG/iTcsl B HalpaBJAeHHY, IIepPIeH-

IUKYASIPHOM JBHKEHHIO (PPOHTA BOJI-

) 4 upl. O603HaYNM HalpaBJ/eHUe ABHXKe-
HHs! BOJHB X, 4 HalpaBJeHue KoJe-
Oanus yactul ¥ (puc. 3.19). llox neii-
CTBHEM MPOXOASIIEH BOJIHBI 3JEMEHT
ABCD nepenmelllaeTcsi U NPVHHMAaeT
dopmy anementa A'B'C'D’. Ecau

g’ Depemellienne CTOpoHbl AB npussaTh
paBHBIM #, a cToponsl CD u 4 du, 10

5]
du =2 dx,
X ox
du
Puc. 3.19 rAe 5= XapaKTepuayer  jedopMaliio
C/BHTA.

Anasoruuno, ecyiu HanpsKeHue BAoab AB paBHO T, a BLoab CD © +
-+ dr, 10

dt = i dx.
Ox

Ilockonbky 3mement ABCD WCIBITHIBAE€T YCKOPeHHE, OMNpeae/seMoe
pasHoCTBIO CHal Ha croponnt AB u CD, ypaBHeHnue JBUXKeHHS NPHHH-
MaeT BHA:

a2y

dv= 3 pdx,

rge © — IIOTHOCTD MarTtepuaJa J/CMeHTa.
Otcrona

Pu Ot

0t2 Ox
B ynpyrom Tesle HanpsikeHHs NPONOPIHOHAIBHH AedopMannam

=g % (3.5)

0x
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e mr

X 02y G Pu 0
#, -c,ne;[OBaTeJIbno. Y o — RS
1/ 6 .
[lpunnMas Tenepb €= l/ e (3.6)
\ 0%u s 0%u
noydaeM R e 0. (3.7)

[losyueHHOe YpaBHeHKe siBJseTcs AnddepeHUnanbHbIM YPaBHEHEM
C/BMTOBBIX KOJeOaHHH. Ecan noaxopsyro ¢ynkumio £, (2) apry-

MEHTa z=t——’;‘ NOACTaBUTh B (3.7) BMECTO & M CUMTaTh ee ABAKIEI
Mq;q)epenuupyemoﬁ, TO 3TOMY YCJIOBHIO OYJAEeT YAOBJAETBOPSTH JI06ast

,q)yHKIJ.I/Iﬂ NPHHATOTO KJjacca. CaenoBaTeIbHO:

c

w=F, (t ~i> , (3.8)

X
IIpu TakoM KoJieOaHHK B Cjlydae NOCTOSIHCTBA t———c— cMeleHne Oy-

JIeT OAMHAKOBLIM. TakuM o6pa3oM, nepeMellieHye B MeCTe ¢ KOOPAYHATOM
% Bo BpeMs f OYyJeT TaKuM Xe, KakK uepe3 BpeMs Af B TouKe X -- cAt,
910 03HaYaeT, YTO ONpPeJe/eHHasl 3aJaHHasl TOYKa B Ipolecce Koseba-
HuH TmepeMelaeTcsl B MOJIOXKHTENbHOM HaTlPaBJIEHHH C NIOCTOSIHHOM CKO-
POCTBIO €. ITO ABJIEHHE HA3bIBAETCS ABHXKEHHEM BOJIHBI, @ ¢ — CKODOCTh
pacnpoctpanenud. Ilo amasnorun ¢ BhipaxkenueM (3.8) apyras nogxo-

namas ¢yukuua Fy (2) aprymenrta z = ¢ 4 —iﬁ:

u=F, <t~}~ Ci) (3.9)

TaKxke OyleT yJOBJETBOPATb ypaBHeHHuIO (3.7) ¥ XapaKrepusyeT BoJ-
HOBOe JIBUXKeHHe B OTPHLATeJbHOM HanpaBJenuu x. CyMMa BhIpaXkeHHIl
(3.8) u (3.9) Taxxke siBJsIeTCA pelleHyeM ypaBHenus (3.7).

2) CkopocTb KoneGaHusi YACTHI, IPYHTA U SHEPIHs KoaeGatuii
B yupyrom Tesie ¢ pacnpocrpansomumics Bosinamu

u=F (2), 2=1-—-L
4

B onpesestennniii Moment ¢ ma paccTosiHiH X BO3SHHKaeT jedopManud

ou 1
:———_*'————F'
V= . 1(2),

PHX osuayaer auddepenuuposanue F; no z. Orciofa sHeprus
Mally B exsinuyHOM 0ObBEMe
G

Ws= o= 5n (FL@F =L (Fi

Aedop
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CKOpOCTb JBUKEHUST 4aCTULbl B 9TOM MECTE paBHa:

ou ’
- =F
¢ ot 1)

M KHHeTHueCKasd 3HepPrus B eAVMHUYHOM oOpeMe
Wy=S-0t= - {F1 ()"

Ecau Tenepb 0603HaUuTh MOJHYIO SHePTHIO B €AHHUUHOM ofbeMe Yepes
W, To Kak cymma sHeprin jgedopmalui n KUHETHYeCKOil 3HePruu OHa
paBHa
W=W,+W,=p {F1)}*

[TocKO/IBKY 3Ta 3Heprusi CBsi3aHa C JABHKEHHEM BOJH CO CKOPOCTBIG
¢, TO SHEPrUs Ha eXMHHUILY IVIOIai 33 eJMHHILY BPEMEHH (MHTEHCHUB-
HOCTh TMOTOKa SHEPrHM) PaBHa:

Q=cp {F1(2)}% (3.10)
rae '[/5 HasblBaeTcs HMIiefancoM KoneGanuiit,

O6BYHO BOJIHBI, ABHKYIIMecs BHepeld, W BOJHBI, ABUKYIIHECH Ha-
3ajl, CYIIECTBYIOT OJHOBPEMEHHO, M 3HEpPrus B €AMHHUHOM obbeme
paBHa CyMMe COOTBETCTBYIOLIHX SHepTMH MaJaloluX W OTPaXKEHHbIX
BOJIH B TOM ke oObeMe.

3) OrpaxeHHe BOJIH OT NOBEPXHOCTH FPyHTA

[TojHMUMAIOWAsCS BOJIHA, AOCTHIAd NMOBEPXHOCTH 3eMJIH, OTpaxaet-
¢s1 1 yxonut o6parso. Ha puc. 3.20 ¢ ocbio abcuuce BAOJb HOBEPXHOCTI
IpyHTa IOKasaHa Hajarowlasi (MOAXoAAIas CHU-

0
' 7 3Y) BOJHA

[11,=U(t+§) . U(z‘ L _:_)

Y ep- 1) 1 OTpa)KeHHasl OT IHOBEPXHOCTH BOJIHA (yxons-
2 ¢ 1las1 BHU3)

X ¢ X
Puc. 3.20 he= ( ~T> ’
[Ipu sTOM nepeMenleHHe TPYHTA PaBHO:
u=D<f_L) -i—U(f ,}-_’.‘_), (3.11)
¢ ¢
a BO3HHKalollHe AedopMaliuu
= 1y (t_L>_h_‘_ U’ (,f _x_) (312
0x c c c ¢
rie D’ — npoussogHas ot D no t-——f—, a U’ — npoussognas or U 1o t%‘iﬁ

1 B oTeuyeCTBEHHON AHTEPATYPE NIPOH3BEACHHE CO HA3BIBACTCI ceficMiueckol

HJH aKyCTHYECKHH 2KEeCTKOCTbIO FPYyHTA. (TTpum. 1epPeBOAUYUKA.)
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Hanpsxenne CIBUIA HA 1IOBePXHOCTH TPYHTa (x = 0) paBHO HYy. IO
CenoBaTebHO, HYJIIO DaBHA H nedopmalus CABHTA, T. e,

D' (t)—U () =0.
C/ieloBaTe/bHO:
DO=U(@) u D(t_i):U(f_i),
4 c
Sro ypaBHeHHe onpellesisieT GopMy OTpaXKeHHOH BOJHEL, T. €. ¢opma
¥ aMIUIETYJHBIC XapaKTePHCTHKH OTPaXKEHHOH BOJHBI OAMHAKOBHL C

napaMeTpamy najawomeil Boauel, OTCIONa ypaBHEHNE JBHKEHUS BOJIHEL
B YyNpyroM TeJe

u=U<f,—§>+U<t+%). (3.13)

Ha nosepxuoctd npu x = 0 noaydaem u# = 2 U (¢), 1. e. ammiu-
TyAa KoJeGaHuii IOBEPXHOCTH PaBHA YABOEHHOI aMIUIMTY/e Najaiomeil
BOJIHEL.

[IpuBe/ieHHBIE COOTHOIIEHHSl CHIPaBeJJIMBBL /s CJydasi OTParKeH-
HBIX BOJIH S, ABUXKYIIHXCS NEPNEHAHKYJSPHO K NOBEPXHOCTH TPYHTA
Korza BosiHbl S BXOJIHOrO BO3JCHCTBHSI NOAXOASAT K NOBEPXHOCTH rpyH:
Ta NOJ YTJIOM, OTPaXeHHEIe BOJHBHI, KpoMe BOJH S, OYAYT cofepxaTthb
u Bosubl P. Touno Tak e npu mojxxone BosH P NepneHAHKYJISPHO K
MOBEPXHOCTH OTPaKEHHbiE BOJHBI OyAyT ToJIbKO BoJHamu P, a mpu
HaKJIOHHOM NaJIecHHH B JIONOJHEeHHE K BoJHam P B OTpa}KeHHI:I)’( BOJIHAaX
6yxyT nonepeusnie BOJHEL

4) OtpaxeHde u nepenaya BOJH KojeGaHmii
Ha rpaHluax cjoes rpyHra

aSHTIpH NOAXOJe BOJHHI K IVIOCKOH I'DaHHIE MEXAY JABYMS CJIOAMH C
gdﬁnr;mn XapaKTepHCTHKaM¥ 4aCTb BOJIH OTpaxKaercs, a Apyras mpo-
o 'éepes rpasuny. B ciyyae nojaxoAa BOJHBL HEPNEHAUKYJISPHO K
nmoTcu CJI0eB OTpaKalwascs M NMPOXOAAllas YacTH BOJIH OIpeje-

o A CAeIYIOmuM o6pasoM.
p“cmplfémonomm, YTO CBONCTBA KaxJAOTO CJOSI T'PYHTA U XapaKTe-
Ay o BOJIH TaKOBHI, KaK Mokasanel Ha puc. 3.21. Torzma xoneGauns
OEB OIPeAEJAIOTCS BHIPAKEHHAMU:

(¢, x)zUl(z‘ +§> +D1<t_i),

C1

Uy (t, %)= U, <t L i) 1D, (f—i) :

C2 Cy

HOCKO bK =
JI %
Y Ha rpanuue (X 0) B JII060# MOMEHT BPEMEHH NOJIXKHBI

Cobmonarhe

a1 o

NOMyygey: YCJIOBUST HEPA3PHIBHOCTH TlepeMelleHuil ¥ HalpsiKeHHH,
Wt 0) = uy (¢, 0) u (G1 Ouy ) :<Gz duty

‘ ax x==0 6x x=10 :
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Otkyaa U, (#) + D (t) = Us (t) -+ D, ) (3.14)

G ! ’
S Ui () — DIy == Ui —Di () (B15)
Cy1 o
Warerpupysi 370 ypaBHEHHE, MOJydaeM:

Us () — D1 () = ¢ U2 () —D: (0}

By

0ed) o)

LTI
?&
ST

0 cmoi 1 (py,6.6,)
Uz(t”%z) Hz(t‘giz)

Cooi 1 l ($p,62,65) I 7 \
A ﬁ"
Puc. 3.21 Puc. 3.22
u, moJjaras:
G _ 016 _p (3.16)
Gy P2 Ca
1
Uy ()—Dy (f)z—k‘{Uz(f)—Dz(f)}- (3.17)

U3 copmectroro pettenust (3.14) u (3.17):
Uy (f) = Po Us (8) + @ D1(2); Da(f) =00 Uz (8) +P° D1 (D),
rae
%y = i;;]lz , Bo=1+4 g, &°= —0, f°=1—0a. (3.18)

Torma
U, (t +:—1) — Bo Uz(t + Cil)Jr «° Dy (z +_ch> S (3.19)

D, <¢_i> — oy U, (z_ _x_)+ B° Dy (t—i) . (3.20)
Ca Csy Ca
JIis BLisACHEHHS QH3HUECKOTO CMBIC/IA 3aBHCHMOCTEH (3.19) u (3.20)

yI06HO [aTh CJeAYIOLINe OnpeeleHUus (puc. 3.?2)’: [
oty — KO3(hGhHINEHT OTPaKeHHS OT HHKHEH TIDaHHIlbl rmocxochr
paszena; P — KOS(QULIEHT Nepesiay OT HINKHEro ¢J0s K BepXHeMY
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CKOpocTh

cjoi0 10 JI0CKOCTH pasfena; o’ — KO?(D(I)I/IIJ.HGHT OTpaxkeHUs OT Bepx-
el TpaHHUB DJIOCKOCTH pasjeia; p° — KosddumuenT nepemauu orT
xHero cJ1osl K HHXKHEMY CJIOI0 110 IVIOCKOCTH pasfieda.
Ecau AJsl TPOCTOTH CYHTATh, YTO TBEPAOCTb YBEJMYHBAGTCH C Be-
uupHOH HMIEJIAHCA IPYHTA, TO JMAla3oH k << 1 cooTBeTCTBYET mepe-
X0JLy BOJIH OT KECTKOTO K MATKOMY IPYHTY, @ k> 1 — nepexoay BoJH

" oT MATKOI'0 K XKeCTKOMY TpYHTY.

OTcIofia MOXKHO TIOJYYHTb DS 3aKOHOMEPHOCTeH.

B coyyae mepeXxojia BOJIH OT XeCTKOTO PYHTa K MATKOMY:

1. AMIVIMTYJA TPOXOAsilliell BOJHBI GOJbllle aMIVINTYAB! NMajaiouiel
BOMHBI, TPHYEM MAKCHMAJbHBIN KOS(QQUUHMEHT yCHJIeHHsI PaBEH JBYM.

9. OrpaxeHHasl BOJHa HMeeT Ty ke a3y, yTo ¥ Najawouas, a
aMIVIHTYJa OTPAXXEHHOH BOJIHLI MeHbILe aMIIUTY/IEl HajJarolieil BOJIHbL.

B cayuae nepexojia BOJH OT MSITKOTO K XKeCTKOMY TPYHTY:

1. AMIVIATYR2 DPOXOJsIlell BOJHBI MeHbILe aMIVIUTYABl Najaiouiel
BOJIHEL

2. OtpaxeHHas BOJIHA NPOTHBOIOJOXKHA 110 ¢ase najawomeH BoJ-
He, a aMIJIATYJia OTPa:KEHHOH BOJIHLI MEHbLIE aMIJIMTY/ibl Majaoniei
BOJIHBL.

XoTs OTpaXkKeHHBIE BOJIHBI HMEIOT NOHHKEHHEIE aMIVIUTYB IO CpaB-
HeHHIO C IaJaloMIMH BOJIHAMH, OPMa BOJIH U CKOPOCTH HX paclpocTpa-
HeHMs1 He uaMeHstoTca. [loaToMy OTHONIeHHe IIOTOKOB SHEPTHH OTpa-
XeHHBIX ¥ NaJalollliX BOJH paBHO af. EciH Xe OTHOIeHHEe NOTOKOB
SHEPrHH NPOXOAALIMX U MNafaloluX BoaH (Ko3dduuueHT Iepenayu
9Hepruu), o603HAYUTb A4, TO

h=1—af. (3.21)

HockombKy | oy | = | &° | , KO3(HUIKEHT Nepelauy SHEPTHH OIMHAKOB
JJIsi C1yYaeB TOAXOJA BOJIH K IIOCKOCTH pasfiesla CHU3Y H CBEDPXY.

W3 Bripaxkenus (3.21) BuanO, uTo YeM GOJMBIIE g, T. €., YeM GoJbliie

PasHulla HMIEJIaHCOB XECTKOTO W MATKOTO IPYHTOB, TeM GoJiee 3aTpyA-
HEeHa Tlepeflaya SHEPTHH.

3.5. MHOTOKPATHOE OTPA)KEHUE BOJIH KOJIEBAHH I
B NOBEPXHOCTHOM CJIOE

1) Cayuaii OZHOPOJHOI0 MOBEPXHOCTHOTQ CJAOS

KOI‘Ila TPYHT cOCTOMT M3 HECKOJbKHX CJoeB, B HeM IPOUCXOAUT

~ MHOTrOKpaTHOe oTpakenue ¥ INepeflada NaiaioluX BOJH HA IPaHHIAX

iggigilgoseﬁ;noe“& B pesyibrate B TpYHTE BO3HHKAeT CJIOXKHAsA
Dl BHaqa?Ine aHHH BOJIH. B KauecTBe npoctefinero npumepa paceMor-
¢ Top € CyyaHl pacHpocTPaHEHHs] NONepeYHOH BOJHEI B TPYHTE
€PXHOCTHBIM OJHOPOJHBIM CJIOEM.
OJIlMHA NOBEPXHOCTHOTO CJIOSi MPHHATA PaBHOil H, NMIOTHOCTH H
PacmpocTpaneHusi BOJH B NOBEPXHOCTHOM CJIOE Py H €, 2 B

nopcr
JOACTHIAKOmENM  ¢0e — P2 U Co. Ilpennmosnoxum, 4Tto OT MOACTHJIAIO-
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[ero cJios BBEPX JIBUXKeTCSA CHHYCOHAAJabHAaA nonepeyHas BOJIHA C €14

HHYHOH aMIUIMTYJOH H KPYroBo# YacToToH p
U, = exp {ip (t + i)} : (3.22)
(]

JIBuzKeHHe BOJIH Uz U 1y COOTBETCTBEHHO B [IOJICTHJIAIONIEM U NOBEPX-
HOCTHOM CJIOSIX OnpeliessieTc BhIpaKEeHUAMH

Uy == ekp {ip (t + i—)} + Dy exp {ip (i — j—2> } (3.23)
uy = Uy exp {ip (t + :—1>} 4D, exp { ip (t -—%)} . (3.29)

Tpy HEn3BECTHHIX NOCTOSIHHBIX ONPELLAOTCS H3 yCJIOBUS, UTO Ha-
npsiKeHus CABHTa Ha NOBEPXHOCTH TPyHTa paBHBEI HYJIO, U YCJIOBHII
Hepa3pLIBHOCTH NepeMelleH i i HanpSUKEHH CIBHTa Ha TPAHAIE MEXKLY
IPYHTOM OCHOBAHHs 1 MOACTHJIAIOMHMM COEM:

(1—k)4-(1 4Ry exp (-—Qi fﬂ)

D, = L
2 1
(1 k) (1 —E) exp (-2;’-”711—)
1
U1= 2

H I
(14-k)4-(1—k)exp (—21‘—-)

C1
2 exp (-2i—p}—1-)
D1: - - ‘1
. pH
“(1-phy+ (1 —k)exp (—-—21—;—>
: 1

(3.25)

- YpaBHeHus JJisi BOJH MOTYT OBITH NOJYUYCHH HIOACTAHOBKOH 3THX
cooTHOMIeHH# B Boipaxenns (3.33) u (3.24). O6o3HauuM KoJeGanus
[I0BePXHOCTH TPYHTA Uepe3 U, U NOJIYIHM

s = 2 . (3.26)

H H
‘/ cost 2 1 ksin? P
51 €1

PeayabTaThl rpaduueckoro NpejCTaB/eHHs BeIHUHH U; ML pas-
HbIX 3HaueHud & u pH/cy nokasanbi Ha puc. 3.23. Ecan NIOBEPXHOCTHBIH
cJ10i1 6oJlee PHIXJIBIE MO CPABHEHHIO C IPYHTOM OCHOBAHHA, T. €. k<1,
To KOJie6aHHsI yCHIIMBAIOTCS.

JaJjee npu
H 2nH _ m
_cl_-= Tcy T
'YTO COOTBETCTBYET ABHUIKEHHIO BOJIHBI C TepPHOIOM

8

-ycuft
.gpM, a MAKCHMYM aMILIHTY b
' 2
Us= - (3.28)

enpe KosebaHuli GyzieT MaKCHMaJib-

TockoabkKy H/cy XapakrtepusyeT Bpe-
Msi TIPOXOXIEHHS BOJHBL Hepes MOBepx-
HOCTHBIA cJiofi, ecl IepHOj BOJHbI 60Jb-
me 9TOil BeJHUHHEL B 4 pasa, MSATKHH
cjoli Ha NOBEPXHOCTH rpyHTa CcoBeplIaeT
HHTEHCUBHBIE KoJieGaHus.

Jlanee, o6o3Hauast aMIIUTYRy KOJe-
GaHuit Ha TpaHHIE Mex1y NOBepPXHOCT-
HBM CJOEM M TPYHTOM OCHOBaHHs 4epes
ug, nosyJaeM

2 cos L2

Up= — a ~(3.29)

-/ H H
l/ cos? £ + k2 sin? LN
Ct Cy

Torjga oTHOILIEHUE Uy U Upg

u
b _gec 2

uB (41

32BHCHT OT BeJnuuHB pH/c; ¥ MOXeT NpHHUMATh 3HateHus or O Jo oo.
Ha s10 noJsioxkenue cieiyer ofpamatbh BHHMaHUE HPH cellCMHYECKHX
Habmo/ieHugaX 3a KoJjieGaHHsiMU NOA3EMHBIX CJIOEB TPYHTA,

2) MuoroxkparHoe OoTpax<eHHe BHYTPH NOBEPXHOCTHOrO CJOf,
COCTOSILIEr0 H3 PAa3HbIX MOPOJL,

~ B caydasx Korja HOBepXHOCTHBIH CJIOH CJIOXEH U3 HECKOJIBbKHX Ilja-
CTOB, NPH JBHKEHHH IOIEPEYHBIX BOJH BEPTHKa/JbHO CHM3Y BBEpX
B 3TOM CJI0e NPOKCXOAHT MHOTOKpDaTHOE OTpazkeHHue U Iepejaya BOMTH,
X. Ko6asiuwu [80] pas1 obuee peluenne 3T0i 3a-

A3YH ¥ Monyduusl YHCJAEHHOE pellleHHe AJsA MH- fobepxsacme

TEPECHOTO NpuMepa, KOTOPHIE CBOAUTCA K Clle-

nyioumemy (puc. 3.94). |0
YCTb 1 — KOJMYECTBO 1JaCTOB (CJIOEB);

npio; TOJIIKHA {-TO CJ0s; C; — CKOPOCTb pac- N

. PaHeHus TNOMepeyHBIX BOJIH B i-TOM CJIO€; =

Héqutr)m_e;rB;;ciaﬁo;{TOT;gigch o o = 40

i-1-r0 u i-ro c.noells)' U; (t;{jﬂéloil v, Kotopan

B MoMent BpeMeHI/l’ t lHameaeT bacnpocipa. I

pacmpocrpa-

HY . .
mg:gﬂ BBEPX OT rpaHuubpl i-ro0 U i - l-ro Ibyum ecuobanun
* Puc. 3.24
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P oy H Puc. 3.25
mim3 M/é'ﬁ/f M [~ CyrHHOK; 2 — rjmHa; 3 — cynech; 4 — Tpa-
BHH; 5 — rpaBuii ¢ DOECKOM; 6 — rpaBHii; 7 —
7 20 50 J  cxana
20 200 g
2 20 250 v
N b 20 40 g
eecse| 4 22 600 0
s2ewel J 22 J00 §
el § 22 600 /] .
T Puc. 3.26. YckopeHHa cellCMHY€CKHX KO-
727 1000 #5  7nebaHuil MO TPAHANAM OT/[EIbHEIX CJOeB
! HEOAHOPOAHOTrO HOBEPXHOCTHOTO  CJIOA

(nantse npod. X. Kobasuu)

R s et S sy
fonna
CEK

Toraa CrnpaBeJJIMBHL CJIelYyIolue COOTHOIIEHHA:

i o Hi .
Dip1()y=0a0, 1,141 Ui+1(i—~ Hi+y )+[3t,1+1Di (t——) ;

Cit+1 Ci

Ui (f)':ﬁo, {, i1 Ut+1 (f -—-ﬁ—ij—l-) —[—05,9, {1 Di ( -—-—[-1—‘—) . (330)

Cit1 Ci

JLjisi cioeB, MOKasaHHBIX Ha pHC. 3.24, ONHOBPEMEHHO cob6mopaaoTCs
ypaBHEHHS JBHKEHHSL:

280

~ pasl BOH, NPOXOJIALIMX B MEPBOM CJI0€:

Dl(t):UI( ___10_111_)’
Uy ()= Po, 1. 2 U2< —%2) + ad.e 1( —‘:’—1‘) (3.31)

Aqisi BOJH, MPOXOJAIIKX BO 2—(n — 1) cnosx,

Di (t):OLo,i-l,iUi (f— Hi)-{-ﬁ?_l,i[)[_l< .—_i{fi)’

¢ Ci—1

U, ()=Boi, i1 Uit (t—— ﬂi) +0f i1 D; ( — i’-) , (3.32)

Ci+1 C;

JJIs1 BOJIH, NpOXoJAlINX B HUZKHEM CJI0€.

Dn(t)=050,n—1,nUn (t—— Hy, >+ﬁ2—1,nDn—1(t—— Hn—1);

n Cn—1

Un(@)=Bon, nt1 Unprt() + 0, ni1 Dy (t— i ) (3.33)

Cp

3pecy (n -+ 1) XapaKrepusyeT CJoif, COOTBETCTBYIOWIHH TPYHTY OC-
HOBaHHUS, @ U,y (f) — BOJiHa, BXOASIAS B IIOBEDPXHOCTHBIA CJIOH.

X. KoGasiiy npuMeHKJ YKa3aHHbIN METOJ K pacueTy MacCHBa TPYH-
Ta, cocTosiero u3 8 cuoes (puc. 3.25), U NOAYUUT HHTEPECHEIE PE3YJIb-
Tatel. OH BBEICUMTa/J YCKODEHHUS HpH ceHCMMYEeCKUX KoJeOaHHAX Ha
TPaHHIE BCEX CJoeB AJs Bo3feHicTBusi Dib-lleHTpo, BosiHa KOTOpOro
¢ MaKcuMaJbHbIM yckopenuneM 100 gal noaxogut cHH3Y K IPYHTY OC-
HoBanusi, PesynbTaThl pacyeToB JaHn Ha puc. 3.26, KOTOPHIH IoKa-
3bHIBaeT, YTO aMIVIUTYJABI BOJIH B PHIXJBIX CJOSIX 3HAYHTENBHO BO3Da-
CTalOT M YTO KoJebaHHst NMOBEPXHCOCTH 3eMJU CYIIECTBEHHO 3aBHCAT OT
XapaKTepUCTHK NEPBOTO CJI0s, ocofeHHO B JlHaNasoHe BLICOKHX 4acToT.

3) MHorokparHoe OTpaxkeHHe B NOBEPXHOCTHOM CJI0€
¢ HeJIMHEHHBIMH XapaKTepUCTHKAMHE

Hlpu KoseGanusx ciioes rpyHTa, KOria aMILIMTYAL KoJeGanuil cra-
HOBATCS cyiMiuKoM GoJibluuMH, Ae(OpMalii NPEBOCXOAST HPEJeJIbl YIi-
PYrocti u nanbeiiume KoJeGaHust He MOTYT NPOUCXOHTH B Hpeliesiax
YIpyro#f paGorst rpynrta. IlosTomy, Korjia HHTEHCUBHOCTH CeHCMmye-
Ckoro BospelictBusi CTaHOBHTCS GOJIBIUON IJIH 3HAUMTENBHO BJAHSIHHE
lpeoGianatoero nepuojia xosebauuil (B peay/ibTaTe Yero BO3HHKAIOT

JIbiIe KoJleOaHusi NOBEPXHOCTHOIO CJIOS), BeJMUHMHBI npeolJajaio-
gg‘gﬁ“epﬂolla U KoahuIHEeHTa YCHJICHHS Pe3KO OTJIHYAIOTCs OT sHa-
» XaPaKTePHBIX AN MHKPOCeHCMHUECKHX BO3AEHCTBHI.
Cnyil;ﬂaﬂ TOrO Y100kl OnKcaTh KoJeOaHus MOBEPXHOCTH TPYHTA, B 5TOM
XOMmef?aéCCMannBaeTCH PacIpoOCTpaHenHe nonepeyrol BoMHbL (uoz-
yﬂpyronnalz;{sy X YNpyroMy IpyHTy OCHOBAHHsI) YePe3 BblllieJIeKaminii
LYCCKHH NOBePXHOCTHbII CJIOM.
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JJ1s ABHKeHMs BOJHBI B npefie1aX rpyHTa OCHOBaHHS CHPAaBenng
ypaBHenkue

d2u d2u

ar B oye

rpe u — HepeMemeHHe, pB — IVIOTHOCTb CKAaJILHOTO OCHOBAHHuA, GB — Moxv.g,
cABUTA.

ILHH [IOBEPXHOCTHOI'O CJI0S € IMJIOTHOCTBIO PH HanpskeHUIMu CIABUIy
T ypaBHeHHe KoJeGaHuH HMeeT BUJ:
02u ot

=0, (3.35)

Ecnu nosepxnocThBIH cI0f paccMaTpuBaeTCsl KaK YIpPYroNJiacTy-
YeCKHH, COOTHOIeHHe MeXAY AeOPMALUAMU M HAIIDSIKEHHSMH Xapak-
TePU3YETCs] CJIOIIHLIMK JIHHHUSIMH Ha PHC,
3.27. Ha sToM pucynKe yros Hak/oma 4,
OYHKTHPHOH JHHUM OA 1o OTHOIICHHIO K
ocH JepopMalluil XapaKTepusyeT yIpyriic
CBOHCTBa IOBEPXHOCTHOIO CJIOS, a YTroJ
0p suunn OB — nuactHuecKye CBOHCTBA,
OTH 3aBHCHMOCTH OINIPEAEJSIOTCS BbIPaJKe-
HHUSIMH:

tg0s =G, tg 65 = aG.  (3.36)

3pecb G — monynb ciBura B ynpyroii
cramud ¥ oG — Koadduiuenr, xapakre-
Puc. 3.27 PHBYIOLMA yIPOUYHEHHe B IJIACTHYECKOI!
CTajiuu.
Korza nedopmanust B Touke P nHa Aauarpamme HanpsKeHHe — Jie-
¢opmarnst paBHa y, OHa TIpeACTaBisieT o060l CyMMy ynpyroi pecop-
MalluH ¢ H IJIaCTHUYECKOH AedopMallud y?:

T ///4

v =11 (3.37)
Torpa cooTHOLIHHE MEXAY T H ¥
T =0y -aGyr. (3.38)

YpaBHenye ABuMKEHHS BOJIHBL IIOJYYaeTcs IIPH COBMECTHOM pelleHH
Xubdepenuuanburlx ypasrenuit (3.34) u (3.35). I'pannunble YCJIOBUSA
AJIst 9TOrO ciydasi 3aKJ/IOYAlOTCS B PaBEHCTBE HYJIO HaNpsiKeHuil Ha
NOBEDXHOCTH 3eMJIM M HEPa3PLIBHOCTH NepeMelleHHH M HanpamKeHHIl
IO IPaHMIe MEXY MOBEPXHOCTHBIM CJIOEM K 'PYHTOM OCHOBAHWSI.

B KauecTBe nprMepa pacueTa onpeieIuM YPaBHEHHE BOJIHLL B ynpyro-
I1J1aCTHYECKOM NMOBEPXHOCTHOM cJioe Toamunok 30 M. IlnotHocTs rpynTa
W CKOPOCTb YNPYIMX BOJIH NPUHMMAIOTCS PaBHBIMH pg = 2 T/MS3,

pﬁé = 900 M/c B rpynre ochoBanus u p = 2 1/M* u
B

V% = 300 M/c — B NMOBEPXHOCTHOM CJIOE.
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pMalHH €, Ipelesa YNpyroit paGoTsl NOBEPXHOCTHOIO CJIOs TpH=-
Matorcs AJ1a Tpex ypoBae# pasnpivu 0,007; 0,014 u 0,021,
A [lajatomas ceficMuuecKasi BoJIHA, NPOXOAAWLAS YepPe3 IPYHT OCHO-
.;mmg, NPHHUMAETCS B BHIE!
U (t) = X = cos 2 (pt -+ @), (3.39)
By p

LA

ﬁ!e B = 8,8cm, p= 1,0—22T'u, ® — npousBosbHan BeJHUHHA.

TIpofo/IKUTENBHOCTD 3eMJIETPSICEHHsT IPHHATA paBHOi 3 c.

< 8l —e—Ea =007/

g | —X—éa:ﬂﬂ/’/

] —o—Ea=0007

36 Nlepedamayran

s | PYHKYUSA

Q X

>yt X

13 L K XX

Qt) 1Y 1 o~ \
S 2 4 \ ' R N i

N % A - 3 —~—o

S B ) 3 \\"« — ¥ __ %
r§a' 1;0'6 1 i | 1 1 1 . )

L ] oy qF 08 10 32 14 16 18 20

flepuad, cex

Puc. 3.28. Crmextpu @ypbe aasi CKOpocTed KOJAeGAaHHHA Ha MOBEPXHOCTH YIPYyro-
TEACTHYECKOIO NMOBEPXHOCTHOTO CJOA

CrnexTpnl cefiCMHUECKHX BOJIH Ha TOBEPXHOCTH TPYHTA [OKa3aHbI
Ha puc. 3.28. AHanu3 3TUX CIIEKTPOB [IOKAa3BIBAET, YTO UeM HUXKE npeiel
ynpyrocTts, TeM MeHblle Kos(duLueHT ycusenusi Konebanui, a nepuo-
ARl COCTABASAIOMIUX KOJeGaHUH ¢ HAaHOONBIUMMH aMIJIHTYAaMH CTaHO-
BATCS GoJiee AJMHHBIMA. :

Faaga 4. PACYETHBIE CEHCMUYECKUE KOJIEBAHUSA

4.1. BBEEHHE

Yrobpr CTpOsLIHeCs 3/laHus ObLIH HaACKHBIMH # 0e30MaCHBIMH MPH
SEMIeTpsiceHUnX, ceficMUYeCKHe BO3NEHCTBHS NOJIKHBl YUHTHIBATHCA
TP npoekTupopanuu. B sTOM caydae paccMaTpuBaeMoe 3eMJieTpsice-
HHE HashiBaeTcst pacyeTHBIM 3eM/IETpACEHHEM, A KoJebaHHs rpyHTa —
Pacdernnimu ceficmuueckumu KosebaHusMu TPYHTa WJIH IPOCTO pacyer-
HBMY ceficMuYecKuMH KoJleGaHHSMH.

Tponecce semaerpsicen st Ha KaXKAYIO YaCTh COOPYKeHHS JIefiCTByeT
BHEPLMOKHA Y CuJsa, paBHasl NPOHM3BEJEHHIO MacChl HAa YCKOPEHHE ee
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KosteGaHui. dra UHEPIYIOHHAS CHJIa Ha3BIBAeTCH CeHCMHUYECKOH CHJIOH
WK ceHCMUYeCKo HarpysKoil.

CelicMuYecke HArpysKH MOXHO Pa3Ne/IuThb Ha FOPH3OHTAMbHBIE 3
BEPTHKAJ/IbHbIe cocTaBaomye. [Tockobky COOpY2KEHHe JOJKHO Bhiiep-
XHBATh CBOH Bec, 0HO OOBLIYHO 06MAAAET GOIbIION IPOYHOCTBIO B BepTH-
KaJIbHOM HanpaBl/leHuM, a paspylleHne HauGoJee 4acto HacTylaer s
CBA3H C HEAOCTATOYHOH CHNOCOBHOCTBIO CONPOTHBASATECH TOPHUBOHTANb-
HbIM Harpyskam. Ilostomy game Bcero mpu pacyeTax YYHTBIBAIOT TOJb-
KO T'OPH3OHTAJBHYIO COCTABJSIONIYIO CEHCMHUECKHX HarpysokK.

Onnako BepTHKaibHAN COCTABJIAIONIAS OKAa3bIBAET GOJIBIIGE BJIHS -
HHE Ha CeACMOCTOMKOCTD 3eMJISHBIX coopyxenuil. Ilpounocts rpyura
o0ecneynBaercss 3a cuer ero Beca, H, KOrga BePTHKaJbHas HArpyska
OT B€CA YMEHbIUAETCA NPH HAIPABIEHHEIX BBEDX CeHCMHYECKHX CHMaX,
IPOYHOCT, TpyHTa cHuXaercst. IlosTomy BeDPTHKaAJMbHAA ceHcMuue-
CKasl Harpyska CymleCTBEHHO BJIMSIET Ha YCTOHUHBOCTD 3eMJISIHBIX €O-
OpyxeHn#l. Amanoruunoe sameuanue MOKHO CHeNIaThb M B OTHOIUEHHH
YCTOHYUBOCTH COOPYIKeHMsI Ha OTpOKHAbIBanue. CnefoBare/bHO, Npu
paCCMOTpeHI/II/I CeﬁCMquCKHX Harpysok BE€PTHKAJbLHBIM COCTaBJISIOMIUM
HEOOXOMHMO YHENATh Takoe iKe BHUMaHHE, KaK TIOPHU30HTAJNbHEIM.

Kak yxe 0TMEHanoch, CeHCMHYecKast cuJa PaBHa IpousBefeHHIO
MAcCCBL COODYKEHHUSI Ha ee YCKOpeHHe. Nosromy ans ONpeaeNeHus ceii-
CMHYECKHX HArpy30K HeOOXOMHMO HAaiT YCKODEHHS B pasJHyYHbLIX
TOYKaX KOHCTpYKuuH. VX Besuuunn ONPENRJIAIOTCST apaMeTpaMH KO-
7e0aHusl TPYHTA H IHHAMHYECKHUMH XaPaKTePHCTHKAMH CaMOTO COOPY-

' JKeHHud. Crnenosarennuo, B IEPBYIO Ouepens HeoOXOAMMO onucaTh npo-
lece KosteGanuil rpynra, a sartem paspaboraTe METOJMKY aHanu3a napa-
METPOB KOJIEOaHHH COOPYIKEHHI. Iepsas sanaua paccMarpuBaercst B
HacTosed Iase, a BTOpast — B mocaenyIoieil,

HapaMeTpaMH,__xapaKTepnsy}omHMH KonieGaHUsl TPYHTa, SIBJISIOTCS
aMIIATY [ KosieGaHii i dopua BOJIHOBOTO npouecca, AMiuTysy Ko-
. IEGATHIH MOMKHO BBIPA3HTL B BHJE pacipeneneHus aMInTyR, NoCKoJIb-
Ky Haufoslee CYIECTBEHNbl NX M3MeHeHus u MaKCHMaJbHbe 3HaYeHHs,
®opma BOIHOBOTO npouecca OHPEJCISAETCA aMIUIMTYAHBIME H (hasoBbLIMH
CIEKTPAMM, KOTOPHIE CTPOSITCA HA OCHOBAHHH FaPMOHHYECKOTO aHa/aK3a
ceficMudeckux koaeGaunuit. HauGosee CYLICCTBEHHbIMH SIBJSIIOTCS Tie-

puonwl, COOTBETCTBYIOIIHe MaKCHMaJIbHbIM AMIVINTYAaM, H lnupuna ya-
CTOTHOTO JuanasoHa.

Hns onpenenenuss srtux lapaMETPOB npexAe BCETO HEOGXONHMMbL
AAHHBIE O YHCJIEe HHTCHCHBHBIX CeHCMHYeCKHX BO3JIeHCTBUH, KOTOpBIE
MOTYT NDOH30HTH B TeYeHHe CPOKa CTY?KOBI COOPYIKEHHUSI, a TAKIKE HX
X4PAKTEPHCTHKAX U (OopMe ceficMHYecKux Konebanufi. Ognako na ca-
MOM JieJIe laxe B CeHCMHUECKH AKTHBHBIX 30HAX KOJIHYECTBO paspyi-
TEJIBHBIX  3EMIICTPSICHUH, MPOMCXOASIIMX B TEYEHHE CPOKa CIYXKObI
ONPE/IRJICHHOrO COOPYIKEHHsI, Upe3BLIYaiiHO MaJo, a xapakrep xoJseba-
HHHM TDYHTA 1PN Ka:aAOM 3eMJETDPSICEHHH BechbMma pasiuuyeH u He IOA-
AAETCs1 CTPOTOMY IPOTHO3HPOBaHMI0. OBLIUHEIM METOJOM pellleHust 110-
JAOCHBIX 3a7ay SABJSIETCS CTATHCTHYECKHH aHAMM3, HO HeGOJBIIOE YHC-
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a3pyLIHTENBHBIX 3eMJIETPSICEHHH 3aTPYAHSIET HCHOOALIOBAHHE H

a. .
ro-M;:gOlTlom B NIpOLECCe YCTaHOBJEHHS PACYETHBIX CeHCMHUCCKHX
: KBOTBHI‘;; B ’D;OI'IOJIHeHHe K (PH3HYECKHM 3aKOHOMEPHOCTAM HEOGX0-
Bosl(l)eu§qﬂTbIBaTb COIIHAJIbHBIE H 3KOHOMHYeCKHe (aKTOPBI, KOTOpble
HM

TaKoKe HCCIENOBAHbI HEJIOCTATOHO.

22, AMITHTYIb] CEACMHUECKHX KOJIEBAHH i

1) OuenKa CTaTHCTHYECKHMH METOJAMH

MoOKHO CUHTATb, YTO MaKCHMAJbHAsSl aMIUIUTYAA CEHCMHUECKHX KO:
nebanuil B onpeaeeHHON MECTHOCTH NDH 3EMJIETPSICEHHH onpenem;TM
cd TaBHEIM 00Da30M MarHuTYHOH 3eMJETPSICEHHS W SIUIEHTPANbH "
paccTosiHHEM. B Tex paiionax 3emHOro mapa, rie 3eMJETPSICEHH
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Pue. 41,0. Muarpamua, HAMIOCTPUPYIOILAs CefiCMHYECKHII DeXXUM B  paiiode
F. Toxuo ¢ 1600 no 1968 r.

Hpoucxonsit uacro, MarmuTyJbl H KOOPIUHATBl 3NHLEHTPOB NPOLISALINX
3eMIIeTpsicenuit JocTaTouro Xopowo H3BecTHEL. [losTomy, ec/li BhIBeJe-
HO ofuiee coorHolenne MeXAy MAaKCHMaJbHOH aMIVIMTYROH, MarHUTY-
Kokt u SUHUEHTPATbHBIM PACCTOSTHHEM, MOXKHO ONPEJEHTD, KaKue Mak-
-CHManbHBe aMIHTY AL KOJIeGAHUM HMENH MecTo B onpejeseHHOH Mect-
HOCTH npy npowlefmux 3eM/IeTpsICEHHSX. )
Ha puc. 4.1, o npusesen npEMEp AHATPAMMBI, XapakTepH3yioueii
HCTopuio ceficmuueckux TBHXKEHHH B ompeneneHHoM paiione. Ilepuon
Habmopenuit (xparniBacr 350 Jer. 3a 5T0 BpeMs 3eMACTPACEHHA C
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MaKCHMaJbHBIMU cMelllennsmMu 1 cM u Gostee npovexognin 40 pas, Loy
paccMaTpHBATbL MaKCHMaJIbHEIE aMIVIUTYAB! € TOYKH 3PEHHS CTATHCTHKIY,
TO TPHBEJEHHBIC HA PHUCYHKE NaHHLIE MOXKHO CUMTATh BBIGOPKOH j3
aHCaMOJisl «MAKCUMAJIBHBIX aMIUTHTYX CeHCMHYECKHX KOJeGaHHH B 1ay.
HOM MecTHOCTH». IT03TOMY PHCYHOK COZEPKHT HCXOAHVIO HHAOPMAIlig
/1. OLEHKHM XapaKTepPHBIX ocoOeHHocTeH aHcambJs.

Cravana panHble puc. 4.1, @ HCNOJB30BaHBl Ui NOCTPOEHHS yg.
croTHOH jauarpammel (puc. 4.1, ), Ilo ocu afcurce OT/IOXKEHBI MaKcy(-
MaJIbHbIE aMIVINTYAbl celicMHuecKUX KoseGaHMi, a IO OCH OPAMHAT —

OTHOLIEHHe YHCJa 3eMIETPSCeHHH ¢

- JIEHHAd MaKCHUMAaJbHBIX aMIVIUTYA OT

X eMm jgo (x -+ 1) cm, ecim B 3TOM

R R ) panﬁne HpOI/I3OH116T636M.TIeTpHCCHHQ.

MaKCuMansHoE nepeveujenie, o JI1 TOTO 4TOOLI HCMOMB3OBATL

YHCJIOBBIE 3HAUEHHUSI 3TOH THCTO-

Puc. 4.1,b. Tpadux maornoctn se- TPaMMBI, IIOCTPOEHA TJaikast Kpu-

DOATHOCTH JIJIsi MakcuMastbHbIX ne-  Basg, KoTopast XapaxTepusyer Q)yHK-
pemelieHn

OUIO INIOTHOCTH BEPOSITHOCTH JLJIsI

C paccMaTpuBaeMoro ancamGas.
YUETOM TOTO, UTO OYE€HL CHJILHEIE 3€MJIETPSICEHHS] NPOHCXONST

PEAKO, B KadeCTBE QYHKUMH IJIOTHOCTH BEPOSTHOCTH NPHHHMAETCS
SKCIOHEHNHANbHAS (QYHKUHSA

g o MaKCHMAJbHBIMH aMIVIATYAAMH  Off-
g 4 pellelIeHHOro YPOBHA K OOHIEMY Ulic-
S %;’2/ JY 3eMJETPSICEHUil B TEUeHHe Bce-
§ ho ro nepuoga Habmonenuit. Ipyruw
< opd ] p:_f_eﬁ _| CJIOBaMmH, THCTOrpaMma Ha pHc. 4.1, 3
§ 4,06 %_ (?,5 XapaKTepH3yeT BepPOATHOCTH NPOsB-
g g0

g 407

X

_ 1.7y
p(x)"’Te » (4.1)

TA€ X — MaKCHMaJAbHOE CMEINEHHE, CM; p (x) — (YHKUKA NIGTHOCT
) ; J U BEPOST-
HOCTH TOTr0, YTO MaKCHUMaJbHOe CMelleHHe paBHO Xx; b — MaTe -
JAaHHE MaKCHMaJbHOIO CMellleHud. P ’ Arenamiiectae omn
3nauenne «by NPUHATO DPABHBIM MaTeMaTHYeCKOMY OXKHJAHHIO MaKCH-
Mangnoro CMEIICHHST U N/t THCTOrpamMmel Ha puc. 4.1,a b = 8,5 cu.
NPEACNsIs H3 5TOH KPHBOH BeposTHOCTH P (x > x,) TOro, 4ToO
MaKCHMaJIbHOE CMELIEHHE IPEeBBICHT X, NONYUHM

P(x>xo)=j‘716__”—dx—_—.e b, (4.2)

Huxe, anst mpocrtots, BEPOSATHOCTb TOTO, YTO MHPOH3OHAET 3€M-
JIETPSICCHHE C MAKCHMAJNIBHBIM CMEIleHHeM GoJiblle x,, 0603HaueHa
E (x > x¢). Ecnn cpennee uucno 3EMJIETPSACCHHI, OXKHJAeMBIX B Teue-
HHE OJHOIO Toja, NPHHATH PaBHBIM N;, TO MaTEMaTHUYECKOE OKHIAHHE
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: E]‘Z‘}(e A (t’

(¥ > ¥o) 33 OMHMH TOA PABHO: NP (x > x,), @ MaTeMaTHUECKOE OXH-
jganve JUI nepuoja ¢ Jert:

*o

b
AL, x9) == Ny tP (x>x,) = Ny te ) (4.3)
Xg) — MaTeMaTHYeCKOe OXHJAAHWEe KOJIHYeCcTBA 3eMJeTpsce-
puit E (x > x) B Tevenue f Jert.
Ecau HYMHHE [pefes CMelleHHH X;, KOTOpPhe OYAYT HMETb MECTO
xors Gbl OJMH Da3 3a [ JIeT, Onpeje/IuTh U3 BbIPaXKEHHUS

*

Nite b =1,
- xp =2,3b (Igt 4 1g Ny). (4.4)

[Mocse onpeesIeHHst TAKHM K€ MEeTOJ0M MAKCHMAJbHbIX YCKODEHHH
celicMHYeCKHX KOJe0aHHH MOXKHO TePEiTH K ONHCAHHIO paclpesieseHus
aMITUTYA. Pacnpejesiendsi aMIuiMTyn KosieGaHMH IOKa elile Hexocra-
touto H3yuenbl. OZHAKO ecJld NPHHATh, YTO OHH NOJUUHSIOTCS HOPMaJlb-
HOMY (rayCCOBCKOMY) PaclpPeesieHHIO ¢ HYJIEBBIM MaTEMAaTHUYECKHM OXKH-
ZaHWeM, TO MCXOASl M3 HaHJeHHBIX MaKCHMaJ/bHBIX YCKOPEHHH MOXKHO
onpefe/uTh BeuuHbl aucnepcuit. IIpu ycsoBun, 4ro MaxkcHMasbHOE
-ycKopeHne HaiifeHO ¢ BeposATHOCTbIO 90%, CPENHEKBaJPAaTHYECKOE OT-
KaoHenre (craHmapt) OyjeT paBHO Y/; MaKCHMaJbHOTO YCKODEHHs,
a npu Beposatroctd 99,7% OHO GyAeT COCTAaBJATH Y/g 3TOH BEJHUMHEL.

Ha ocnoBaHu# CTaTHCTHYECKHX PACUETOB COCTaBJSIOTCS KapThl OXKH-
Ilaemoli celicMuUecKOl ONACHOCTH, KOTOPble ABJAIOTCH €JHHBIM KpHTe-
pHeM 1Js1 ompeneseHHs pAacueTHBIX CEHCMHYECKHX HarpysoK Ha Bce
COOPYKEHHMSI, CTPOSILILHECs] B Pa3JIHYHBIX pafionax crpansl. OfHako Mak-
CHMaJIbHble YCKOPEHHUS! UJIH MaKCHMaJIbHble NepeMelieHust IIPH CeHCcMH-
YeCKHX KoJieOaHHsIX, KOTOPhle XaPAaKTePH3YIOT ABHIKEHHA NOBEPXHOCTH
3eMJIM, OYeHb 3aBHCAT OT CBOHCIB NOBEPXHOCTHOTrO cJjosi rpyHrta. Ilo-
ITOMy JJisi YCTaHOBJIEHHSI YPOBHS Kojle0aHMH IO BO3MOMKHOCTH Ha
Gonbinel TeppUTOPHH [1eIECOOGPA3HO BBIEIHTD T€ NapaMeTphl cedcMu-
YeCKHX KoJeOaHHii, Ha KOTOPHle He BJHSIOT OCOGEHHOCTH IIOBEPXHOCT-
HHX cJoeB, a nepexoJ X IapamerpaMm KoseGaHu#l IIOBEPXHOCTH IPYH-
Ta BHNOJMHATL ¢ NOMOIIBLI0 HekoToporo koaduirenrta. CeficMuueckue
KoleGanusi, ycTaHOBJIEHHBIE (Ge3 yueTa MeCTHBIX TeOJIOTHYECKHX YCJO-
BHH, HA3BIBAIOTCA CeHCMUYECKHIMH KOJEGAHHSAMM OCHOBAHUS MJIH KOPEeH-
“HEIX ‘nopog,.

B cBsisn ¢ orpannueHHOCTbIO HHCTPYMEHTAILHBIX JAHHBIX O KoJefa-
HHAX KOPeHHBIX NOPOJ MPH 3eMICTPSICEHUSIX COOTHOLICHHST MEXKY Niapa-
METDAMH MX JBHIKEHMS, MATHUTYAAMH H SNHIEHTPAJbHEIMH PACCTOS-
HUAMK 1oka He ycranoBJjensl. [103TOMY B Hactosiuee BpeMsi, KOIjia He-
06XoauMO 3HaTH napaMerpbl CefiCMHYECKHX KoJeOaHHH KOPEeHHBIX IOo-
o, x5t s10it e HCIIONB3YIOTCH C COOTBETCTBYIOLIEH KOPPEKTHPOBKOH
“AAHHBIE O CceficMHYECKHX KOJMEGAHHAX HOBEPXHOCTH 3eMJIH.
mmT;Tanomeﬂme ofieHi 3aBHCHMOCTH Mex[y MAaKCHMAJbHBIMH aM-

AaMM, MarHUTYHOM U SUHLEHTPAJBHEIM PACCTOSIHHEM IS KOPEeH-
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BBIX NOPOJ COCTaBJseT 3ajauy Gynymux HecieioBaHuil. TeMm He menee
HMeloLIHecs: JJaHHBble 0 TOM, YTO OTHOLIeHHe MaKCHMAJbHBIX YCKOPeHui
aJUTIOBHANIbHBIX PPYHTOB M NOJCTHJAIOLMX IVIOTHBIX IOPOX PABHO 2— 4
a Takxke BhlpaxeHue (3.4), MoJyyeHHOe HA OCHOBAHMH HHCTPYMEHTAJb-
HBIX H3MEepEeHHH 110 MOAOUIBE BePTHKA/IBbHOH IUIAXTHl 3/€KTPOCTAHIHK
Kunyrasa, co3saior npeanochbl/IKH IJIsT PelleHHs 3TOH NPOGJIEeMEL.

2} Ouenka ¢ no3HUHi CeHCMOTEKTOHUKH

Metoap! onpesienennst pacueTHEIX CeCMUYECKHX BO3ACHCTBHH, OCHO-
BAHHBIE HA CTATHUCTHYECKHX TIIOAXOJAAX, NIPHEMJEMEl B TeX CJayyasx,
KOrJa paccMaTPHBAIOTCS 3eMJIeTPsICeHHs] PUMEPHO OJMHAKOBOH HHTEH-
CHBHOCTH. DTO CNpaBeAJIUBO JJIS YacCTO NPOUCXOAALIUX 3eMJETPACEHH
B 30HAaX BLICOKOH celcMuueckKofl akKTUBHOCTH. OJHAKO 3TH METOJbi
HeJMb3sl NPUMEHATh K padHoHaM, Te 3eMJEeTPSCEHHsT NPOHUCXOAAT He
YacTo, WJHM B CJyyae, KOrJa OYeHb CHJBHEE 3eMJIETPSCeHHS IIPOHC-
XOAAT JAOCTAaTOYHO pepko. B aTnx ciyyaax Gosee npuemyeMBl METOMEI,
KOTOPhIE OCHOBAHBI Ha CEHCMOTCKTOHHYECKHX JIAHHEIX.

IIpu ceficMOTEKTOHHYECKHX METOJAX XapaKTep OXUAAeMbIX 3emJe-
TPsACeHHH ¥ KaHHBIE O TOM, SIBJSAIOTCS MM OHHU NPEJCTABHTENBHBIMH 1714
HCCleyeMoro paloHa, ONPeAEJsIIOTCS Ha OCHOBAHMH M3yuYeHHS TeoJio-
THUeCKHX CTPYKTyp. Kpome Toro, mo JABHIKEHHSIM reoJIOTHYECKHX 0J10-
KOB HaXOJAT 4acTOTY NPOUCXOAAIIHX 3emierpsiceHud. C 3TOH HeJBIO
H3y4aloT pasMephbl 6JI0Ka, pasMephl ero I'PaHHYHBIX IJIOCKOCTeH, reo-
JIOTHYECKHH BO3PACT M CKOPOCTH JABHKeHHA. Ecau MBI HMeeM JeJo ¢
JOCTaTOYHO CTaphbIM IO TeoJIOTHYECKHM NOHSITHSAM GJIOKOM, TO OH HBJA-
€TCsi MJIOTHEIM H JO CBOEro paspylleHHs cnocofeH HakKanjuBaTh 3Ha-
YHTEJbHOE KOJHYECTBO 3HepIuH. Takoe ke IojiokeHHe Habaojaercd,
Korja G/J0K MMeeT GoJqiblliMe pa3Mephl, €r0 IpaHHYHLIE IJIOCKOCTH JO-
CTATOYHO JJIMHHBIE ¥ 3HAYMTEJNLHO 3aryOJeHsl B 3eMEYI0 Kopy. Takoil
6M0K MOET CTaTh OCHOBHBIM HCTOYHHKOM OY€Hb CHJILHOTO 3eMJie-
Tpsicenus. ¥Ypaeuende (1.2) BEIpaXKaeT COOTHOIlIEHHE M€KLY AJNUHOMH
paspeiBa H Maruutyjoil semiuerpscenusi. Uem GoJibllie MAaTHHTYJA, TeM
3HayuTeNbHee JJIHHA PasphblBa, UTO TaKXKe XapaKTePH3YeT YKa3aHHbIE
BLIlLe HBJICHHS.

DTOT MeTOJ HanpsIKeHHOH Te0JIOTMYECKOH CTPYKTYPHl OblT paspa-
Goran rnasueiM ob6pasom B CCCP. Hanpumep, B paifionax c¢ pesko us-
MEHAIOIHUMCSL pesibedoM OKOJIO OTporoB 1oxuHoro Taue-Illaus mnpowuc-
XOJAT MHOTOYHCJIEHHBIE CHJIbHBIE 3€MJIETPSICEHUS] C WHTEHCHBHOCTHIO 9
6annop 1o wkane MM B npepenax 6 KM oT S1HIEHTPOB, 8 6aJ/0B HA
paccToanuu 9—10 kM H 7 Gan10B Ha paccTostHHH 12 KM. Dra TeppuTopst
OTHOCHTCH K Nale030HCKHM CTPYKTYPAM H B TeueHHE JJIHTEJbHOTOU
NnepHoia BPeMEHH HENpEPLIBHO HOAHHMAJACH.

IlpuBesennrie JaHHbIe TNO3BOJSIOT CYMTATh, YTO B 9TOM paliole
OyayT NPOHCXOAUTH 3eMIeTpsiceHust Ha raybune 25—30 kM ¢ Makxci-
MagabHo#t Maruurygod M = 6.5—7.5, a uHTeHCHBHOCTH KoJeGaHHil Ha
NOBEPXHOCTH 3€MJH MOXKET jocturath 9 6amiop no ikate MM.
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Ha TeppHTOPHH BHYTPEHHETO Tanb-llansa k cesepy or oTporoe B
reuenHe MOCHENHHX 70 JIeT NMPOM3OLLIO JHUIb HECKOJBKO CJIabbIX 3€eM-
perpsicenni (puc. 4.2). OnHaKo NOCKOJIBKY, C TOUKH 3DEHHS TeosOTHH
MeXy 3TOHd TEepPHTOPHEH H OTPOTaMM Top He CyMeCTBYer 6OJIBIIOTO

ag/IHUKS, CYHTAIOT, UTO 31ECh TAKKE MOTYT MMETb MECTO 3eMieTpsice-
jusi ¢ MarHuTygod M = 6.5—7.5 u MaKCHMaNbHON HHTEHCHBHOCTLIO
0 6a/JI0B, XOTSl YACTOTA HX NOBTOPEHHS OKHJAETCS 3HAUHTENLHO MEHb-
meii, uem B orporax Tsub-[llans.
Paiion TlamMupa, npuMbIKaomuit K 1oxkHomy Tanp-Ilamio c tora, or-
HOCHTCAl K Me3030HCKOR M KalHO30HCKO#A 3pam. B npouioM B Heko-
TOpHIX MECTaX STOTO DETHOHa YACTO MPOHCXOAMJIH 3EMJICTPACCHHS C
maruuTyfolt M = 6, rHDOLEHTPEl Ko-

Topbix ObUIH  JIOBOJIBHO HeTJyGOKHUMH wHan dacms T -LZiA _
(8—15 km). Ipn oTHX 3eMyIeTpsACEHHSX p
MHTEHCHBHOCTb KOJIeGaHHH Ha TOBepX- \/@Z/
HoCTH cocTaBJsiaa 9 GajsoB B pajuyce O ~~Thawuya famupa
9 KM OT 3IMIEeHTpa, 8 6anioB npu pac- Lyuande

CTOSHUH HeMHOTo GoJblle 2 KM U 7 6aJ-

JIOB TIpH paccTosHusaX 3—4 kM. B atom Tadwunueman

paifoHe 3a BeCb IE€PHOJ HaOAIOJeHHH

He OTMeuaJoch CHJIBHBIX 3eMJerpsice- Apeanucmay

uuii. OnHako B CBA3H € TeoJIOTHYecKo#H
OJIHOPOJIHOCTBIO CTPYKTYP 3J€Ch TaKke
HpeACKashiBAIOTCS 3EMJIETP ACEHH C Mar- Puc. 4.2. Teppurtopus 3a-
HETyg0#i M =6 U HHTEHCHBHOCTBIO  naanoro Ilamupa

9 Gannos.

W3 npuBeieHHOrO BUAHO, 4TO Takue (akTOphl, KakK CH/IA 3EMIETpS-
CeHus1, TIYGHHa o4ara M NOBTOPSIEMOCTb MPOLIEAIINX 3E€MJIETPACEHHH,
COCTaBJISIOT OCHOBHBIE HCXOJHEIE jaHHBEe. OIHaKO OCOGEHHOCTBIO pac-
CMaTPHBAEMOTO METOfIa SABJSETCS TO, YTO 3TH (aKTOPHl YYHTBIBAIOTCS
He B BEPOSITHOCTHOM CMBICTIe, @ B COOTBETCTBMH C I€OJIOTHYECKHMH YC-
AoBuAMH. JIpyruMy c/0BaMH, B PaMKax 3TOTO NMOAXOAA TOT (akT, UTO
CHJAla 3emyleTpsiceHuil B npearopbsix Ilamupa meHblle, 4eM 3eMJeTpsce-
HHH B pafione wxkHoro Tsub-Illang, sBasercs He NPOCTO COBIAJIEHHEM.
Hockonsxy npenropbs ITamupa oTHOCATCA K HOBEHIIHM TOpoo6paso-
BaHUAM M ABJSIOTCS IVIACTHYHBIMH, TaM HMEIOT MECTO HelpepbIBHBIE
NOTePH HaKONJIEHHOA 3HEPTHH, M IO3TOMY CHJIbHBIE 3€MJETPSCEHHA
IpOH30fiTH HE MOTYT.

Kpome toro, B Tex paiionax, rae no reoJIOrH4ecKHM TOHATHSIM NPO-
HCXOnAT onHOpORHLIE H3MEHEeHHS B TeUeHHe NJINTENbHOrO NepHoja H,
Gosiee Toro, wacro HAGJIORAIOTCS CHIBHbE 3EMJETPSCEHHS, XapaKTe-
PHCTHKM HefaBHHX 3eMJIeTpSICEHMil SIBJSIOTCST NMOKA3aTeliIMH MaKcH-

- ManbHOH cual 3eMJIETPSACEHHH, KOTOPBIE MOTYT 3]ieCb NPOH3OHTH B

6yxymem. C IPYro#l CTOPOHBI, JaxKe €CJAH 3a Bech NepHOA HaG/IofeHH
B OnHOM pafione He 6blT0 OTMEYEHO HH OJHOTO 3EMJIETPSCEHHsI, a B
ADPyroMm paiione ¢ OJMHAKOBLIMH T€OJIOTHUECKHMH YCJIOBHSIMM OHHU
Ipoucxoaunu 1o 310 JaeT OCHOBaHHE OXHAATh B NePBOM paioHe 3eM-
MIeTPsicerus: nomoGHoH cHabL B GyAyHIeM,
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s SINOHCKHX OCTPOBOB TaKHe HCCJENOBAHHS I10KA HE 3aKOHYEH|
TlosToMY CeHCMOTEKTOHMUYECKHHA METOJ Heab3si HEeNOCPEACTBEHHO lic-
[OJb30BATh JOCTATOUHO LIMPOKO JJISI ONpeleseHUsI PACUETHBIX 3enJe.
Tpsicenuit. OnHako ¢ WHKeHePHOH TOUKH 3DEHUST OLEHKA CeHCMOJOTHY .
CKOH OOCTAaHOBKHM B cTpaHe HeoOXojauMa yiKe B HACTOSILEE BpeMs,
Ha ocHoBanuu HccseoBaHHH MO CTPOMTENLHBIM KOHCTPYKLHAM H CTa-
THCTHYECKOH 06paloTKH HNPOINEAIIHX 3eMJICTPACCHHH NPH3HAHO Iede-
cooGpa3HBIM CYHTATH IIPHBEJICHHBIE HUXKE OIEHKH BepXHUMH Tpexea-
MH BO3MOMKBIX CEHCMHMYECKHX BO3JCHCTBHH IIPM IPOEKTHPOBAHHH CO-
OpYKeHHH:

BHElIHAsT ceficMuueckasi 3ona — M = 8.5—7.5;

BHYTPeHHAS1 celicMMueckasi 3oHa — M = 7.5—7.0;

TeppUTOpUS OCTPOBOB — M = 6.5;

TEPPHUTOPHUST OCTPOBOB, KOTOPAst OTHOCHTCS K 30HAM BO3HHKHOBEHIIs
3eMmyaerpsiceHu, — M = 7.0.

B coorBeTcTBHH € NIPOBENEHHBIMH HCC/IENOBAHMAMM Ha HnoHcKmx
OCTPOBaX CUHTAIOT, YTO 3eMJIeTPSACEHHS ¢ MarHUTyaohn M = 8.0 mo-
IYT TaKXKe MPOUCXOJMTb HAa TEPPHTOPHHM OCTPOBOB NPHMEPHO pa3 B
1000 set. B cBsi3H ¢ GOJIBIIMM NEPHONOM HOBTOPSIEMOCTH OHH He Tpej-
CTABJIAIOT HHTepeca MJIs CTPOUTENLCTBA.

TeM He MeHee HHXKEHEPHI JOJIKHBI NOMHHTH 00 3TOM H IO BO3MOXK-
HOCTH YYHTHIBATH NPH BO3BEJEHHMH 3JIaHHH ¥ COODYMKEHHH.

4.3. ®OPMA BOJIH CENCMHUYECKHX KOJTEBAHHH
1) Beenenue

CeficmMuyeckue KoJeGaHHS N0 CBOEMY XapaKTepy MOTYT CHJbLHO pas-
JIRYATBCA Jia’e MPH ONHOM H TOM XKe 3eMJETPSCEHHH B 3aBHCHMOCTH
OT TPYHTOBBIX YC/JOBHE Ha IJollajke crTpouTenbcTBa. W jgaxe Ha
OJHOH H TOH Xe IJIomajgke XapaKTep CefCMHUYECKHX KOJeGaHuil NpH
PA3HEIX 3eMJIETPSICEHHsIX MOXeT OHITh pasjguuyHbIM. Hike paccmatpu-
BaIOTCS1 COBPEMEHHbIC METOJLI OLEHKU XapakTepa CeHCMHYECKHX BOJIH.

2) Mopeanb ceilicMHYECKOH BOJTHEI

Ipu onpenenenuy pacueTHbIX ceAiCMHUECKHX KosleGanuii paccMaTpii-
BAIOTCA CJEIYIOIHe TPH acleKTa 3TOH npoGJeMbl:

1. Ananua samucell NPOLVIBIX 3eMJETpSCEHHIl.

2. Monenn ceficMHYecKHX KoJieGanuil, XxapakTepuaywomas (opMy
BOJIH.

3. Mogenb ceficMuueckux  KoJieGanuil, XapakTepH3VIOIAs CITEK-
TPaNbHLIA COCTaB BO3NEHCTBHS.

1) Anaaus sanuceii npoursix semaempsceruil. Kax npasuio, ocHo-
BO# IJISl OlpefiesieHHsl xapakrepa H QOPMBI PACYETHHIX CeHCMHYECKIIX
BO3NIEACTBHA CJIyKaT 3aNHCH NPOIIBIX 3eMyeTpsicennii. TIpn 6obLIONM
4HCJie 3THX 3amdcell MOXKHO BHISIBHTH XapPAKTePHLIE THNLI BO3MOMHDBIX
ceHcMHYECKHX BosfeHcTBHEA. OpHAaKO KOJIHYECTBO 3amucell NPOLIIBIX
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TeigroMYy

ﬂerpﬂceﬂnﬁ, HAKOIMJIEHHBIX K HacToslieMy BPeMeHH, eilie CPaBHM-
bHO HEBEJIHKO M HX 006paloTKi CTaTHCTHUYeCKMMH MeTogamH. Ilo-
Ha NPAKTHKE NPHXOLNTCS HCMONL3OBATH HEKOTODhIE 3aIIMCH NPH
@uIbHBIX 3eMJICTPICEHH X fe3 npeaBapHTEIbHOH KOPpeKTHpoBKH. Ilpu
ATOM BO3HUKAET LeJblH Ps BOUPOCOB. .

T BpIBAOT CYYdH, KOTJa MOXHO B3STh HECKOJbKO 3anHcedl 3emue-

" apgcenufi B paifOHax ¢ IPYHTOBBIMH YCJAOBHSIMH, 8HAJIOTHYHBIMH YCI0-

- pUAM B PacCMaTPHBAEMOM pafioHe. B aTom cayyae jlst NOBBILEHHS Ha-
JENHOCTH Pacyer BBINOMHAIOT Jis Kaxkno#fl H3 MMEIOIIUXCs 3alHceH.
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Puc. 4.3. Axceseporpamma semserpsicenns Din-Llentpo, 18 mas 1940, CIO

Ho ¥ Torna Her rapaHTHH, YTO 10 CPABHEHHIO C PeaIbHBIMH CeHCMHue-
CKMMH BO3JEHCTBHSAMH He OYAyT JAONYIieHBl CYIeCTBEeHHbE NOTpeLl-
‘HOCTH.

Huorga Mcnonb3yoT CHEKTP peaKiUH, KOTOPbIH fBJsieTcsd Oorubarno-
fieit GoABLIOTO YHCA CIIEKTPOB AN PasHbIX BO3JEHCTBUH, H COOPYKEHH S
NPOEKTUPYIOT HCXOAA K3 TpeOyemMoHl cTemeHH HaJeXKHOCTU IIPH TAKOM
tnexkTpe peakiuu. B 3TOM ciyyae HafexHOCTb COOPYXEHHsS MOXKHO
CuuTaTh 06ecreueH oM, OJJHAKO B pacueTax YUHTHIBAIOTCH BO3AEHCTBHS,
KOTOPBIX MOMeT He ObiTb, H TeM CaMblM YBEJIHYHBAETCS BepOSITHOCTD
CO3/aHHs HEeSKOHOMHUHOTO pellleHHsd.

*." Paccmotpum HekoTopble IIpUMephl 3anucell seMiIeTpiceH i, KOTopbie
HamocTpupylor pasnooGpasue xapakrepa  QOPMEI CcelicMHUECKHX BO3-
HEHCTBUI:

l. 3anucy zemaerpsicenns Danllenrpo. Ha
pHC. 4.3 npupeserna sanuch CHIALHOTO 3eMJETPSICEHHS C MATHUTYAOH
M =67, Kotopoe npousouuio 18 mast 1940 r. u umeno caenyoune
Koopaunatsl smuuentpa — 32,7° ¢. ., 115,56° 3. . (Mumnepuan Basa-
a4, . Kanudopuus, CIIA). 3anuch cuenana B dap-Lentpo, Kanngop-

~ HHA, npumepno B 50 kM oT 3nuuentpa. MakcuMaibHOe YCKOPEHHE CO-

- “CraBasno 0,32 g, MakcHMabHAS CKOPOCTh (ONpefesieHHasi PACYeToM 110

SaperucTpupoBaHHLM naxEbM) — 34,8 cM/c M MakcUMaJbHOE cMe-
Wenne — 21,1 cwm. Tlepuoan HauGosee HHTEHCHBHLIX YCKOPEHHH KO-
A€6anuit HaxoquHCh B AUANASOHE 0,25—0,6 ¢, a ana ckopocTed Cblii

’ : —gem}““ 05¢cu! ¢, uro CBHJIETEhCTBYET O AOBOJILHO IHPOKOM JHANA30-
-+ "'KODOTKONEPHONHEIX CelicCMUUECKHX BOJH ¢ GOJBIIHMU YCKOPEHHSAMH.
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Makcumanbubie yekopenusi 6111 OyeHb GOMBLIMME, a 3aNHCh Gbina
BECBMA KAUECTBEHHOI OT HAYaJbHBIX TOJYKOB JO CaMOTO «XBOCTay.
[TosTomMy paccMarpuBaemasi 3aIIHCh COAEPKHT OYeHDb LEHHYIO HHpOpMa-
IMIO M YacTO CYHTaeTcs XapaKTepHLIM NPHMEPOM 3aNHCH CHIIBHOTO 3ewm-
Jgerpsicennst. Ofgako c/efyeT INOMHHTb, YTO €ro MAarHuTyjAa OTHOCHT-
cAl K CPeJHHM 1O pa3MepaM 3eMJIETPACEHHSIM, a8 HHTEHCHBHOCTD CelcMHu-
yeckHX KogeGanuit B Aib-LleHTpo cocraBiana 7—8 6ansoB IO iiKane
MM. 3emsnerpsicenine BBI3BAJO HEGOJbIIHE Pa3pylleHus, IPeHMYIiecT-
BEHHO CTapHX 3JaHHil C KUDPIOUYHBIMH CTE€HaMH.
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Puc. 4.4. AxceneporpaMma 3semjerpscenns Tadr, 21 mona 1952, Komnowenra
C 21°B

I'pyur BInyHKTe HAOJIONEHHS COCTOSI W3 BEPXHErO CJIOH TJIMHEL
ToMHOR 20 M M CJIOS CYIVIMHKA TONMWHON 12 M, HHXKe KOTOPBLIX OblI
GOMBIION CJIOH rpaBHsi, mecka ¥ FAHHBL. CKOPOCTb pachpocTpaHeHH:d
BosiH P B cJioe raiuHbl paBHa 360 M/c, a B noactHialem ciaoe 1800 m/c.
MagkcnManpHasi HHTEHCHBHOCTD BO3JEHCTBUA IPH 3TOM 3eMJIETPACEHHH
coctaBasana 9 Gannos no wkane MM, B poaune Mmnepuan Basmn
o6pasoBaJicsi pasJoM JUIMHOH 65 kM. MaxcumanbHOE TOPH30HT4JbLHOE
cmelleHHe B pasjome jocTurano 4,5 M.

2. B3anuco semaerpsicenus Tadr. Ha puc. 4.4
npuBelieHa 3amuch BOAM3M I. TadT 3emJeTpsiceHHsi ¢ MarHHUTYAOM
M = 7.7, xoropoe npousouio 21 uonst 19592 r. U UMEJO KOOPAHHATEH!
snuuentpa 35°00" c. wr. u 119°02° 3. x. (Kepn Kayntu, Kanudopuus,
CHIA). I'opox Tadr Haxopuics B 3MUIEHTPaNbHOH 30He. Makcumadb-
HOe YcKopenue cocTaBassio 0,17g. JluanasoHbl nepuoioB KoJjeGanuil
C MaKCHMAaJbHBIMH YCKOPEHHSIMH H CKOPOCTSMH DaBHSAJHCH COOTBETCT-
BenHo 0,26—0,7 u 0,6—0,9 ¢, UTO CBHAETENBCTBYET O HAJIHYHU B Cell-
j cMiuecknx KoJe6aHUsIX GOJbLIEr0 YHC/IA TaPMOHHK C JVIHHHBIMH NepHo-
"ramu, uem B celiCMHYeCKHX BOJHAX IIPH 3eMJIETPSCEHHH Iib-LIeHTpo.
B pafione na6uoneHusi IPYHTH XapaKTepusyroTcs 12-MeTpOBbIM C/I0EM
CYIVIMHKA, TleCKd W IPaBusi, KOTODPHIY NOACTHJIAETCH IIJIOTHHIMH JeJio-
BuanbHbBIMH nnactaMH. CKOpocTb pacrpocTpaHeHHsi BoJgH P B noBepX-
HOCTHOM cJoe paBHsTach 360 M/c, a B KOpeHHBIX mopomax 1500 m/c.
MaxkcHMasibHasi MHTEHCHBHOCTb KojleGaHMH NpPH 3TOM 3eMJeTpsiceHHll
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cocTaBJsa 9 Gannos, B r. Tapr — 7 Gaasios, npuuem AOBpeXAEHHUS

" GpiiM HEGOJILLIHMH.

3. 3anuch 3emaerpsicenus Torauu Ha puc. 4.5
u 4.6. nanbl 3anucu semyerpsicennst Tokauu, 1968, 3zaperucrpupopan-
Hble COOTBETCTBEHHO B Xarunoxe n Mnsiko. Jto 3emJeTpsiceHie OTHO-

" entes K cuaBHBIM (M = 7.9) u ykazanuble ropoja pacnojarajguch Ha
-paccTOSHHH OKOJIO 200 kM or snuuentpa. CTpyKTypa rpyHTa B MeCTax

fepx
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Puc. 4.5. AKkceiaeporpamma, 3aperucTpPHpoBaHHAs B XaTHIOXe (3CMACTpICEHHE
Toxkauu, 16 mast 1968)

1cen

Prc. 4.6. Akcenepor
. 4.6. Ak porpamma, 3aperucrpuposannas B Musko (3emJjerpsicen -
un, 16 man 1968) ’ ( prceane Tosa

-

YCTaHOBKH ceficMorpaoB XxapakTepuayeTcss B XaTHHOXE HANHUHEM
;ﬁgiﬁn:ﬁ H Tecxa, TNOKPBITHIX OCYIUEHHBLIMH ~ 3€MJIAMH  TOJIIHHOM
o MeTpoB, a B Musiko—Msrkoil cKasloil, Haj KoTopoit pacro-
N?H HeGOJIbIIOH CMIOH IIOTHOTO TecKa M IpPaBHSL.

Ranp ::;:}TH&;H():P}I(I))& lyéchopleﬂm B I. XatuHOXe cocTaBasin 225 gal B
How et 10 gal B nanpaBiennu B3 u 114 gal B Beprukams-
B PABJIEHHH, NepHOABl KoJeGaHHil ¢ MaKCHMaJbHBIMH YCKOpe-

paBusnchL 0,2—0,4 ¢. B r. Musiko COOTBETCTBYIOIUINE BeJIHUHHLI

Gbuti papgr 120 gal, 90 gal, 20 gal n 0,2 c. Bo Bpemst semaeTpsiceHust

nogggl)ize:;fimqecmo XKeJie300eTOHHBIX 31aHHH TOJMYYHJIH Ccephe3Hbie

» & B OKpectHocTAX T. XaTHHOXe Ha6JI0Jaloch MHOIO

Tpelimﬂ o Geperam pekH.

PHC..4.731?p1114§er semaerpsacenus Hwuurara, Ha

nas g OCHOB'«IHIfEHa sanuch semserpsicenuss Huurara, 1964, nonyuen-

OTHOKerp s JKHJIOTO JI0Ma, PACIOJIOKEHHOTO HAa a/JIOBHAJbHEIX
P. Mlunano. MarHuTyna semneTpsiceHHsi COCTaBJA/A

2%



S0gal  97.79a1

e e e N e e e e

Bepx-Hug
409at, 95 19at

A.Jrg@f:mm
B3W

189 gal
e i e A SRR St G dan e caEn SRR SN A S S S S S A G e
J
lcen
Puc. 4.7. AxcenmeporpamMa, 3aperHcTpHpoBasHas B r. Huurata (3em/eTpsicere
Huurara, 16 uons 1964)

M =7.5, a paccTosiHHe OT NYHKTa PerHCTpPaliy O SMHUEHTPa OblLlio
60 km. I'DyHTBI B 9TOM MecTe NPEACTaBJIEHb! TOJCTHIM CJIOEM MEJNKO3ep
HUCTOTO II€cKa, KOTOPBIH HpH 3eMJIeTpsceHHH pasxmxaics. Maxcn-
MalbHble ycKOpeHHsi paBHsauCh 159 u 155 gal B ropusoHTaNbHBIX Ha-
npapJeHusix ¥ 50 gal — B BePTHKaJbHOM HANpPABJIEHHH. 3aCayKHBaeT
BHHMaHMA TOT (AKT, YTO B 3aNHCH IPUCYTCTBYIOT KOMIOHEHTH KoJeba-
HMil ¢ OYeHb JUIMHHEIMH IEPHO-
JaMH — OK0JIO 9,5 ¢, MMeBLlie
YKA3aHHBIE BHILIE BBICOKHE aM-
NJAUTYABl YCKOPeHHH.

5. 3anuchr 3eMdJae-
TPSICEHHSI B CEBEPO-
3anajlHOd yacTH npe-
Ppexrypun Harawno. Ha
puc. 4.8 npejcrasieHa sanvch
MECTHOI'O 3eMJIETPSICeHHs, IIC-
JyyeHHasl Ha IJIOIIAJKe apou-
noit nyotuHel Kypofe 19 ap-
rycra 1961 r. Marnutyjga sew-
JeTpsiceHHs: paBHsaack M =0,
a 3NHLEHTPAJbHOE PACCTOSHUE
okoso 7 kM. KoseGanus nmedin
Xapakrep YA4PHBEIX BO3HEHCT-
BHH, a MakcuMa/lbHble YCKOPE-
HMsL B TOPH3OHTAJbHBIX Ha-
npaBAeHUsiX  jocTuranun 180
u 100 gal. Haxopusuasica B
nporecce CTPOUTENLCTBA [JIC-
THHA He MOJYYHJIa HHKAKHX JIC-
BPEXACHUH, OJHAKO B JOJIIHE
Ha6/I0JaJHCh MHOTOYHCJACHHBE
06BaJIbL.

Puc. 4.8. Akceneporpamma, saperucrpH- 2) Modeas ceticmuneckux KO-
poBamilas Ha IUIOWAjKe ILIOTHHH Ky- aebanull ¢ ydemom xapaxmepl
pobe  (semaerpscenme 19  aBrycra

1961) u ghopmer ceticmunecKux GOAH.
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g OTMEUAJIOCh, B CEHCMHUECKHX BOJIHAX NPHCYTCTBYET OYeHb GOJb-

i qucso BO3MeACTBUA Pa3HOH HHTEHCHBHOCTH ¥ ¢opmsul. [Tostomy

HCTHUECKHE METO[Ibl SIBAIOTCH naubosee 3pPEeKTUBHBIMH NPH pac-
equyl XapPaKTEPUCTHK CEHCMHYECKHX BOJIH.

C 70fl TOUKH 3PEHHS OTJCJbHbIE 3aNHCH 3eMJIETPSICEHHH CYHTAIOT-
¢g. CAYUaiHBIMI PEaTH3ANUAMY OJXHOH COBOKYNHOCTH (ancambas), a
cpoiicTBa 5TOH COBOKYIHOCTH YCTAaHABJIUBAIOTCS Ha OCHOBAHHH CTaTHC-
qHUECKOTO 2HANN3a pean3alyi. )

[lo CYIIECTBY, B CBf3H C OTPAHAYEHHDIM UHCJIOM peasii3alii, CTaTh-

CTHYECKHE XapakKTePUCTHKH TIOKA H3YUY€Hbl HEAOCTATOYHO, OJHAKO HeE-

jocTaloliyie  MCXONHBIE  JamHHble ObLH

BOCHOJIHEHB C TIOMOLIBIO IOAXOMSIIHX P, P
[MnoTe3 W TaKHUM 00pasoM cosjaHa or- i g
pefieleHHasl CHCTeMa. OcHOBHEIE THIIO-
fesbl M3JAraloTcs HIXKE.

1. ViaMeneHHe aMILIUTYJ CceHcMHYe-
cKHX KoseDaHHE mpencTaBisieT cofoil
cTauMOHAPHBIH  CJyuadHBId  mpouecc.
IMpexenbl H3MEHEHUA aMILIMTYJ OTIMYAIOTCS [PH KaXKAOM 3eMiaeTpsice-
HHHM, HO TIOCJIeé HOPMHPOBAaHUSI 3TOT Ipollecc ofafiaeT CBOHCTBOM 3p-
FOHYHOCTH.

2. AMnuTyabl ceficMHYeCKHX KoJeGaHHH MORUHHSAIOTCS HOPMAaJlb-
HOMY (rayCCOBCKOMY) pachpejesIeHHIO.

3. AmnauTyapl ceficMHUeCKHX CKODOCTEH NpPeICTaBasioT co6ol cay-
yafiHbIf NpollecC ¢ PABHOMEPHBIM paclpeaesieHHeM PasjHYHEIX TapMo-
HUK KoJieGaHuil U MOTYT MOJEJHPOBATBECA CNYYaHHBIM HPOLECCOM THIIA
«Oesbll Y M.

CeficMuueckue BOJIHBI, YAOBJETBOPSIONIHE YKA3aHHBIM MPEINOCHLI-
KaM, HA3BIBAIOTCS CeCMHYECKHMH BOJTHAMH B KOPeHHBIX nopojax. C yue-
TOM H3J0XKEHHOTO CeficMUUeCKHe KoJieGaHHsI NPHHMMAIOTCS. B BHIAE BOJI-
HOBOro mpouecca B GyHKUHE BPeMeHH HJIH B QopMe cnekrpa B QyHFK
IHH YacTOTHI.

Korza cuna ma coopyskenue feficTBYeT B TeueHHe KOPOTKOTO IPO-

MEXYyTKa Bpemenu, Gosiee IeeCOOGPA3HO XapaKTEPH30BATh BO3JEHCT- ;

BHE Ha coopyikeHHe He TONBLKO HHTEHCHBHOCTBIO HATPY3KH, HO H ¢ IO-

MOIbIo NpoM3BefeHHsT HHTEHCHBHOCTH HATPY3KH Ha TEPHOJ ee IeHcT- .

BHA,

3o NpousBesieHye Ha3HIBAETCS UMMNYJbCOM CHJLL [Ipesnonoxum Te-
gepb, UTO ceficMUyecKas Harpy3Ka, JNEHCTBYIOIAs Ha COODPYXKeHUe,
PeIcTaBiIster coboir CEPHIO TOCJEROBATE/NBHEIX HMIIYJILCOB, Kak IMO-

~kasano ma puc. 4.9, KOTODBIE XapaKTePHU3YIOTCSA CJAeAYIOUMMH YCJIo-

BHAMY,

1. Tlocnenoparensuuie UMIYJbCHl JEHCTBYIOT B ONpeneseHHble KO-
PoTkHe wHurepBaLL BPEMEHH.
ey 1€y PA3HLIMH 110 BeJIHUMHE MMIYJLCAMH OHOM CepHH He Cy-
- CIBYET KOpDensuoHHOl CBSI3H.
o LI0CNeROBATENILHOCTE HMITYJIBCOB 06/ajdeT CBOICTBOM CTaIMO-
Hapwocr: ' v A
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4. BeJIH'H/ HB) I q T r

[ HOCJIeﬂOBa €JIbHBIX HUMII yJIbCOB NIOAYHUHSIOTCS a yC
COBCKOIW? paCHpe,lIeJIEHH}O C H yJIeBI) NaHHe ;
HpHHHTb, 4TO MOUIHOCTL CeHC eC BOJIHB] ])a BHa (i2 iy
ECJIH HCMHUECKOHU : I'o

y 1 OIIpe,ZLeJIHe TCA CJIE, y ’
| A YIOLINM 06pa30M. KOI‘,ZIa u

y p p HO an/IKJIalIbIBaeTCﬂ N C IIOCT I

I }[b(:P HEIIpepnbiB " pa3 OCTOSTHHBIMU HH epB

JaMi A, ero mowHocTh paHa 3 P?
y
1

M-
a-

a CPeJHSST MOLIHOCTD
3a eJUHH
BpeMeHH .

1 N
W}EPZ

Orkyna

z

o’ A= -1—
TR (4.5)

—

B 3rom
ca1yyae P npuHuMaercs B BHje Cy4aifHOH BeJHYHHEL C HOP
N

caeyer
#pmgﬁmmb BeMMYHHY P TaK, 4roGhl aucnepcns Gpwia o°A
as 3Ty THUIOTe3y, MOK )
HO CO3Jl1aTh M = .
BOJIHBL. ’ . OJleJIb CeHCMHU
MaﬂbHOMﬂpyra HMH CJIOBaMH, ciaydailiHble yucia, HOHHHHHIOIHHSC;eiI}Z)OH
deeTne ng pacnpejesienuio, ¢ aucnepcuell 62A nprHEMatoTCs n
> C/Ie/I0BATEALHOCTH MOBTOPSIOWHXC HM B Ka-
HHH. YJIbCOB 3eMJyeTpsice-

) p . p
C.
:; 1”{)()6/26) ceuemue KUX K()/Ze(;(zHL[u 6 8”496 cnekmpa ( :K() OCTh
a C ﬂ H.LHW.

N
V="
% Up COS (00, [ ++ D)), (4.6)
2nn

rie o, =
T

T mpe, £
COOTBeTIC)TéngBJmeT CoGOil onpeneseHHbll HHTEpBA BpemeHH, a N
CManHBaHymmng Tc;épasoM noJlo6paHHoe GOMBIIOE L0 YHeIo Pac_
n M YDaBHEHHH Kak Inepe . -
MEHHYIO H
Ha rpadHKe B BHIE OCH af ; 4 5y Oyt B
CIHCC, a U, B BHje
a rpady , au, JIe OPAMHATHI, IOJdYYH
EHHaTbI Hgﬁ:ﬂﬁge}gpa AMIVIMTY X ckopocTed. Ecau xe B Kaqgcmhé I(B)E];)I
ny TO NIPHXOLH )
A , PHXOIUM X BbIDa:EHHIO /IS CIEKTPA CHABH-
Ilpu pa
. pI; ! Ig)p ec;ﬁl:/;;)gﬁ;fmn GonbIIoro UHCJIa CeCMHYECKHX BOJIH H BBIUHCIe-
epacbenerer H Up VI KQXKIOH H3 HHX Up GYJIeT HMETh HOpMaJIbHO®
e :yneBblM CpeAHHM 3HaueHueM. [lanee, qucnepcus sro-
B CHJIY YCI0BUSI 4 He 3aBHCHT OT MOKA3aTeasT KOM

TIOHEHTBI KoJIe0aHUl # H onpemensiercs Ha cpe

i

2T W HaXOAUTCsl H3 CJEIYIOUIEro BHIPAKEHUS:
’ T TrN 12 r X
o? T=§v2dt:S Evncos(mn t4+®,) | = —20,%,
2
0 0 1 1
1 N
oTKyja 0% = - S vz,
1 -
C npyro# CTOPOHbI, AHCNEPCHS Un paBHa ~ 3 v u ¢ yueToM Ipeibl-
1

Ayuero COOTHOILUCHHUS

N
L Yor= 2 (4.7)
N N
1

ClleIoBaTeNbHO, BEJHUHHA U MOXKET ObiTb ONpeje/eHa Ans 3a/aH-
HOTO @, M3 CJAYYaiHOH BEJMYHWHBI C HOPMaJbHLIM pacrpejie/eHHeM U
mucnepeuelt 20%/N. Uro Kacaercst BEJIMUHBEL ®,, TO BBOAHMTCS INPen-
HOCHIKA O e¢ PABHOMEDHOM DACHpeleeHHH B HHTEpBalc mexny 0
u 27

Ecou HAfTH U, M3 BCEX CJYUANHBIX YHCeI C HOpMaJIbHEIM pacrnpe-
jestenyeM 1 nucnepcuedt 20%/N B QYHKUHH @y, 2 @, — U3 cAyyadHbIX
yHcesl, aHaJOTHYHBIM 00PasoM PacrpefeseHHEIX MEXKIY 0 u 2w, U mo-

NyuUTh
v, €08 (0, £ +Dn),

TO MOJKHO ONpPEIENHTb KOMIOHEHTY BOJIHBI C KpPYTOBOil 4acTOTOH ©y.
MaMensist 3HAYeHUS ©, W TOBTOPsIsl BBIYMCIIEHHS JUIS BCEX KOMIIOHCHT,
nocJie CYMMHDOBaHHSI B COOTBETCTBHHM C yPaBHEHHEM (4.6), momyuynm
Ha6op ceficMMUeCKUX BOJH.

Korja aHaJOTHuHast onepanust nopropstercs s HaxoxKaeHus 60Jb-
[IOFO WHC/Ia BOJH, OHH MOTYT DaccMaTpHBAThCs Kak peatusaltu OAHOH

' COBOKYIHOCTH.

~ 3) KoppeKkTupoBKa MOAENN celicMUUECKOH BOJIHbI

Jo cux nop npu GopMHPOBAHHH mozeneft ceficMUYECKHX BOJH MPH-
HHMAJIOCh HECKOJBbKO BecbMa YIPOIIEHHBIX IPEANOCHIIOK. B cBsisu ¢
STHM MaTeMaTHuecKne ypapHeHusl GbIIH POCTBIMH, OJHAKO BOMPOC O co-

I

OTBETCTBHH Mojefefl IeHCTBHTENbHBIM CeHCMHYCCKUM BO3JEACTBHSIM OC-
TaBaJICsl OTKDBLITHIM.

1) Koppexmuposka Ha O0CHO8E npedcmasaeHus, CetiCMu ecKoeo 603-
deiicmeus & sude «6eaoeo utymar. JLeAcTBATENbHBIE ceficMHuecKkHe BOJHEI
OueHb YACTO XaPaKTePHU3YIOTCs ONPeNeIeHHBIM YaCTOTHIM Mana3oHOM.
OnHa W3 NPHYHH 3TOTO SIBJNEHHS 3aKJIOUAETCs: B MHOTOKDATHOM orpa-
JeHWH BOJH B nosepxHoctHOM cioe. Kakosa Gbl e fblJla PHYHHA,
€CJH YACTOTHbIE XaPAKTEPHCTHKH H3BECTHBI, CeHCMMYECKHE BOJHEI B
KOPEHHBIX MOPOAaX MOTYT ObITh NPOMYIIEHBI HEPE3 duabLTp € MOJOOHOH
yacToTHoll Xxapakrtepuctikoi. Ilapamerpl usbTpa 3a4a10TCs KPYro-

4 m OxamMoTo 7



TIHCH 3aPETHCTPUPOBAHEL Ha HeDOJBINHX PACcCTOSHUAX OT OUAroB. tn
JIaHHBIE MO3BOJIMJIH CKOPPEKTHPOBATL HOPMYJTy (4.26)

Ty 100,61M—(1,66+ SAG) lgA—(O,GBI—Pl’WiS) ] (4.27)

Crenyer Bce :Ke OTMETHTh HeoOXOAUMOCTh JadbHelllero yTouHeHH
TIOJIyYeHHBIX COOTHOIIEHHH INpW PerucTpanty OYyAYHIHX 3eMJeTpsce-
HUH Ha nJjowajgkax, GJU3KO pacrofioKeHHbIX K STMHIEHTDaM.

4.4, CENCMHYECKHUE KOJIEBAHUS BBJIU3U 3MUUEHTPA

1) UHTEHCHBHOCTD 3eMJIETPSCEHHH

PaccMOTpeHHEIe Bhillle OCOGEHHOCTH CeicMHUeCKHX KosebaHuH Xa-
paKTepHbl JJisl IUIOMIAJOK, AOCTATOYHO YJajeHHBIX OT OuUaros 3eMue-
tpscenuit. OfHaKo B Takol cTpaHe, KaK SIIOHHS, IJe 3eMJETpsiCeHHsl

1000
Puc. 4.12. MakcumajbHble
yCKOpeHHsi B JMHLIEHT-
paJibHOM 30He, MO JAaHHBIM
otueToB 00 aHajJHse Mo-
cJ1eICTBHI 3eMJeTpsce-
HIE
| — Ho6u, 1891; 2 — Kura-
Tauro, 1927; 3 — Kura-HUuy,
1930; 4 — IlInzyoxa, 1935;
5 — Harano, 1941; 6 — Tox-
TOPH, 1943; 7 — TorTopH,
1943; 8 — dyxyn, 1948; 9 —
WUmanrtn, 1949; 10 — Pyrtaunys,
1935; 11 — Haraoxa, 1961;
0 12 — Kuta-MuHo, 196(]19: 13 —
cepepHas uacTb MNpedexTyDhl
g f 7 8 Musiru, 1962

Maznumyda

800 : -

600

400

200

Marcumanshoe yckaperue , gat

NIPOHUCXOASAT OUEHb YacTO, a TEPPHTOPHS OCTPOBOB IJIOTHO 3aCejIeHa,
cyliecTByer GoJibliasi BePOSTHOCTh NPOsIBJIEHUS CHJIBHBIX 3eMyeTpsice-
HHUl BOGJIH3M OTBETCTBEHHBIX MHXKEHEPHBIX CoopyzKeHHH. OIbIT MOKa3kl-
BAET, UTO BIOJHE peajbHa ONaCHOCTb IOBPEKJAGHHS STHX COODYKEHHH
npu GOJBIIMHCTBE 3eMJIETPSICEHHH, 3a HCKIIOUEHHEM CpPaBHHTEJBHO
cjabeix ¢ Maraatyaoit M << 6.0. IlostoMy BakKHO TOYHO 3HATH Napa-
MeTpHl MpPOSBJEHHs CHIBHBIX 3eMIeTpsAcCeHuil BOIH3H HX STHUEHTPOB.
JIl OLEHKH MHTEHCHBHOCTH CHJIbHBIX 3eMJIETPSCEHUH B 3MHIEHTPasb-
HBIX 30HAX OOBMHO HCIOJb3YITCA CJIeAyIoLiHe METOJBL:

1. Anaaus nocaedcmsudi npouirslx 3emaempscerutl. OTYeThl O pe-
3yJbTaTaX HHKEHEPHOTO aHaJH3a NOCJEICTBHH MPOIIIBIX 3eMJETpS-
ceHUIl OGLIYHO COJEPAKAT JeTasbHbIC CBEJEHNS O KOJMYeCTBe OIIPOKHHY-
THIX HAATPOOHBIX IAMSATHHKOB, CTENEHH MOBPEXKACHHS XKHJBIX IOMOB
u T. 1. Ha ocHOBaHHH TaKUX ONUCATENLHLIX HAHHBIX MOXHO ONEHHTH
BeJMUMHBl MaKCHMaJbHBIX YCKOpeHHit B snuienTpanbHoit sone. Ha
puc. 4.12 npuBeneHbl OLEHKH MaKCHMAJbHBIX YCKOPEHHH B O4aroBbIX
30HaX psjia NPOILIBIX 3eMJIETPACEHHH, IIOJyYCHHbIE STHM METONOM.
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- Kak noxasbiBalOT JaHHBIE Ha pHUCYHKe, MaKCHMaJbHbBIE YCKOpeHus
yBeJﬂrI'-II/IBa}OTCH C POCTOM MArHHTYIBl 3€MJIETPSACEHUS. Ux BEPXHAA
¥ HHXKHSASA TPAHUIBl YKa3aHbl NYHKTHDHbLIMH JIHHHSAMU, AJ1s KOTOpBIX
cn’paBe}IJIHBbI CJICAYIOIHE COOTHOLLUECHHUS:

BepXHqaa rpanuna a =12 M2 (4.28)
HHXKHSIST TpaHuua o =6 M? (4.29)

rae o — MaKCHMaJbHoe ycKopenne, gal.

2. 96pa6omxa UHCMPYMERMANOHO 3aPEGUCITI PUPOBARHBLYX CLLABHBLY O8Li-
serull. XapuaKTep H MHTEHCHBHOCTb CEHICMHYECKHX KoJeGaHUH B 3IH-
LEHTPANbHON 30HE 3eMJIETPSACEHHS] MOTYT GBITL ONpENENeHBl 10CTATOY-
HO TOYHO, €CJIH Ha 3TOH TepPHTOPHH

SBIH  YCTAHOBJIEHBI TPHOOPHL A B gp
o A
DETHCTPALIHY  CHJIbHBIX JBWMEHHH. &
Takue cyactyivBbie c/ydyan BecbMa & 00—
pellKH, OIHAKO OCTAeTCA OTKPHITBIM § o
BONPOC, SIBJSIIOTCS JIM 3aPETHCTPH- & 40 X
pOBAHHBIE YCKODEHHSI MaKCHMalb- $ x
HEIMH VIS SMHUEHTPAJbHON 3OHBL 3 20 o
Ha puc. 4.13 nokasasl cooTHOlIe- °F ele o o
HHSl MEXJY MAaKCHMaJbHBIMH yCKOpe- =~ 0% ° 7 7 :

HHSIMH M MaTHUTYJIOH, NOJyYeHHLIE Maeuryda

3THM MeTOZOM. YUepHBIMH KpyKKa-

MH Ha DPHCYHKe YKa3aHhl TJyGOKHe Puc. 4.13. Ma}<cumanbx-x131e ycKope-
3eMJIeTpsiceHHsl C TJIYyOMHOH ouara ::;HC;M jg};gﬁ;;“m Soplo soue mo
Gonee 30 KM, a CBETJILIMH KPYyXK- rhados

KaMH — 3eMJIeTPSICeHHA C Heray0o-

KHMH oOyaramMu. ﬂaHHble 10 3eMJleTpACEeHUAM Mauyumpo OTJHYAKOTCS

OT OCTaNbHBIX (OHH IIOMEUeHHl KPeCcTHKaMH), NOCKOJbKY WX OdYard Ha-
XOMJIMCh OYeHb GJAH3KO OT noBepXHocTH 3eMad. auubie puc. 4.13
B OCHOBHOM COIJIACYIOTCSI C Pe3yJbTaTaMH oGC/ae]OBaHuil, TOKa3aHHbI-
MH Ha puc. 4.12,

2) NoBpexpeHns NPH 3eMAETPICEHUsX

CeficMuueckre KoJeGaHMist B SIHIEHTPAJIbLHON 30He OOLIYHO GoJee
HHTEHCHBHHI ¥ MMEIOT BHJ MMIYJbCHBHBIX BO3LEHCTBHI MO CPABHEHHIO
C nIoma K aMu, yaaJeHHbIMU OT SMUIEHTPA, @ BePTHKAJIbHbE YCKOPEHHSI
MOryT GBITh COM3MEDHMBI 110 BeJIHYHHE C TOPH3OHTAJBHBIMH YCKOPEHHs-
MH. KpoMe Toro, B 3aBHCHMOCTH OT MECTOPACIIO/IOKEHHS IIOMAI0K MO-
TYT NposiBASATECA OCOGEHHOCTH HHTEHCHBHOCTH M XapakTepa celcMu-
YeCkux KosieOaHuil. [Ipy 3TOM B HEKOTOPBHIX MeCTaX HHTEHCHBHOCTH KO-
N1e6aHuil 6LiBaeT HeOGLIUHO BLICOKOH, a B JPYrux — COBCEM He3HauH-
TeJILHORH.

HHHM((Z:)}KHO IIPUBECTH MHOTO IIPHMEPOB CHJBHEIX 3eMJIETpsiceHHH B Sno-
2o MarHHTylaMH  NopsiAKa 6.5—7.0. AHanu3 NOCHeACTBHIl THX
: pACeHUI YaCTO NO3BOJIACT OOHAPYKHTD CAeAYIOUIHE OCOBEHHOCTH;
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1. Ha XpyThiX CK/IOHAX TOpP HJIH BAOMb GEPEroB peK HPOUCXONAT He-
GoJBIINE ONOJ3HH. Ecay cJow TPYHTa ABJSIOTCSA PHIXJIBIMH, ONOJSHH
OTMeqaroTCsl JaXe Ha CPABHHUTEJNBHO MOJOTHX CKJOHAX.

2. BecbMa cepbe3Hble MOBPEXX/EHHs NMONYHAOT KuJble JIOM3, OCO-
GeHHO B BHAE CIBHroB (QyHAAMEHTOB M PacTPECKHBaHHUsS CTEH. B ro-
MaX C TSJKeJbIMH KPOBJISIMU 4aCTO MPOMCXOAST OGBAIHL.

3. TloBpexaaloTcsl 3eMJISIHbIE COOPYRKEHHS. [TpoucxoRaT OCafiKH Ha-
GepeXkHbiX, 4 MX OTKOCHl Pas3pbIXJIAIOTCS. 3amuTHbe JaMObl, 3anpoeK-
THPOBAaHHBIE U NOCTPOEHHBIE C YYETOM COBPEMEHHBIX TpeGoBaHHH, HE
paspywalTcs, OAHAKO MX HeGOJblIHe OCaKH Hen30eXHBL.

4. KOHCTPYKIMH [OPTOB M IpHCTaHeH, MOCTPOEHHBIX HA PEIXJBIX
IPYHTaX, WCIBITHIBAIOT HEPaBHOMEPHEIE OCalKH H TOJABMIKKH.

5. CucteMBl BOJAOCHAGXKEHHS MOJYYaloT CHJIbHBIE IOBPEXKACHUA.

6. CoBpemMeHHBle MOCTEI H O€TOHHbIE NJOTHHEI NOBPEXJEHHH He
HCIBITEIBAIOT.

3) MNpumepsl 3anuceii semaerpscenui

B KauecTBe NPHMEPOB 3amHucell, NMOJYUYEHHBIX BOJIM3H SMHLEHTPA,
MOMKHO TPHBECTH 3amHCH 3emierpsicenuit Kofima # [Naprduan.

1. Semaempsacenue Koiina, 1967. 910 cuabHOE 3eMyeTpsiceHHe TIpo-
wsomsio 11 geka6pa 1967 r. B Muamu, pafione Koiina, mpuMepHo B
250 kM K 1ory or r. bom6es. Ero MaruuTyja oleHHBAETCA OT 6.5 o
7.0, riy6una ouara okoao 20 KM, HHTEHCHBHOCTD celilCMHUECKHUX KoJie-
Ganuil B6JM3H dMULeHTpa — 8 Gasios no mkane MM. Beronnas nio-
THHA GBlJIa PACIOJIOXKEHA COBCEM PsIIOM € OYaroM 3eMJIETPACEHHS. Ceii-
cvmorpad Gbl1 YCTaHOBJEH B ranepee BHYTPH JeBobepexHoro 6JoKa
naotunbl. Bricora storo 6/0Ka cocrasasaa 30 M, a ranepes HaxolH/ach
na otmeTke 10 M Bbie ocHoBaHHs 6joka. OcHoBanHeM 3TOro 670Ka
cAyxuaH 6a3abTOBBIE MOPOJBL.

Ha puc. 4.14 npuBeiena noJyueHHas akcejeporpamma. Desycuop-
HO, MMeJIO MeCTO HEKOTOpOe yCHJeHHe apaMeTpoB KoseGaHui IPyHTa,
NOCKOJIbKY celicMorpad Obl yCTAHOBJEH B Te€/1€ IJIOTHHBL. Yacrota
KoJieGaHMH ¢ MakCHMAaJbHBLIMM aMILIHTYJaMH B 3TOM CJy4ae COCTaB-
asgaa 15 T, a MakcuMaJjibHble YCKODEHHs! JIOCTHTaJH B BEPTHKATbHOM
nanpas/enun 362 gal, Blosb ocH NIOTHHB 664 gal, neprneHAUKYASAPHO
ocu otuHbl 511 gal. Tlocse coOTBeTCTBYIONLErO Nepecuera napaMerTpoB
KoJeGanuil MAOTHHE Ha MaKCHMaJibHble YCKOPEHHs] TPYHTa INOJMydHIIH
BeMUHHY oKosio 360 gal B HampaBJieHHH, TePIEeHUKYJIAPHOM OCH IO
THHEI, KOTOpasl SBJSIETCS BeCbMa BBICOKOMI.

2) 3emaempscerue aprguad, 1966. 27 mons 1966 r. B I[lapkduine,
mwratr Kanudopuus, CIIA, mpousonuio semierpsaceHHe C MArHuTyRoH
5.6 M HHTEHCHBHOCTbIO 7 GajyoB mno mkajse MM BOIn3H 3NHLEHTDA.
B stoM Mmecte passom Can-AHjpeac nepemeliaercs B HanpasJ/IeHUH C3—
IOB u ua paccrosinun 20 Muab (37 KM) BROJIb PasjioMa HabJ/IORANUCD
TpemuHLL [lojaraior, YTO MPHUYHHON STOrO 3eMJeTpsICeHIs ABAACTCH
JBWXKEHHE B pasjioMe. BO/M3H 10r0-BOCTOMHOTO KOHIA TPELIHHBL  pac-
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fiosioxket T. HosaM, a SMHIEHTD NPEXNOOKHTENLHO HAXOMUIICS OKOJIO
ceBepo-3aNafiHor0 KOHLA TPEL(HHEL.

Bzosb rocyJapCTBEHHON aBTOCTPajbl, NepeceKalollei pasjioM 0KoJO
YonaMa, ¢ HHTepBajgoM 3 MuaH (5,5 KM) OBIJIH YCTaHOBJEHE! NAThH cefi-
cmorpacos. 1109TOMY OYeHb TOYHO GbUIM U3MEPEHbl yCKODEHHs TPYHTa,

g no 3anucCsaM akCeJaeporpaMM pacyeToM onpenesieHbl IEpeMelteHus

| CKOPOCTH KOJIeGaHHH TpyHTa.

2)

T TS T T 1
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o Wfippines
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ll;g;.) 4.14. 3amucu yckopenu#t okono miornusl Kofina (zemmerpscenue 11 nexa6ps

Q@ — B HanpaBJeHHH nepnet o} M - ’
, [IMKYJISAPHOM OCH IJIOTHHBI; b B BEPTHK 0 HanpagsJe
aJbHOM p HHU
¢ — B HaNpaB/JCHHH, MapajjieJbHOM OCH IJOTHHBE

l'eonornyeckue ocoGennoctu paiiona Yonam Ha roro-3amafHoit cTo-
poHe pasJioMa XapaKTepH3YIOTCS TPaHHTaMH Jo TJyOuHs 4,8 KM, Bhille
KOTOPBIX DACIOJIOXKEHbl YeThlpe CJI0S Hal/acTOBaHHH. CKOpOCT;/I npo-
AO/IBHBIX BOJIH B 9THX CJIOSIX M3MeHsttoTest ot 1600 1o 5800 m/c. B cesepo-
BOCTOYHOH 4aCTH Pas/oMa CKajbl TaKXe COCTOAT H3 T'PaHHTA IJIyGH-
HO#t 4,1 KM ¢ TpeMs 10BEpPXHOCTHBIMU cjiosiMH., CKOPOCTH pacmpocTpa-
HEHHA NPOJOJbHLIX BOJIH B 3THX OTJOXKEHUAX uaMensiorest ot 2300 1no
5800 m/c. TakuM 06pa3soM, OTJIOKEHHSI B 3TOM paiiOHE CUHTAIOTCS LO-
CTAaTOYHO IJIOTHEIMH.

Ha puc. 4.15, a npusesnens! 3amuck ropH30HTANBHEIX KOMeGAHUH He-

TIoCpencTBeHHO Haf JMHMeH pasjioMa (IYHKT perdcrpauud 2) B Hanpas-

g:HHH, MepreHHKy s pHOM pa3/oMy, a Ha_ puc. 4.15, b — 3anucu
PTHKAJILHBIX KoseGaHHH B TOM XKe MecTe. B COOTBETCTBMH C 3THMH
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BOH 4acTOTOH COGCTBEHHHIX KoJMeGaHHH p H BEJHUHHOR 3aTyXamus f
HaunGonee yacto npu yacToTHOM aHanM3e peakUWH CHCTEM HCHOLA Vi
CHeNYIOLHE BBIPAZKEeHH T

F (i) = —— — (4.8)
l— — +2ih—
P p
i
F (io) = - — (4.9)
1 — 4 2ify —
. T+ eih Y
14-2ih —
F(io)= - P — . (4.10)
: l——-T—{—Qih;
p I

Mexay chnexTpasipHOfl NJAOTHOCTBIO OTQUALTPOBAHHOM BOJHBI ‘U CHEK-
TPaJbHOH MJIOTHOCTBIO KCXOJHOH BOJIHBI CVILECTBYET CJAEAYIONIEE COOT-
HOILEHHE:

rie Gy (®) — crneKTpaXbHas MJIOTHOCTb MCXORHON BOJHEL Gy (®) — CHEKTpasb-
Hasi [JIOTHOCTE oThHAbTPOBaHHOH Boubl, F ({w) — nepepaTounas QyHKUHs
duabTpa.

OnHaKo, TOCKOJBKY NPH MUCHOJb30BAaHHH (GHJBTPA CPEAHAA IJICT-
HOCTb H3MEHSETCSI, BOJHA Ha BBIXOJE JHOJKHA ObITh YMHOXKEHA Ha NG-
CTOSHUBIH KO3(UIMEHT I8 NOJTYYEeHHs TOH XKe cpefHed IJIOTHOCTH,
YTO ¥ BXOJHOH BOJIHBL

2) KoppexmuposKka 3a cuen BAUSRLS NOBEPXHOCAIHOZO CAOA HQ cetl-
cmuHecKue Koaebarnus Ha nogepxnocmu epynma. Ecay 3ajad Xapakrep
KoseGaHuil KOpDEeHHBIX NOPOJ, TO XapakrTep KosjeCaHMH Ha IOBEpX-
HOCTH TPYHTA MOXKeET GHLITh ompejeseH N0 METOAHKE, H3JOXKEHHOH B
pasgene 3.5. Ecan e 3anaHa cnekTpasabHasl IVIOTHGCTh, TO CHEKTP
KoJie6aHuil Ha TNOBEPXHOCTH MOXKHO HAHTH C IICMOILBIO BHIPAXKEHHS
(4.11) no mnepenatounoi GYHKIHH TOBEPXHOCTHOTO cjosi. [loatomy
HeOOXOAHMO JCCTATOYHO TNOJHOE OllMcaHhe JIHHaMHUeCKMX XapaKTe-
PHCTHK TOBEPXHOCTHOTO CJIOS.

3) Koppexmuposka ¢ yu4emoMm HeCcmauyuoHaproeo Xxapakmepa ceil-
cmuneckux konebauuil. Tlpu peanbHBIX ceficMMYeCKHX BO3JEHCTBESAX,
Ja)ke B cJyyae DPErHCTPAlHH TOJLKO OCHOBHOTO ydacTKa KoJeGaHuii,
IIPOIIECC YACTO He SBJISETCS CTAHOHAPHBIM. s ydeTa 3TOH HECTAIHO-
HAPHOCTH NIPH CO3/IaHHH PACUeTHOH MOJEJH CefiCMHUECKOTO BO3AEHCTBHS
CTalMOHAPHBIH TIpollecC OGBIYHO YMHOKAIOT HA OTHOAIOMLYIO, KOTOpasi
SIBJISIETCS] MePeMEeHHOH BO BpEMEHH, T. e.

y( =E@®S (), _ (4.12)
rae S({) — crammonapuwmii npouecc; E({) — ornGawmas mpoiecca  S(f).

9%

_E (f) BpiOHpaCTCSl TaKIM 06pasoM, YToOk! , \

s57 O@bIYHO B KauecTse S (f) npunnmaior E ()

OIECC CENCMITUCCKIX rkoJjefanull Kopen- A__ 8
gux fIOPOA HJIH Pe3YJIbTATbI HeoOXOUMOH
KOpPEKTHPOBKH storo 1upouecca. Popma

qocT1e poajeiictBusl npollecca y (f) na eo- \\
opyxeHHs XapakTep €ro peakxiy ObL Io- r
jober peaKiii COOPYHCHHS IIpH peasb- N
N 3eMJIETP SICEHHH . |
HOM]’[, L[}KeII{)HHHrc [110] Begmcann peak- 7 i b tp ¢
[gH CHCTEM TIPH PEabHBIX CEHCMHUECKHX  puo 419
BO3JEHCTBHAX B PA3HBIX IPYHTOBBIX YCJO-
pusX M ompexenua sasucumoctd E (f),
yaoGHbIE A HCHOJAB30BAHUS B NPAKTHKE PACYETOB. Ornbaromue Kpu-
Boie, KOTOpPbIe OBbIIH K/IACCH(QHIMPOBAHLI Ha YEThIPE THNA B 3aBHCHMO-
CTH OT CHJIbI 3eM/IeTPICEHHH M SIHICHTPAJNBHBIX PACCTOSIHHE, HOKA3aHbI
na puc. 4.10,

Inpposble 3HAYECHHA KOOPAMHAT OTAEJBHLIX TOUEK OrHGAOMHNX
npupefeHsr B Taba. 4.1

TaGauuad.l
dopma ornbaromnx £ (1)

YpasHenue orudaouiet

Tun semse-
TPACEHHS |-
(2]
(¢
(]
[¢]

04 AB BC CcD

|
|

ES
=

35| 80 | 120 £2/16 | 1 |exp[—0,0357 (t—35)]|0,05 -
0,0000938(120—£)?

1

B | 4| 15]3050|e/16] 1 |exp[—0,0002(t—15)]]0,05 +-
0,005 (50—)>

—_———

Cl2|4]12]0 ! e/4 1 |exp[—0,268(1—4)] —

D | 2{25(35] 10|58 | 1 |exp[—!,69 (t—2,5)]]0,1 -
f 0,00237 (10—

NOpumeuvanne. Tunsl semierpaceHnit:
v

A—B6auan SMHLUEHTPA 3eMJIeTPRCEHHST C MATHITYI0l M > 8;

?=TO0 XKe, M=7;

C—ro ke, M=5.5—6;

D —86nuau SMHIEHTpa 3eM/leTpscenidst ¢ HarAy3okaM odarov, M= 4.5-3.5

4) Meton Kanawu

K. Kanau paspaGora/ cHCTeMAaTHYECKHH METOJ OIIpejeseHHs CIeK-
TPOB pacyerTHBIX celicMUYecKHX BO3JACHCTBUIl, KOTOPBI 1UPOKO HC-
Nojbsyercst B Hacrostiilee BpeMs. OH HCNOJIb30BaJl Pa3Hble MOAXOABL K
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oleHKe HHTEHCHBHOCTH, Xapakrepa H lII/IHaMI/I‘IeCKOI:,I TIPHUPOJBI Koneba-

HUH. DTOT METOJ CBOAMTCH K CJEAYIOLIEMY:

1. MarHuTysa 4 pacnoJokeHHe 3HUIeHTpa PacueTHoro 3eMJIeTps-
CeHHsl ONpeJIeJISIIOTCSA NapaMeTpaMy NpollbIX 3eMJIeTpsICeH M, KOTOpbIe
BLI3LIBAJIH HAHOOJbBLIYIO HHTEHCHBHOCTD Ha TEPPHTOPHH CTPOMTEJILHOH
IJIOLLA/IKH, a TakKkKe CeHCMOTEKTOHHYECKHMH 0CcOGEHHOCTAMM paHoHa.
3aTeMm ONpeaessioTcst pacCcToOsSHUs OT CTPOUTE/ILHOH TJIOMAAKH [0 3MH-

LEHTPOB PACUETHLIX 3eMJETPSICEHHH.
2. Jlns onpelesieHHs MaKCHMaJbHOrO CMEIIEHHS Ama (cM) BRa

CTPOMTEJIBHOH ILIOUA/IKE HCIOJIB3YEeTCs BhIpaXEeHIE (2.9)
lgAm.a=M—1731gA—-3,17, 4.13)
rae M — MaruuTyla pacudeTHoro 3eMJETPsCEeHH,; A — 3nHUeHTpasbHOE pac-
CTOSIHHE CTpOHTeJIbHOﬁ IJIoUlaAKH, KM.
3. MaKCHMaJIbHOE CMeLIeHHe A A CeficCMHUECKOTO BO3JEHCTBHS NPH-
HUMAeTCsT PABHBIM MaKCHMaJbHOMY CIEKTPaJbHOMY CMELIEHHIO (Mak-
CHMAJbHOI AaMIUIUTYJe CHeKTpa CMelleHH#) Ama, T. €

Ama=Ana (4.14)

g Ama=M—1,731gA—3,17. (4.15)

4, OTCXO)J,a, MaKCHUMaJbHOE CneKTpaJIbﬂoe cMellleHHe Ha paccros-
Hud A = 100 KM paBHO:
1g A 100=M—1,731g 100—3,17=M —6,63. (4.16)

5. Ilepuon KonebGaHui, COOTBETCTBYIOLLHH KOMIIOHEHTe ¢ MaKCHMallb-
HBIM CIIEKTPa/bHBIM CMELIEHHEM Ha PacCTOsHUA A == 100 km, onpepjes-
eTcs ¢ moMoIblo Beipamenns (2.16):

1g Tom, 100 = 0,39 1g Ay 100 +0,89 = 0,39 (M —6,63) + 0,89 =
=0,39M —1,7. : (4.17)
6. Ipeanosiaraercs, 4To HEPHOA koqeGanuii T, KOMIOHEHTH], CO-

OTBETCTBYIOIIEl MaKCHMaJbHOH aMILIUTyAe CHEKTpa CMellleHKl, He 3a-
BHCHT OT SMHIEHTPaJbHOro paccrosnus. Torja:

T = Tm,100; (4.18)
1g T, =0,39M—1,7. 4.19)

7. Crextpa/bHasl CKOPOCTb Vp,a KOMIOHEHTEL KoJieGaHUH, COOT-
BETCTBYIOI(Ast MAaKCHMAJIbHOH aMIIUTYAE CHEKTpa cMelleHui, Ha IO-
lafKe C SNUIEHTPAJbHBIM paccTofHHEM A paBHa:

- A
V,,,,A———zan’&A—; (4.20)
1g Vo +1g 27 - 1g Ao —1g Ty = 0,80+ (M —1,731gA—3,17) —
— (0,39M —1,7) = 0,6 1M —1,731g A—0,67. (4.21)
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8. CrekTpasbHas CKOPOCTh cefiCMHYeCKUX KoseGanmil npearnosa-

raercsi HE3aBHCHMOH OT NepHOJa KOMNOHEHTH KoJleGannil (rapMOHHKH).

Srta NOCTOSIHHAsA BeJHYHMHA [IpHHKHMaeTcs
Va=Vma.
Orkyxa A A (4.22)
1gVa=0,61M —1,731gA—0,67;
VA :100,611\1—1,73-1g A—0,67 (4 23)

CnieKTp CKOpOCTH CeHCMHYECKHX KoJleGaHHi Ha CTPOMTEJBHOH mii0-
magKe MoxeT ObiTb HaHJeH HU3 TPHBEICHHLIX BhIlE BBIPAXKEHHI

(puc. 4.11). Korza criekTp ckopocTH H3BecTel, CrIeKTp CMelleHHH Ax (T)
H CIeKTD yCcKopeHud aa (T) onpemesns- -

I0TCA CJIeIly}OHJ.I/IMI/I COOTHOLIEHUSAMU" V”“’
—_ T p—
2 = i
an= 27
s= - Va (4.25) 7
Puc. 4.11

Has _NOCTpOeHHst  (pa3OBbIX ~ CIIEK-
TPOB CEHCMHUECKHX BOJH CIIENHAJb-
HBIX HCCJ/IEJ0OBaHHH He NpPOBOAMJOCh. BMecre ¢ TeM OOBIUHO Ipeamno-
JIaraercst, YTo PasHOCTH IO (ase MeXAY OTACJNbHBIMH KOMIIOHEHTaMH
Kone6aHuii (rapMOHMKAMH) COBEPIIEHHO HPOH3BOJBHEL.

XopolLIo H3BECTHO, YTO Ha XapaKTep CeACMHYECKHX KoseGaHuil 1o-
BEPXHOCTH TPYHTa CYIIECTBEHHOE BJIMSHHE OKa3bIBACT NOBEPXHOCTHBIH
CJI0M. ITO OGCTOSITENBCTBO HE YUTEHO B NMPUBEAEHHBIX BBILIE COOTHOLIE-
HusX. [TosToMy MOKHO cumTath CIEKTP, ONMpPENe/IsieMBIHl BLIpaKeHHEM
(4.23), OTHOCAIHMCS] K KOPeHHBIM 110pofiaM. CIIeKTp CeHCMHYECKHX KO-
JlebaHuil Ha MOBEPXHOCTH TPYHTA ONPEIJSIETCS C TOMOILbIO KO3DGHIIH-
€HTa, OTPAXKAIOIIEro BIUSHKE NOBEPXHOCTHOTO CJIOS Ha CIEKTp KoJe-
GaHuii KOpDEHHBIX MOPOL.

o Ecnmn G (T, Ty) — Ko3(bduiEenT, XapakTepusyomuil BAUSHEE [0~

PXHOCTHOTO CJI0S C IIpeofJajaloniuM HepuolIoM Kojebauuih T, Ha
CocTaBasollyIo KoJlebaHui (rapMOHHKY) ¢ nepHogoM T, TO CleKTp CKo-
poctu V, ceiicMuueckuX KoJ1eOaHHi MOBEPXHOCTH IPYHTA ONpeieser-
€ CIefyIOWHM COOTHOLIEHHEM:

Vo=G (T, To) Va=G (T, To) (10%-61M—1.731g 4~ 0.67)  (4,26)

Iast naxommenuss G (T, T,) OGBIUHO HCIIONB3YETCS BeIpaxkeHue (3.3)
nonyyennoe K. Kanawu. o
Hneﬁo?:glé?}or 3aTpyAHeHHs NpH NONKITKAX BOCMO/B30BATHCH BEIpazKe-
com IJ1sl 3MHLEHTPAJbHBIX paccTosiHuil, Menbiue 100 kM, IHo-
KOTopaZ npn BLIBOJE 5TOTO BHID&XKEHHs HCIOJIb30BaHa gopmya (2.9),
B paCCT(c))queHa Ha OCHOBE JaHHBIX HaGMOfeHUil NIpU SIHIEHTPAaJb-
el Husix nopsiaka 100 k. Hepasno G110 mosygeno Gosibiioe

3anuce#t Bo BpeMsi pos 3eMJeTpsiceHHil Mauymupo, mpHyeM 3a-
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Puc. 4.15. 3anucy, MoJyueHHble Ha CTAHUNA 2 (3eMJeTpsicenie Tapxduag, 27 wions
1966)

g — rOpH30HTaJbHAA KOMIIOHEHTa C65°B; b — BepTHKaJbHass KOMIIOHEHTA 4 (nauusie  npod.
Jlx. Xayauepa); / — yckopenue, &£; 2 — CKOpOCTb, JUOM/C; 3 — CMelleHue, AI0HM
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3anpCsIMH, B NyHKTE Ha0J/IofieHNsl 2 YCKOPEHHSI B rOPH3OHTAJILHOM Ha-
pipaBJeHHH TEPIEHAUKYISPHO JHHAY Pas/ioMa MMeIOT HMITyIbCHBHBIA
xapaKTep M JOCTHIaIOT MAKCHMAIBHOMN BeMYMHEI 0,5 g. Iepemeruenus
CcoZiepXKaT OJHY NOJYBOJIHY C MaKCHManbHOH ammauTyjoi 25 cum. Cefi-
cMHUECKHe KojeOaHusi B HaIpABJEHHH, NapaJjjeJbHOM pasjoMy, He
6blIH 3aIHMCAHLL B CBSI3H C NOBpPexJeHusMH npu6opoB. OfHAKO Mo Ha-
npaBJeHHIo TajJeHUS HaArpPOOHBIX NAMSITHHKOB M 3alUCAM MPOCTHEIX
celiCMHUYECKHX IIPHOOPOB Oblla NPOBeJeHa OLEHKA YCKOPeHHH, KOTODhIe
OKa3aJHCb B 3TOM HAIPAaBJIEHHH He TAKHMH OOJILIIMMH, KakK TepreH-
AMKYJISAPHO JIHHHH pasjoMa. Bep-

THKQJIbHbIE YCKOPEHHST JIOCTHIalH &

300 gal, a KosebaHusi oTau4a- £ 44 ;

JWCh OUEHb BBICOKOH 4acCTOTOM. : 04

CMmellleHHsl HMeJH MakCHMAaIbHylo § g7 [\

aMILITYAy NOpsiika 5 cM. §§, T~
TlpuBeneHHEIe BETUUHMHBL YCKO- 2

peHHH FBJII0TCS JOCTATOYHO 60JIb- § UL —

UMY, ORHAKO IPOAOJIKHTENb-
HOCTb CHMJIBHBIX KOJIe0aHud Co-
cTaBJsJIa OKOJIO 2 ¢, MOCJe KOTO-
pHIX KoJleGaHHst ObICTPO 3atyxaiy. —PHC. 416 Vuvenwwenne —waxcmans-

P NBIX YCKOPEHHUH C YBEJHYEHHEM pac

B nynkrax HaO/MONEHHH, YI8-  1ouuns o1 passoma
JEHHBIX OT pasJjoMa, NPOJOJIKH- | _. ropusontambusie KomeGaKHs;
TENBLHOCTL MHTEHCHUBHOH  uqacTu — Kanbubie KoneGawua
BO3JIeHCTBUS OBICTPO YMEHbBIANACh
¢ paccrosiuueM. Ha puc. 4.16 nokasasbl 3aBHCHMOCTH MaKCHMAJIbHBIX
yCKOpeHu#t OT paccrosinvsi. CrelieHb CHIXKeHMSI NIapaMeTpoB JJist BepTu-
KaJbHBIX KOJie0aHHi 3HaYMTeNbHO GoJbllle, 9eM /15 TOPH3OHTAbHBIX.
Onuoit H3 npuuuH GBICTPOTO 3aTyXaHHS CYUTAIOT HEGOJBIIYIO TIyGHHY
ouara. Bpsia sim Takoe OBICTpOE CHHKEHHE HHTEHCHBHOCTH Oyjer Ha-
6mozaTscst Npd ryGoKOQOKYCHOM 3eMJIETpSICEeHHH.

HauGosee mnrepecen ¢ MHXKeHEpHON TOYKH 3peHHS TOT GaKT, YTO,
HeCMOTPS HA BHICOKHE 3HaueHHs 3aperHCTPUPOBAHHBIX YCKOpPEHHH, Io-
BpeXJICHHA KOHCTPYKIHH B COOPYXKEHHSIX M3 XpYNKHX MarepHasoB
OblIH OrpaHHYEHB! jaxKe BOIN3M pasjioMa CJIaGbIMH TDElMHAaMH.

Hpyrofi 3ac/yKUBaroUHii BHUMaHHUst (paKT COCTOHT B TOM, 4TO B He-
MOCPEACTBEHHOH OJH30CTH OT pa3aoMa YCKOPEHUS B MapaJiiebHOM pas-
JIOMY HanpaBJeHUHU ObIIM MEHbille, YeM B NEPNEHAMKYJsiPHOM Hampas-
JeHnd. B oruerax mo amanusy mocsaeicTBuil semsterpsicenust HoGw,
1891, orMeyanuch ONpOKHABIBAHWE M CMeUleHHs 34aHHI BIOMbL JHHHH
Pas3jioMa Ha yyacTKax Hajl PasjoMOM H PSIOM C HHM, UTO MPOTHBOPEUUT
ABJIEHUSIM, HabJIOJAABIIUMCS IIPH 3emsieTpsiceHHH [lapkhuin.

0 s 60 95
Pocemonnoe om pasaoma, Myt

2 — BCPTH-

4.5. BBIBOP PACYETHBIX 3EMJIETPSICEHU M

ITpu onpeneseHnH pacyeTHOrO 3eMJETPsICEHUS (DU3HULCKHE MAPAMeT-
PBL QTOIIafKH, TaKHe, KaK MaKCHMaJjbHasi MHTEHCHBHOCTb IPOTHO3H-
pyemoro sem/eTpsiceHMs1, CTPYKTypa IOBEpXHOCTHONO ¢JIOS TpyHTa H
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T. 1., ABJSIOTCS OCHOBHBIMH MCXOJHBIMH JaHHBIMH. OIHAKO HMH He uc-
YepIILIBAIOTCS BCE CyllecTBeHHblE (PAaKTOPBL, K KOTOPBIM, €CTECTBEHHO,
caefyer no6GaBHTL coLpajbHbiE M SKOHOMHYECKHE ocoGeHHoCTH. Panee
B 5TOM HalpaBJeHUH HUKAKHX MCC/IEIOBAHHH HE NPOBOLMJIOCH, UTO Me-
1I1a/I0 HHKEHepaM JOCTATOYHO MOJHO PeluTh BONpOC O BEIGOpE pacyer-
HHIX 3emserpsacenuii. Ilocmenylomui MaTepHas MOCBSWEH OAHOMY n3
BO3MOXKHBIX (HO He eIMHCTBEHHOMY) METOJOB pelleHHs: STOH NpobJiems:,
B nanbuefiieM HeOGXOAUMO MPOBOXUTH GOJIee IIMPOKHE HCCIIEA0BaNKs
IJIsl ee pelleHHs .

KapThl NPOTHO3HPYEMBIX BeJHYHH CeHCMHYECKHX Kosie6anui B HOp-
Max MHOTHX CTPaH pacCMaTpPUBAlOTCS KaK OCHOBA M/ ONPENCJIeHHs
pacueTHO# MHTEHCUBHOCTH semsieTpsiceHuit. ITpy 3TOM OGBHIYHO MPHHY-
MAercsi, 4To CPOK CJIYKGbl COOPYMKEHHsI COBNANAeT C NEepHOAOM IOBTO-
psaemoctn. Ho Kak crienyer yYMTBIBATH CPOK CTyKOBL COOPYXKEHHS ¢
TOUKH 3pEHHs] OOECIeUeHHsl ero CeHCMOCTOMKOCTH —IOKa HE COBCEM
sicHo. Korjia seMiieTpsiceHue He MPeJCTaBJIseT YT PO3kl JUIst AUBHH JIOJIeit,
CPOK CJTYKOEL COOPYKEHHsT MOXKHO PacCMaTpHBaTh C YHCTO SKOHOMH'YeE-
CKHX MO3ULUH.

B cayuae paccMOTpEHHsl HHKEHEDHBIX COOpyKeHHUH, TaKuX, Kak
rpakjiaHcKue 3jianus, Gojee YAOOHO HCC/IEIOBaTh HE HajeKHOCTL OT-
JeNbHBIX COOpYXKeHHE, a HajJleXKHOCTb BCeX COOpPYZKeHHH ¢ SKOHOMHYe-
CKOil OTBETCTBEHHOCTbIO B Ipefenax crpanel. Cuuraercs, yro Kaxjoe
coopyxenne S UMeeT OGHY H Ty e CTeNeHb HajJeXHOCTH, Kak M Bee
npyrue, a N — KOJHYECTBO TaKHX CoOpyKeHHH B padHoHaXx C OJMHa-
KOBO#l ceiicMosiornueckoil o6cranoBkoit. 1o mpuuuHaM, He CB3aHHBIM
C 3eMJeTPSCeHHsIMH, TaKHM, KaK YCTaJoCTb MaTepuana, H3HOC N
T. I, ONpeJeNeHHoe WYHCJIO TAKUX COOPYXKEHHH JIOJKHO OHITH CHece-
HO B CBSI3W C MOJIHOH amoprtusanueii. O603HAYMM 3TO UHUCJIO Yepes 1.
CTouMOCTb 3aTpat Ha CoopyxKeHHe S B TeueHHe TO1a NPUMeM paBHOH ¢,
a UMCTHIH JIOXOJ OT CTPOMTENLCTBA OJHOTO o6beKTa S B TeUeHHe Tola —
p, KOCBEHHBIl yulep6 OT paspylleHus OJHOrO obbeKkTa INpH 3eMJe-
TPSICEeHHH B TeueHye rofa — r. II0CKOJbKY STH COOPYXKeHHS 6ynyT pas-
pyIIeHH IpH 3eMJETPSiCEHHH C HHTEHCHBHOCTLIO, GoJbLIell pacueTHOI!
MHTEHCHBHOCTH [, €CJM TaKoe 3eMJETpsiICeHHe IPOM3Oiier 3a Iepuol
nocaequux T Jiet, TO cpelHee UHC/IO NOBPEXK/AeMbIX 3eMJETPsICEHHEM
3jaHuil B TeueHune rofa Gyaer pasHo N/T. Kornaa 3KOHOMHYECKUH PoCT
He VUYNTLIBAEeTCS, MOXKHO NPHHATH CJeLyiollee COOTHOUICHHE, TpH KO-
TOpOM ofecrieunBaeTcs peHTafe bHOCTh 5KOHOMHUECKOH JesiTeabHOCTI

N N
Nygr X r=Np. 4,30
(n + T )q - r=Np ( )
CuMTast n NPOTMOPLHHOHANbHBIM N H TNpHHHMAd n = fN, nosyuuM
1 r 1t-rigq
— - = H T'_—_ —_—_— 4.31)
(f+T)q+T p o (

Orciopa, ecan T, onpejenseMoe 3THM PaBEHCTBOM, NPHHATH B Kade-
cTBe cpoKa cayXOH, a cpenuee 3Hauenue nepuoza T B rojax HCIIOMb-
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“#fecriedHTd yCTOHUUBOCTb IKOHOMHYECKOro passutusi [115]

G aTb TIDH BEIGOPE pACHETHOH CeHCMHYeCKOH HMHTEHCHBHOCTH, MOMKHO
E. Kypu6asim [116] BBES HEOOMLIIINE YTOUHEHHS B 3TO Bb.Ipa}KeHHe
MEHHTEJBbHO K BOTIPOCAM PasBHTHSA 10POT. Vv npunaTh caenyoutue

0603Hallel—lm{!

‘N_-—Oﬁﬂlaﬂ JUIMHA J0pOT, KM;

g — JVIMHA YJY9LIEHHOTO B TEUeHHe TOAd ydacTka, KM/TOp;
—_ CTOMMOCTb CTPOMTEJbCTBA 1 XM joporu, fen/xm;

__ ypcThifl JIOXOI B TedyeHHe Toja OT CTPOHTENbCTBA | KM noporw,

P, .
fien/KM/TOZ;

t — CTOMMOCTb KOCBEHHBIX NOBPEXJEHHH, OTHECEHHBX K ! KM nmopor,
fen/KM;

T — cpox CJIy®Obl JIOPOTH, TOJ;
[ = n/N, l/rox; = = r/p, ron.

[Tocie NOACTAHOBKH COOTBETCTBYIOILMX BEJHYHH B COOTHOLIEHHE
(4.31) MOXHO MOJIYYHTD

: r=_ltTllo

p/a—f

Ha ocHoBaHWH OLleHKH yiiep6a npu 3eMierpsicenud Huurara, 1964,
MOXKHO B KauecTBe IpUMepa INPHBECTH CYMMY KOCBEHHBIX YOBITKOB,
xoropas ouereHa B 122,1 mupy. fien. Ilpnaumasi oTHowenue p/g = 0,1,
nosiy4aeM, 4TO BeJMUMHA T, KOTOpasi XapaKTEPH3yeT KOJHYECTBO JIET,
B TeUeHHe KOTODBIX OKYINAIOTCS IePBOHAYa/JbHBIE BJIOKEHHS, PaBHA
9,4 rona. B 1964 r., xorpa nmpousoinno semierpsicenne Huurara, ais
rOCyJapCTBEHHHIX aBTOCTpaj nepBoro kjacca N = 27 728 xm ‘=
= 1854 kM/rop, otkyma f = 0,067. ’

lMoncraBasis st uudpsl B Bhpaxkenue (4.32), mosyuum

149,4.0,1
T= 127"
0 1—0.067 58,7 Jer.

(4.32)

Faasa 5. METOJbI PACUETA HA
. CEMCMHUYECKHE
BO3IENCTBUS ‘

?-l:blgiTOIl CEACMHYECKOTO KO3®®UILUEHTA
PHUMEHTA CENCMHYECKOH HATPY3KH)

1) Beenenue

- e’[g%"ngazﬂgﬂeHm CeiCMHYeCKHUX CHJI, NeHCTBYIOUIMX Ha COOpYykKe-
ReHuh 11 nocho ?\I;JHETgﬂceHHH, H aHa/{3a BO3HHKAIOKX B HEM Hamps-
MPocTOf e Hng alid MOXKHO PacCMOTPeTh psif MoaxonoB. HauGosee
I. Ceficrmus OCHOBaH Ha CJIEYIOMHX NPEANOCHIIKaX:
TPyska ng CKas cuja JAeHCTBYeT Kak BHeWHAA ceficMHuecKast Ha-
MICCYy Kaxkmoro 3/EMEHTa COOPVIKEHHS,
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. 2. CeficMuueckast cusa JeHCTBYET B TOPH3OHTAJBIIOM Hallpag,c.
Huu. Ee Benuuyuna nponopuuoHasibHa Macce; KO3PQHUHENT Npomnop.
LHOHAJILHOCTH, MOACIeHHbLI Ha YCKOPEHHE CHJIBL TSXKECTH, ONpPEiessier.
¢ Kak ceilcMuueckuii KOI(GpUIHEHT (KOSPPULHEHT CEHCMUUECKON 1y
rpy3ku). Torxa

[ = kgm, (5.1

\

rae [ — celicMHuecKasi CHJa; M — Macca; g — yCKOpeHHe CHILE TAMKeCTH; kb .
ko3dbuurenT celicMHUeCKOH Harpy3KH.

[MockoabKy mg — Bec Macchl, CeCMUUecKast CHJla paBHA IPOU3BE,fe-
HHIO Beca Ha KO3(pUIIHEHT ceHcMHUeCKOH Harpysku. v

3. Bennuuna kosduiieHTa ceficMHUECKOH Harpysku MPHHUMaer-
Csl OAWHAKOBOH [/ BCeX Macc.

4. Ecnu coopy:KeHHE IPH 3eMJETPICEHUH MOXKET HCNBITBIBATE 111
TEHCHBHBIC KO0JIeBaHUs B BEPTHKAJBHOH MJOCKOCTH, HEOOXOMHMO y1j:-
ThIBaTh TaKXe BEPTUKANBHYIO ceficMHUecKylo Harpysky. Kosdduuner
cellcCMUYeCKOH Harpy3kd B BePTHKaJbHON IMJVIOCKOCTH ONPENeNsercs
aHAJOTHYHO KO3(XDUIIMEHTY TOPH30HTAJIbHOI CeACMHYECKOH Harpysk:'.

Meroi aHasi3a U pacuyeta COOpPYXKEHHE /I obecnedeHusi UX ceii-
CMOCTOHKOCTH, OCHOBAaHHBIH Ha YKa3aHHLIX JOMYINEHHSIX, HA3BIBAECTCsi
METOIOM CefiCMHUeCKOro KosxpuIiiMeHTa HJIM METOJOM KO3(p(pHIHEHT:
ceficMMyeckoil Harpysku. Korjga coopyxeHHe CTPOMTCS B paiioHe,
IJle BO3MOKHBI CHJIbHBIE 3eMJIeTPSICEHUS, HJIH Pa3pylieHHe COOPYKEHMUs!
CBA3aHO C GOJBIUMMH IOBPEXIEHHUAMH, TO KO3(PHUHEHT ceficMuye-
CKOH Harpy3kH NpHHHMaercst 6OJbLINM. C zpyroft cTOpoHBI, KOIJa Ce-
OpY¥KeHHe CTPOUTCS B paHORe, TAEe CHJbHBIE 3€MJIETPSICEHHS NPOHCXC-
AT OYEHb PeNKO, UM KOUAa COOpyKeHHe MaJjOOTBETCTBEHHOe, HA3H:
YaloTCsl HHU3KHe 3HaueHus KoaddunueHra ceficCMHYeCKOH Harpyskii.

TTockonbKy BeaHYHHa Ko3(duiueHTa CeHCMHUECKOH HATrpy3Kd o
pefleisieTcsl Ha OCHOBAHHH ONBITHBIX NAHHLIX, & HE TEOPETHUECKUX IiC
CJIeJIOBAHHI, €ro BeJHUUHA MOXKeT H3MEeHAThCHA 10 Mepe HaKOIJIelis
peaysbTaToB HaGJIOEHUN H B 3aBHCHMOCTH OT THIA KOHCTPYKTHBHOI'
peluenusi coopyxenus. Kpome Toro, nmpusaTHe oauofl m Toil ke Be-
JHYHHBI KoahdHunHenTa ceficMUYeCKOH HarpysKH MpH pacuere COOpPYKe:
HHUIl C Pa3HBLIMH KOHCTPYKTUBHBIMH CXeMaMH He O3HauaeT, YTO OHH O)-
JYT MMETb OJHHAKOBYIO CTeNeHb CefiCMOCTOMKOCTH, NOCKOJMbKY Kaxace
KOHCTPYKTHBHOE pellleHHe OyJeT PacCUUTBIBATBLCS H ITPOEKTHPOBAThCS!
0 CBOeMy NPHHIMIY € Ha3HAYCHHEM JOINYCKAeMbX HanpsiKeHHH 110
pa3JMYHBIM KpHTepHsIM. B 3TOM 3ak/iouaercsl BHYTPEHH:s HeJOrHt-
HOCTb M HEJIOCTATOK 3TOTO MeToAa.

K ero mocTouHCTBAM CjeAyeT OTHECTH BO3MOXKHOCTL NPUMEHeH!s
3TOr0 METOAa AJst COOpyKeHUH mo6oll ClIoXHOH (OpMEl, TaK Kak pac-
qeT CeHCMOCTOHKHX COODY2KEHHMH IIPOH3BOJMTCA Ha OCHOBE NPHHUHICE
cTaTHKH coopyxeHuil. Takum ofpasoM, IlejecoofpasHo paspadoraih
yCOBEpIIEHCTBOBARHBIH METOJ yCJIOBHOTO CTaTHUeCKOro pacuera, T. €
BapHaHT MeTojga KoddduuuenTta celilcMHUCCKON HArpy3KH, TpH KOTOPOM
BEJIMUMHBL 9TOr0 Ko3(pHlleHTa Onpeensanich Obl Ha OCHOBE COBDL
MEHHBIX METOAOB JAHHAMHYECKOTO aHasH3a.

i10

KoappHUHEHT ceiicMHUecKOi HATPY3KH

CeiicMAuecKast CHA, JCiICTBYIOMAs Ha MAcCy IIPH 3eMJeTpsiCeHHH,
sower GbITH PA3JIOXKEHa Ha 1Be COCTaBJAUINE: R,mg — rOpH3OHTa/b-

o CHJIY H k,mg — BEPTHKAIbHYIO CHJIY. 3nech ky u k, — Ko3¢hu-
thenTHl CEHCMUUCCKON HATDYSKH, OTHOCSILHECS COOTBETCTBEHHO K Io-
WSOHTAJBHOH 1 BEPTHKANBHOI COCTABJISIIONIHM.
" {Ipu 3eMJIETPSICEHNH KPOMe CHJIBI TSKECTH Ha MacCy, KaK IOKa3aHo
ga puc. 5.1, jeficrByer ceiicMuveckas cuia. B ciyuae a BosnHKaer
TOAbKO TOPHBOHTANIBHASA CelicMHYecKas cuia. B eryvasx b u ¢ jonod-
puTebHAs BEpPTUKaJbHAs ceil-
cMpyeckasl CHJla HalpabJ/eHa
COOTBETCTBEHHO BHHM3 H BBEpX.

Torga BenduHa R u yroa
HaxaoHa O paBHOAEHCTBYIOLIEl A &/
BepTHKaIbHBIX U CceficMude- &
CKHX CHJ OIPEJEeJsIoTCcsl BLI-
paKeHH AMU

R=mg ]//e,"; + (1 £ %)%,

Bem hem ke

i A

g
mg

mynl,

- kg b r)
go= —F g (52 2) )
I 4y ( ) Puc. 5.1.

rae K — Ko3QuuuenT paBHojelicTByomeil celicMUYecKoil HarpyskH,
ITockoabKy Ro paccMaTpHuBaeTCad KaK CTaTHUeCcKas BeJHYHHA, celi-
CMHYECKO€e BO3JIEHCTBHE XapaKTepuU3yercs TaKHM pacnpegeneﬂuem; cHI
DY KOTOPOM Harpyska H3MeHseTcst ot mg 10 R, a ropnsomanbnas;
IJIOCKOCT Hak/IOHeHa Ha yroa 0. [laxke ecqn BesmunHa Kosdduumenta
- CEMCMUYECKOM HArpY3KM OIlpejeNsieTcsl U3 YCJOBHA SKCIEepHMeHTa
€My MOXer OBITh JlaHO UYeTKoe (U3HYEeCKOoe OGOCHOBAHHE. Hpezmono:
;KHM, UTO TIpH 3eMJCTPSICEHHH COOpPYXKeHHE KOJeBJeTCS] COBMECTHO C
apg’:;g;wﬁqgﬁn STOM YCKOPEHHs TPyHTa H COOPYKEHHs OJUHAKOBHI,
e ?H Cia, ONpeje/seMas C MOMOWLBIO Kos(duinenta ceii-
0 o Ka PY3KH, IpeiCTaBJser coGoil He UTO MHOE, KaK HHePIHOH-
o NiE’HHE?TopaH BBI3bIBAETCS KOJeGaHUsAMH IpyHTa. MHepuuonuas
aeres HanéoﬂTCH BO BPEMEHH, HO MOCKOJIBKY I/ NPAaKTHYECKUX pac-
e o }:e BaXHBLIM  N1APAMETPOM  SIBJIAETCA €€ MAaKCHMAJIbHOE
ecn. OTH(;IIIeHI/IHO CHUTATh, YTO KOI(PPHIUHEHT CeHCMUUECKO! HATPY3KH
Tpaceny € MaKCHMaJ/IbHOTO YCKOPEHHSI COOPYXKEHHs NPH 3eMJle-
YCKODEHHIO CHJIBI TsKeCTH. B neitctBuTenbHOCTH, Kak

.- NoKasz
aJIH HHCTpYMEHTAaJ/ILHLIe HaéJHOILeHHH 3a COODYXEHHSIMH, JaxKe

B

H;exfoncélﬁ}::;;lx’ KOIJla OHH ABJAIOTCS AOCTATOYHO KECTKHMH, (HOPMEL
ué‘neC006pa3H0 OTJIMYAIOTCS OT KoJeBGaHui TpyHTa. [lostomy Bpax au
Kak OTHomeHHepaCCManHBaTb Ko3(hPHUIHEHT CeI/ISMquCKOﬁ Harpysku
CRug § — MAaKCHMaJIbHOTO YCKOPEHHsT CeficMHUECKOTO BO3Iek-
§}em;1e . Haw}z)eﬂmo CHJIBL TSI2KeCTH. B ¢Bsi3y ¢ STHUM IIHPOKO HCIIOb-
- Yer cuns fAlliee BpeMsT KO3(DDHIIHEHTHI ceflcMHYecKOH Harpysku

aTh KOo(xpullMeHTaMH, OMpee/sieMbIMH SMMOHUPHYECKU.
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3) Kozdduuuenr ceiicMUUECKOH HATPY3KH
AJS TOABOAHBIX COOPYKEHUH

Koraa coopyzkeHusi MOrpyKeHol B BOLY (sanpumep, NOJBOAHBIE MOP-
CKHe COODYIKEHHs, TMOPOJbl HaGPOCHBIX IVIOTHH CO CTOPOHBI BEPXHETO
6peda), KoabduLHEHT CcefiCMHUECKOil HATPY3KH ONpele/seTcs Clelyio-
MUM 06pasoM.

[TpeamosnoxuM, 4T0 B BOAY HOT
HCILITHIBAET B FOPH30HTAJBHOM H B

pyKeHO TeJIO ¢ Maccodl m, KOTopoe
6PTHKAJIbHOM HamnpaBJeHHAX yCKO-
peHHsl COOTBETCTBEHHO k,g u R,g.

Melp nd, Torna cocrasfisiiomine AEHCTBYIO-
] e [eli HA TeJO MHEPLHOHHOH CHJbI
' m—‘*\ﬁ‘ paBubl k,mg u k,mg. TToCKOJBKY
%Y~ | pgec TeJa yMeHblIaercs Ha BeJH-
g gg ‘ YUHY BHITAJKHBAIOWEH CHJIbI, PaB-
N 2 S o HOjeliCTByIOIas CHJIa M ee Ha-
—f‘ ] npaBJieHHe PaBHBL:
% H
g ) ; "
- R=mg |/ (1= +ih
PN w
S )
tg0 = h , (5.3)
Puc. 52 - na Lk,
w

rle @ — yXeJbHBI Bec Teaa; Y — yaeabHbI BeC BOALI (puc. 5.2).
Orciofa Ko3b@uIHEEHT cefcMUIecKoil HarpyskH

K=—0=~n (5.4)

1— L g,
w

M3 5TOro BHIparKeHHs! BUAHO, YTO KOI(QOHIUEHT celicMHUECKOH Ha-
IPY3KH JUIst TIOTPYXKEHHOrO B BOY TeJa C MaJbIM yIeIbHEIM BECOM CTa-
HOBUTCS BechMa 3HauuTenbHbiM. OTciofa CiefyeT, YTO NMOABOJHOE CO-
OpYXKeHHe C MaJbiM yJe/JbHbIM BECOM MeHee yCTOHYMBO NpPH 3eMJIETPH-

CEHUSIX.

4) TMpunoxeuus Merona Koddouuuenra ceiicMMUYECKOH Harpy3kKu

1) KowcoavHbie coOpYHEHU. Mogenb KOHCOJIbHOH 6asxun IIHPOKO
HCIO/Ib3yETCs TIPH PacueTe PeasbHEIX COOPYKEHUH, TAKHX, KaK OTIOPHI,
JbIMOBEIE TPYGHI, GallleHHble COOPYMEHHA H T. II. Crenno#i wxad, yc-
TOHYUBOCTL KOTOPOTO cOecrneduBaercst TOJIbKO €ro cOGCTBEHHBIM Be-
coM, laXKe B Ciydae IPOCTOro OMUPAHHst Ha IPYHT TaKkKe MOXET paccMa-
TpUBaThCA KaK KOHCOJIbHAs CHCTEMA. Korza KoHcosmbHasi 6anka pac-
CUMTHIBAETCS M TPOEKTHPYETCST Ha OCHOBE METOAA kospuIenTa ce-
CMHUECKO!l HATpy3KH, NeHCTBYIOMas Ha Hee paClpejellenHas Harpyska
NpHHHMAETCs B BUJE TIPOH3BEICHHS HOTOHHOM Macchl GaJKH Ha BeJHYH-
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Hy 310ro Kosdpunmenta. Ecan k 6anke npucoennnena COCPENoTOUEH-

"Hast Macca, ACUCTBYIOIAsl HAa MacCy COCPEJOTOUEHHAs CHJIa onpenedis-

eTcsl aHaJOTHYHO.
B xavectse mpumepa pacuera Ha puc. 5.3, @ MOKa3aH IpHsMaTHUe-
CKHU CTepXKeHb [OCTOSIHHOIO TONepeuHoro ceweHusi. Korza semse-

TpACEHHS HET, Ha CTEPXKEHb HE ﬂeﬁCTByIOT HHKaKHe Jpyrue CHJLI Kpo-
Me COOCTBEHHOTO B€Ca, OCeBble

HanpsiKeHHs OT KOTOPOro B I0- I
[epeyHoM CeYeHHHM paBHBL: =
N " < =<
0'0=—==w—A-=wx, (55) | :%:
A A L =9
w~! =
rne N — ocesas cHaa; A — mio- ==
Wafb NONEPEYHOro CeueHHs; W — =~
0o6beMHBIfl BeC KOJOHHEBI; X — pac-
CTOHHE OT paccMaTpHBaeMOro Io- (I)
HepeyHoro CeyeHHsT AO Bepxa Ko- Puc. 5.3

JIORHDI .

l'opusonTasbHasi monepeynas Cusa B CEYEHUH 3JIEMEHTA PaBHA HYJIIO.
Ilpu BO3HHKHOBEHHH TOPH30HTAJbHOH CeHCMHUeCKOH HarpyskH,
onpegenseMoit KoadduiuenToM k;, B IPOH3BOJBLHOM IONEPEYHOM Ce-
YeHHH BO3HUKAIOT H3rHGAaIOIMi MOMEHT U IonepeyHas cuna (puc. 5.3, b
H ¢):
M=Fk, wAx*2, S=*k,wAx.

Hanpﬂmeﬂm oT usruba H nonepequﬁ CHJIBI B KaxXJOM CCUCHHH
CyMMUPYIOTCA C HalPAXKEHHSAMH OT co6cTBeHHOrO Beca. B pesyJbrare
HanpsXXeHusi B KpauWHHX BOJIOKHAaX CeYeHHUs paBHLI:

6o=00+ 7 (5.6)

2 KacaTeJbHble HaNPAXKEHHS OKOJIO HeﬁTpaﬂbHOﬁ ocHu
T = kS/A, (5.7)

rie W — MOMEHT CONpPOTHBJEHHS IONEPeYHOro CedeHHs; k; — KoapuLHenT
GopMEl ceueHHs.

[Mpu ceficMHyecKHX BO3JEHCTBUSAX M3TMOAKOLIMH MOMEHT M Momepeu-
Has CWJia YBEJMYHBAIOTCA K HMXKHEH YacTH KOJIOHHH. BoT nodemy
NOBpEXKIEHHS NMPH 3eMJIETPSCEHHSAX Yallle BCETO BOSHUKAIOT B HHXKHEH
yacTd coopyxeHuiH. IlpuMepaMu TakuX NOBpeXJAEHHH fBJAIOTCS pas-
PyllleHHs B HHXKHeil 4aCcTH MOCTOBBIX ONOp, NPH KOTOPHIX HaGJogaercs
BhAEpTHBaHHE CTepXKHeH apMaTyphl U3 (yHIaMEHTOB, M ONOP JIMHHH
3JleKTponepenay, Ife TPOHUCXOJUT IOTEPST MECTHOH YCTOHYHBOCTH.
Kpome Toro, oTBeTCTBEHHBIE HHXKEHEDHEIE COOPY KEHHS, TAKHE KaK 3JeK-
TPopacnpejenTe/bHble NOACTAHIHE H KOJOHHBl XHMHYECKHX ammnapa-
TOB C OIIaCHBIMU BEIleCTBAMH, YaCTO ONPOKHABIBAIOTCS H NEPEMEIIaroTCs,
NPHBOMS K TPATMUECKHM MOCJAEACTBHAM. IIpOEKTHPOBUIMKH JOJKHBI
OHITh yBEepeHbI, UTO TH NMOCIEACTBHA MOI'YT GBITH NPENOTBPALEHH C T10-
MOIIBIO MPOCTHIX M HAJEKHBIX AHTHCEHCMHYECKHX MepONpHATH .
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2) Kapkacuwe cucmembr. KapkacHble KOHCTPYKIHM IIHPOKO TpH-
MEHSIIOTCA B 3JaHHsIX, MOCTax H APYTHX coopyxenusx. IIpu pacuere
ITHX COOPYKeHHI MeTofoM Koa(ipuliHeHTa CcelicMHyecKOl HarpyskH
ceflcMHUYEeCKHe CHJIBI ONPeJesIIoTCsl TaK 2Ke, KakK A8 KOHCOJDbHBIX Oa-
JIOK, a HanpsiKeHus U RedopMalMi HAaXOAATCsS CTAaTHYECKHMH METOAa-
Mu. Hekoropele ¢opMyJibl 1Js OHNpeJeJeHUsT CHJI PeakUUH W H3rubaro-
UIMX MOMEHTOB NpHBeleHbl B TabJ. 5.1. OnpejessemMbie COrJacHO 3Toll
TabJ/iHile H3rHGaolHe MOMEHTHl B ONOPHBIX CEUEHHsX 3JeMEHTOB J0-
CTaTCYHO Besikd. [loaToMy HamboJee 4acTo MOBPEXKAEHHS NpH 3eMJe-
TPSACEHUSX TPOUCXOJAT BOJM3H y3JI0B KapKacos, OCODECHHO NPH CTPOU-
TeJNLCTBE XKe/1e300eTOHHBIX KapKacHbIX 3aanuil. A upenynpexjaenns
TIOSIBJICHHS] TPEIIMH HEOOXOAHMO IpefyCMaTpHBaTh apMaty PHble CTepXK-
HH, CBSI3LIBAIOIHE KOJOHHBI M 0ajKi, HaOpHMep, KakK HOKa3aHo Ha
puc. 5.4, a. Cxema apMupoBaHusA, NpuBejeHHas Ha puc. 5.4, b, aB-
Jsiercst  Hellesnecoo6pasHoil.

[MockonbKy JAeficTBYIOLLHE HA COOPYKEHHS CHUJIBL HIPH 3eMieTpsce-
HHH ABJSAIOTCS 6OJlee CJAOKHLIMH, YeM PacCMOTPEHO BBIIE, KpoMe HU3-
rubamliX MOMEHTOB B YIVIOBHIX 30HaX NpOsiBJseTcs KpydeHue. B pe-
3yJbTaTe CJAYYaercs, YTO BEPXHHE HacTH KOJOHH pa3pyLIaTCA NpH
KPYYeHHH, CTepAKHH apMaTypbl OCOJSIOTCA, 4TO NPHBOAHT K IHOTEpe
Hecyllell CIOCOOHOCTH M YCTOHYHBOCTH coopy:KeHHi. CrefoBaTelbHO,
HeoO0XOIUMO B YIVIOBLIX 30HaX IIpelyCMaTpUBaTh YCTAHOBKY XOMYTOB,
obecreduBAaIOIUX JOCTATOYHYI0 HECYIIYIO CNIOCOGHOCTh MpPH KPYYeHHH.

Kpome Toro, NoBpexAeHHS 4YacTO IPOMUCXOAAT BOJH3U ONOp 31a-
HWll. DTO CBHUJAETEJNLCTBYET O TOM, UTO NMPHUXOAAIINECT Ha ONOPHI Ha-
IPY3KH CYINECTBEHHO Gouibllle pacyeTHbX. IloaToMy peKoMeHAyercs
npenycMaTpHBaTbh YBEJIHUEHHBIE ONOPHBIE CECUEHHSA 3JIEMEHTOB H aH-
KepHbiX 60JTOB.

3) Cmenep-Ouaghpaemor. JeCTKOCTb COOPYKEHHH NPU TOPH3OHTA/b-
HBIX Harpyskax MoKeT ObITb yBeJHYeHa IIOCTAaHOBKOH MexJay OaJjka-
MH M KOJIOHHAMH KapKacoB cTeH-auadparM, paboTarollyX Ha CIBUT.
Crensl-guadparMel 4acTo HCIOAB3YIOTCS /1 [IOBBIIEHHS CefCcMOCTOM-
KOCTH 31aHuil, OMHAKO PEeIKO IPHUMEHSIOTCS B COOpyXkKeHHsX. TeMm He
MeHee, KaK NOKAa3biBaeT ONBIT CTPOMTENBCTBA KAPKACHOTO KeccoHa JJst
OpHYaJbHOrO IHpca B raBaHH lokorama, creHB-gHadparMbl MOTYT
ObITh 5¢peKTHBHO HUCNIOJIb30BAHbl M B HHMXEHEPHBIX COOPYXEHHSIX.

[Ipu HarpyKeHHUM KapKaCHBIX 3[aHHH €O CTeHaMM-Auadparmamu
(paMHO-CBsI3€BBIX KapKAacoB) FOPH30HTAJbHBLIMH CHJIaMH 4acTb Harpys-
KM BOCIOPHHHMMAETCsl KapKacoM, a OcTajbHasi YacTb -— CTeHaMH-Jua-
¢parmamu. [1poBoan/ucy HCCJleoBaHHS OTHOLIEHHH NoJled Harpyski,
BOCIIPHHHUMAEMOH KapKacoMm M CTeHaMH-auadparMaMH (Ko3¢(UIIHEHTOB
pacnpenesienust). [TokasaHo, uTo IpUMeHEHHE PaMHO-CBA3EBBIX KapKa-
COB LleJlecoo6pa3Ho ¢ TaKUMH Ko3(hHUIIHEHTAMH DaclpeneieHHst, YToOs!
B CcTeHax-guadparMax BO3HUKaJO HeGOJbLIOE YHCJIO TPEIUH MOJ Ha-
rpyskofi. Takofl pacueTHBII KpHTepHH NpHeMJeM, KOTJa COOpYKeHHe
IOJKHO OBITH BoccTaHOBJIeHO. OnHAaKO, NOCKOJNbKY HEKOTOpHIE HHKe-
HepHble COODYXKeHHsi OueHb TPY/JHO BOCCTAHOBHTL, IJISI 4ero 4acTo
TpeGyeTcsl TOJHOe yJajeHHE IOBPEeXAEHHBEIX TPellHHAMH Y4YacTKOB,

114

porpoc o HpI/IMQHeIzHI/I 3TOTO KpUutepust aJisd HpOGKTI/lpOBaHHH HHXe-
HEPHBIX COOPYKEHHI MOKeT GbITh PEIleH TOIbKO Ha Gase THIATeNbHOrO
aHalM3a BCeX pacyeTHHX TpeGoBaHH.

IlonpoGHoe paccMoTpeHie METOAUKH pacyeTa PaMHO-CBS3eBLIX Kap-
KacoB Mbl IIEDEHECEM B ApYyrHe pasjesbl. 31eCh Ke OrpaHHuuuMcst of-

Tabauua 5.1
Popmyabl paa onpenenenus ycuauii B pamax

| [T I
l o 1
B ! s) ,
Iy - :
T ey P Jh Py
| ki / ATV { Frvl ]
S H / e Y4
I - 7
My v ,?277 &
8 =0 , oh
fe—zf & ’
vz 1
Mg ) 24
M va
{ i
M M. M
4 /'L) ;4 7 UJiU = d 0
1 i I’/] r—
Vi IV, g
. B Iph 4 ?‘,L
/f— ] 7 r’:
Loy B
vy | L. gh? L
(Y ;T Pt d
H Iy 18 4n ghraT . gh
A k5 T F 7§
L AT e 30RT gAT
4 g (k) R
by J(xr2) | gh? _iiEhr23)qn?
e 25t & [aeD)(E5+1) 24
" Shef, gt Brg5n il gh?
m h+5 4 (7= (Fael 7
75 aul . 7
M, Vi — gjf“ﬂ:(\“é'i iﬁ,
B (O itreh) 70
[/) /?)
== 7-t] === 1
S ! Prce, 5.4 eIy
N oo ! uc, 5.4, as obecre.
N : - SO YeHHsT cefiCMOCTONKOCTH
Ny Do apMUPOBAHHE N[O THMY
| \,‘ ; Il (a) neneccoobpazno, no
- b P THOY (b) Helesecool-

pasuo

HHM S/1eMEHTAPHBIM METO/IOM, KOTOPBI GhII paspaboTaH ¢ yyeToM pA-

Aid ynpomatounx NpeAnochUIOK H MOJMYYHI HPOKOE NPUMEHEHUE B HH-

MEHEPHRIX pacyerax.

.. Pacemorpum pamy co crenoit-nnadparmoii, kax noxasano Ha puc. 5.5.
aMa p 1e/IoM Harpyxena cunofi P.P,u P, npeicTaBasiior co6oil yacti
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Harpysky, npuxojslnedcs Ha paMy M Ha creny-Ainadparmy, T. e.
PP, = P. (5.8)
T'opusonTanbuoe nepemeutenne pamel 8, nox neficreueM P, onpepe-

JFeTCsl TI0 MeTOAMKe pacuera KapKacHBIX CHCTeM:

2 Okk' — 1
6rz_13rhl (2_ kk );
142 (k4-k")-+3kk’
kE=I,h/(I 1), k' =I1h/(I1).

7 by
‘jffz ) PW 1

Puc. 5.5

[Ipeanonaraerca, uro cTeHa-nuadparma paGoTaeT Kak KOHCOJIbHAS
fanka, a ee Nporu6 Mox AeHCTBUEM CHAEL P, npejcrarnser co60# CyM-
My IepeMelleHHH OT H3ruba W CcABUTA:

Pwh ,
8, = —2— (b -+8h¥ ),
YT 2EM G+ )
rie 8, — ropHsoHTaNIbHOE IEepeMellenue DU HarpysKe Pyy; ¢ — TOJIIHHA CTEHEI-
JAHagparmol.

[onaras 6,=290,,, nomyunm

P13 Okk’ —1 P h?
L =--¥ (5 — .
271, (2+ l—|—2(k—{—k’)+3kk’) t ( +8 12 ) (-9

OTKyZa ¢ ydueroM (5.8) MoxHO HaiiTH 3Hauenuss P, u P,,.

PesyabTaThl pacuera CHCTeME! B YIIPYro#l CTafiHM NOKA3BLIBAIOT, YTO
OCHOBHAsl 4acTb TOPH3OHTAJbLHOM HArpy3KH BOCIPHHUMAETCS CTeHOH-
quapparmMoli, a Ha paMy NPUXOAUTCH He3HAUMTeJbHAs N0/ HArpy3KH.
DTOT pe3yabTaT COrNacyercs ¢ AAHHBIMHE 3KCIEepHMEHTAJbHBIX HCCIe10-
BaHMH cTeH-AMadparM, NMOKa B HUX HE BO3HHUKAIOT MepBhle TPELIHHEL
Takum o6pasoM, Ha creHy-AuabparMy TNpUXOAHTCS OOJbIlas 4acTb
BHeHIHeH TOpPH30HTAJLHOH HArpy3KH M MPH 3KCIEPHMEHTaJbHBIX HC-
CJIEMIOBAHHSIX MepBble TPEIMHB BO3HHKAOT B CTeHax-AvabdparMax o
UX NOSABJEHHS B 3JeMeHTaX KapKacoB.

C pasBuTHeM TpelUH B CTeHe-JuadparMe pacnpejeseHHe Harpy3KH
MeXJy paMoii M crTeHOH-nuadparmoll usameHnsiercs. Popmyta, npex-
JgoxenHas T. Tanuryum, anas 3toll cragud HMeeT BHJ:

Do Juw ! , (5.10)
Jr 14+3.5(/h)2

rge D — oTHomleHue HaTPy30K Ha creny-guadpparMy M KONOHHY; J, — MOMEHT
HHEDUHH NOTEePeYHOro CEYeHHs KOJOHHBI; Jyy — MOMEHT HHEPIHH ITONePeyHOro
CEeYeHHs CTEHDI.
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Jinf paMHO-CBA3EBLIX KApKacOB CIPABEMIHBBI OJIOMKEHHSI:

- 1. TIoCKOJIbKY TOMIIMHA CTeHb-AMadparMbl Maja Mo CpaBHEHHIO C
s/€MeHTaMH DPaMbl, B CTeHe BO3HHKAKT PACTATHBAIOLUIHE HANPSKeHHS
oT ycaikh GeTOHa, KOTOpble CJIelyeT YYHTBIBATh KaK BHYTDeHHHE Ha-
npsKeHUst B HadasbHOH CTajuu paboTHL.

. 2. Jlaxe ecau cTeHa-Iuadparma yCTaHaBJ/IHBaeTcs BHYTPb Kapkaca,
B KauecTBe KOHCTPYKTHBHEIX MePONPHATHIH clelxyeT NpeaycMaTpHBaTh
THIATENBHYIO YCTAHOBKY apMaTypHHIX cTepxHedl. B nmporuBHOM cilyuae
B CTeHax-IHadparmMax 3ajJoAro JAO JAOCTHXKEHHS pacyeTHBIX YCHJHH B
paMaX GyAyT BOSHHKATb TDeLIMHI, KO-
TOpHIE 10 MEHDbIIEH MEpe mopTAT BHeIl-
HUH BHJA KOHCTDYKILHH.

3. TopusoHTanbHasg Harpyska, Boc-
ApUHHMaeMasi paMaMH JI0 BO3HMKHOBE-
HAS TpellHH B CTeHaxX-puadparmax,
pecbMa MaJja, OJHaKO IoCJe pa3sBUTUA
TpellMH OHa CTaHOBHTCS 3HAUMTEJb-
pgoil. Llenecoo6pasHO mNpOEKTHPOBATH
paMbl M3 YCJIOBHSL BOCIDHSTHS BO3pa-
CTaIOWUX HATPY30K Nocse 06pa3oBaHUs TPENIMH B CTeHaX-nuapparmax,

- Jlaxke Korja rnocjejjHHe 3anpoeKTHPOBAHbI NOCTATOYHO NPOYHBIMU.

4, Hecymasi crnocoGHOCTb PAMHO-CBSI3€BLIX KAPKACOB CO CTEHAMH-
AuapparMaMy, COIepKallUMH NPOeMbl, HE OYeHb OT/IHYAeTCs OT Hecy-
el crnocoGHOCTH KapKacoB 0e3 CTeH-Avadparm.

4) Iodnopuvie cmenpr. CyliecTByeT MHOTO COOPYKeHUEH, IpeAHas-
HaueHHBIX JI/IsI BOCHPHSITHSI Harpy30K OT TPYHTa, TAKHX, KaK MOANOp-
Hble CTEHBI, NTUJIOHBEI, MOJIBI, 3alllUTHBIE OepPeroBble COOPYKEHUS U T. 1.
Paccmotpum B Kauectse npuMepa L-o6pasHylo NOANOPHYIO CTeHY,
noxasaHHyio Ha puc. 5.6. Korza npoucXomuT semjerpsicenne, NOANOp-
Hasl CTeHa BOCIPMHHMAeT JaBJeHHe OT TPYHTa 3achIKH M 9acTo Te-
psieT yCTOAYHBOCTb OT ONPOKHABIBAHUS HJIH CKOJNBXKeHUs. BHeuHue Ha-
Ipy3KH, AefCTBYIOLHE HA CTEHYy, BKJIOYAIOT B ceba Bec cTeHnr W,
ceficMuueckyio cuny P,, Bec W; u ceficMuueckyio cuny E; oT rpyHTa,
PacnoJIOXKEeHHOI0 HaJl KOHCOJbIO (PYHJAaMEHTHOH NJHTHI, jAaBJjeHue E,
TPYHTA 3a TBUIBHOH IJIocKOCThIO cTeHKH. K cusaMm, npoTuBojieficTByIo-
LUIMM BHEIIHUM HArpy3KaM, OTHOCATCS JaBJjieHue E g rpyHTa Ha (PpoH-
TaJIbHYIO IJIOCKOCTb CTEHKH U CUJIbl PEAKIHH B BepTHKAJBHOM H TOpH-
30HTAJbHOM HalpaBJ/eHHSIX BAOJb MOAOLIBHI PyHIaMeHTHOH NJIHTHL AB.

B cootBercTBUH C MeTOAOM KO3(hbHIMeHTa CeiCMHYeCKOH Harpysku

Py= kyWy v E; = kpW,, npuuem kp — Ko3bOHLUHEHT TOPU3OHTAALHON cefi-
CMHYeCKOH HaTrpy3KH.

Benuuunnl E, u E 3 0npeesstores ¢ NOMOLIBIO PAcYeTHLIX GOpMyJ, pac-
CMOTPeHHBIX B pasfesie 7.4, U DaBHBL

Eo o9 S AT

cos? 0 {1{_ I/Si“wcs;:é@—e) ]2 2
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2{p— 2
E,= cos* (@ —0) wH?2

singsin(p—0) | 2
cos?2@{ 1 — _—t
) cos 0

rle @ — yroJ BHYTpPeHHero TpeHHs rpynta. Bripaxenns (5.11) u (5.12) noayueny,
Ha OCHOBAHHH CTAaTHYECKOH TEOPHH JABJCHHA TPYHTA B HPEANOJONKEHHH, yro
NOBEP XHOCTb TPYHTa HAKJIOHEHA NMOJ yraom O = arctg kp.

’ (5. 12,

5.2. JAHAMWUYECKHHA PACYET (YIIPYTHE CUCTEMBI)
1) Beepenune

CorsacHo Metony KosdduuueHTa cefCMHUECKOH HArpyskH, jefict-
Bylolmlast Ha KaK/Ibld 9/1eMeHT CHJ/1a HHepPIUH PaBHA NPOU3BENEHMIO Mac-
CBI 3JeMEeHTa H SMIIMPHYECKOro Ko3(pHLHeHTa, BeJHYHHA KOTOPOTO
ANl BCEX 3JIEMEHTOB NMPHHUMAETCSl OJ{MHAKOBOH. OfHAKO MOCKOJIbKY
S/MIEMEeHThl NPU 3eMJIETPSICEHHUSIX KOJMeGMOTCs TNO-pasHeMy, TPYAHO Ha
OCHOBAHMH BeCbMa YIPOLIEHHOTO MeTOAa pacyeTa NOJyYHTb Pe3yJib-
TaThl, OOECHeYHBAIOUIME HAACHKHOCTL MPOEKTHPYEMOTO OOGBEKTA.

B reuenue mocnenmux japaiuari Jet Gblia paspaboTaHa MeTOAHKa
fosiee TOUHOrO pacyera, COTMVIACHO KOTOPOH BEJIHUMHBI CEHCMHUECKHX
HaTPY30K ONpEJe/SIOTCS B 34BHCHMOCTH OT OCOGEHHOCTeH paBoThl
KOHCTPYKIHH NpH 3eMyeTpsicenusax. Merox pacuera, npu KOTopoM cefi-
CMHYCCKHE HArPy3KH ONpPENeNATCS YKA3aHHBEIM CIOCO60M, HA3LIBAET-
¢ AuHaMHYeCKMM pacyeroM. OH paspaGOTaH HeJaBHO, H CYLIECTBYeT
pAx MpoGieM, TPeGYIOLLUX ero yTouHeHHs. TeM He MeHee Jake IpH Or-
paHHUEHHOM oGbeMe HHGOPMALUH, NIPU NPHMEHEHHH XHHAMHUECKOTO
aHA/IM3a MOXKHO 00eCIeuuTb TpeSyeMyl0 HafeKHOCTb NPOEKTHPYEeMbIX
COOPY2KEHHH. JTOT BHIBOA GbLT HEJABHO NOATBEPKAEH AHATH3OM MO-
BpeXJEHHH 3aHuil npu 3emiaerpsicenuu Toxaum, 1968.

Hunamuyecknii anajaus B TOM BHAe, KaK OH cefluac MCIIOJB3YETCs
MOXKHO pasjeluTb Ha ABa MOAXOjA -— OJMH AJIS yNpyroaedgopMupyio-
WHXXCA COOPYKEHHH M BTOPOH AJIS NIaCTHUECKH AedOpMHpYIOMUXCS.
Takasi kuaccnukanus yunTelBaeT TOT (aKT, UTO COOPYIKEHHS TaKkKe
MOXHO pasje/uTh Ha JABa BHAA B 34BHCHMOCTH OT HMX OTBETCTBEHHO-
CTH M HasHaYeHHs; COOPYXKEHHS, B KOTOPHLIX HAMNPSIKEHHs He IIpe-
BOCXOISAIT Ipefiesla YNPYTOCTH JAaxke NPH CUJIbHHIX CCHCMHYECKHX BO3-
NeHCTBHSIX, M COOPYKEHHS, B KOTOPbIX NMPEAe YNPYTOCTH MpeBLILIAeT-
¢d M JOMycKaeTcst o0pasoBanue HEGOJNBUINX TPeUHH. Tak, NIOTHHLI
OTHOCATCA K NePBOMY, & 3JaHUst — KO BTOPOMY BHIY COODYKeHHIl.

2) Ynpyrue cucTeMbl ¢ OJHOM CTENEHbIO CBOGOIbI

1) Teopemuueckue ocroser onpedeserus peaxkyuu npu Ouramuye-
ckom eosledcinguy. CoopyxeHHst paboTaloT YIPYro 10 Tex nop, MoKa
lebopMallHK OCTAIOTCS B ONpeLeNeHHBIX Npejesax, KOTOpEIe OBLIUHO
HA3LIBAIOT MpPeeOM ynpyroil paGorel. BesmuuHa 3Toro npefesna sa-
BHCHT OT THNA KOHCTPYKTHBHOrO peinennsi. Tak, CTaJbHble KOHCTPYK-
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“JKEHHBIMH K Macce. Y UMTBLIBAIOTCS TaK-

sy COXPAHSIOT YNPYTyIo paboTy 10 TeX 10D, MoKa ux fedopMaiun He
xaHOBSITCS OTHOCHTEJILHO GOJIBIIHMH, a 3eMJSIHbIE COOPYKEHHsS Xapak-
¥3YIOTCs1 HEYTIPYro# paboToi Aaxe NpU OUeHDb Majblx gedopManmsax.
B 9TOM pasjiejle paccMaTpHBAeTCs ceHCMMuecKas DEakLHs ynpyrux
EHCTEM. , )

Ha puc. 5.7 MoKas3ana paMma C JKECTKHM PHIejieM U JBYMs THOKHMHU
gosoHHaMu. Bes Macca paMbl CUMTAETC COCPEJOTOUEHHOH B YPOBHE
ureqs. Dto HauGosee TpocTas MOJENL YNPYToH CHCTEMbl C OQHOM
cTeNneHblo  CBOOOALL

Korga pama coBepluaeT Kose0aHlsi NPH 3eMJETPsICEHHH, DHIelb
flepeMelllaeTcsl B TOPU3OHTA/IBHOM HANPAB/CHHH, @ KOJIOHHBI paMbl
garubatorcsi. Ilpu Takoit cxeme xedop-
MHPOBaHHSl CHJIbl HHEPIMH M peakuuy U »y ; ,
o1 H3ruba KOJIOHH CUHTAWTCs MPHJIO- o

XKe Pas/HuHble (UBHUECKHE sABJEHHS, ¢
BHI3BIBAIOLILME 3aTyXaHue KoJebaHHM:

1. Paccesiune 3HEPTHH BOJIH Yepes .
¢QyHIaMeHT COOpYXeHHs B IDYHT. 8

2. Paccesinye 3HepruH BOJIH B OK- [
py’aiollie COOpyKeHue BOSAYX H BOAY.  p.. g7

3. Tpenue B ONMOPHBIX yCTPOUCTBAX

Jie KOHCTPYKLHH.

! BHh;aggre);:ayKasaHHb&yﬂBneHnﬁ HaunboJIblllee 3HaYeHHEe [JIsl HHXKEHep-
HBIX COOpYXKEHHIl HMeeT paccesHMe SHEPTHH NP OTPAXKEHHH BOJMH B
rpnyEI;oueCCBI paccestHHsi YHEPTHH KOJeGaHHH H3yYeHEI HPKaéHe,ILOCTa-
Toygo. [J{Jisl yTIpOlleHUst MaTeMaTHUeCKHX npeo6pasoBaHiil B GOJBLINH-
CTBe aHAJUTHYCCKHX HCCAeNOBAHKHI MEXaHM3M 3aTyXaHUsf MOJACNHpPYeT-
€S ¢ TOMOMIBIO JAeMI(pEepoB, MNPHCOEAHHEHHBIX K COOPYKEHHIO. Ilpm
5TOM CHJIA COIPOTHBJEHHUs B AeMidepe NPHHIMAETCS NPONOPUHOHAb-
HOH OTHOCHTENBHOH CKODOCTH TNiepeMEllentst ero KOHIOB.

YpaBHenHe KoJeGaHii MacChl IPH CeCMHYECKOM BO3ACHCTBUH HME-
eT cJelylomuld BHA:

EBU Ay . py_ Y
(AT ky—c 5

Tie m — Macca; k — Ko3hOHIUHEHT XKECTKOCTH KOJNOHH; ¢ — Ko3(hdHUHEHT Tp::
Hust B femugepe; U — nepeMeiienne rpynta B 3adHKCHPOBAHHOH B IPOCTPA
CTBe cucTeMe KOODAMHAT; Y — IlepeMelienue MACCH OTHOCHTEJIbHO TpyHTa.

310 ypaBHEHHE MOXHO NpPEICTaBHTh B BHIE
mLY oy mb. (5.13)
di? dt

Teneps MOXKHO OTMETHTD cielyloiee. [IBHkeHHE COOPYKEHUs OT-
HOCHTE/IbHO TPYHTa NPH CeHCMHYECKOM BO3JEHCTBHH aHAJOTHYHO JBH-
JKEHHIO 1104 AeHCTBHEM CHJIBI WHEPIHMH, BeJMYHHA KOTOPOH paBHa Npo-
M3BEJIeHHIO MacChl COOpPYMKEHHSI Ha ceficMHYeCKoe YCKODEHHE IpYHTa,
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4 HAlPaBJEHHE NPOTHBOMOOXKHO CEHCMHUECKOMY YCKOPEHHIO. DTO By

paxkenue npuunnuna Jlanambepa, KOTOpbId NPHMEHHM TaKKe K CHCTe-

MaM CO MHOTHMH cTeneHsiMH cBoGoabl. [lpunuun HdanamGepa 3aHuMaer

OYeHb BaXKHOE MECTO B TEOPUH CeHCMOCTOHKOCTH COODYIKEHHH,
YpaBuenue (5.13) MOXKHO TaKxXe 3alucarb B (opme

y Ay ey
dr? + 2ph a Py v (5.14)
npu
,—
p= l/‘_k—"’h=~'—'£____1 (5.15)
m 2V mk

rie p — coGCTBeHHAs 4acToTa KosleGaHMil paMbl Ge3 yuera 3aTyxaHusi; b — nmapa-
MeTP, XapaKTEpUBYIOLUH CHJY 3aTyXaHHS.

HOCKOJIbe B HayaJsie 3eMJICTPSACEHHS COOPYXE€HHE HaXOAHTCHd B CO-
CTOsTHUH .IIOKO#A, MOJydaeM CJaeAyolue HadaJ/JbHble YCJ/IOBUSA IIPH it =0

d ,
-0 4 . __ .
y=\, o U (0)
0 7 4 cex f V4 Vi
5 | gal
Bxoguoe  E . | mﬁ A sae b Al
Bo3dedcmbuel ™ - v !\/"V IR AR SAVARAR VA Y
eM/cen
b T~
s
20 ’\\’ =
4t
137 A\//\ <
18 feo—IA \ Ml A
| IV
an
Il e AVIPNINA AN
[/ o AN N_NA N _A
0)‘5 J Vi v \
s
0) 5‘7 ~—r \/ﬂur UAVAUI‘ f\Uf\V A Al
L cM/cen
L | h_akina a
W VA

PHC.I(S).IS. Peaxuus coopyxennii (ckopocTd KoseGanuil) npu semjerpsicenun To-
KHO
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Puc. 5.9. Peakuns coopyxeHuii (CKOPOCTH koneGannil) mpu semJerpacernu Kumy-
rasa 12 B

C yueToM 9THX HayaJ/bHBIX ycJaoBHil pelieHne ypaBHEHHS (5.14) umeer
BUJ

t
y=— > S U (x) exp {— ph (t—7)} sin p, ((—7) dv, (5.16)
P1

e py=p VIR U
BeJIH‘{I/IHa Yy Hal3bIBaACTCH peaKuHeH CHCTEMbBI B (bopMe OTHOCHTECJ/1b-

HBIX nepeMeuJ.eHHﬁ HJU OTHOCHUTEJbHBIM nepemMelieHeM.

~ Ha puc. 5.8 u 5.9 npupelenb ABa NpUMEpPA OTHOCUTEJNIBHBIX CKO-
POCTeli peaKIMH COOPYXEHHH ¢ DASHLIMH HAaCTOTaMH COGCTBEHHBIX KO-
neGanuii, B ofoux cayuasx KOd(QQUUMEHT 3aTyXanusd NPHHAT PaBHBIM
0,1. Jlyist ciyuas Ha pHc. 5.8 BXOJHOH NPOIECC yCKOPEHHH 6Ll 1IpH-
HAT MO JaHHLIM MHCTPYMEHTA/IbHEIX 3allHCed B ToKHO 3eMJIETPSICEHHS
¢ Margutygoii M = 6.0, SMUUEHTP KOTOPOro 6Ll paclioJioXXeH B BOC-
TouHo# uactu npedextypsl Tokuo. [lst cnydas na puc. 5.9 B KuaqegTBe
BXOHOl AKCEJEepOrpPaMMbl MCIMOJIB30BAHbI Pe3y/bTaThl 3alHCEH BOJH-
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34 3JIeKTpOCTaHlny Kunyrasa semsieTpsiceHust ¢ MarnuTyaol M — 5.5
3MHIEHTP KOTOPOI'0 NPHUXOAMJICS Ha 0I0-3aNafHyI0 YacTh HpedeKTypol
Ho6aparu. lepeasi sanuch mojydyeHa Ha JeJIOBHAJbLHOM TPYHTE, a BTo-
pasi Ha CKaJbHOM OCHOBaHHH. KaK BHJIHO H3 NPHBEJEHHBIX PHCYHKOB,
peakiyst CHcTeMbl NPH 3aLaHHOM 3eMJIETPSICEHMH CHJIbHO H3MEHfeTCs
B 3aBHCHMOCTH OT IlepHOZd COGCTBEHHBIX KOJIEeGaHHil.

O6osnaunm
!
at,p)={ U (v) exp { — ph (t—1)} cos py d;)
f (5.17)
b(t,p)=1{ U (v) exp {—ph ( —7)} sin py tdv
0
it S, p)=V a(t, p) +b*(t, p), tg e (f) =bla. (5.18)
Torpa ypasHenue (5.16) npunuMaeT BHJ
Yy=— 1 (asinp,t—bcos p )= — L Ssin [prt—e ()] (5.19)
P Py

OtHocuTe/bHAST CKOPOCTh Hogyuaercst nocae JuddepeHIHpoBaHNSA
Yy no t

D= — |/< 1 22k )Scos[plt—s 1, (5.20)

b / h b
S O !

OTHOCHTENTbHOE YCKOPEHHE MOMKeT OBITh NOJYUYeHO MOcJse JIBOHHOTo
AuddepeHUHPOBaHAA ¢ N0 ¢, OXHAKO AJA NPHKJAJHbIX 3ajad 3Ta Be-
JHYHHA HMeeT HeGoJIblIoe 3Hauvenue. DoJjee BaXKHBEIM siBJsieTcsl abco-
JIOTHOE YCKCDEHHe, olpejesisieMce BhlparKe€HUeM

. Py
a=U+ 4
Crclona caenyer, 4yTo
o= pl( ’ )Ssin[plt—e” ), (5.21)
P

rjne

g (== (1= L (1

P p P} p e

C yueToM NOJYyYEHHBIX BHILIE BHIPA’KEHHI MOXKHO YCTAHOBHTBL CJle-
JAYIOIHE OCOGEHHOCTH peaKLHH CHCTEM:

1) peakuusi CyliecTBEHHO 3aBHCHT OT YacTOThl COOCTBEHHBIX KOJe-
OaHuii coopyxenus;

2) nepeMelleHHsi CHCTEMBI ONpPENENsIOTCS B OCHOBHOM (OPMOH KO-
Jebanui, odeHb GJH3KOH K coOctBeHHOH opMme KoaeGanui coopyxe-
HUS,;

122

* THKH;

¢ 3) nepemellleHHsi OOBIYHO MaJjbl, 4 YCKOPEHHS BEJIWKH AJs1 J0CTa-
: TOUHO JKECTKHX COOPYXKeHHIl (¢ MajbIMH MepUOJAMH COGCTBEHHBIX KO-
¢ neGanui). s rubkuX coopykeHMH (C JJIMHHBIMH TNIePHOJAMH), HaO-
. 6OpOT, NepeMellleHUs] CPABHUTEIbHO BEJHKH, 8 YCKODEHHS! N0CTATOYHO
-MaJibl. OTH BBIBOJIBI OY€Hb BaKHBI C TOYKH 3PEHMS NPAKTHKH IPOEKTH-
i-DOBAHHST U CTPOUTE]bCTBA,

4) ¢opmMa KoseHaTebHOrO MNpoiecca U B MOMEHTH BpeMeHH, Npei-
eCTBYIOIHE paccMaTPHBAeMOMY MOMEHTY [, OKasbiBaeT HEKOTOpOoe
[/BAHSIHHE Ha aMIVIHTYAbL KOeGannit. st Gostee yAaJIeHHBIX 1O BPeMeHN
'(pas BXOJHOTO MpOIecca 3TO BJHAHHE HHUTOXKHO. Kpowme Toro, Baus-

i HHe (POPMbI CEiiCMHYECKOTO npouecca Jaxe B TeYEHHE OUEHb (OPOTKO-
. TO NMPOMEXYTKa BPEMEHH Ha aMIIUTYAbl KoJeOaHHH COOpYIKEHHS B MO-
. 'MeHT { BeCbMa CYyLIECTBEHHO TOJBKO IPH MaJbiX COGCTBEHHLIX INePHO-
“pax. HanpoTtus, npu ZAJMHHHBIX NepuoJax COGCTBEHHBIX KoJeGaHHi
fpolecc ceACMHYECKOTrO - BO3JIeACTBHSI 3a JOCTATOYHO (OJNBUIOH HH-
: TepBaJl BPEMEHH OKa3bIBaeT HEKOTOpPOe BJIMsIHHEe Ha XapakTep KoJeOa-
' HHSl KOHCTPYKUHHA. DTOT BBIBOJ TaKKe BaxKeH JJIs CTPOUTENbHOM IpakK-

B
B
£

5) IIpH 3eMJIeTPsCeHUsIX GOMBINOH MATHHTYABI 4acTO HaGJIOAAJNOCD,
YTO B IEPUOJ OCHOBHOH (ha3bl.ceHiCMHUYECKHX BO3MYULEHHH NPOsIBIAIOTCS
HECKOJIbKO LHKJOB JJIMHHONEPHOAHBIX Kosie6aHuH ¢ GAU3KUMH aMIvIH-
TyJaMH. B TakuX ciayyasX peakIlHsi COODYKEHHS! MOXKeT yBEeJHYHTLCs
nocJsie NIPOXOXKEHHST OCHOBHOH (pa3bl 3eMJIETPSICeHHSI, eC/H MepHoJ cob-
CTBEHHBIX KOJIeOaHUH COOPYXKEeHHsI COBNIaZaeT C NEPHOJLOM H3MEHEHHs
YCKOPEHHH IPH 3eMJIETPSICEHHMH.

Hau6o/iee BaKHBIMH NapaMerpaMH DeakIHH AJIs NPOEKTHPOBAHHS

COOpYKEHUH SBJSIOTCS MaKCHMAJIbHBIE 3HAaUEHUS OTHOCHTEJbHBIX Hepe-
MellleHHH, OTHOCHTE/bHEIX CKOpOCTeH 1 aGCoMIOTHRIX ycKopeHHi. Makcu-
MyMBI 9THX BEeJHYHH HACTYNIAIOT B Pa3Hble MOMEHTHl BPeMEHH, KOTOPbIE
MOXHO ONpPEJeNUTh C NOMOIILIO YHC/IEHHOTO HHTEIPUPOBAHUS YPaB-
HeHUH.
- Opuako ¢ nomowbio ypasrenut (5.19)—(5.20) MOXKHO INOJYYHTH
NpH6IHAKEHHBE OLIEHKH, TPeoJaaras, YTo 3TH MOMEHTh BPeMEHH COB-
NAAal0T ¢ MOMEHTOM JOCTHMKEHHsI MaKcuMasabHOoro 3Hauexus S. O603-
HauuM 3TOT MaKCHMyM uepe3 S,, TOTaAa

So=[V @)+ 1) warc- (5:22)
Hs sripamenust (5.20) Uyppo = S,. (5.23)
Ananornuno w3 ypapmennmit (5.19) u (5.21) nomyusaem:
Sp -
Yuare NT ) (024)
Qyanc = pSv (525)

Tenepy oueBnano, uTO S, ABIAETCS OYEHb BAXKHOH BEJHUYHMHOH,
NOCKOJIbKY MaKCHMAJIbHbLIE 3HAYEHHS Y, U H o ONPeJeasiorcs 4depes
S,. Ilpu 3agaHHOM CeHCMHUECKOM BOBAEHCTBHH S, XapaKTepH3yercs
NeprogoM coGCTBEHHBLIX KOJe0aHUH H NapaMeTPOM 3aTyXaHHsl COOpy-
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xeHusa. B rtex cayuasx, korma S, paccmatpupaercss B QYHKUHMH ya-
CTOTHI P, OHA HA3bLIBAETCS CNEKTPOM CKOPOCTH PEaKLHH CHCTEMEI,
CorsacHo axcesieporpaMMe Ha puc. 5.8, 3aperHCTPHPOBAHHOH &
Toxno, BO BXOJHOM CeHCMUUECKOM BO3JeHCTBUM Npeobsajaer LHUKJA KO-
neGanuii ¢ nepuojoM nopsiaka 0,5 ¢, Ha KOTOPLIA HAaK/NaAbIBAIOTCs BOJI-
HBI ¢ 6OJiee KOPOTKHMH NepHojaMi. MakcHMa/bHOe YCKODEHHe COCTaB-
Jasno 74 gal u xapakTepusoBaso rapmouuky c nepuoiom 0,5 c. Ilo
akceseporpamMme Ha puc. 5.9, 3aperncTpHPOBAHHON Ha 3JEKTPOCTAHIIHH
Kunyrasa, nepnoa npeo6/afatouefi Bosubl 6bl1 pasen 0,35 ¢, a Ha

]
' Vmax . SM/cex

Ymay , M/ CEK
j -
AN ’
8 20+
6 N—
4 101
S R T R R L Lo
0 10 2,0 30~ T, cex 0 a1 02 T, 08K
)
¢) dmax Ymax A max
L _
Yy 6 300
70 —110 5+ —
Ymax
8- -8 4 drnax —200
6 -6 3+ =
4 4 2+ — 100
2 72 1+
L [ 17 | I O S |
0 10 20 30 T, cex 0 01 02 Tcex

Pic. 5.10. Cnextpnl peakuuu npu 3emierpscenusax Tokno 101 (a, ¢) u Kuuyrasa
i2B (b, d)

Hee HaKJalblBajguch Gojiee KOPOTKOIEPUOAHEBIE BOJHEL. MaKcHMaibHOe
yckopenue 47 gal XapaxTepH3oBaJO KOPOTKONEDHOAHBIE KoJeGaHHs.

MakcumManbHible 3HaYEHHUS] NapaMeTpPoOB PeaKUMH AJIsl Pas3HbIX IepHO-
JI0B cOOCTBEHHBIX KoJebanuit nokasansl Ha puc. 5.10, a u b. Kak no-
Ka3blBaIOT Pe3yJ/IbTaThl BLIYMCIEHWH, s 3anucu B TOKHO BejHYHHA
Unaxe AOCTHI@eT MaKcHMaJbHOTO 3Hauenus npu T° = 0,8 ¢, Bospacras
¢ 7' B 06/1aCTH MaJbIX NEPHOAOB U OCTaBasiCh NMPaKTHUECKH IOCTOSIHHOM
B 0o0/1aCcTH JJIMHHBIX NepUoAoB. lys 3amnucu Ha 3JjekrpocTaHluud Kuny-
TaBa Uy,,, YBeAMYHUBaeTcsi ¢ poctoM T, HO, NO-BHAUMOMY, OpPHOJIA-
¥)KaeTcsl K NOCTOSTHHOMY 3HAUEHMIO NP JasbHeHIleM YBEJIHYeHHU Ile-
puona. Ilpubamxenuble 3HAYEHUS Yyaxe U Fyane ONPEACIAIOTCS C IO-
Momiblo BhipaxkeHu#t (5.23)—(5.25) u noxasannt Ha puc. 5.10, ¢, d.
OHM CBHIETENILCTBYIOT 06 YBEJIHYEHUH Ypaxe U YMEHBIIEHHH Oy are C©
poctom T,

<) Peakyus cucmem npu semaempsicenusx. JIasi IPUMEHEHUS TEOPHU
K pacueTaM coopyxKeHHuH HeoOGXOAUMO 3HATh XapaKrtep usMenenust U (f).
HecmoTpss Ha mpeanpuuHHMaeMble ycHJIHsi IO HAKOIUIEHHIO IaHHBIX O
CHJIBHBIX 3€MJIETPSICEHMSX, HMMelomasics HHGbODMalus elie JaleKo He
JOcTaToyHa.
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« Vi l// e e 20 Puc. 5.12. Chektp yckopeduii mpH
“ MaKCHMaJdbHOM YCKOPEHHH BXOJHO-
posneficteua 0,2 g (masHble

0 0% 48 17 16 20 24 28 ro
Meguod colembennsiy wonedorui, cox  "POP- T Taxana)

c) e /

2 0% // Puc. 5.11. Crmextpsl peakuuud (aaH-
10— LA Hole npod. Oxk. Xaysmepa)
g pal [ <

5’_\ 5 // 10

<, %% n JIx. XaysHepoM © JADYTHMH
’ / ////// [119] coGpansl faHHbIE O CHIEKTpaX

== CKOpOCTEH peaklMH CHUCTeM IIpH

0 0% 0§ 17 16 20 7% 24 MHOTHX  CHMJIbHBIX  3eMJIeTpsce-
Teguod  codemberyeny /,/[]/5‘_/):/],!/,_//(]: ek HHMAX, 3aperdCTPUPOBAHHBIX Ha
tepputopun CUIA, n nokasaso,
YTO KpHBbie Ha pHC. D.11, b orpaxaioT psif OOLWIMX 3aKOHOMEPHOCTEH
CIIEKTPOB CKQPOCTH peakiuu. Tak, B uuTepsase nepuoaos 0,8<7<2,8¢
CIEKTP CKOPOCTU NPAKTHUECKH NMOCTOSIHEH, & €r0 OPAHHATHl yMEHbIla-
I0TCS1 ¢ POCTOM NapaMeTpa 3aTyXauusi KoiebGanuid. Ilosanee stoTr (hakr
Gbl1 Teopernueckd mnoatsepxkaeH M. XakyHo [143]. ¥Ycranoienue
(hakTa 0 NOCTOSTHCTBE BEJIMUMHBL S, COCTABJISET OJHO H3 OCHOBHEIX PHH-
HUNHAJBHBIX TOJOXKEHHH aHaju3a CeHCMHYECKOH DeaKIlHH CHCTEM,
KOTOpOe I0JIOKEHO B OCHOBY IIPOEKTHPOBAHHA CEACMOCTOHKMX COOpPY-
Xenuf. B nocneanue rojgul 3TH HCCJAEZOBAHAA HHTEHCHBHO Da3BHBAIOT-
eo.

Koraa cnekrp S, u3BecTeH, MaKCHMaJ/bHBIE BEJHYHHBI OTHOCHTE/b-
HOrO mepeMellleHHs] ¥ aBCONIOTHOTO YCKOPEHMSA MOTYT ObITh HaHJEHbI
¢ noMoubio Beipaxenuit (5.24) u (5.25). OG03HaUMM 3TH BEJIHYHHBI Ue-
pe3 S4 u Sp u u306pasHM COOTBETCTBEHHO Ha pHCYHKax 5.11, a u
5.11, ¢. Kak Buano, S, yMenbluaercsi U Sp YBEJIHYHBAETCSH C POCTOM
T. 310 cornacyercss ¢ pe3yJbTaTaMH aHaju3a ceHCMUUECKOH peaKIlHH
CHCTEeM IpH 3eMJIETPSICEHHSIX, 3aPeTHCTPHPOBaHHLIX B Tokuo M Kuny-
FaBa.
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[Toxo>kue ceKTpbl GbITH NMOJYUEHEl B pesy.pTaTe aHall3a HucTp. -
MEHTAJIbHBIX JaHHLIX, 3aperucTpuposanublX B Slnownn. Ha puc. 512
IIPUBEACHBL ClIeKTphl ycKopenHil, nocrpoennere T. Takazna. Ilo ocu ac-
CLIACC OTJIOXEH NepHoJ COOCTBEHHBLIX KoJeSaHHUH COOpYKeHHs 6e3 yue-
Ta 3aTyXaHus, a 10 OCH OPJAHHAT -— MAKCHMaJIbHBEIE BEJHUYHHBI a(co-
JHOTHHIX YCKOpPEeHMH peaxkiMH NPH MaKCHMyMe YCKOPEHHH BXOJHOrc
ceifcmuueckoro Bosjedcteusi 200 gal. I'paduxu nokaswiBaroT, 4To ye-
KOPEHUSs JOCTHTAIOT MAKCHMAJBHBIX 3HadeHHH npH nepuoje 7 = 0,3 -
0,5 ¢, ¢ ammaurynamu 360 gal npu A = 0,1 u 470 gal npu A — 0,05,
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Puc. 5.13. Cnextp cxopocrn [132]

4TO 3KBHBAJECHTHO yBesauueHuio B 1,8 u 2,35 pasa MakcUMa/bHEIX yC-
KOpeHUMH TpyHTa Ipu 3emserpsicenud. IIpu mepuonax, NpeBbILIAIOUIMX
1,5 ¢, ycKOpeHHst CHCTEM CTaHOBSITCSI MEHbILle MAaKCHMAaJbHBIX yCKOpe-
Hu# rpynta. Oflike 3aKOHOMEPHOCTH 3THX CIEKTPOB aHAJIOTHUHB! (OD-
MaM cIeKTpoB Ha puc. 9.11. Cnekrpni peakiuu Ha puc.5.12 noctpoeHnl
Ao T =10 c. OpHako NOCKOJMBKY B OCHOBY IIOCTPOeHHsi puc. 5.12 no-
JIOXKEHB! 3a81IUCH He OYCHb CHJILHBIX 3eMJIETPSICeHUH, A0 UCNOJb30BAHUS
3THX KPHBBLIX [IPH NPOEKTHPOBAHHH COOPYIKEHHH € OOJBLIUMMH MepPHO-
JaMi COGCTBeHHBIX KoJleGaHuil HeoGXOQMMO IIPOBECTH Ja/IbHEHIune HC-
C/Ie/IOBaHMsI C IPHB/JCUEHHEM 3anucell CHIbHBIX 3eM/eTPACEHHH.

H. Hoiomapx 11321 npepsoxui npoctoit Meros rpaguyeckoro npe-
CTaBJIEHHUs CeKTPOB Sy, S, ¥ Sp Ha OXHOH JAuarpamMMe ¢ Jorapug-
MHYECKHMH miKaslamu. Ha puc. 5.13 S, oTk/jazbiBaeTcs N0 OpAHHATE,
a Sa U Sp Mo ocAM, HAKJIOHEHHHIM K OCH OpIAMHAT MOX yrjiom 45°.
OTH KpHBBle XapaKTEPH3YIOT CNEKTPhl PEaKUHH 3eMJeTpsceHHst Dib-
[{eHTPO M CBHAETENLCTBYIOT O MOCTOSIHCTBE CMEKTPOB YCKOPEHHI, mepe-
MEIEHHHA U CKOpOCTeHl COOTBETCTBEHHO B HHTEPBaJax KOPOTKHX, AJIHH-
HBIX H CPEIHHX NepPHOJOB. ¥ CTaHOBJEHO, UYTO HX 3HAUEHHUS ITIPH rNapa-
MmeTrpe saryxanust A = (,05—0,1 UpHOIHKEHHO PaBHBI:
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g = 2,0 X MAKCHMaJIbHO® yCKOpeHHe ceficMHUeCKHX KoseGanuil rpyHTa

e, = 1,5 X MaKCHMa/IbHast CKOPOCTb CeHCMHUECKHX KosebaHuii rpyHTa;
&) — 1,0 X MaKcHMaJIbHOE  TIepeMelleHHe  CeHCMHYEeCKHX  KoseGaHmii
rpyHTa. (5.26)
-CnieXTpbl PeaKIHH H3MEHSIOTCSl B 3aBUCHMOCTH OT XaPaKTEePHCTHK

. geMlcMMUECKUX KOJIEOAHHH, KOTOPbIE OTIPeesOTCs TaKUMH llapaMeTpa-

wu, KaK MarmnTyJla 3eMmIeTpACeHHs, SUHUEHTPATbHOE DPacCTosiHie,
Fé0JIOTHUECKHE OCOOEHHOCTH MJIOMAJKH CTpouTelbcTBa. Creposarelis-
go, OT 3THX (HaKTOpPOB OyAYT 3aBH- e
ceTb U CTEKTPBl PeaKlHuH. I

E. Kypubasmu [146] u X. Ly- R S B
cnna [145] pasgenbHO  HccsenoBatu 05} —— =LA %

\
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salHCAX PA3HBIX  3eMJeTpsICeHuH,

0COGEHHOCTH CINEKTPOB PeaKIMH NpH 03 Lo ERNLYE

NOJYYEHHEIX C IIOMOIIBI0 aKCeJepo- 67 N

rpagos SMAC. Ha puc. 5.14 npu- 71

pefens! Jaunbie E. KypuGasmm no - A —
CMeKTpaM peakLHu CHCTeM MpH cefi- 205E 0k
CMHYECKHX BO3IEHCTBHAX C MaKCH- v AN
MaldbHBIMH  ycKopenusimu 200 gal, 003 N
3aperHCTPHPOBAHHBIME HA IWIOMAA- o 1 |
KaX C PasHBIMH T€OJIOTHYECKHMH YC- ! | |
nosusimu. Ha ocnoBanuu mnposesen- (g i

HBIX HCCJIEOBAHHMH TMOJYYEeHHl CJIe- o1 10 30

7
AyIOlHe pe3YJbTATEHL Tepuod codomBensix sonedarud, cex
IMapamerphl ycKOpeHHsl peakuHu
COOPYXeHHS ¢ GOMBIIHM  IIepHO- P}{g. 5.14. CnekTp YycKOpeHMH IIpd
ZOM COGCTBEHNBIX KoneGannit samer- 1o oot ai ot Ve e
HO YBE/JHYMBAIOTCS N0 Mepe BO3pac-  E. KypuGasiurw)
TaHWUA MarHuTyabl 3eMJeTpPsACEHHs. A — annwBuit; R — ckana
IMo-BupumMomMy, 3To cBfAZaHO C poc-
TOM aMILTHTY A AJHHHONIEPHOJHBIX KOMIIOHEHT BO3JAEHCTBUS TIPH yBEJH-
YeHHHU cuapt semaerpscenus. [Ipu Gauskux 3nULEHTPANbHBIX PacCTOs-
HHAX YCKODEHHS CHCTeM CTAHOBSITCS OTHOCHTENBHO MEHBIUHMH, IIO-
_ CKOJIbKY B aKCEJIEePOrpaMMax 3€MJIETPSICEHHsI KOMIIOHEHTHI ¢ KOPOTKO-

NEPHOAHBIMH  KOJIeGAHHSIME CTaHOBSITCS GoJiee NPeoGaafalouiuMu 110

- CpaBHeHUO C JJINHHONIEPHOJHBIMH COCTaABJSIOUIHMHU. KpOMe TOro, yCKo-

PeHHs cHCcTeM BO3PACTAIOT B C1YYde PHIXJABIX PPYHTOB. DTO NPOHCXOIUT
B CBA3H ¢ HaJHuHeM B KOJe0aHHUSIX DPHIXJLIX TPYHTOB CYLIECTBEHHBIX
IVIMHHONEPHOIHBIX COCTABJSIIOLINIX.

Tlpu cpaBHenmM CleKTPOB PeAKIUHH CHCTEM C KODOTKHMH IlepHoja-

'MH COGCTBEHHBIX KOJIEOaHHI PA3/THYHST B MECTHLIX Te0JIOTHYeCKHX YC-

JOBHSIX IJIOWAN0K, HA KOTOPHIX MOJYYEHBI 3aMHCH KoJ1e0aHHH, PaKTH-
9€CKM He omyTHMEL. B stom ciydae kosdduuueHT yeunenus yekopeHui
Deakiuy cucTeMbl COCTaBAsIeT NPUMEPHO 2 NPH NapaMeTpe 3aTyXaHwus
h = 0,05.

Bee paccmoTpennEle Bhille CIEKTPH peakuuH GbLIH NOJAYUEHB B pe-
BYabTate cooTBeTcTBYIOMICH OOPAGOTKH HHCTPYMEHTANbHBLIX 3aruceil
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semsierpsiceHu. IloaToMy ocofeHHO LEHHO, UTO OHH XapaKTePU3YIOTCS
JIOCTaTOYHO OGUIMMH 3aKoHOMepHOCTAMH. OIHaKO He clenyeT 3a6bBaTh,
yTO 5Ta HHGOPMALMs He BKJIOYAET JaHHBIX 06 OUEHb CHJIBHBIX 3EMJIE-
TpsceHHAX. B Hacrosinee BpeMs, He HMesl IOJIHOM 3alHCH OYEHb CHJIb-
HOTO 3eMJIeTPSICeHHs, HEBO3MOXHO TOYHO NpeACKa3aTb M1apaMeTpbl
peaxuuy coopyKeHH# MPH TaKUX BosfeHcTBUaX. MHdbopmanus o semiue-
tpsicenrn Kanrto, 1923 (puc. 5.15) MoXeT cayXuTh KJIOUOM K OLEHKE
ceficMHYeCKHX KoJieGaHull NPH OYeHb CHJbHLIX 3emJaerpsicenusx. Ha
PHCYHKe NPHBEIEHBI 3aIMCH nepemellenu#t B TokHo. 3anuck sBJsieTcs
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Puc. 5.15. CeilicMorpamMmul  3eMJe-
rtpscenuss Kanto, 1 cenrabps 1923

Puc. 5.16

HENOJIHOM, TMOCKOJBKY aMIVIMTYAbl KOJeGaHHH OBbIH HacTONBKO GOJib-
IIMMH, YTO BHILLTH 34 NPeJeJbl IKasl perucrpaury. OqHako Ha OCHO-
BaHUH aHaJH3a XapakTepa KoJeOaHUH MOXKHO MOJIYUHTb HEKOTOPbIE CBE-
neHust 0 mpupoge ceficMuyeckoro Bospefictsus. [Ipexne Bcero B rias-
HOH ¢aze BO3AEHCTBUSI BOJHBI KOJeOaHMH NPAKTHYECKH HATIOMHHAIOT
rapMOHHYECKHe ¢ nepuHoaamu 1—2 ¢ M TNOBTOPSIOMMMHCS OGOJMBIIHMH
amnuuryaamu. Ilpu 3emieTpsiceHHsIX MEHBUIHX PasMepoB pPeJKO OTMe-
yaoch, 9ToObl BOJIHB! C MPAKTHYECKH OJUHAKOBBIMH NEPHOJAMH TaK Ya-
CTO NOBTOPSAJMUCH B OCHOBHOH (hase semmerpscenus. Cujia semserpsice-
nus Kanto ouenuBaercst maruutyjaodl M == 8.16, a ero HHTEHCHBHOCTb
B Tokno nocruraia 6 no mxane JMA. Kpome toro, B IeHTpaabHOH ya-
cri ToKHO TPYHTEI XapaKTepH3YIOTCH a/IIOBHAJbHBIME OTJ0KEHUSIMH
GoJibiioil TosmuuEbl, I1pu 1non0GHEIX Te0JJOTHYECKHX YCJIOBHSX MOXKHO
NPENNONIONKUTh, YTO TADMOHHYECKHE BOJIHBL C OPUMEPHO OJHHAKOBLI-
MH TEepHOAAMH M GOJNBUIMMH aMIVIATYAaMH Ipeo6JajaloT B IJIaBHBIX
¢azax ceficMHuecKHX BosfelicTBHE (C ONpeAe]eHHBIM MHTEpPBAJIOM IOB-
TOpEeHUs).

I'lpu TakoM ceficMHYeCKOM BO3JIeHCTBHHM NapaMeTphl peakiud, no-Bu-
JHMOMY, aHAJOrMYHBEl PEaKHHH CHCTEM NPH CTAllMOHAPHOM TapMOHHYe-
CKOM BO3MYIUEHHH, KOIJa aMIVIHTYABl PeakiMH 3aBHCAT OT Nepuoja
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";;EoécmeHHbe KoJeGaHuil U XapaKTePUCTHK 3aTyXaiHusl, Kak NoKa3aHo
'4a pHC. 5.16. Ecau nepuon ceﬁc;wmqeucxoro BO3JeACTBHS npnmep{{o pa-
“peH MEPHOAY COBCTBEHHBIX KOJeOaHMH COOPYZKeHHs, T. e. coopylxennve
[ofajaeT B COCTOSIHUE pesoHaHca ¢ BHEIIIHHM BO3JIEHCTBHEM, aMIJINTY -
gpl €ro KoseGanuil CTAHOBATCA OYeHb GOJIBLIMMH. ITpu h,:()’lu aM-
[IMTY Bl KoJebaHuii cHCTeMbl B 5 pa3 NPeBbIIAIT aMIVIHTYAR! CEHCMH-
geCKOro BO3JeicTBHS. XOTs Mbl HE HMEJH TOATBEPK/IeHIIH dakram Ta-
KOTO GOJIBILOIO YCHJIEHUS aMIVIUTY L KosleGaHui B NPAKTHKE 3e1v5neTpﬂ-
ceHHil, CJENYeT BCe YKe OPHEHTHPOBATHCA Ha Xymmme ciaydad. OQHAKO
p oflleM ciydyae MpH MOsBJEHHI TAKOro ycu/IeHHsi KojleGaHHH B KOH-

20 I
ér§ 1,0 - T ’
E § Tt T /‘y/"—‘ oz n \
NS bé 0 e S i S ¢ g
s -\.f\< = ) 7
S . 06 = ﬁb- §§ 4o A =s N
E g ’ T & 0 7 /
3 35 =S E ’ 2 /] pa—
§§ 04 Pl lad bl gk} 04 7 A7
= (S I b A ]
<* g 7 0 = L il
Yacmoma _codembenksix  Kone- 2 4y 6 810 0 4
danui, 11 Yaemoma codomBesssix Konedanutl, [
Puc. 5.17 Pa. 5.18

CTPYKIHAX 3JaHH COOPYKEHUS IOJYyqaloT GOJIbLIIHE [OBDEKAEHU
# Xapakrtep X paboThl CTAHOBHUTCS HeJIMHEHHBIM, YTO NPHBOAUT K 3HA-
GHTEJbHO MeHBIIHM Ko3(P(UUUEHTaM YCHJICHHS [0 CPABHEHHIO ¢ pac-
YeTHBIMH JUIsT YIPYTHX CHCTEM.

B /1060M c/1ydae cepbesHbiM NPensaTcTBheM A1 HAJeKHOTO MPOEKTH-
poBaHisl ceflCMOCTOHKHX 3MAHUH ABJSETCS OTPaHMYCHHOCTD uudopma-
LUK O mapameTpax KoseGaHus TpyHTa HpH OueHb CHJTBHBIX (paspyiuu-
TeJNbHBIX) 3eMJeTPsACEHHsIX. [osToMy HaKoOIlJIeHIe 3TOH nHpopMaLUH
npejcTaBasieT cofoi OYeHb BaXKHYIO 3ajauy.

o cux TOp OCHOBHOE BHUMAHHE ofpaianoch Ha MaKCHMajbHbIE
3HAUEHHS IapaMeTPOB peaKlHH. Ilist Toro 4TOOBl OUEHUTH BJHSIHHC
IIOBTOPHOCTH Harpy:iKeHHs COOPYIKEHHUIT, BaXKHBI TaKKe BEJMUHHBL U
pacnpejesienue GIU3KHX K HHM H Oosee ¢jabiX MUKOB B Mpolecce
KoJieGaHuil 3AaHHH.

Ha pnc. 5.17 noxasanbl OTHOWIEHHs HHC/IA 9KCTPEMaIbHBIX TOUEK
C aMIJIMTYZaMH B TPOLEHTax OT HauGoMbIIei aMIIATYABL K O6Hl€1V£y
KOJIMUECTBY SKCTPeMasbHBIX TOYEK mpolecca KoJleGaHUil TIpH BO3JEH-
CTBMH, 3aPErHCTPHPOBAHHOM Ha CKaJbHOM TPYHTE OKOJIO 3JIeKTpPOoCTaH-
wun Kunyrasa. M3 storo pucyHKa BHIHO, YTO IPH KOPOTKOM nepuoje
COBCTBEHHBIX KOJe0anuil pa3iyne MeXK1y MaKCUMAIbHOH H MHHUMAJb-
HOH aMIUIUTYaMM BecbMa 3HAYHTE]LHO, HTO o6yCJa0BAMBAET ONpene-
JSTIOLME Xapakrep MaKCHMaJbHOM AMIJIHTY/BL. ‘

Ha puc. 5.18 npuBeseHbl CHIEKTPDL cKopocTell peaKlfH NPH TeX Ke
semseTpsiceHdsix. Bequunna napametpa npH KaXxaou KpHBO{l o3HAa4YaeT

CpeaHee 4HCAO npogasJieHHH TaKHX 3KCTPEeMaATbHbLIX 3HAYEHHH CKOPOCTH
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B CEKyHAY, aMIVINTYJa KCTOPBIX GOJbllie CKOPOCTH, COOTBETCTBYIOMle])
cpauHate rpaduka. Ms pucyHka BHIHO, YTO AT MaKCHMaJbHOTO YDoB-
HSl PEAKLHH CNEKTP YCKOPEHMH INCCTOsHEH s COOPYKeHHH ¢ Malbivi
1epHoOJIaMH, CNeKTp CKCPOCTEH — 1/ CPEJHHX MEePHOJIOB H CIEKTp
nepemMeIlen i — Aas JAJIHHHBIX neprofoB. AHajoruunas TEHIEHLs
HalJofaeTcst /s COEKTPOB peakuuu ¢ Gojlee HE3KHMH YPOBHAMH, Of-
HaKo 00/1aCTb NOCTOSIHHBIX 3HAYeHHH CKOPOCTeH cyxkaeTcs [0 Mepe
CHHXKEHHS] YDPOBHSI MAKCHMAJbHBIX [1apaMeTPOB Peakilhy.

8) Teopemuueckue ocross: onpedenenus peakyuu cucmem npu 08yx
Qunamuueckux eosdeticmeusx. Paree npu AHHAMHYECKOM aHalH3e MOJe-

JIH coopyiKeHHs (cM. puc. 5.7) npen-
Uy 4, U 4 nosarasock, uto toukd A W B co-
b m ﬁg BepuwaloT KoJeGaHusi no ofHO# dop-
me. OmHAKO CYIIEeCTBYIOT TaKHE CO-
OpYeHHsl, KaK MOCThl C GOJIbIIHMH
- npoJieTaMd, TPYGONPOBOABI, OMHpa-
jolyecss Ha JBe TOYKH B YDOBHe
RS pasHBIX 3TaykeH -3JaHHs, KOTOPbIE
upy  3eMJIeTpsACeHHAX TOABEPIKEHE!
7 7 pa3HbIM BO3MYILUEHHSM HA Ka¥ 01
onope. B kauecTBe MAIOCTPALHH Ha
Puc. 5.19 puc. 5.19 noxasaHo coopyKeHHe, NBe
onopnl kotoporo A u B koneGmorest

0 pasHbIM Popmam.

ITyctb ToukM Havasa koopaunar O u O PuKcHpoBaHbl B NPOCTPAH-
crBe. 1o oTHOWeHHIO K 3THM Toukam onopbl A H B nepemeliaioTcs no
sakoHaM U; u U,, a touku pampl C u D noayuaroT nepeMeLleHHe y OT-
HocHTelbHO Touek O wiu O’. Torna

Y=y + Uy y=y+ Vs (>-27)
YpaBHeHHe KoseGaHuii Macchl m HMeeT BH[I

dy | ¢ (dy | dy k
M T3 ( 5t d:)+7(y1+yz):0

K|
2 2

LASTECN
NTE

HJIH

42 (414 y2) d
m—— e — (L) R (1 ) =

= —mlU (0)+ U, ()] (5.28)

OrmeruM, 4t0 ypasHenne (5.28) mo ¢opme aHagsornuno (5.14). Or-
Cl0la MOXHO 3alucaTh

t

-y = _p—l Y[Ul (V) 4+ U, ()] exp[—ph (t—T)]sin py (f—T) dT.
0

1

Us Bwipaxennit (5.27) caenyer
Yo — 4y = U, (1) — U, (B).
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OxoHyaTeJbHo NnoJ1y YuM:

t .. .. .
Ua(t) —Un (6 . 1 U, (1) 4 U, (1) - o
—_ ——1 S {——————2 } expl—ph(l

n= 2 p
0
—1)]sinp; (—1)dT; (5.29)
. . ,
U ()—Uy (¢ i Uy (z) +U2(7)
O [ SRR gl
0
—1)}sin p; ({ —T) dT. (5.30)

3) Ynpyrue CUCTEMbI C MHOTMMH CTEMEHAMU cB06ObI

1. Hopmanorowe (2aasHbie) KoopOuHamol. Jlasi aHaiqu3a KoseO0aHHH
CHCTEM CO MHOTHMH CTENeHAMH cB0o6Obl YAOOHO BBECTH HOPMAaJ/bHblE
WM TVIaBHble KOOpAMHATHI. I1o3TOMY HHXKe NPHBOASATCS KPATKHE CBE-
JeHHs O HOPMaJbHbIX KOODIHHATAX.

[pu onucanuu KoJeGaHHil cHCTeM, ¢ KOTOPBIMH Mbl UMEJIH Je10 10
CHX 10p, OTKJIOHEHHE OT COCTOSIHHS PABHOBECHS onpeesaoch TOJAbKO
onHofl nepemenHoit. Ilpu paccMOTpeHHH CJIOZKHOTO COOPYI/KEHHA He-
06X0MMO B OOIEM C/yyae BBECTH HECKOJbKO He3aBHCHMBIX [IEPEMEH-

HbIX.
HYCTb #1 He3aBUCUMBLIX MepeMeHHbIX HeoOXoAUMbBL H JOCTATOYHBI JJIA

onucadusl OTKJOHEHHS OT COCTOSIHHA paBHOBECHS

{9} = qs Gar -5 Gn- (5.31)

{g} HasbBajoTCst OGOGLIEHHBIME KOOPJMHATAMH W SIBJAIOTCH B cay-

yae KoseGaHusl coopyKeHHst QYHKUUSMH BPEMEHH.
TloTeHMAaNbHask SHEPTHS COOPYKEHHS B ONpe/ieeHHbIH MOMEHT Bpe-

MeHH ompegesnsiercss B (opme

1
U =?{bn G191+ b12G1 Go + 01391 G5+ - + b1 G g1+
+ by G2 Ga + 0239295+ -0}, (5.32)

a KuHeTHueckast smeprhs B (opme
1 . . . . . . .
L =5 {011‘71 g1 1+012919, + 0134193 +..- +

-+ ay ‘.72 ‘}1 - Qo 272 ‘.72 gy &]2 4'3 4. } (5.33)
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B martpuusoil ¢opme 5TH BHIpasKeHHS HMEIOT BII:

1
U =ty o1 ol .34
1 - .
L =—{9)"[a] g}, (5.35)
rjae
ay Gz by bio
[a] = ay Ay b= bo1 bas
Qnilng - - _bnl bnag ...

O/IeMEHTHl MaTpHLlL MOIYT ObiTb BHIGPAHBI TaK, YTO CNPAaBENIHBO
Q= a; " by = by.

BelpazkeHus 1Jisi MOTEHIMANBLHON H KHHETHUeCKOH snepruu B opme
(5.32) n (5.33) ABJSAIOTCS ACCTATOYHO CJOKHBIMH. CyLIECTBYeT W Apy-
ro# cnocol BbiGopa KOOPAMHAT, KOTOPBIH NPUBOAMT K GoJee HPOCTBIM

BLIDAXKEHHAM Uil sHepTuu. OGO03HAUNM 3TH KOOPAMHATHI Uepes

{Q} =Q, Qi ..., Q, (5.36)
a (5.32) u (5.33) npejcraBum B opme
U= {p1 Qi+ p3 Q3+ . +p3 Q3 (5.37)
L=— (G QG+ + G, (5.38)
TAE Py, Pgr ... — NOJOKUTENBHBEIE KOHCTAHTHI.

CpasuuBasi 511 BbIpaxkenus ¢ (5.32) u (5.33), MOJKHO 3aMeTHTb, YTO
CMCIIAHHBIE YieHbl B HHX HCUE3aloT.
B martpuunoM Buje HX MOXKHO NPEJCTABUTH TaKUM 0GPasoM

{Q)7 [p*1{Q} (5.39)
Q" 1}, (5.40)

p: 0 ... 10 ...
[pz]:[Opg ] H [1]:[01 ]

Mexny {Q} u {g} cywectyoT caeayiomie JHHEHHbE COOTHOUIEHHS

G1= P11 Q1 P12 Q- - (5.41)
G = Qg1 Q1 + oo @y - - ..

2
1
2

L:

rue
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qau B MaTpPHUHOH ¢opme

{@y = lol {Q}, (5.42)
rae
P11 P12 -
[pl=] ¢21 P2z --.

Jlnst Toro, 4ToObl KaxkJasi KOMIOHeHTa KOOpJHHAT {¢} Obl1a JHHEH-
4o He3aBHCHMA, onpeiennrtess [¢l He JO/MKEH paBHATbCA HYJIIO

o] 0. (5.43)

KoopauHaThl {(} Ha3bIBAIOTCS HOPMa/bHBIMM HJIH TJIABHLIMH KOOP-
JHMHATaMH, lo] — dynkiuun, npepcrasasiouye oTHoleHNE MeXKRAY 0606-

© [IeHHBIMH KOOPpJHHATaM{d U HOPMaJbHBLIMH KOOPAHHaTaMH, Ha3blBalOTCSI

yHKuHAMA GopM coGCTBEHHBIX Kosebanui. Bextop, cocrapisioliiMu
KOTOPOr'0 SIBASIIOTCS @15, Poi, ..., Qni, T. €. I-THIl BEKTOD-cTOJGEL
MaTpHIBL [@], ecTb He YTO HMHOe KaK BeJnunHA BekTopa {g}, COOTBETCT-
pytoiiast Q;. Bektop, cocTaBneHHbIH TakMM 00OPa3oM H OTHOCSLIMEACH
K i-TOH cOOCTBeHHOH (opme, ofo3HauuM {@;}.

[Moacrasasist (5.42) B (5.34) u (5.35), nomyuaem:

U =— ([o1{QY (61191 (@} = —- ()" (917 (b1 L0} {Q);

L =— (9110 1a1L91 {¢) = - (A 1) (4] (01 Q)-

JAs Toro ytofbl 3TH BHIpaXeHHs MOKHO OBLIO NpejcTaBuTh B HOP-
Me, aHaJoruuHoil ypassesuam (5.39) u (5.40), HeoGX0uMO, YTOOHl Bbl-
NOJHANUCh CACAYIOLIMe COOTHOLICHHS:

[l [b] [@] = [p?]; (5.44)

[@]7 lal [} = 11. (5.45)

Hokaszano, uyro matpuua [@l, ynosjerBopsioniast COOTHOLUEHHSM

(5.44) u (5.45), cymecrtByer, ecau [b] u [a] aBasIIOTCS CHMMETPHYHBIMH

M TOJIOKHTEILHO oOnpeleneHHbMH MaTpuuaMu. [lockogbKy ImpaBble

YacTH ypaBHeHHi (5.44) u (5.45) npencraBasioT cofofl AHAroHaNbHBIC
MaTpPHIUbI, NOJYYHM:

{@a}" [61{9;} =0; (5.46)

{o} lal{e;} =0, mpu i~ j.

AT0 CcBHeTeJbCTBYET 00 OPTOrOHAJBHOCTH COOCTBeHHHIX (opm. K3

Bhlpaxkenus (5.45) Taxxke mnojydaem
{97 [al{9:}=1. (5.47)

DopMbl cOGCTBEHHBIX KOJEGaHHH, KOTOpHIE YIOBJETBOPSIIOT YCJIO-
Buio (5.47), HasblBaloTCA HOPMHPOBAHHBIMH. :

DopMbl cOGCTBEHHBLIX KOJIEGAaHHA MOMXKHO ONPEIeNUTb C ITOMOILBIO
Bhipaxkennti (5.44) u (5.45). Ilycth A — npou3BOJILHBIA NapaMerp.
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YMuoxkasn A Ha BeIpamenne (5.45) W BbUHTAas U3 rpousseneHust (5.44),

10Ty UUM
[¢)" [ha—0b] @] = [A—p?]. (5.48)
Ilpennosoxum, uto A BHIGpPAHO Tak, 4TO
h=pf. (5.49)
Torpa

(@17 [p} a— b){@;} ={0}.

IT0 BLIpaxkeHHe MNpPeACTaBJsieT co60H CUCTEMY H3 7 OJHOPOIHBIX
YPaBHeHHH OTHOCHTENbHO 7 KOMIOHEHTOB BeKropa [pfa — b){g).
llockobky onpepenntenb {@} He paBeH HYJ/IO, KaXbll KOMINOHEHT
BEKTOpa

ipi a— b1 {e;}
noJizkeH ObITb paBeH Hymo. Ortcioga
{p? a—bl{e;}=0. (5.50)

CricTeMa M3 11 OHOPOJAHLIX YPaBHeHHH /s n KOMMOHEHTOB {@;} HMe-
eT HeTPUBUAJIbHOE DelleHHe OTHOCHTeNbHO {¢;}, ecau cyllecTByer
onpegenuTeNb

|pta—b|=0. | (5.51)

JT10 ypaBHEHHE N-TO TOPsiKa OTHOCHTENBHO pi HMEeT B OOIUEM
cayyae n pellieHMH. B mareMaTHKe J0OKA3aHO, YTO BCe 3TH PeEIIEHHs
ABAFIOTCS MOJOMHTEAbHBIMH. TakuM 00pa3oM MOXKHO OlpeIetHTh p;
u3 pemenus (5.51), a HerpHBHaMbHOe pelueHne ypasHenus (5.50)
onpenessieT COOTHOLIEHHS

Pri - Poi - Pgg=vees

KOTOPbIE XaPaKTepuayioT I-Tyio (opmy cOGCTBEHHEIX KoJeGaHUH.
YpabHeHHs kKojeOaHMii B (opme JlarpaHka MOXKHO TIPeICTABHTDL
clenyiommuM obpasom:
d oL oU

4 aql —‘—W:—‘fh (L=1,2,..., n), (5.52)

rie [; — KOMITOHEHT BHeUHeH CHJBI, COOTBETCTBYIOIIMH 06GoGIIeHKOH KoopaM-
HaTe §;.

Atu YPAaBHCHHsi MOXKHO TakKXKe 3alucaTh B HOPMAaJbHBIX KOOPAHHA-
Tax

d JL oU .
—_ _:Fi’ (l,= 1, 2, eey ﬂ), (5.53)
dt 0Q; Qi
rie F; — KOMIOHEHT BHELIHEH CHJLI, COOTBETCTBYIOIIHH KoopiumnaTe Q;.

Yaiie Bcero B NpaKTHKe PacueroB BHELIHsIsT HAarpy3ka 3ajaercs
marpuueil {f;}. B stoM cayuae ans onpenenenust F; yno6Ho Hcnosb3o-
BaTh NPHHUMI BHPTyadbHBX pabot. Ilycets {Ag;} — npupaiuenne Bek-

134

- 1opa

{g), BHIBBANHOE YBEJHUEHHEM Q; Ha Beanunny AQ;. Toraa B co-
cTBMH C NPHHIMIOM BHPTYaJbHbIX padoT

AQ; Fy={Ag;}" {f}. (5.54)
Ys cootHouernns (5.42) umeen
\ {Ag:} = {p:} AQ;.
[TojcTapiAs 3TO BHIPaXKCHHE B (5.54), noayuaem

AQ; Fi = AQ; {9:}" {/}.

Fy={e:;}" {f}. (5.55)
[Tocne noactTaHoBKH Boipaxenuit (5.39) u (5.40) Bvecto U u L B ypas-

aTBET

OTKyna

- genne (D.53) ypaBHeHHe KosaeOaHMH NOPUHUMAET BHIA:

S Pt Q=o)L (=12, s ) (5.56)

Bripaxkenne (5.56) Xapakrepusyer n cBA3aHHBLIX yPaBHEHHH, OHa-
KO B JEHCTBUTEJBHOCTH OHO CBOJAHTCS K CHCTEME H3 7 HE3aBHCHMBIX
ypaBHeHnH. Ilostomy Kaxjoe W3 HHX MOXKET OBbITb PeUIeHO OTIGNbHO
VIS KaXKIO¥ KOMNOHEHTH Q;. Dra ojHa H3 HanboJjee BaxKHbIX OCOOEH-
HOCTE!l HODMaJIbHBIX KOOpJMHAT.

[Mpu Haauuu# cuJl 3aryxaHus opmbl KojaeGaHu# M0 PA3HBIM HOP-
MaJIbHBIM KOOPAHHATAM He SIBJSIIOTCS HE3aBUCHMBIMH, 33 HCKJOYEHHEM
HEKOTOPBIX CHeNMaNbHbiX ciaydaeB. OfHAKO KOLAA CHJBI 3aTyXaHHSA
MaJibl, YacTO B KayeCTBe OGOCHOBAHHOIO NMPHOMKAKEHHS NPUHUMAIOT, YTO
dopMbl KojleGaHHil B3aUMHO HE3aBHCHMBI, & ypPaBHEHHE MOXHO Mnpei-
CTaBUTb B BHIE:

20. .
i[lg_' + 2h; pi _d(% PR Qi =), (=1, 2, ..., n), (5.57)
rhae h; — napaMerp 3atyxanusa KoaeBauuil mo i-toii HopMaJbHOH (hopMme.

B stom cayuae ¢opmy KoneGauuil, CCOTBETCTBYIOILYIO KaxJI0H EOp-
MaJIbHOH KoOopAMHATe, ONpPelensioT He3aBHCHMO OT APYTHX (opM.

Brite npeanosiaranock, uto Gopmel cOGCTBEHHBIX KoseOaHUil YA0B-
JETBOPSIOT VCJOBHSIM HOPMHpOBaHus. ONHAKO HHOTAa OHH HCTIOJMb-
3ylorcs 6e3 NpeIBapUTENBHOTO HOPMHPOBAHUS. B 3TOM ciyyae Boipaxe-

HHue (5.57) moxer ObiTh BHAOH3MeHeHO. [1yers [@'] — dopma, He yroB-

JeTBOpsifolasi yCJAoBHsiM HOopmuposaHusi, a [Q’] — coorBercrByIO-

e HOpMa/JbHble KOOPAHHATHL. Torjga CHPaBelJIdBO COOTHOLIEHHE
{7} =le'1{Q}. (5.58)

Bennunna {g} B nupamenun (5.58) nomKHa GbITb AHAJOTMUHONH 3HA-

uennio B (5.42), T. e.
ol {Q} = [9'1{Q}.
Creposarenso:

[¢1{Q:} =o' 1{Qi} (5.59)
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Mexay {oi} u {@;} cymecrByer npoIOpuUHOHAIBHOCTD
{9/} = {9:}. (5.60)

{Qi} = {Q1), (5.61)

Ortkyna

rije o; — KOHCTaHra.

IMoncrasnaa (5.60) u (5.61) B ypasHenue (5.57), nomyuaem

dz Q! in' , l’ T
% {Jl— +2h; p; +pf Qi } = M (5.62)
de2 dt o

3Hauenus o; OnpenenadroTcss ¢ MNOMOILbIO COOTHO-

my wenns (5.47). Ilocme mojpcranoxku (5.60) B (5.47)
J HMeeM
- [E — {oiY lal (e} =1, (5.69)
m, % '
—| a ypasHenue (5.62) npuHHMaer Buj
2 (), ; AT
(ﬂ L L ohipi -y pr Q=L (569
ms f t {9:}" lal {o:}
_l rie WTPUXH JJIS1 NPOCTOTHL ONYINeHBI. Mbl HOMyUHIH
I-[ muddepeHnaNbHOe ypaBHeHHe KoJgebaHuifi B HOP-
rr/ MaJIbHBIX KOOpJHHATaX.
: 2. Teopemuueckue ocHogbl oOnpedeerus peakyuu
cucmem npu 3emaAempaceruax. BhiHYXJeHHBIE KoJje-
| 0aHHs CHCTEM CO MHOTHUMH CTeNeHSMH CBOGOJH B 06-
IeM cJaydae ONHCHIBAIOTCA VypapueHusivd (5.64) B
,_E HODMaJIbHBIX KOOpAWHATax., B uacTHOCTH, €CsM BHEIU-
P, 5.90 HSIST HAarpy3Ka INPeAcTaBIseT COB60H CeficMHUeCKYIO
HC. 0.

HHEPLHOHHYIO cHIY, {f} onpenensiercs npousBeeHHEM
KaXKJOH Macchl Ha CEHCMMUYECKOe YCKOpeHHe TPYHTA.
B kauecTBe mpuMepa pacCMOTPHM MHOTO3TaXKHYIO paMy Ha pHc. 5.20.
YpaBsHeHusl KoJie0aHHA B 3TOM cJjydae:

42Q 0, 9% 420 = b
a -+ 2h; pi dat +pi Qz = W U, (565)
rae U — yCKOpEHHe TPyHTa H
AT
hi= {‘PzT} {m (5.66)
{@:}" [al {o:}

"y m 0 ...,

0 my......

=11 = -

mn 0 0...mp
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KoathduurenTsl {1; NPpeAcTaB/Isior cofoii napamerpsl pacnpefese-

 gus ycxope}mﬁ IpyHTa 10 Kaxjaoih cobcTBeHHON dopme. [lostomy onu

acCMaTpPUBAIOTCA KaK KOIM(DHIMEHTHl BK/Afd OTAEILHBIX (HOPM.

Pewende ypaBHeHus (D.65) onpenessier KoJIeGaHHS COODPYKeHHS
B HOpManbHbIX Koopaunartax. Ilockompky no ¢opme (5.65) coenapaer
¢ (5.14), ero pemwenue

pi)/ 1—="h
xisnp; V1—h} (t—1)dr. (5.67)
Toraa kKoJeGanuie Ka)KAOTO NEPEKPLITHA PaMbl

Yi=0jn Q1+ @ja Qe+ 055 Qs+ - =;(Pji Qs (5.68)

t
Q= ‘**ﬂi—;— SU(T)GXPI—Pi b t—TX
U]

‘Tae Yj — TepeMelleHne paMbl B yPOoBHE NepeKPHTHS jj

@i — opaunara (-ToH coGCTBEHHOH (GopMLI B yPOBHE |

anee, ecu NPHHSATHL NepeMelleHHe LEHTPa Macc {Mm} paBHBIM Y,
TO

M pi )/ 1—h}

X exp [ —p; h; (¢ —7)]sinp; V1 —h} ((—1) dr, (5.69)

T . — ! .
Y= {yj}M{m} _ 3 M { ‘ SOU(T) X

rze . \
M =3Zmy, Mei=M-
{9:}" [a] {o:}

Unen B urypusix cko6kax B ypaBueHuu (5.69) mpexncraBaser co-

Gofi mepeMeillenne no i-Toif gopme npH HesaBHcHMOM nefictBun U, a
M,; HasbiBaeTcst KBUBaJIEHTHOH (NpHBefeHHOH) Maccol jas i-ToH
¢opmbi cobeTBeHHBIX KoneGanuil. Ilepemelienne neurpa Mace {m} npen-
craBJisieT cofofi CYyMMY nepeMellleHHH 5KBHBAJIEHTHBIX Mace JJisl Kaxaoh
¢opMEl, KOTOpLIe MOT'YT GBITh OIpefiesieHBl KaK Peakilis OJHOMaccoBOH
CHCTEMBI NPH 33JaHHOH CeHCMHYeCKOH Harpyske.
* 3) Onpedeserue maxcumansrolx npoeubos. MaxcuMmanpHbll 1npoTHO
MOXeT ObITh HafileH ¢ noMmolibio BeIpaxkeHusi (5.68). Oxgnako ero Tou-
HOE onpejeNneHue HacTOJALKO TPYILOEMKO, 4TO OOGBLIYHO B NPaKTHKe HC-
NOJBL3YIOTCS CJIeAYIONHe NPUGIHKEHHbIE TPOCThIE METO[Bl BHIYHC/IEHHS
MaxCcHMaJlbHOTO Tiporuba:

1. Onpenensiercsi cymMMa aOCOJIOTHBIX MaKCHMaJbHBIX 3HAYeHHH

WIEHOB DA

‘yj. Make |= I (le Ql, MaKG I"l' | P QZ, MakKe I+ l cPj.‘-) Q3,MaRc [ + (570)

2. Haxonutcsi KopeHb KBaAPaTHEII M3 CyMMbl KBaJApaTOB UJIEHOB

Y, maxc| = V((leQl, waxa) T (Ps2 Qa, mane)* (P 5Qs, mare)®-+--- (5.71)
137




3. Onpenensiercst ToJbKO neperift wien cyMmmbl u3 (5.70) u npemiio-
Jlaraercsi, 4To CyMMa OCTa/JbHBIX YJIEHOB cocTaBageT Toabko 10% or
BeJIMYMHBl TIEPBOTO, T. €.

yf,MaHC:l’l(le'Ql,MaKc- (572)

[TpepBapure/bHble pacyeTsl ¢ HCHOJL30BAHHEM 3arlicell 3eMJIeTps -
cennsl nb-LlenTpo ObIK BHINOJHEHB A5 YETHIPEXITANKHOIO 3JAHHS C
1I€PHOLOM COOGCTBEHHLIX Kosebanuit 0,5 ¢, KGTOpOe paccMaTpHBaJoCh
KaK XapaKTePHLIN NPeACTaBUTEIbL COOPYXKEHMH ¢ MaJjbIMU NMEePHOAaMH,
¥ LIeCTHAUATHITAXKHOTO 3JaHNASA C NePHOAOM 2,5 ¢, KOTOPOE CUHTAIOCH
NPEJCTaBHTE/bHBIM JJIsi COOPYIKEHUH ¢ JJIMHHBIMH nepuojamu. Pesyib-
TaThl BHIYHCJEHHHA MOKa3ajH, 4TO IS COOPYXKEHHH ¢ KOPOTKHMH Ie-
pHonamMu metox I Ho CPaBHEHHIO ¢ MeTOAOM 2 [aeT 3aBLILIEHHBE 3Ha-
yeHHsl, a /IS 3/laHuil ¢ IJHHHBIMH NepHOZaMH GoJee BHICOKHE 3Haye-
HAs nporubos gaeT MetTox 2. MakcuMasbHble 3HAYEHHST TAKHX Tapamer-
POB HANPSIKEHHOTO COCTOSIHHA, KaK H3THGaloliHe MOMEHTHI, [epepe-
3bIBAIOLIHE CHALI U OCEBBIC CHJILI, ONPEAENSIOT TaKXKe YKa3aHHLIMH Me-
TOAAMA.

Ecn npoiecc u3MeHeHHs YCKOPEHHH NIPH 3eMJIETPSCEHUH H3BECTEH,
BeMHUMHBl Q) yvaxe» Qo, mancs --- MOTYT GBITh NPHONHIKEHHO OLEHEHbI Ha
OCHOBaHHM WX BBIYHCJIEHHS C HCIHOJNb30BAHHEM WHCTDPYMEHTAJbHBIX
3anMcedl pasHbIX 3emJserpsicenuii. Hanpumep, Ha puc. 5.14 npusenenst
MaKCHMaJibHble BEJHYHHBEI aOCOJIOTHHIX 3HAUEHHl NapAMETPOB PeaKIHHu
IPH Pa3HBEIX COOCTBEHHBIX YAcTOTAaX H IlapaMeTpaX 3aryXaHHusi, KOrja
MaKcHMaJibHOe yCKopenue rpynta papHo 200 gal. C ucrnonnsoBanuem
3TOTO PHCYHKZ Q) yanc ONpeleNsercss 3HaueHueM Sp npu h =k

H p = p; H YMHOXeHHEM U1, maxe /200 Ha BeqMUHHY ;.
Takum o6pasom,

b
Q1, MaKe = Sa (hl, p1) _ikl.Q_O“’;i‘iC_ . (5 73)

AnanoruuHo MOryT GbITb HalifieHbl BeMHUHMHBI Q,, Q5 M T. 1.

Cnenyer OTMETHTDb, UTO BeMHUYHHB Q waxer Qs aancs ---» ONPEETEH-
Hble TaKUM 06pa3oM, Beerja HaMHOTO GOJblie 3HAYEHHH B COOTBETCTBHH
c sipaxkenusamu (5.70) u (5.71). Dto cBsA3aHO ¢ T€M, YTO napaMeTphl peak-
UMH N0 Kaxa0il co6CcTBeHHON GopMe, HaljieHHBle ¢ IOMOLIbI0 puc. 5.14,
OnpeneaAloTes TOUKOH KPHBOH, KOTopasf NpeicTasJsieT coGoH orubaro-
IYIO CIIEKTPOB MPH IUHPOKOM JHanasoHe CeHCMHYECKHX BOJIH, 2 B CJIy-
yae ucnoab3oBaHus (5.70) u (5.71), no cymecTBy, paccmMaTpuBalOTCH
CMEKTPHl peaKuUuH NPH ONpeleseHHOH rapMoHuKe Bo3jelicteusi. Ilosto-
My KOT[a JMHaMHYeCKHH aHaJM3 NPOBOJHUTCS C NOMOIIBIO CIEKTPOB Ha
puc. 5.14 ¢ yueroM BbIcIIHX GOPM COGCTBEHHBIX KOJNEGAHHH, B Pe3y.ib-
TaTe PACHeTOB MOJYYalOTCSl 3aBhIIICHHbIE 3HAYEHHS NMapameTpoB peak-
IIHH.

o

155

‘?"é%g'ﬂ,HHAM“qECK”“ PACYET (HEYNPYTHE CUCTEMBI)
!) HaeaabHble YIPYTOTIACTHYECKME CHCTEMbE

TIpeuIONOKHEM, UTO  CefICMUYECKOMY  BO3JECHCTBHIO nojipepraercs

ama co creHamu-nuapparmami. B HauanbHOH craguy Kosnebannii pama
H cTesbl-aHadparsl paboTaloT COBMECTHO, a HX 2KECTKOCTb H KoJie-
Ganus ONPENENSIOTCS YNPYTHMU Xapakrtephctukamu. Ilo mepe Boapa-
cTaHHA HMHTEGHCHBHOCTH KoJjieGanufi B cTeHaX o0pasyloTCsi TPeUlHHbI
W JKECTKOCTb COODYXKeHHs najaer. B pesynbTate 310r0 mepHoON KoJe-
Gauuil CTAHOBHTCS Gojlee NIHHHBIM, a KOo3((hHIMEHT 3aTyXaHHsl BO3pa-
craeT B CBSI3H C IOIVIOUIEHHMEM 3HEPIHH B 30HaX, HOBPEXKIECHHBIX Tpe-
muuamMd. B cayuae pasBurust

GoJIbILOrO 4YMCJa TPElMH, KO- F 4 8 F N F=Fy
Topble NPAaKTHYECKH paspyula- £ 1= 8
JOT CTEHBl, COOpYXKeHHe pabo- \
TaeT KaK YHCTO paMHas CHCTe-
Ma H ero KoJebaHus HOCAT H3- 7 7
ruGHBIH Xapaxrep.

AHajloruunble paccyKJeHusl
cnpaBeINBb! 115 QYHAaMEHTOB
coopyxeHuii. Ecaum npoucxo-
JUT paspylleHHe TPYHTa, OK-
pyxatwolnero (QyHaaMeHT, Tie-
PHOJ KoJIeGaHHil COOPYKEHHSI MOXKET YBEJHUMTLCs, KOI(ppuuHMeHT 3a-
TYXaHHsl BO3PACTAeT H COOPYIKEHHE MOXKET HAKJOHHTbCS B CBSI3H C OC-
TaToYHBIMM JeopMaLsIMH IPYHTa OCHOBaHHS. B mpolecce TakuX Ko-
ne6aHuil coopyKeHue Tmorjomaer OOJbIIOe KOJHYECTBO SHEPTHH, a
NEPHOJ ero COGCTBEHHBIX KOJIeGaHHH yBelTUdIUBAETCs. ST% SHeprus 3a-
TpauMBaeTcsi Ha paspylueHHe KOHCTPYKUHH, H  YCTOHYHBOCTb CO-
OpY:KeHHs! IPH NPOJOJIKEHHH Npollecca KoJeGaHHH MOXKeT ObITh Hapy-
ILIeHa.

Ilo cuX Top Mbl YETKO He Onpele/]HJIH, KaKOH napamerp peakiHH
OTBETCTBEH 3a NPOSIB/IEHHE IOBPEXJEHHH B COOPYXEHHH, — MAKCH-
MaJibHOe TepeMelieHHe, NMOJHAs BeJIMYHHA TMONJIOIEHHOH 3HEPTHU HJIH
Kako#-1u60 apyroil. OctaBuM H3yueHHe KaxKJIOro OTAeNIbHOro ¢akropa,
OnpeeasIOIEro paspylueHue, s OYyAYWHX HCCAEIOBAHHM.

Jlnst petlienus goctaTouHo ofLMX 3ajad Obl1a BBefeHa MOJEdb Hje-
aJlbHO# YIIPYTroMJIacTHUECKOF CHCTEMBI, KOTOpas MoKa3ana na puc. 5.21.
Takast Mmosean paGoraer ynpyro, noka HayajbHble NepeMelleHHsl OCTa-
I0TCA MasbiMH. B 3Tofi 06/acTH BoccTaHaBJAMBaomas cuaa F npomnop-
IHOHAJbHA INE€pPEMELIEHHIO

>
&g

J A

Puc. 5.21

F = ky.

Orcrona
dF — kdy. (5.74)

Korua nepeMenleHnst YBeJHUYHBAIOTCA H JOCTHIAIOT NIPEAEJbHOrO 3Ha-
YeHHd, BCCCTaHaBJMBAIOLLAS CHJIA He BO3pacTaeT, coXpaHsdas MOCTOAH-
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HOE 3HaueHHe NPH NepeMelleHHsX, NPEeBHINAIOUWHX 3TOT npepet. JTo
sIBJIeHHE Ha3LiBaeTcsl TeKydecThblo. llepemelleHne, COOTBETCTBYIOIee
NIPENEIbHOMY 3HAYEHHIO, OTHOCHTCS K MOMEHTY Hayasla TEKYYecTH U
ofo3HayaeTcs Yy, a MNpejetbHasi BOCCTaHABAMBamlas cuaa — Fy,

ITocne BosHuKHOBEHHS TeKyuecTH [ He yBeJHUHBACTCH M COXPaHseT
3Hayenue Fy npu pocre y. OfHAKO IPH yMeHbUIEHUH ¥, F TaKxke yMeHb-
LIaeTCs B COOTBETCTBHH C 3aBHCHMOCTBIO

dF = kdy. (5.75)

BMmecre ¢ TeM F HMKOTJa He MOMKET ObITh MeHblIe — [y U IPH Aajb-
HefllleM yMeHbIIEHHH y coXpaHsieT 310 3HaueHue. Ecam xe y cHoBa
YBEJIMUHUBAETCS M3 3TOr0 COCTOSIHHSA, TO F TaKXke BO3pacTaeT B COOT-
BETCTBUH C 3aBHCHMOCTLIO (5.74) Mexay npupamesusMu dy u dF. Kor-
la y TMpoJo/IKaeT BO3pacTaTh, [ yBeJHUHBAeTCA RO JOCTHXeHHUS [y
U B JaJbHedleM ocTaeTcs nocrosiHod. OnucaHHBIN Hpollecc Xapakre-
pusyer paboTy HAeaJbHO YNPYLOIJIACTHYECKHX MATEPHAJIOB.

Ilpu muk/anyeckoM neOpMHPOBAHUY, CBSI3AHHOM C IJIACTHYHOCTBIO,
JuarpaMMa BOCCTaHaBJHMBAIOWlasi CHJia—IepeMelllenne o6pasyer 3aMm-
KHyTble NeTJIH U IIPOUCXOAUT INMCCHIIALMsl HEPTUH. 3a CueT JHUCCHIa-
UM 3HEPTUH 3aTyXaHHe KoJeOaHUH B IJacCTHYECKOH CTajiH HaMHOrO
6osplle, yeM B YIPYToH. JTO sABJASAeTCA OGJaronpHATHEIM (GaKTOpPOM ¢
TOYKH 3PEHHS CeICMOCTORKOCTH COOPYXKEHMH, OIHAKO He caenyeT 3alhl-
BaTh, YTO JAHUCCHIIANHSA YHEPTHH CONPOBOXKAAETCS Pa3yNpPOYHEHUEM KOH-
cTpyKuuit.

¥YpaBHeHue KoJieDaHHH CHCTEMBl HMeET BHJ!

m Ly y +c +F(y) —mU, (5.76)

rae y — nepeMelieHue CUCTEMBl OTHOCUTEABHO TPYHTaA; M — Macca, ¢ — KOS(iI-

¢uUMeHT BA3Koro TpeHus; F (y) — BoccraHaBauBaioulast cuja; U — ceficMu-
YecKoe YCKODEHHEe OCHOBAaHHA.

F (y) ompenensercs cienyiouluM 06pasoM:
dF =kdy npu | F| < Fy,
dF =0 npu |F|=Fy u Fdy >0,
dF =kdy npu |F|=Fy u Fdy < 0.
O603HauHM

pP=him, h=—"—o F (y)=kf (4). (5.77)
2V mk

Torna ypaBHeHHe (5.76) HpHHI/IMaeT BHI:

'F +'2ph — + p*fy)= —U (). (5.78)

D10 ypaBHEHHe OOGBIYHO pPelIaeTCsl YMCJAEHHO TIPH 3aJaHHOf BHeIIHefl
cuse. Huke paccMmarpuBaioTcst pacueTwl jasis1 CJAydasi, KOria ceilcMu-
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Koe yCKOpEHI/Ie MpeACTaBJJCHO NoCJIeI0BAaTe/IbHOCTBIO U3 TpeX CH-
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ITepemeiuenne ynpyroit NnpyKHHB ¢ KECTKOCTBIO R, BBI3BalHOe
BHeLIHe!l CTaTHYeCKH NpHJOKeHHOH cuaoft mU,, pasHo:

i
Yo= . (5.80)
p
[Tapamerp A ompenessieT OTHOLLEHHe
K:ys/.’/}” (581)

TOrZa 3HayeHUs BHeIIHeH CHJBI ONpelessioTCs uyepes A.
BBoauTcst HOBHIH MacmiTa® BpeMeHH

T = of. (5.82)

[Meprox ceficMuueckol Harpyskd N0 OTHOLIEHHIO K BPEMEHH T
paBeH 271 HE3aBMCHMO OT YacTOTHL . BpoauTcsi Takxke HOBBHII MaclITE6
nepeMelleHUll B BUJie OTHOLIEHHS y K NePeMelleHHI0 B MOMEHT Hauaga
TeKyuectu!

n = ylyr. (5.83)
Torna ypaBHeHHe KoJieGaHuil TPHEMMAeT BHA:
P L gh & G R

o 42 T h -+ " " sint. (5.84)

3pece p=o/p u GM)={(yy, Wy (5.85)

G () yHoBNeTBOpSIET YCJOBHSIM
dG = dn mpun |G| <1;
dG =0 mnpu [G|=1wu Gdn>0;
dG = dn mpu |G| =1 u Gdy < 0. (5.86)

Ha puc. 5.22 npuBegeHb! npoliecchl H3MeHeHHs! NepeMellieHni, Ko-
TOpBle TOJYYAIOT CHCTEMBl C pasHbIMH o/p U h = 0,1 mnpu geficTBuu
Ha CHCTeMy BHellHe#l Harpysku. Puc. 5.22, a cooTsercTByeT cilyuaio
A =0,8, apuc. 522, b — A = 1,0 [147]. )Kupusle yuacTku Ha rpadu-
KaxX COOTBETCTBYIOT CTafMsIM IJIaCTHYECKOrO NedOpPMHPOBAHHS.

2) HengeanbHble ynpyromaacTHYeCcKHe CHCTEMBI

AHajorHYHO MOTYT OBITb BHIMOJHEHB PACUeThl AJIs JHHAMHYECKHX
CHCTEM C XapaKTepHCTHKAaMH BOCCTaHABJHBAIOILAsl CHIIA—NepeMellleHue,
OTJIHYHbIMH OT PacCMOTPEHHBIX BbIlle U NOKAa3aHHBIMM Ha puc. 5.23.

Caydalo @ COOTBETCTBYET HpeasbHO yNpyrasi cucTeMa, ¢ — pac-
CMOTpeHHAd paHee HjeasbHas yHPYromjiacTHuecKas CHCTeMa, 6 U d —
yTpYron/JaCTHIeCKHE CHCTEMBl C COOTBETCTBEHHO ITONOMKHTE/bHBIM
H OTpHLATEJbHBIM YyNpouyHeHHeM. ChcTema d He MOXKer GbITh peaJiu-

! 310 oTHomeHne B aurepatype 0GbLIUHO Ha3LIBAETCH KOIGOHULUENTOM [
natauBoctd. ([pus. nepegoouuka.)

142

aHpix coopyxenuil. Ciydan ¢ M [ XapakTepH3yloT cHCTEMbI C ylI-
[IaCTHYECKHMH CBOHCTBAMHM B OJHOM HalpaBJeHHH H YNpYTHMH
5 ApYTOM HATPaBJIEHIH. K takum MOJEIAM MOTYT GBITH OTHECeHbI CJIy-
yaH CKOJNBKEHHS OTKOCOB HaChlmed.

. Jlas MAJOCTpaluy paboTBl JMHAMHUYECKHX CUCTeM Ha puc. 5.24
npuBeAeHbl dopMbl peakuuu cuctem e v f npu A = I u p = 1. Cpas-
peHHe Pe3yJIbTaTOB pacyera ¢ AaHHBIMH PHC. 5.22 JUIst CHCTeM C OfnHa-
KOBBIMH TIDEJIEIaMH TEKYYeCTH Ha PACTXKeHHE U Ha CKATHe MOoKasbl-

@aﬂa B CTaJIbHbIX KOHCprKLLHHXI, ONHAKO HacTo IpHMeHsieTcst JJis
Sgput

019

é’i”ﬁfi’é‘ ' i

7 5 307
Ly T 7%

ﬂ) b{/ é’)
S =018 a1 -018
! 151
o 196
d) ¢ f) N Tuwmena ¢ \J Cucmena £
Puc. 523 Puc. 5.24. Peaxuus ueynpyroif cu-

CTEMBbl NPH TapMOHHYECKOM BO3/leil-
CTBHH

BaeT, YTO B [1€PBOM CJydae NepeMellleHHs] CHCTeM CYLIEeCTBeHHO 6oblie.
D10 NPOUCKOAUT B CBA3U C Pas3BUTUEM GOJIBIIHX NepeMeilleHHl TONBKO
B CTaldsX TEKYdYecTH, T. €. OJHOCTOPOHHHM yBe/JHYEHHeM IepeMellie-
HHH CHCTEMEI.

Jas cucreMbl d BOCCTaHABJHBAKILIAS CHJIA B OJHOM HalpaBJeHHH
CTAaHOBHTCSl CYIECTBEHHO MEHbIe, 94eM B JAPYTHX HalpaBJjeHHAX, eC/u
nepeMellleHus CHCTEMbI I0CTaTOuHO Go.blive. CaeloBartenbHO, B 3TOM
HanpapJeHHH NJacTHieckHe NedopMalUH Da3BHBAIOTCS JaKe NPH He-
GosbluKX BHEIIHHX HArpy3kax. TakuM o6pasoM, xapakrep AedopMHPO-
BaHusA cHcTeMbl d HallOMHHaeT paboTy CHCTeMSBI f, B KOTOpo# GoJIbIIHe Me-
peMellieHHs] MOTYT BO3HHKHYTb TOJLKO B OAHOM HanpasjeHHH. B 3ToM
Cllydyae HampaBJeHHe, B KOTODOM MDOHCXOJUT NepeMellleHHe, ONpefe-
Jsfercs, rJaBHbIM 06pa3oM, HanpapJeHHeM BHelIHed Harpys3KH B Ha-
YaJapHOU cTajauu kKoJeGauuil. [TosToMy OGBIYHO CUMTAIOT, UTO NepeMellle-
HUSl yBeNMYKUBAIOTCS B TOM HanpaBJAeHHH, B KOTOPOM B IlepBbIfi pa3 BO3-
HHKaeT TeKyuyecTb.

PaccmoTpenHble  0CO6@HHOCTH MOJeJieil CHCTeM JaloT HEKOTOpoe
06bscHeHWe TOBPEXKACHUSIM 3[JaHHH TpH 3eMJIeTPSCeHHsX, KOTOpbie

1 310 noJsokKenHe He CoBCEM TOYHO, CHCreMbl € OTPHIATeIbHLIM YMpou-
HEHUEM HCTMOAB3YIOTCA NpH aHajsn3e OOAbWHX jedopMaduil CTaAbHBIX KOH-
Crpykunis. ([ pum. nepesodyuxa.)
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XapaKTepnu3yIoTCsl HECHMMETPHUHBIM pacnpelesenneM MOBPeXAeHu(,
Yacto HeOXKHAAHHO HHTEHCHBHbIE MOBPEXKJICIHST BBI3BIBAIOTCA CabbiMy
3eMJIETPSICEHUAMH, €CJIM TOJALKO MEepPBbIl TOM4OK HMe GOJBILYIO Mar-
HUTYAY. VIHTeHCHBHBIE MOBpEKIEHHS NOJYYAlOT JHUIbL OTIeJbHBIC Co-
OpYZKEeHH$, B TO BpeMsl KaK JpyrHe COOPYKEeHHs TOTO XK€ THIA He Mo-
Bpexjatorcs. M3 amanusa nocaeacTBHH 3eMJIETPSCEHHH MOXKHO 3a-
KJIOYHTh, UYTO paspylueHHe KOHCTPYKIMH, BocCTaHaB/JHBAIOLWLAA CHJla
B KOTOPHIX Oblda CHIMKEHA 3a CUET TeKyJecTH MarepHasa, 3aBHUCHT He
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Puc. 5.25. Peaknust neympyrux cucreM npu A=0,1 u A=0,8 (a), h=0,1 u
A=1,0 (b)

TOJIBKO OT BeJHYHMHbLI BHEIIHEH HarpysKH, HO M OT HallpaBJeHHs U Xa-
pakTepa celicMHuecKoro BosfelcTBusi. TakuMm cOpasoM, TOUHOE OIpe
JeJleHHe TJIaCTHYECKHX CBOHCTB COOPYKEHHMS H XapakTepa celcMHue-
CKOTO BO3JEHCTBHSI HMeeT GOJblIOe 3HaueHHe AJs OlleHKH NpejesbHOH
Hecyllell CIIOCOBHOCTH KOHCTPYKLHH.

Ha puc. 5.25 u 5.26 pas pasHbix Mojesefl CHCTEM MOKa3aHbl 3a-
BHCHMOCTH MeXAy NapaMeTpaMd W U KO3(pHLHEHTOM MOJATIUBOCTH,
KOTOPBIE NpeAcTaBasieT co60H BaXKHBIE HapaMeTp HanpsKeHHo-Je-
(OpPMHPOBAHHOTO COCTOSIHUSI CTPOHTENBHBIX KOHCTPYKLHME. [paduku
Ha pHc. 5.25 cootBeTcTBYIOT cayyato A = 0,8, a Ha puc. 5.26 — A = 1.

AHanus 3THX rpadUKoOB MO3BOJSET Cle]1aTh CJEAYIOIHE BBHIBOABL

1. Korza nepHoj HM3MeHeHUs BHeLIHeH HArpy3KH HAMHOTO MeHblle,
4yeM IepHoj COOCTBEHHBIX KoJieGaHUll cOoOpyKeHHd, IapaMeTphbl peak-
LHH OCTalTCs HeGOJbIUHMH M IJIacTHUecKHe JedopMalliid NpH KoJe-
OaHHAX HE BO3HHUKAIOT.

2. Korja nepuoj uaMeHeHHU st BHElHeH HATPY3KH HECKOJbKO 6oJblle
neproja COOCTBEHHBIX KoJefaHHH CHCTeMbl, XapakTep paGoTbl HanoMmy-
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T peSOHaHC, YTO IIPUBOAUT K HHTEHCUBHBIM KoJeBGaHusaM 1 Iaactuye-
BagMy pi( OpMHpOBaHH}() CHCTEMBI. SDTO CBSABAHO C y,umme}meM nepnona
cK

' woJie0aHHH  COOPY2KEHMSI B IJIaCTHYECKOH CTajuu.
K

3. Korga_nepuoj H3MeHEeHUs BHEIlHell HATPY3KH HaMHOro GoJiblie
e PI-OJla COGCTBEHHEIX KOJeOaHHil CHCTeMbl, ITPOHCXOAAT KoJieGaHu4,
il

'aHaJIOI‘IfI‘{HbIe npouecey BHEIIHEero HarpyxeHus, a OTHOCHTEJIbHBIC I1€-

) pememeﬂm CUCTEMBl MaJlbl.

4. MakcHMaJbHbIE IEpeMemienus yi- 50

FOIJIACTHYECKHX CHCTEM, 32 HCKJIOHe-

JHeM CHCTEMBI C OTPHILATEJIbHOH GuJuHel- 40
HOCTDIO, MEHbIIE NepeMelleHti Hiealbio )
ynpyIHX CHCTEM. _

Ha puc. 5.25 n 5.26 npusefeHo cono
cTap/ieHHE IepeMellleHHil CHCTeM C OjuHa-
KOBHIMH IIpeJIeIbHbIMK YIPYTHMH CMelle-
HUSMH [OJ JeHCTBHEM CeHCMHYeCKHX CHII
Pa3IMYHOM HMHTEHCHBHOCTH. Kpome Toro,
NPEJICTAB/ICHbI IEPEMEIIIEHUS CHCTEM C pas-
HEIMH YPOBHSMH IIpeJeJbHBIX yNPyTHX
CMelleHHH TIpH cefiCMHYECKHX CHJaX OJH-
HAXOBOH MHTEHCHBHOCTH.

Ha puc. 5.26 moxaszaHbl NapaMerphl
peaKiiH JUHAMUYECKOl CHCTeMbl, IIPELL] NV
ynpyrofi paboThl KOTOpOH B 1,25 pasa 0 05 10 15 20 4
GoJbllle, YeM CHCTeMbl Ha pHC. 5.25, a .
celicMHUeCKHe HArpysKH aHaJOrHuHbl Ha-
rpyskaM JAjs CHCTeMbl Ha DHC. 5.25, bo.

aBHeHHe TpaQUKOB TOKa3blBaeT, 4T
(rign OZLHH&KOBII))I)S) celicMMUECKHX HArpysKax MaKCHMajbHOE IepeMellle-
HHe CTAHOBUTCS MEHbIIE C yMeHbLIEHHEeM IHpeebHbIX YIPYruX CMele-
Huil, Xots, Ge3yCJ0BHO, CYIIECTBYET HHKHHH Tipefes 3THX CMEIEHUH.

BMecTe C TeM He/Ib3st CIUTAaTh, 4TO JJls STUX C/Iyuaes KOIQOUIHEHTHL
TOJATIMBOCTH GYAYT ONUHAKOBBIMH. Koadpuiiuent NOAATIHBOCTH it
cyyasi Ha puc. 5.26 MeHbllle, YeM J/Isi CHCTEM Ha puc. 5.25. Jro, 10-
BHIMMOMY, sBJsieTcsi oOmed 3aKOHOMEPHOCTHIO PEaKlUHH _CHCTEM.

Jlo cuX TOp paccMaTpHBAKCh OCOGEHHOCTH Kosie6aHui ympyro-
IVIaCTHUECKHX CHCTEM IPH BHEIUHHX BO3JeHCTBHSX B BHAE TpeX IO-
c/lefoBaTeIbHBIX CHHycOMH. [3yuenne peakuuy yIpyTONIacTHYeCKUX
CHCTEM MM peasbHBIX CefiCMHUYECKHX BO3JEHCTBHSAX NOKa3BIBACT, 4TO
B o6ileM HeT GOJIBLIONO Pas/iyus MEXy napaMeTpaMi peaklliH IpH
TpeX LHKJIaX FapMOHHYECKOTO Harpy:eHus v pealbHbIX ceficMMYeCKHX
BO3JIeliCTBHSAX. BO3MOMKHO, 9T0 00YCJOBJIEHO TEM, UTO B IIACTHHECKOH
CTafMH B CBSI3H C yBeJHUeHHEM KO3(hHIHEHTa 3aTy XaHHs Ha napameTphl
peakiliy, B OCHOBHOM, BJMSIET XapaKrep BO3JEHCTBHA B TEIEHHE KO-
POTKOro MHTEpBaja BpEMeHH B HaYajbHOH CTaJMH goneﬁaﬂun cUCTeM
(32 HMCKJIOUEHHEM CHCTeM C OTPHUATeJ]bHOH GUIHHEHOCTBIO).

H. Heiomapk [151] onmpenesust mapamerpsl peakUuH HJleabHBIX
YIPYromnacTHyecKHX CHCTEM IIPH BO3JEACTBUM 3EMICTPACEHHS Dib-

30
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OmHocumensoe  EPEMELERIE

Puc. 5.26. Peakuus neynpy-
rofi cucreMnl nps A=0,1
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Lentpo. Ormeueno, uro npu Kos(duikente 3aTyXaHus okodo 109,
MaxKcCHMaJ/bHble NepeMelleHksl clicTeM HaxoAHJIUCh B AHamnasoHe ot 0,5
RO 2 MaKCHMasbHbIX NepemelteHuil ynpyrux cucrem. Ilostomy o npeg-
NOJIOKUJI, UTO 3TH BeJIMYHHLI JJIS BCEX CHUCTEM OiHHAKOBbL. l1pu Takom
JONYIEHHH BeJHYHHA IepeMelleH sl YIPYToH CHCTEMBI NIPH OllpeleseH-
HOM CeHCMHYecKOM BO3JEHCTBHM, DOJe]eHHasl Ha v, PaBHA TpPeleb-
HOMY YNPYroMy CMeIleHHIO COOPY2KCHHS, A/ KOTOPOro KoddhuiHeHT
NOJATJIHBOCTH NPU 3TOM BO3JEHCTBUH paBeH v. YCTaHOBJIEHHE 3TOro
¢akTa oueHb NoJe3HO s TPOEKTHPOBAHUSA CEHCMOCTOHKHX COOpYsKe-
HHH, NIOCKOJIbKY JJ/1d YIPYTOM/JIacTHYeCKHUX CHCTEM C Kod(dHiueHToM
nogatiuBocTH ¥ MOXKHO onpeienuTh Npees ynpyroi paGoThl.

[lo pamupM 3KCHEPHMEHTAbLHBIX HCC/IEAOBAHUI AHANA30H J0MyC-
KaeMbIX KO3(pHIIHeHTOB N0AaTIHBOCTH JI/151 OObIYHBIX COOPYKEHHI paBeH
3—8, a A4 xKesne306eTOHHBIX KOHCTPYKILUI oKoJ10 4. TloToMy, ecau co-
OpyKeHHEe 3alpPOEKTHPOBAHO TaK, UYTO MAaKCHMAaJ/bHBIE HallPAKEHHS
TMPH YIPYroM pacuyete KOHCTPYKIMH OCTAalOTCS B Ipefesnax yIpyrocTH,
OHO He MOJYYHT GOMBIIHX MOBPEK/eHNLIT NPH 3eMJIETPSICeHUM, NPH KO-
TOPOM BO3HHMKAOULHE CHJIbI B 3-—8 a3 1IpeBhINIAIOT pacueTnuie. Yacto
COOPY2KEHHSA MOJYYAaloT HeGobline MOBPEKAEHHS JaXKe MPH BHICOKHX
MHCTPYMEHTAJ/IbHO 3aPETHCTPHPOBAHHBEIX yCKOPEHHsAX. Bo3aMOXKHO, 3TO
00bACHSACTCS] YKa3aHHBIMH IPUYHHAMM.

Briie paccmarpuBasuch yC/IOBHbIE HEJTHHEHHbIE COOTHOUIEHHS MEXK-
Ay nepopMalusMH U CHIaMH H A/ HHX [POBOAHJIKMCH pacyeTHble OLeH-
KH NapaMeTpoB PeaklHH. B HHXKeHepHOH NpakTHKe HEOGXOLUMO 3KCIe-
PHUMEHTAJIBHO OIpPEJeIATh 3aBHCHMOCTH BOCCTAHABJAHBAOIAS CHJIA—
nepemellleHye /sl OTAENbHBIX 3J1eMEHTOB H KOHCTPYKUME. B cooTserct-
BHHU C MPOBOJHMBIMH 3KCIIEPUMEHTA/ILHBIMH HCCAEAOBAHUSMHE, HApUMeEp
AJIs1 2KeJIe300€TOHHBIX 3JIEMEHTOB, 5TH 3aBHCHMOCTH HE TaKHe NIPOCThIe,
KaK pacCMOTPEHHBIC Bblille, W NOCTEIeHHO M3MEHSIIOTCSI TPH NOBTOPHOM
HarpyxeHun. MeTofrKa pacuera peakilii COOPYXKeHHI B 3TOM cayyae
NPUHIHIIHAJIBHO HE OTJIHYaeTcsl OT PACCMOTPEHHOH BhIIe, OJHAKO Bhi-
UHCJIEHUS] CTAHOBATCS HAMHOIO 6oJee CJAMKHLIMH, H HeoGXOAHMO COB-
MECTHOE HCI0Jb30BaHHe IBM ¢ ofopynoBaHHeM s HCTIBITAHMS KOH-
CTPYKILUH.

Fnasa 6. HOPMbI 110 NPOEKTUPOBAHMUIO
CEMCMOCTOMKHX COOPY)XEHUM

6.1. BBEAEHHKE

Ilpu u3yueHHH BONPOCOB CEHCMOCTONKOCTH COOPYXKeHHIl B 3aBHCH-
MOCTH OT XapaKTePHCTHK OXKHAAEMOTO 3eMJIETPSICEHHST M THOKOCTH. CO-
OpyeHHS MOTYT ObITh HCIOJb30BAHBI Pa3/nyHble Metojnl. ONHAKO AJist
pacueTa aHaJOTHUYHBIX COOPYXKEHHE C/IefyeT NMPHMEHATb TOJMBKO OJHH
MeTol. C 3Tl Lebio A/ pasHBIX THIOB COOPYIKeHHIl paspaGoTaHsl Crie-
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%Haﬂbﬂme HOPMBI H COOTBETCTBYIOLLME HM pekomenpaauuu. Teopernue-
fexH, €CJH BCE STH PEKOMEHJAluu OYLYT KBaJTHQUIHMPOBAHHO yUTEHb!
g B’bmo,;menb[ HA NPaKTHKe, TO IIPH NPOEKTHPOBAHHH COOPYIKeHH

- ppy6BIX omn6oK ne Gyjaer. Oauako CyLecTBYIOT ¥ APyrue TpeSoBanus,
. goTOpble CJEAYET DacCMOTPeTb B IEPBYIO OYEpenb.

1. B Tex pafioHax, riie, no Tonorpahuyeckum H reo0rHIecKuM Jam-
‘HBIM, BO3MOXKHO TIDOSIBJIEHHE OIIOJI3HEH ¥ 00BAJIOB, JIOJIKHBL Hpeﬂygma~
TpHBaThCS ClIEIHA/BHBIE MepONpPHATHS. (Tliourafku CTPOUTENbCTBA
apaHui, THIPOJIEKTPOCTAHIHH, BOJONPHEMHHKOB H T. n.)

9. AHaJOrHUHBIE MEPOTIPUSITHST AO/KHEL GBI T TPELYCMOTPEHEI, KOr'/a
CyIeCTBYeT ONACHOCTE GOJIBLIOrO PaCHpPOCTPAHEHHUS NOKAPOB HJIH 3a-
ron/IeHHsl TPHOGPERKHBIX 30H MOpeM IIpH BO3MOMKHBIX IOBDEXJEHHAX
nam6. (BOMbHHUUE! H CTAHUKH JJIst [TOKApOTYLIeHHSI. MetponoanTeHtl,
nofi3eMHble 3aJIbl 3JEKTPOCTAHUHAN 1 NMOJ3eMHbIe MarasHel NPH HaBOX-
HeHHSX).

3. TpyHT J[O/KeH ORITh KaK MOXKHO 60.716% [JIOTHBIM U HUMeTb OJH-
HAKOBYIO NIPOYHOCTH 110 Beell miomaan 3actpoiiku. [Ipn phIXJBIX TPyH-
Tax HEOOXOJHMMO [MpeayCMaTpHBaTh COOTBETCTBYIOWME KOHCTPYKLHH
dyHraMenToB. MHOXKECTBO HeCYaCTHBIX CJyYaeB M aBapHH IPOUSOLIJIO
¥3-33 HENpaBUJBHOrO Bo3BejeHuss ¢yHaamentoB. (OTCTOHHHKH, XKe-
JIE3HOJIOPOXKHbBIE DENbCOBBIE IYTH, IULIIO30BBIE BOPOTA.)

4. Tlecuanbiit TPYHT IPH BBICOKOM YPOBHE T'DYHTOBBIX BOJ HMEET
TEHAEHIHIO K PaskuKeHH0. [TpH pasKuKeHdH IPyHTa COOPYKEHHS UC-
IBITHIBAIOT OCAZKH, a 3aray6JeHHble B TPYHT — BCIMIBIBAIOT. (3HaHus,
METPOTIONIUTEHBI, KOJIJIEKTOPEL, 3aTONIEHHLIE TPYOBL.)

5. CriexyeT TpepycMaTpuBaTb Mephl IO TOBBIIEHHIO NOAATJIHBOCTH
COOpYXKeHHH, 0COGEHHO MOCTPOEHHBIX H3 XPYIKHX MarepHasos, KOTO-
phie 0GBIYHO MJIOXO CONPOTHBISIOTCS 3eMyeTpscenusM. (Onopsl MOCTOB,
XuJble JoMa.) .

6. Ilesecoo6pasHo Tak NPOEKTHPOBATh YaCTH 3JaHUH, YTOOBI OHH
6HITH TI0 BO3MOXKHOCTH, CHMMETPHUHBI, a MX KoJeGaHusi IpH 3emie-
TPSACEHHSAX OJAMHAKOBBIMH, CHHXDOHHBEIMH. (3AaHHsl.)

7. OGpyiuenusi 4YacTeil COOpYXKeHHsl 3HAUHTEJIBHO YBEJIUYHUBAIOT
omacHocTh MpH semzerpsicennsix. HeoOxomumo rpepycMaTpuBaTh Crie-
Uua/bHble Mepbl AJisl NpejoTBpailenus onpokuapBanus. (IIponernbie
CTPOEHHSI MOCTOB, HApPYXKHBble CTEHBl MHOIO3TAXKHBIX SL[UaHHPI.)

8. a5 mpeoTBpalnlenus HECHHXPOHHBIX KOJeGaHuil M OCTaTOUHBIX
NepeMeleHnilt MEXAY 4aCTsIMU 31aHHH H COOPY2KEHHI C PEe3KO OT/IHYal0-
IAMHCS KECTKOCTSIMH H CEUEHHSIMH CJeAyeT MpeAyCMaTpHUBATh IIBDI.
(Cucrempr Tpy6ONpOBOAOB, BECTHOIOJM CTaHI(HH MeTPoHOJIHTEHa.)

9. TTo BO3MOXKHOCTH CJIeAyeT H3Gerarb COOpyXKeHud ¢ GOIBIIHMH Ha-
rpyskamMu B BepxHeil uactu. (Moctel ¢ BLICOKHMMU onopamH.)

10. Coopyxenusi HeOGLIIHOH KOHCTPYKTHBHOH (HOPMBI JOJDKHBI pac-
CUMTBLIBATECS C MOMOLLbIO JHHAMHUYECKHX MeTOJOB, KOTOpble, Kak Npa-
BHJIO, TPUBONAT K HaJeXKHBIM DelIeHHsIM. (KpuBoJuHelHble MOCTH,
BHICOTHHIE 3JaHHA, ATOMHBIE 3JeKTPOCTAHIHH.)

~11. Bpenenue JONOJNHHTENbHLIX 3J€MEHTOB, He IpPEeNyCMOTPEHHBIX
PacueroM, MoXKeT OLITh O4HeHb ONMAacHBIM. Ilpeanosoxenune o TOM, 4TO
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JONIOJIHHTEbHBIE 3JIEMEHTHI [OBBLILIAIOT HALEKHOCTL COOPYKEHHH, ya.
CTO NPOTHBOPEYUT AeACTBUTENBHOCTH. (3AaHuS.)

12. Bosbiine KpyTsiiize MOMEHTH MPHBOASAT K IOBDEXKICHHIO TOp-
IOB KapKacHbIX coopy:keHuil. Heo6xoxumo mnpenycmarpuBaTh ycHile-
HHEe 3THX 30H. (MocThl W 31aHHS.)

13. Poixabifi mecox npy HMHTEHCHBHBIX KOJEGaHHSIX TepsieT Hecy-
1y crnocoGHoctb. HeM Gosblie KPYIHOPAa3MePHBIX YaCTHI[ COAEPHKHT-
CSl B 3eMJISTHBIX COOPYIKEHMSIX H3 TpaBHs C IECKOM M rajJeuHHKa, TeM
BRIlIE ceficMOCTOHKOCTh coopy:keHHH. (Hackmu.)

14. OtBeTcTBeHHbBlE COOPYKEHHS PEKOMEHAYETCSl CTPOUTL BAAJTH OT
GONbIIHX Pa3/oMOB. (ATOMHBIE 3/1€KTPOCTAHIIMH, IJIOTHHBI.)

CyIuecTByloT MHOTOYHCJ/ICHHBIE NPHMEPHI PA3JIOMOB, KOTOPLIE BO3HH-
KJH TPH CHJABHBIX TNpOLIeNIINX 3eMyeTpsiceHHsX. CuuTaior, yto B Sno-
HMHM Pa3/IOMbl BO3HHKAIOT Yalle Ha OCTPOBaX, a NepeMelleHns 0 OCajKH
FPYHTa Yallle MPOHCXOASAT Ha JHe Mops. B tabua. 1.4 nepeuncieHst pas-
JIOMEI, BO3HMKIIHE B HPOIILJIOM.

Pacnonoxenne 3THX pasjioMOB OGBIYHO HE NPUBA3LIBAETCH K  Me-
CTaM CYILIECTBOBABUIMX JI0 3TOrO FeOJIOTHUECKHX PaspHIBOB. TeM He Me-
Hee CYIIeCTBYeT MOJO3PEHHE, YTO pas3JoOMBl IPH 3eMJIETPSCEHHSX
NPOXOASIT Yepes Cjalble 30HB, TaKHe, KaK TI'eOJOrMYeCKHE Da3phIBbl
M 30HBI CIBUrOB. [IpuMepom Tomy sIBJIsIOTCH 3eMieTpsiceHre TOTTOpH
B 1943 r. u semyteTpsicenue B UeHTpadabHOH Yyacty o. TaiiBaub B 1935 .
C Apyrofi CTOpOHbI, He/Mb3s YTBEPHKIATh, YTO FeOJOTHYECKHE Pa3PHIBBI
00s13aTe/IbHO IBUAKYTCA. [IpYyTHMH CJIOBAMH, B HACTOsLLee BPeMS TPYA-
HO CYRHTDb, GYAYT JIM HMETb MECTO NOABHKKH B '€OJIOTHYECKHX Da3phl-
BaX TIpH 3eMJIETPSICEHHSIX, OFHAKO HeoGXOAHUMO KaK MOMKHO IIOJIHee
H3y4YaTb TeO0JIOTHUECKHE YCJIOBHSI PafOHOB CTPOHTEJNLCTBA.

6.2. HOPMATHBHBLIE TPEBOBAHHS 1O MPOEKTHPOBAHHUIO
CEHCMOCTOAKHX COOPY)XEHUM PA3ZHBIX THUIIOB

Emte HeckombKo JeT Hasaj B SIMOHHM CYLIECTBOBAJO MHOTO HH-
CTPYKTHBHBIX JOKYMEHTOB, OCHOBAHHBIX Ha HCIOJb30BAHMH METo[d
KO3((HUIHENTOB CelicMUYecKOll HAarpysku. DBIIO OYEBHIHO, YTO K THG-
KHM COOPYKEHHSIM 3TOT MeToj HenpuMeHHM. [ToaToMy cefiuac B 3TH fo-
KYMEHTHl HAaYHHAIOT BKJIOYAThb PEKOMEHAAlHH 1O JMHAMHYECKOMY pac-
4ery.

[To cpaBHennio co cTaTHUECKHM pacyeToM XHHAMUUECKH NMpeicTaB-
JISIeT CO0O0il HEeCOMHEHHBIH IpOrpecc, a yCJOKHUBIIHECS PacyeThl CTa-
JII BO3MOXHBI G/1arofapst cosepurenctBoBanuio O9BM. Oxnako cymecrt-
ByeT MHOT'O HEpEIlCHHBIX BONPOCOB, CBA3AHHHIX C CEACMHYECKUMH KOJle-
GaHUSIMH NDH CHJBHBIX 3eMJIETPSICEHHAX. B CB3H ¢ 3THM OTMETHM'
crenyiolllee.

28 mionst 1959 r. cHiIbHOE 3eMJeTpsiceHHE NMPOM3OILIO B MeKcHke,
u T. Mexuko, pacrnosioKeHHbiil Ha a/MIOBHATBHBIX OTJIOKEHHAX GOMb-
1OH TOJIIHHEL, CHJBHO NOCTPafan oT seMaerpsicenust. JI. 3usaepr [102]
B CBOEH CTaTbe OTMETHJI, YTO HA OCHOBAHHH aHa/H3a 3TOro 3eMJjeTpsce-
HHUS MOXKHO YTBeDXK/AaTh, YTO NPEACKA3ATh CIIEKTP 3eMJETPSICEHHS OUeHb
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v AHO, TIOCKOJIBKY OH H3MEHSETCS B 3aBHCHMOCTH OT MECTHOCTH W Xa-
@ a camoro semierpsiceHus. M. CakaGe, usyuasmuil nocnenctsust
@yKyHCKOro 3eMIETPSACEHNUA B T DyKyH, TakkKe yCTAHOBHUJ, YTO OC-
gopHas (a3a 3EMJIETPSICEHHS MOKET paccMaTpHBaThCA KaK HMIYJIbC
¢ 6obILION AMILIHTY IO H OTHOCHTEJILHO JUIMHHLIM IEPHOLOM H JIOBOJIBHO
gpy/HO YCTAHOBHTH, MOUeMY 3MaHHA C onpefiesleHHBIM KOHCTPYKTHB-
WLIM PeLIEHHEM MOTYT OIHOBDEMEHHO OOPYUIMThCS B OJHOM Hampas-
JeHHH, €CJTH 3EMJIETPSICEHHE COTPOBOXKJAIOCh CHMMETPHYHBIMH KOJle-
GanHAMH TPYHTa. o

B mofoM clyuae MOXKHO, MO KpaliHed Mepe, KOHCTaTHPOBATh Ha-
auune GOJIBIIOTO KOJIMUECTBA HePELeHHBIX IpobJeM 06 ocoﬁeljnocmx
Kose6aHHi B SNHLEHTPANbHBIX 30HAX CHJLHBIX 3eMieTpscenuii. Ecuu
XapaKTEPHCTHKH CefiICMHYeCKHX Kojie0aHWi B SIMIEHTPAJIbHOH 30HE

| ¥ yAAJEHHBIX OT 3NHIEHTPa padoHaX OXUAAIOTCS PasMHYHBIMK, HeOO-

XOIMMO 3apaHee YCTAaHOBHUTH BEPOATHOCTb IONaJAaHusi B ONPeAeTeHHbIH
paltoH THIOLEHTPOB 3eMJIETPSCEHHH, KOTOpbe MPHBOAAT K CHJILHBIM
ceficMUUECKUM BO3JAEHCTBHAM, H BCECTOPOHHE H3YUHTh CEHCMOCTOHKOCTh
COOPYKEHHH.

HopMer o pacuety, HCHOJb3yeMble B HacToslilee BpeMs B Smonuy,
6bl1H pa3paboTanbl ¢ NMO3HLHI TEOPETHUECKOTO aHa/lu3a HAKOMJIEHHOTO
MPAaKTHYECKOT'O ONBITA. B 3TOM OTHOIIEHHH MOXKHO CKasaTh, 4TO OHH
6oJiee HafEKHEI, OJHAKO, HECOMHEHHO, HOPMBI JOJKHBEI OLITH NOCTpOE-
Hbl Ha JIOCTATOYHO OCTOPOXKHBIX TOAXOH&X. )

OcHOBHbIE HOpPMATHBHLIE TPeGOBaHHS NO o0ecleyeHHIo CedCMOCTOH-
KOCTH COOpYMKEeHHH CBOAATCA K CJELYIOUEMY.

1) Mocrth

JIast IpOEKTHPOBAHHS KEeNEe3HOJOPOKHBIX MOCTOB HODMEBI pa3pabo-
Tanel SImoHcKON acconuaruell KeJsesHbIX JOPOT, KOTOpHIE NpegHasHa-
YeHbl /IS POEKTHPOBAHHS CTAJbHBIX MOCTOB, COOpPYXKeHHMH U3 6eToHa
H XKeJje300eToNa, a TakkKe Kene300eTOHHBIX MOCTOB. HopMBI 0 mpoek-
THPOBAHHIO CTAJbHBIX XKeJE3HOJOPOKHBIX MOCTOB OTHOCSITCS K CTAJIbHBIM
MocTaM ¢ niposeToM Menee 150 M. Harpysku, Ha Kotopbie pacCuMTHBAIOT-
Csl TIPOJIETHBIE CTPOEHHSI, NEJSTCS HAa OCHOBHYIO HArpy3KY, NOTOJHHU-
TEIbHYI0 HATPY3Ky M APYTHe Harpy3KH, B KOTOpLIE BKJIOYAeTcs CeH-
CMHYecKas1 Harpy3ka. BosjeficTsHe 3eMJIeTPACEHHHA YUMTHIBAETCS JJIsT
CllyyaeB HEHATPY2KEHHOTO COCTOSIHHSA M HArPYXKeHHOTO COCTOSIHHS
(paBHOMepHO pacnpe/iesieHHBIX HArPy30K OT IOJIBHIKHOTO COCTaBa).
B cayuae MocToB MIst IBYXNYTHOTO [BHAKEHHS! YUHTHIBAETCS HarpysKa
TOJNbKO Ha OAUH NMyTh. JlHHaMHUYecKue BO3JEHCTBHSI OT MOABHIKHOTO
COCTaBa He NPHHUMAIOTCS BO BHHMaHHe.

Benuuuna xosdduinuenta ropH30HTAJIBHOH celcMHYeCKOH Harpys-
KW ofpiuno npuuuMaerca papsoit 0,2. Ilpu nposepkax Ha onpoKHIHI-
Banpe K 3Toil HArpyske go0aBnasiercd BePTHKANbHAs Harpyska ¢ Ko-
spdunnentom 0,1, manpassieHHas BeepX. Jlomyckaemble HalpsiKeHHS
IIpH yyere 1 6e3 yueTa Harpy3KH OT NMOABIKHOTO COCTaBa NPHHUMAIOTCS
B 1,7 pasa Gosibllie fONMyCKaeMbIX HAMPsiKeHH TpU OGBIYHBIX YCIOBHAX
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narpyxenust. Takum o6pasom, aas cranu SS41 nonyckaioTes Hanpske.
uust 2380 Krc/cm® Ha pacTsKeHHE H H3rHO.

51 GeTOHHBIX COOpYsKeHHUH, TaKHX, KaK OTNOpPLI H YCTOH, paspado-
TaHbl HOPMBI 110 MPOEKTHPOBAHHUIO GETOHHBIX H XKeJe306€TOHHBIX COopy -
JKeHuil. B cooTBercTBUM C 3THMH HOPMAaMH ceficMHuYecKHe Harpysky
YUUTHIBAIOTCS COBMECTHO C NOCTOAHHOH HArpyskoil, NaBJEHHEM CPYyHTa
¥ BOJbI, HO HE YYHUTHIBAIOTCS COBMECTHO C IIOJIE3HBIMH HArpy3KaMH.

CelicMuYecKHe CHJIbI IPHKJIaAbIBAIOTCA B TOPH30HTANIbHOM HanpagJie-
HHMH, a UX BeJUUMHA OIpejeJsieTcs NPOH3BEAeHUEM Beca KOHCTPYKIHi
Ha Ko3(puuueHT ceficMuueckoid narpysku. Kosdpuuuent ceficmuye-
CKOH HArpy3KH paBeH NPOU3BEJEHHI0 TpeX KO3(UIlMeHTOB: K03ddu-
LlHeHTa CcelCMHYHOCTH INJIOILAJKH CTPOHTEJNbCTBa, KoadduIHeHTa, 3a-
BHCSILILETO OT THIA TPYHTOBEIX YCJOBHH, H Ko3(dHLHeHTa, onpeje/se-
MOTO KJIACCOM 3KEJIe3HONOPOKHOH JnHuK. OHH HA3HAYAIOTCS B 3aBHCU-
MOCTH OT HHTEHCHBHOCTH ¥ MOBTOPSEMOCTH 3eMJeTpAceHHil B onipeaeen-
HOM paiioHe, TPYHTOBHIX YCJOBHH TJIOWAJAKH CTPOUTENbCTBA, CONLHAJL-
HOH M 3KOHOMHYECKOH OTBETCTBEHHOCTH JKeJEe3HOJOPOXKHOH JUHUH. Be-
JHYMHBI 3THX TpeX KO3(dHUHEeHTOB IpuBejeHsl Ha puc. 6.1, a, B
taba. 6.1 u 6.2.

Tabnauma 6.1

Kosdpduuuent ceicMUUHOCTH B 3ABUCHMOCTH OT THNA TPYHTOB

TTonpa BOYHBI

Tun rpynrta XapakTepucTuKa TpyHTa KOS(POUIHERT

N =0, TonuuHa caoa = 2 M
Msrkuft N <2, tonuuua cios = 5 M 1,2

N < 4, roauuna ciaos 10 M

CJIoH JIeJIOBHSL H CJI0U aJIMOBHsT, He 1

HopmanbHu it .
p BKJIOUaloLle MATKU{ TPYHT

CkanbHple 0Bpa30BAHUS TPETHYHOTO H

CxaJbHbli
JOTPETIHUHOTO IepHOL0B

0,8

B Tex ciyuwasix, Korza yuHTbIBaeTcsi BepTHKaJbHasl cellcMHYeckas
Harpyska, BeJHUHHa KO3(ppuIHEHTa CeHCMHUECKON HATPY3KH NIPHHH-
MaeTcst paBHOM 1/2 oT ero 3HaueHHs jUisl FOPH30HTA/ILHOH COCTABJISIO-
LLei.

B cBA3u ¢ TeM, YTO BepXHHe UACTH BHICOKHX COOpYKeHu# GoJblie
nojABepxkeHsl KoseGaHHsM, pacueTHbEl KOI(DHILHEHT CeiicCMHUeCKOH Ha-
Ipy3KH yBesuuuBaercs Ha 1% Ha Kaxipli MeTD BBICOTBI COOPYIKEHHMS
Bbiie 10 M. B 310M cayuae B KauecTBe ypOBHS INOBEPXHOCTH IPYHTa
NPHHUMAGTCS OTMETKA HOJOWBHL (pyHAaMenTa A5 CoopyxeHuil ¢ ¢yH-
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E20,65 , B~
1040~ 415
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10,0 ~0,00

)

Puc. 6.1. Pacuernole s W IpHBeACHHBIE ¢ 3HAUCHUA K03QQHUHEHTOB CeHCMHYECKUX

Harpy3oK [Jis pasubiX THIOB COOpYXeHHUH o a
; . ¢ — naoTHHel {8); d—

— OpOKHbIe COoOpYyXeHHs (S); b — MoCTB aBTOCTPaj (¢); c—m ] ; -
:Oprum;ean?-sa};gl:mp (s); e —a3npauus (¢); I — GeToinble H KaMHeHaOPOCHBIE IVIOTHHBI, 2 — 3eM

AAHbIE IJIOTHHDbL

Ta6auna 6.2

Koadpuuuent, onpenensemMplii K1accom HKeJe3HOJOPOKHOH JHHHH

TlonpaBoYHbL i
Crenedb OTBETCTBEHHOCTH KoaddruuenT

Hau6osee orpeTcTBenHble (anHHH l-ro kjacca, 1,1
JMEMR 2-ro Kaacca, qmunn 1lunKancen)

O6niune (quHMA 3-TO KJjacca) 1,0

Menee orpeTcrBennble (smuux 4-To KJjacca) 0,9
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JaMEHTAMH MEJIKOTO 3a/I0XKeHHs W CBalHBIMH QyHAAMEHTaMH H/iH of.
MeTKa HH3a KeCCOHa JUIsl COOPYXKeHHIl ¢ KeCCOHHbIMH (yHAaMeHTan

JIna mop3eMHubIX COOPY2KEHHH MJM 3arayOJeHHBIX B TPYHT Yacrej
KECCOHOB pacueTHble KOI(GHIIMEHTE CEACMHYeCKOH HarpyskH yMeHp-
waiotesa. OHH onpefensioTCss NPOH3BEAEHHEM Tpex Koa(puuHeHTOR!
Koa(puLrieHTa cefiCMHYHOCTH IIJIOIIAAKH CTPOUTENLCTBA, KO3(pUIlHeH-
Ta, ONpeJe/IsieMOro KJacCoM KeJIe3HOAOPOXKHON JHHUH, U Ko3addHIen-
T4, YYHUTHIBAIOLLETO TIyOHHY 3aJI0KeHHS.

Ta6aupa 6.3
Kos¢puuuentor, 3aBucsuiue or rAyOHHBI 33J0XKEHHS

Ha BepxHell rpanulle Ha ormeTke Ha 20 M HuxKe BepXHeil

Tun rpyHnra

caos

TPa”HHUBl CHOS

&, raIOLINX TP OCBIMHEIX Harpyskax. [l paMHBIX M apoYHBIX MOCTOB
ﬁ yueTe COYETAHMs CeHCMHYECKHX HArpy30K C TOCTOSHHBIMH Ha-
e y3KaMH, C YCHJHAMY, OT TeMIeparypHhIX JebopManuil u ycaaku Ge-
goHa 3TO YBeJHUYEHHe COCTaBJseT 65%. Kpome pekoMeHzanuit mo mo-
ycKAeMBIM HalpsKEHU M HOPMEL COIEPHKAT yKa3aHHUs O xoaprmuenTax
ganaca TIpH ONPOKUJBIBAHMH, CKOJbXKEHHH, HCUePIaHHH HECylleH crio-
cobHoCTH (YHAAMEHTOB M DPaspylIEHHH HeCcyHlHX 3/eMeHTOB, KOTOphie
npHBELEHE! B TabJ1. 6.4 U HAa3HAYAIOTCA YMEHBIICHHBIMU N0 CPABHEHHUIO
¢ Kos(pdHLUHEHTaMH /1 OOBIUHBIX YCJIOBUHA PaGOThl COOPYXKEHHH.

Ta6auna 6.4
Koadduuuents 3anaca

Msarkuit 1,2 Koaddunuent na Bepxuell rpanuie
N HIDKEJIeXKAIIero ¢Jos

Hopwmadnbherit 1,0 To xe

CraJbHbIit 0,8 0,6

Koagpduunentsl, 3aBucsie oT IyGUHE!, A8 Pa3HBIX THIOB TPYH-
Ta ipuBeieHsl B Tabu. 6.3. Koraa tomiuna ciost Mensiue 20 M, Koadpu-
UHEHTEl ONPENesISIOTCsS sl BePXHel TPaHUILI KaXIOTO CJOS ¢ JHHeH-
Mfepxnocme | 1,2

Nofepxrocms,_ 1,2 Nobepxnocme | 40

epypma 11 epwmo 1 apynmy _——4
. x M " I X
Maenyi /&, ey S Annobud S
ond 10 ] v 108 Lentobui 44
x x S
7 N Crang S
Ao Lag T/ > 0,5] s nang 0,51 S

Granra S
05 / ™
1

Puc. 6.2. Mamenenne xosppuuuenta ceficMuueckoii Harpysk mo raybuse

HOH uHTepnojsuued MeXAy NpHHUMaeMbIMH SHaueHHsMH. Ecin ke
TO/IIHHA ¢J10st Npeshmaer 20 M, To KOadHHULHEHT A/ BepXHell TPaHHUIbI
HHKeJIeXKAlLlero ¢JIost MPUHUMaeTcst Kak Ha ray6buHe 20 M or BepXa BhI-
LIepacnoJIoKEHHOTO CJI0A H OCTaercs IOCTOSHHEIM B NpefesiaX yKasaH-
HbIX ypoBHe#l (puc. 6.2). OnHako nJst cKaJbHBIX MOPOA, Ha TyGHHe
20 M u HuXe, Ko3(dHUMEHT NpuHUMaerca paBHEM 0,6,
Hlonyckaemoe HampsiKeHHe NPH CeficMHYeCKOM BO3JEHCTBHH HasHa-
yaercs Ha 50% Bplle JONMYCKAaeMOro HaNpsIKEHHS! JJSI YCTOEB H OIOP
MOCTOB, MaJIbIX MCKYCCTBEHHBIX COODYKEHHH H NOAMOPHBIX CTeH, pa-
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dopma paspylleHUs

Jas KOHCTPYKUMIT npu
06blUHEIX HAaTpy3Kax

Jlns KoHCTPYKLUME npu ceil-
CMHYECKHX BO3JeHCT BUAX

Oppoxunblsaﬂne 2 1,2
CKOJbXKeHHE 1,5 1,2
Hcuepnanve Hecymeil cmo-

COOHOCTH (PYHAAMEHTOB 3,0 2,0
PaspymeHnde HecyLIMX . 17

KOHCTDYKITHH

Jlia npeiBapuTeNbHO HANPAXKEHHBX XKene300eTOHHBIX KeJIe3HO-
AOPOXKHBIX MOCTOB COYETaHMsl CeCMHUYECKOH M JPYruX Harpysox npH-
HAMAIOTCS TAKMMH e, KaK JJis Kesne300eTOHHBIX COOpPYXKeHHH, a ceH-
CMHUecKas Harpyska, Kak IPaBHJIO, YUUTHIBAETCS COBMECTHO C IIOCTOSIH-
HO#. B 5TOM carydae JOMyCKaeMble CaKHMalonIMe HalPsizKeH sl OBIIAIoT-

- ¢ Ha50%. B Tex cayuasnx, Korja ceicMHYecKHe Harpy3KH YUHUTHIBAIOTCS
COBMECTHO C ITOJIe3HBIMH, 3TO yBeJauueHne Moxer cocraBuTb 100%. Ha-
NPSIKEHHs] PACTSKEHHS! HJIM PacTATHBAIOLIME HalpSAKEHHsT NpU H3-
ru6e JOJKHBI IPUHUMATHCS HE BBIIE BeJIHUHH, NPHBEJEHHBIX B Tab/1. 6.5
JJISL Pa3HBIX PACUETHBIX HPOUHOCTeH (Mapok) GeToHa. JTH HANpPsIKEHUS

TaGauua 6.5

llonycxaemue pacTArHBawOIMe HANPIXKEHHST B NPEABAPUTEAbHO HANPAKEHHLIX
HKeJEe3HOAOPOXHBIX MOCTAX

Jlonmyckaemoe HampskeHue AN pac-

' PacyeTHas NpPouHOCTH (MapKa), Kre/cm?
TSIHYTON 30HbLI 2JIEMEHTA, Krc/cm2

300 25
400 30
500 35
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MOTYT GBITb NOBBIIEHB! NPH pacyeTax KOHCTPYKUHH Ha ceficMiYeck e
BO3JeHCTBHS.

Pacrsirupaiomue ycunust B GeToHe NpPH CeHCMHUYECKHX Harpyskay
JOJKHBL BOCHDHHUMATBCSA CTEPKHAMH apMaTyphl, A/ KOTOPOi fomyc.
KaeMble HaNpspKeHHsl paspellaercst yBeJanuuBaTh Ha 50%.

Kpome Toro, ouenka HajeXHOCTH NpH HauGoJee HEBIATONPHSATHO),
COUETAHHH MOCTOSHHBIX M CeICMHUYCCKHX HArPYSOK NMPOH3BONMTCS mpyy
yBeJMYeHHH 3THX Harpysok B 1,3 pasa.

Tpe6oBanus SImoHcKoH accounauuH ZOPOr NO NPOEKTHPOBAHHUIO ap-
TOJIOPOKHBIX MOCTOB OTHOCSATCS TOJIBKO K MOCTaM aBTOCTPai. DTH Tpe-
GOBaHHs1 KacaloTCsl HAlMOHAJBHBIX aBTOCTPaj, NpPedeKTypHbIX Jopor
H OTBETCTBEHHBIX MYHHIHIA/JbHBIX JOPOT B OCHOBHOM B YacTH IIpo-
€KTHPOBaHHS MOCTOB npoJeroM MeHee 200 M. B cOOTBETCTBHM ¢ 3THMY
TPeCOBaHUsMH CHJIa HHEPIHH, NefCTBYIOIAs Ha MOCT, ompeJefsieTcs
HODMaTHBHBIM 3HAYeHHEM CefCMHYeCKOHl Harpy3KH, YMHOMXKEHHOH Ha
TPH KOo3(puIienTa: KOIQOUIHEHT CeCMHYHOCTH MJIOULAIKH CTPOUTEb-
CTBa, KO3((PHIHEHT PYHTOBBIX yCJOBHH M KOS(OHLHEHT, XapaKTepu-
3YIOIMH COLHANBLHYIO M SKOHOMHYECKYIO OTBETCTBEHHOCTb. HopMarns-
HOe 3HaYeHHe CEHCMMYECKOH HarpyskH NpHHHMaeTcs paBHBM 0,2 or
Beca MOCTa, a 3HAUeHHUs TPeX KO3(p(pHIMEHTOB NPUBeJIeHb! Ha pHC. 6.1, b,
B Taba. 6.6 u 6.7.

Ta6auna 6.6

Kosdihunnenr, 3apucamuil or THna rpystos (aas MocTos asTocrpan)

Tun rpynra XapakTepucTHKa TPYHTa Kosdduunent

Ne 1 . I'pynTel 06pa3oBaHust TPeTHUHOrO 0,9
U JOTPETHYHOrO NMEePHOAOB

I'pyHTH [eMOBHAJLHEIX OTJIOKEHHI
C TOJINMHOH CJIOSL O CKaJlbl MeHee
10 m

Ne 2 I'pPYHTB Je/IOBMANbHBIX OTJCKEHUH 1
C TOJILHHOH CJ0d 10 cKaJsl GoJsee
10 M

CpyHTB aNN0BHAMLHLIX OTJI0XKEN I ¢
TOJIIMHON CJI0S 10 CKaJbl MeHee 10 M

Ne 3 IpyHTH anmoBHABHLIX OTJIOXKEHMH 1,1
C TOJIIMHOH ¢J0d MeHee 250 M H
TOJILIMHON YaCTH PHIXJIOrO IPyHTa

MeHee 5 M

»

Ne 4 Ilpyrue rpyHTH ‘ 1,2

Tatauma 6.7

KoaHIIHENT OTBETCTBEHHOCTH (MOCTBI ABTOCTPAL)

Knaccsl CreneHb OTBeTCTBEHHOCTH Kosdduunent
s
Kanace 1 CKopOCTHBIE MarucTpajblipie aBTOCTpa- 1
Abl
HallI/IOHaJIbeIe aBTOCTPa bl
OTBeTCTBEHHBIE npe¢)emypﬂme Joporu
CHGLL]/IEIJIIJHO obo31avyenHble 4acTH A0por
0,8
Kaacc 2 Ipyrue aoporu ,

Mpumevanue: B cayyae HEOOXOMMMOCTH MJIA MOCTOB aBTOCTPaR
1 xaacca KospuuueHT MOXKer ObiTh yBeJHueH 10 1,25.

JI1T MOCTOBBIX ONOP Bhile 25 M B CBA3H € GONBILHM NEPHOIOM cc0-
CTBEHHBIX KOJIe6aHMil MOCTOB B pacyerax HCHOJb3yeTCd ILI/IHaMquCKl:IIC’I)
Merof. BeanuiHa ceficMH4ecKOH HarpysKH, onpejesennas, Kak yxagas)
Bbiie, YMHOXKaeTcsl Ha Koadduunedt P (cu. Taba. 6.8 uau puc. 0.9),

% i Mocra.
" KOTOPHIH 3aBHCHT OT NEPHOAA COBCTBEHHLIX KoJeOaHHH MO

Ta6aumna 6.8

KoapHuueHT JHHAMHYHOCTH ISl ONOp MOCTOB

Tn rpynta KosdduuneHT B nﬁgn%%zr;zzoﬂhfgcgaepﬂogon coBCTBEHHBIX
el 0,5[5\<:T1'\251,1 1,16217“'4\42,8 Tﬁfgg
2 0,5\<:T1é51,4 1,52%’7\3?5 TB;?,’S
s 0,5 Bng ’Sm 1,76\2%’1\51,2 ?:22
e 4 0,5B\<:1T22 2 2,0B22T5/2 5 ;s;g,s

SInoHcKoil accoruanued Jopor IpeiyCMOTpeHbl 110j06HbIE pacqig:
Hble pPeKOMEHJAIuH Mo obecreyeHHI0 CeHCMOCTOHKOCTH ycToeB, MOC >
BBIX ONOP, KECCOHHBIX H CBalHBIX ¢yunamentoB. llpuBeaenbl METOL

155



pacueTa, NO3BOJSIOUIHE ONpEAeTATh PACHpeleeHUst BHEIIHHX Harpy
30K, MapaMeTPoOB HeCylued COCOGHOCTH, a TakkKe nepeMellenns q)pe{-
JaMeHTOB. ¥ CTOHUMBOCTb COOPYZKEHUH IpH CeHCMHYECKHX BosaeﬁycT:
BHAX NPOBepsieTcss Kak /s OOBIYHBIX YCJIOBHH, OXHAKO KO3(PHIIHEHTL]

T

125 ; ‘ e
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’
Tepuod  codomBentix Kanedawud moema, cex
Puc. 6.3. Koaddhuunentsl gunamuueckoii peakuuu
3amnaca NIpH 3TOM CHUXKAIOTCA. 3HaueHHs Ko3QpUIMeHTOB 3anaca s

aBTOJIOPOXKHBIX MOCTOB IPHMEPHO TaKHE JKe, KaK JJIS JKeJe3HOJIOPOK-
HbIX, W mpHBeleHB B Taba. 6.9.

Ta6auma 6.9
Kosdduunentn 3anaca nas QyHJaMEeHTOB MOCTOB
Tun $yHAamMeHTOB Hanps B oGbiiHbix Tpm ceficu-
PSIZKeHHOe COCTOsIHHE YCHOBHAX YECKHX BO3-
ACHCTBUSAX
Hecyuiast cmoco6HOCTb TpyHTa
(B ropH30HTAIBLHOM HaIlpaBJIeHHH) 3 2
OyHaaMeHTH MeJi-
KOr0 3aJI0KeH
g é’)yﬁf‘ Hecymas crmoco6HoCTs TpyHTa 15 11
B BepTH ’ ’
R (B BePTHKAaJLHOM HanpapJeHuH)
CkoJibKeHHe 1,5 1,2
)
Hecyiias crnoco6HOCTE TPYyHTA
(B BepTHKAJBHOM HaNpaBJIeHHH) 3 2
[0 MOJOIUBE KeCcoHa
Keccontrie
Hecyluast cimocofHOCTE B BepTH-
KaJlbHOM HampaBJeHHH §o OOKO- 1,5 1,1
BOH NOBEPXHOCTH
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2) CucreMbl BOROCHAOKEHUS

Paspa6oransble §1MoHCKOIl accouMaillieil BOJOCHAGXKeHHs METOABI
CTPOMTEBCTBA CeliCMOCTOHKMX CHCTEM BOJOCHAOXKEHHsI YYMTHIBAIOT B

‘KauecTBe pacyeTHBIX TOJIHKO KO(PPUIIHEHTHI TOPH30HTANBHON ceficMuye-

ckoli HATPY3KH Ha BOAONPOBOJbl. HopmariBHbIE SHAUEHH: KO3(u-

_[eHTOB CeliCMUHEeCKOH HarpysKd B pasHbIX pafloHaX yCTaHOBJIEHBI Ha OC-

HOBaHUH TULATEJBHOI'O H3ydeHHA reorpa(bquecxux H Tonorpacpuqecxnx

_ocobeHHOCTel pedibeda, a TaKKe IPOrHO3HPYEMOH cefiCMHYEeCKOH aK-

THBHOCTH B TeyeHHe 75 JeT. Kpome TOro, NPHHATO, YTO HOPMATHBHO®
sHauenHe Ko3phuHenTa ceficMUUECKOIl HArPY3KH AOJKHO MPHHUMATD-
csi He menee 0,1.

PacueTHble 3HayeHHs! KOI(QHHLUHEHTOB ceficMUUecKoil HArpys3kKu AJis
CTPOSILLUXCA B 3aJaHHOM paiione COOpYKEHHIl ONpee/sioTcs YMHOKeE-
HHeM HOPMATHBHBIX KO3(pQHIIHEHTOB Ha KO3(QUIlHEeHTl, 3aBHCALLUE OT
IPYHTOBbIX YCJOBHIl TJIOMIAAKH CTPOMTE/]BCTBA M THIIA COOPYKEHHS
(ra6a. 6.10). Pacuernble KO3(ULMEHTEl TPHHAMAIOTCS HE MeHee 0,1 u
ge Gosee 0,3. Opuaxo A/ COOpY?KEHHI THIIa BOJOHANOPHBIX fariex,
MOCTOB MarHCTPajbHbIX BOJZONPOBOAOB H JPYIHX crienMaJbHBIX COOPY-
JKEHHil PeKOMeH1yeTcsl IPHHHMATh 3HAUCHHS K03(hQUIHEHTOB HE MeHee

0,4.
Ta6auna 6.10

Pacuetsble KO3(HUHEHTDI ceficMMYECKOH HATPY3KH Ha CHCTEMBI

BOJOCHA0G KEeHHS
CHCTEeMB DaweHHbIe
OUHCTKH , coopy:XKeHud, Jlupuy
Tum TPYHTA OTKpHTble | MOCTE MarHCT- noxapoTryue-
Kananbl panbHbIX HUA
BOJOIPOBOJOB

Cxana, [JIOTHBIH NecYano-rpaBuiiHbIi 0,4 0,5 0,3
TPYHT
Hemosuit 0,7 0,7 0,7
ANMOBHAJbHEE TPYHTHL 1 1 1
PuixJipilt TPYHT 2 2 2

Ipu pacyere COOPYKEHHH Ha celicMigecKye BO3JeHCTBUS JOMYCKae-
Mble HampsKeHHsl AJs TaKuX MarepnajoB, Kak GeToH, KeJie300eTOH
H cTajb, YBEJHYMBAIOTCH B 1,5 pasa. HomyckaeMoe AaB/eHue Ha CKaJb-
Hble TPYHTHI TaKKe MOBbIIAETCH B 1,5 pasa, a B c/ayuae AeJioBHa/IbHBIX
HanJIacTOBAHUH, a/IOBHAJbHLIX TPYHTOB H cBaliHBIX OCHOBaHMH NpH-

HuMaercs 6e3 yBeJHYEHHUS.

3) NaoTHHbI

Pacuer MJIOTHH IPOU3BOJHMTCSI B COOTBETCTBHH C HOpMaMH (CTaH-
Aapramu) SIMOHCKOrO HalMOHA/ILHOTO KOMHTETa 10 OOJBILIUM IIJIOTH-
uaM. CorjlacHoO 5THM HOpMaM, CeHCMHYeCKHe Harpyskd IPUHHMAIOTCS
AEACTBYIOUIUMH TOPHU30HTA/IbHO B HanpaBJeHHH, TNepreHAnKYJisipHOM
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OCH TIJIOTHHBI. BepTHKabHbie ceficMudecKue HarPY3KH HE YUHTHIBaIOTCy.
Jlns oupelesenust Hanpsizkenuil npil CeliCMHYECKHX BO3JACHCTBHSX j
rPaBUTALUHOHHLIX IJIOTHH W JaM0 HCIOJb3yeTcs MeToA KO3(hdHuLMenTy
cefiCMUUECKOH Harpysku, a /s apo4HbIX IVIOTHH DaspellaeTcs npy-
MEHSATb KaK 3TOT MeTOJ, TaK W METOJbl pacuera, OCHOBaHHbIE Ha AuHa-
MHUECKHX HCCAeJOBAHUAX.

PacueTHblil KO3(Q(HUILHEHT CeiCMHYECKOH HAarpyskH Ha IJIOTHHBI O1l-
pefesigeTcst Ha OCHOBe KO3I((HIMEHTa CelCMHYHOCTH I'PYHTa, KOTOPLIN
YMHOXKaeTcsi Ha KOS(HUIIHEHT, 3aBHCALLMI OT THIIA IJIOTHHHI. Koaddu-
IIMeHT CeHCMHYHOCTH TPYHTA TNPHHHMAETCs B TPeJe]ax, YKasaHHbIX
B TaGa. 6.11. Pajionbl, oTHeceHnbie K THDaM A W B, nokasaHbl Ha
puc. 6.1, c.

TaGauuna 6.11

Kos(pdriunenT celicMHYHOCTH A MJIOTHH

Paitonm A I Pationnl B

Tun IWIOTHH 5
Bertonnas maoTuHa \ 0,12—0,2 0,1 —0,15
KamuenaGpocHasi nJl0THHA
3emdsiHasl TJIOTHHA E 0,15—0,25 l 0,12—0,2

Hnst GETOHHBIX T'PABHTALUOHHBIX IJIOTHH, NOJBIX I'PaBUTAIlHOHHBIX
IVIOTHH ¥ HACHIMHBIX IJIOTHH KO3(DpULHUEHT CeHCMHUHOCTH TpyHTa yM-
Hoxkaercd Ha 1. At apodHBIX NMJIOTHH NOBBILAIOMINE KO3(MQULHEHT Ol
pejessieTcss Ha OCHOBAHMHM MCIIBITAHKE MOJeJEH WJH IPYTHX AHHAMH-
yeckKMX uccaenoBanuil. Ecau XKe TakHe HccleloBaHusl He IIPOBOASITCS,
NOBBILIAIOIHHA KO(pPHIHEHT NPUHUMAETCS PaBHBIM 2.

Kak ye orMeyasoch, HOPMBI He COAEPKAT CrelHaJbHbIX PEKOMEH-
JAl|f 10 yYeTy BepTHKAJbHBIX COCTABJIAIIIHX CEHCMHYECKOIO BO3-
meiictBrsi. OfHaKo, KOrja CUMTAIOT, YTO OHH MOTYT OKaszaTb OoJibliiee
BJIMSIHHE Ha YCTOHYMBOCTb IJIOTUHBI, HX HCOOXOAUMO YYHMTHIBATH B pac-
yete. B 3THX cayuasix KOIQQHIHUEHTH BePTHKaJIbHON cefilcMHYecKCH
HATPY3KH MOIYT NPHHHMarbcsl A0 1/2 BequUHH AJs TOPU3OHTAJbHOI
celicMHYeCKOH HAarpysku.

YkasaHHble KO3hPUILHEHThl CelICMHYECKON HarpyskH IPHHHMAIOTCH
JJIsT CcJydaeB DacyeTHOTO 3allOJHEHUS] DPe3epByapoB BOJLOXPAaHHJIHIL.
[Ipu He3anosHEHHOM BOAOXpaHMJIHILE HJIH NIPH KPATKOBPEMEHHOM Ipe-
BBIIIEHHH DPACYETHOI'O YPOBHSI BOJBI B IEPHO/I MABOAKOB JONyCKaercs
KO3(hpHLHEHTHI CeliCMUYECKOH Harpy3KH NPHHHMAaTh BJBOE MEHDbIIHMH.
[1pu atom npexnnoJaraior, 4to GOJbLIME NABOAKH M CUJIbHBIE 3€MJIETPs1-
CeHHs1 He MOTYT IPOH30HTH OJHOBDEMEHHO.

KpoMe HHEPLHOHHEIX CUJI B TeJje IIOTHHBI Ha Hee JNEHCTBYET I'ni-
DOAMHAMHYECKOE JaBjieHHe, CO3/aBaeMoe CHJOH HWHEepIHH CTosYe
BOIBl. I'mapoauHaMuuecKoe jaBjeHHe onpejenasercs no gopmysaam Be-
cTeprapia MJM 3aHrepa, KoTopble OYAYT PacCMOTDPEHbl B CJIEAYIONIMX
paszenax. dtu GopMyJibl OblJIH [epBOHAYA/ILHO TMOJYYEHBl TPH Tpedno-
CBIIKE O IJIOCKOH MOBEPXHOCTH ILJIOTHHBI, OJHAKO OHU 6e3 H3MeHEeHHi
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¢ \eHUMBL M J/Is1 apOUHBLX njioTHH. B aTOoM caywae mpeanoJiaraercs.
Hrmpoguﬂalxmqecxoe naBJeHHe HanpapJeHO N0 pajuycy TOpPH30H-
cqpHOH apKH.

ﬂoﬂyCKaeMbIe HampAXKeHUA paspelaeTcsi onpenessaTh NOBHILIEHHEM

OUHOCTH gerona Ha 30%.

iﬁ? Xotsl J/Ist HACHIMHBIX TJIOTHH HOpMaMU JIOHCKOrO HaLHOHAJILHOTO
© oMETETa 10 GOJIBIIMM IIOTHHAM He NPelyCMOTPEHO JeTabHBIX Tpe-
xe apuil K ofecrnedeHuio X yeroftunsocTH, MUHHCTEPCTBO CE/IBCKOTO
t’,?,oflecuoro xo3siiicTBa TpedyeT, uToOBI Koa(pu(bHuHeHT 3amnaca o CKoJib-
/‘;jermO OTKOCOB 110 KPYTJIOUHMJIHHAPHIECKOU NOBEPXHOCTH OLLT HE Me-

pee 1,

4) MopThl M raBaHu

CrnpaBoYHHK TO NPOEKTHPOBAHMIO MOPTOB H I‘aBaHeﬁ,uOHdeI/IKO-
pannplil B 1946 1. SIIOHCKOII accolnaluel nopTos U rapaseli, CONePKUT
OCHOBHBIE TPe0OBaHHsA IO CTPOHTEJIBCTBY TAKHX coopyxeHnii B Simo-
. K COOpYIKeHISM, LIS KOTOPBIX cefiCMigeckas Cila TpeAcTaBJseT
oGOl CYIIECTBEHHYIO BHEIHIO HAarpysKy, OTHOCATCH pUYaIbHbIE
crenkH. JUIs HEX MPHHATO CEACMHUECKYIO CHITY ONPEASATh TpOU3BeNe-
HueM TIOCTOSIHHOI HArpy3KH, BKJOUas NPATPYS, HA PACIETHRIN koabdu-
[MEHT CEACMHYecKOoH HarpyskH. AtoT KO(pUIHEHT 3aBUCHT OT THIA
M OTBETCTBEHHOCTH COODYZKeHHsl, a TaKxe OT TPYHTOBBIX yCJIOBUH
CTPOHTENbHO TVIOMLANKH {cm. puc. 6.1, d). TIpenycMOTpeHBl TaKKe ana-
JIOTHYHBIe PEKOMEHJAUNH MO pacyery NOKpLITH namb, BOJTHOPE3OB H
GeperoBbIX 3aUlUTHBIX COOPY2KEHHH.

5) 3nanus

SIIOHCKHIT CTPOMTE/IbHBI KO OBLI paspaGoran B 1950 r. Kpome
ajanuil B cepy NpHMEHeHHsl STOTO KOJa BXOIAT Takue COOpYKEHHA,
Kak TpyGbl ¥ BOJOHATIOPHBIE GallHH. MeponpusTHs TIO aHTHCEHCMUYe-
CKOil 3allliTe B KOJAE H COOTBETCTBYIOIIUX TEXHMUECKHX YKa3aHMAX H
TpeboBaHusX CcHOpMYJHPOBAHBL B BHIE 6o pexomeHpanuii, au6o
orpanvuenuil (Hanpumep, MO KOMIOHOBKE HECYIIHX CTeH, AMAaroHab-
HbIX CBsisell, MUHHMAJBHOMY IUHaMeTpy KOJIOHH).

CeficMpuecKass Harpys3Ka orpefessercs B pesyJbrare yMHOKEHUH
CYMMbI MOCTOSIHHBIX M TOJIE3HBIX HATPY30K (st pailoHOB C MHTEHCHB-
HLIMH CHETOOTJIOXKEHHSIMH K HMM H00aBJsieTcsi cHerobasd Harpyska) Ha
K03((hHIHEHT TOPU30HTA/BHOMH ceﬁcmuqecxoﬁu HaTPY3KH. HUOpMaTI/IB-
Hble 3HaueHHsi Ko3(UIEEHTa TOPH3OHTAILHO!N CeHCMUUeCcKol Harpys-
KH ONpeestioTcsi B COOTBETCTBHH € ta64. 6.12. OcofGeHHOCTb HOPMATHB-

. HHIX TpeGoBaHUil 3aK/0YaeTCs B HasHAICHHHU pasHbIX KO3(HUIHEHTOB

B 33BHCHMOCTH OT OTMETKH HaJ yDOBHEM 3eMJIH. . .

Tlpy HasHAueHHH PacueTHbIX KOI(QUUHEHTOB ceficMuueckod Ha-
TPY3KH BeJUUMHL HOPMATHBHBIX KOS(OHUHEHTOB pasperaercst CHH-
XKaTh TakKuM o0pa3oM, YTOObI Mocsie YMHOXKEHU:A Ha Ko3(puLIHeHTH,
yKazanusle Ha puc. 6.1, e u B TablL. 6.13, pesysbTaThl COOTBETCTBO-
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Tabauma 6,19
HopmaTussble koadbHUHEHTH cEACMUUECKON HArpy3Ku Ans 31aHUN

Ne Kounerp ykuuu sganus HAH OTAENBHBIX KosdhdunyeHT rOpH3OHTANbHORN
m. m. ero uactei celcMHYECKOH HarpysKH
1 YacTu 3ganuii HUXEe OTMETKH 16 M 0,2

2 YacTu 3paHuil Beile oTMeTKH 16 M [Beanmuuna no n. 1 yBeauuuBaercs
Ha 0,01 nHa xamxiawie 4 M Bbie 16

3 | KoHCTpyKuMH JiepeBSHHBIX 3JaHHE B 0,3
palloHaxX oyeHb MSATKHX rPYHTOB*

* K MATKHM TPYHTaM OTHOCAITCHA aJiIOBHAJILHBIE TDYHTHI, COCTOSIIHE H3 PAaCTHTEJbHOrO
c10 5 ToJMHOR Gonee 30 M, W HachiMHmE I'PYHTHl (3aceinka 6ojor, TONER M T. M. MYCOpoOM,
IrpsI3bi0 NPH BHICOTE 3AaCHNKY NpuMepHO Gosee 3 M ¥ mpomecTBuu He Gonee 30 JeT rocse 3a-
CHIOKH TAaKHMH MaTepHAJaMH).

Tabauna 6.13
Koadduunent, 3apucamiuii OT rpyHTOBHX YCJAOBMA M THUNA 31aHUS

JKeneso6eTonHbIE
3JaHUA CO CMe-
IAHHBIMA HECY (M-

JHepepsu- 3panus co | MH KORCTDYKUMS-
MH {CTalb H
Tpynr HblE CTaJbHbIM #Kese306eToH ),
3QaHU S KapkKkacoM 30aHUsA CO CTajb-
HbIM KapKacoMm H
GeTOHHbIMHU
CTeHaMH
Ckana, MJIOTHBIA IecYaHO-TpaBUAHKIH 0,6 0,6 0,8
CJOH H I'PYHTHI, COCTOSLIHE B OCHOBHOM
U3 cjaoeB 00pa3oBaHHS TPETHYHOTO H
JOTPETHYHOTO HepHOJA
Ilecuano-rpaBuitHpit  cJa0if, TWIOTHEE 0,8 0,8 0,9

[JIMHBL € COZlepIKaHUeM TeckKa, CyIJMH-
KM, TPYHTBI, COCTOSILIHE B OCHOBHOM
U3 JIeIIOBHAJLHEIX CJI0EB HJH CJI0EB rpa-
BHsI, TOJUMHON Gosee ~ B M, ando-
BHAJbHBIE CJAOH NecKa ¢ TIpaBleM

BaJIH HOpPMaTHBHBIM Ko3dpuiuentaMm. Ha puc. 6.1, ¢ npuBeneHsl 3Ha-
yeHHs Ko3(ppHIMEeHTa B 3aBHCHMOCTH OT CeHCMHYHOCTH IJIOMaAKH CTPOH-
TeNbCTB2, a B Ta6a1. 6.13 — kKoaddunuenra, onpenenaseMoro rpyHTO-
BLIMH YCJIOBHAMH H THIIOM KOHCTPYKTHBHOTO pelleHHsl 3jaHust. Eciau
IPH pacyeTax INPOU3BENEHHE JBYX K03(p(dHIHEHTOB (ro puc. 6.1, e u
tabs. 6.13) menbwre 1/2, To npuHuUMaercs 3HaueHHe 1/2.

[TockoNbKy ceficMIyeCcKHe HArpysku AeHCTBYIOT B TeYEHHE KOPOT-
KOTO NIPOMEXYTKA BPEMeHH, Da3pellaeTcss BEJIHYMHBL JOIYCKAEMBIX Ha-
NpsKEHUH, NPHHATHIX AJS A0JIOBPEMEHHBIX BO3LEHCTBHI, YMHOXKAaTh
Ha Ko>(QbHIHEeHTHI, YKa3aHHble B Tabi. 6.14. Takum ofpasom, gomyc-
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Ta6auna 6.14
Koad)dmul/ieﬂ‘ru IJS DONyCKAaeMbiX HanpsXeHHH

e
MaTepHaﬂ W BHJA Hanpsi2KeHHOI'0 COCTOAHHA il;IOOBbILLIa}OHLHf{
s dulHeHT
PE—
JlepeBo— CXKaTHe, pacTsiKeHue wujH U3rnd, CABUT 2,0
CrpoHTesbHas CTajb-—CKaThe, pacTaxeHue, uaruG, cuBur, cmi- 1,5
rHe DPH IUIOTHOM KacaHHH
PeToH—CiKaTie, PacTsKEHHE, CABHr WJIM CUEMJIeHHe ¢ apMaTypol 2,0
CpapHble COeJIHHEHUS — CKATHE, DACTsxeHue, u3rub, CABur mome- 1,5
eyHOro CeueHHs: IBa
%mcoxonpowue G0JITH — IOBEPXHOCTb TPEHUS 1,5
" Hecywas cnocoSHOCTE CPYHTOB 2,0
Hecyiast cnocofnocTh CBaf 2,0

KaeTcs MPUHATHE 2/3 NPOYHOCTH GEeTOHA Ha CXKATHE Opg M HANPSKEHHS
2400 krc/cM® gus CTaM Ha pacTsKeHde, CXKaTHe W H3THO.
Acconuauneil umxenepos-crpontenei Kanmugopuuu (CIHA) paspa-
GOTaHbl PEKOMeHJALHH IO ONpeAeJeHHI0 TOPH30HTAJbLHBIX ceicMuYe-
CKHMX HarpysoK Ha 3[aHHsI, B OCHOBY KOTODHIX MOJIOXKEH JMHAMHYECKHH
XapaKTep DeaKLHH COOPYMKEHHI NpH CeficMHYeCKHX BO3JeficTBUAX.
Beesieno TpeGoBaHue, YTOOB 3JaHHA M COODYXKEHMS BbIAEDKHBAJIH BCE
rOpU3OHTa/bHEIE HATPY3KH, ONpejesseMble 10 (opMyJe

V = KCW, (6.1

rne V — moanasi capuramomas cuja B yposue ocHoBauusi; C — KoshdHIHeEHT,
3aBUCAULMI OT nepuoia co6CTBeHHbIX Kosebanuil coopyxenns; K— kospduuneHr,
3aBUCAUIMHA OT THNAa KOHCTPYKTHBHOrO pewenus; W — ofmas HOCTOAHHAS
Harpyska.

KosddunuenTsr ceficMHUeCKOH Harpy3ku BblpaKeHbl B BHJE [POU3Be-
fenust 1Byx kosdpunventoB K u C. Kosbduuuenr C, saBucsuiui or
nepuosia coGCTBEHHBIX KOJe0aHHil COOPYXKeHHs:, AJsi JKeCTKMX OJHO-
STaXKHBIX ¥ JABYX3TaXHbIX 3JaHHH TNPUHAMAETCS

C =0,l, (6.2)
a A5 THOKMX COOPYXKEHH{I THMa BBICOTHBIX 3JaHHil
0,0
C=2B (6.3)
VT

rae T — mepHoj OCHOBHOTO TOHA KoseGanuii coopyenus (T He MoxeT 6HITh NpH-
uaT menee 0,1 ¢).

Kospduurent K aJst 31aHAH OOBIYHOH KOHCTPYKUHH IPHHAT paB-
HeIM 1, a nas coopyxennit — 1,b.

Tosnas ceficMHuecKasi Harpy3Ka, onpenensieMast no dopmyJe (6.1),
NMpHKJIaJBIBaeTCsd MO BBICOTE 3JaHHsA HEPAaBHOMEPHO, a B COOTBETCT-

1 Nunamuuecku¥ pacuer 3TaHHH M COOpPYXMeHHH Ha ceficMHuecKHe BO3JeH-
CTBHSI HCIOJNB3YeTC B HOPMax GOJIBLLIMHCTBA CTPaH, PacloJIOKEHHLX B Cceil-
cMuueckux pafionax. ([Tpum. nepesoduuxa.)
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BHH ¢ Bblpa}KeHHeM
O 1 2 T 6 .4)

- D wy by
X

rue l—x — TOPH30HTAJbHASA HaTPy3Ka, NPHAOCKEHHAsT B YPOBHE X; hx -— pacceres-
HHYE OT OCHOBAHHS A0 YPOBHSA X, Wy ~— HYaCTb NOCTOAHHBLIX HATPY30K, NPHJACKEHHLI X
HJIH paccMaTpHBaeMbBIX B yPOBHC X.

6) AroMHble 3JIeKTPOCTAHLNH

ATomuast sHepreTHKa B SINOHMH B HacTOslee BPeMS HAXOIHTCS B
CTaJ{H Pas3BUTHS, W JJIST aTOMHBIX 3JEKTPOCTaHUHUII ellle He pa3pabo-
TaHbl HOPMBI TIpoeKTHpOBaHus (cranaaptel). OJHAKO co3iaHHBIE $Inon-
CKMM 3JIEKTPOTeXHUUEeCKHM 0OLIeCTBOM TeXHHYEeCKHe pPeKOMeHJAllll
1o ceficMOCTONKOCTH ATOMHEIX 3JEKTPOCTAHIMH NPUMEHAIOTCA B Npak-
THKe NPOeKTHPOBAHUSA KaK HOpPMBL Bce coopyKeHHSI aTOMHBIX 2JICKTPO-
CTaHIMH MOTYT OHITH MOAPa3Je/eHBl Ha TPU KJacca.

Kunace A. CoopyKeHusi, BHIXOJ U3 CTPOSi KOTOPBHIX CO3JaeT onac-
HOCTb pafoTe aTOMHOTO peakTopa, WJH COOPYXeHHS, HeoOXOAHMbie
IJIsT 3aUATHl HACEJEHHS OT PaJMOAKTHBHOTO M3JydeHHS B cJaydae apa-
pHH.

Knacc B. CoopyxeHnus ¢ MaTepuianaMiu BHICOKOH pPaZuOaKTHBHOCTH,
KpOMe COOpYKeHHH KJjacca A.

Knace C. CoopyxeHusl ¢ mMaTepuajaMi, He [ONAJAIOUIUMU B KJac-
col A u B, 17151 KOTOPLIX HEOGXOIMME! OOLIUHEIE MEPOIPUSATHS 110 aHTH-
ceficMHUeCKOH 3amiuTe.

CeficMuueCcKHe HArpy3KH YUHTHIBAIOTCS COBMECTHO € INOCTOSTHHBIMH
¥ [oJIe3HBIMH HarpysKaMmu. KoadounueHnTsl cefcMM4YeCKOH Harpysku
OTIpeNIeJISIOTCST YMHOKeHHeM KoaqduieHToB B TabJ. 6.15 Ha Ko3ddu-
UHEeHTHl CTPOUTENBHOTO KOJA B 3aBUCHMOCTH OT CTEIIEHH OTBETCTBEHHO-
CTH COODYIKeHUs,

Tabauna 6.15

KoadidpuuueHTH yBeauueHHs] HOPMATHBHHLIX KO3D(HIHEHTOB CeHCMHUECKOH

Harpysku
Kaace Lns soaneficTsuit B Jna Bo3feiCTBHH B BePTHKANLHOM
COOpYXKeHus TOPH3OHTAJIbHOM HaTIP aBJTEHKH
HAOpaBheHHH

A 3 1/, oT Ko3hdHUKEHTa TOPH3OHTAILHOLN
CCHCMMUECKOH HArpysakd B OCHOBaHHH
COOpYKEHHS

B 1,5 He yunThiBaetcs

C 1 He yunrbiBaeTca

BuyTpu knacca A BBUIEJSIIOTCSt COOpYZKeHHsl 0COB0H OTBETCTBEHHO-
CTH (KOHTefiHepHI J/1s PeaKTUBHBIX MaTepliaJioB, allapaTypa OCTaHOBKI!
peakTopa u JAp.}, KOTOpHE OTHeceHBl K Kiaccy AS. s coopykemuil
Kracca /S npoBepka HaJeXKHOCTH NPOH3BOJNTCS JIIst C/yyaeB apBa-
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conpX HArPY3OK, HOPMaJbHBIX SKINTYaTALHOHHBIX HAarpy3oK u pac-
geTHBIX CEHCMUUYECKNX HATPY3OK, a Talke IPH COBMECTHOM AeHCTBHH
" colicMHUECKHX HArpysoK B 1,3—1,5 pasa Goablue pacueTnbix u Hop-
Ja/pHBIX KCIIYATUHOHHEIX HArPy3OK. Hapexnocts cicrem tpyGo-
[pOBOJIOB TIPH CEHCMIUECKHX BOSJCNCTBHAX NPOBEPSETCS OT/E/bHO.

st coopyKeHHH Kjacca A KpoMe CTaTHUECKOTO PACUYETA TPOBOHTCS

: }II/IHaMquCKHﬁ pacueT Ha 3eMJIeTPsiICEHHe MaKCUMaJbHOH UHTCHCHBHOCTH,

BO3MOYKHOE B paloHe CTPOMTEJbCTBA, € YBeJHYEHHEM IapaMeTpoB pe-
aKIHM B JBa pasa.

MaKcHMaJIbHBle DacyeTHBIe YCKOpeHHs KoJeGaHUi IPyHTa B YpOBHe
KOPEHHBIX TIOPOJI, KOTOPBIC NPHHUMAIOTCS JJIsl NPOEKTHPOBAlHs aToM-
HBIX 3JeKTpocTanuuil B flnouny, Kak nokasano B taba. 6.16, cocrasais-
ot 180—300 gal.

Tabauuma 6.16

fIpumepul pacyeTHHIX ceficMMUECKHX BO3AEHCTBHIA 1Sl ATOMHbBIX

9NEKTPOCTAHILMiA
Oxujaemast MHTeH-
DexTPO- | CHBHOCTE cefiCMHuec- Tun Mompnoctp, | MarcuManbhoe yckopenre
CTAHLHS KOTO BO3ZEHCTBHS B peakTopa MBr fp# AuHAMUYECKOM
TeueHue 75 Jer, gal pacueTe, gal
A 50—100 BWR 524 200
B 100 BWR 460 180
(KopeHHble TOPOAH)
C 200 BWR 540 3
D 100—150 PWR 500 300
(xopenHble TIOpOAbLI)
E 100—150 PWR 826 270
(KopeHNBle TOPOAL)
F Menee 50 BWR 460 200
(KopeHHble TIOPOABI)
G 100 Kangep Xoan — 150
(IIOBePXHOCTE 3eMJIH)
H 100 C ucnoJis3o- — 250
BAHHEM T+ (KopeHHblE TOPOAH)
}KeJofl BOZBI

‘Fnasa 7. JABJIEHUE I'PYHTA
BO BPEMS 3BEMJIETPSICEHHUS

7.1, BBEJLEHUE

TloBpexaenus: npu uHTeHCUBHOCTH 91 GoJlee GaJioB 1o xane MM
KaYeCTBEHHO OTVIMYAIOTCST OT MOBPEXIEHNH TIPH HHTEHCHBHOCTH BO3JeH-
CTBus 8 6a/1s10B U HuKe. [IpUYHHA TAKOTO PE3KOro PasjiHyHs 3aKJ04a-
€TCs1 B CHHKEHUM IPOYHOCTH IPYHTA, NOABEPraeMOrO WHTEHCHBHEIM KO-
JeGanusiM. BosIbIIMHCTBO MOBPEXKACHHH H paspymenuil NpH seMaeTps-
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CeHHsX, CBASAHHLIX CO CHHMXKEHHEM NMPOYHOCTH M OOPYUICHHSIMH TPyH-
TOB, MPOSIBJAAIOTCSI B BuJE ONOJ3HEH, CPLIBA TOPHBIX MOPOJ, PasXkHXKe-
HHUsi TPYHTA, PacC/IoeHMsi HachllleH M ocalloK (yHIaMeHTOB.

Hawu6oiee onacunl npu semaeTpsicenusnx onoasuu. Korga ouu goctu-
raloT paBHUH, 3ace/ieHHble palOHB NOABepTraloTcsl OOJMBLUUM pa3pyille-
HHAM, KaK CJAYYHJAOCh, Hanpumep, B AHKODHZXKe BO BpPeMsi 3eMJIETPs-
cenust Ha Ansicke B 1964 r. OnosizeHb oKoJio KOHras nipu semserpsice-
Buu B Ilepy, 1970, npeacraBisia cofoil MOTOK, KOTOPBIH IBUTAJNCK €O
CKOPOCTBIO 0K0Ji0 40 KM/4 ¥ NOYTH MIHOBEHHO TOTJIOTHJI BeChb TOPOJ
(puc. 7.1). Taxkuke TpoMajiHbie ONMOJ3HK He 00513aTeTbHO NPOUCXOAAT B
MECTHOCTAX C KPYTBIMH CKJIO-
nHamMu. OHUY MOT'YT POU30HTU
TaM, TJe CJI0H Caaloro rpyH-
Ta MOACTUIAIOT MaJOCBs3-
HbIE€ IOBEPXHOCTHBIE I'PYHTHI.
Kak Toabko cnabple TPYHTHI
TepsIIOT  HECYULYIO  Crocod-
HOCTb IIPU 3eMJIETPsSICeHHH,
60oJbllIe MaCcChl TOBEPXHOCT-
HOrO CJI0Sl HaYMHAIOT JBH-
ratbesi. Ecim  noBepxHocrt-
HEI  cJ0ff  IOCTAaTOYHO MO-
HOJIMTHBIH, ONAacHOCTb HOpHU
TIOJBHKKaX MOBEPXHOCTHOTO
¢J10 He o4eHb Besauka. Oj-
HaKO €eCAH TPYHT TOBEpX-
Puc. 7.1. Onomsens B Xyackapane (3emae- HOCTHOIO CJIOA HeAOCTaTOU-
tpacenue B [lepy, 31 mas 1970) HO IUIOTHBIH, To OoJibliile

Macchl OGJIOMOYHBIX TNOPOJ
BMeCTe C BOJAOH 00pasyioT rpsizeBol NOTOK, KOTOPHIH CO3AaeT GOJbIIYIO
ONaCHOCTh K NPUBOAHT K OTJIOKEHHIO TOJICTOrO CJOSl TPS3H BHH3Y IO
TEYeHHIO.

Crenyer oTMeTHTh, YTO B pPaHOHAaX, HOJBEPXKEHHHIX B OGBIYHBIX YC-
JIOBHSIX OIIOJI3HEBLIM IBJEHHSM, He 00si3aTebHO UPOUCXOAAT OMNOJN3HU
BO BpeMsl 3emvieTpsceBuil. Hanpumep, MeCTHOCTb BHOJIb KEJI€3HOJO-
poxHo# JquauH TocaH B pafioHe CUKOKY H3BeCTHA KaK 30Ha UHTEHCHB-
HBEIX onogsnefl. Oxnako Bo BpeMs 3emuserpsicenust Haukaii, 1946, ue
ObLIO OTMEYEHO CepPhe3HBIX ONoJ3HeH B 3ToM paione. Ha ceBepo-3a-
nafe npeekTyprsl I'ndy pacnojoxena goguna ¢ GOJBHIMM YHCJIOM 3a-
IMTHEIX AaM0. Bo Bpemsi semaerpsicenust Kuta-Muno, 1961, necMorpst
Ha TO YTO B COCeJHHX JOJHHAX TIPOH30OLNIO MHOTO 00BaJoB, B YKa-
3aHHOH JOJIHHE NpPaKTHYeCKH He OBIIO HapylueHHH pesbeda.

CpbIB TOPHBEIX TIOPOJ, MOXKET 4acTO IIPOMCXOAUTDL B pafioHaX ¢ Kpy-
ThIMH CKJIOHaMH HJH BOJH3H 30H pasioMoB. BOIH3H PasiioMoB cIoJisa-
HHE TOPHLIX IIOPOJ YaACTO IPOUCXOJAUT 110 NPSAMOU BAOJb JHHUH COPOCOB.
B mecTax 0oJIbIIOTO KoJIMYeCcTBa ONOJI3HEH Macca CrOJN3alouuX HOpOJ
MOXeT COeAHHATHC M 00pa3oBLIBATL IPsi3eBble IIOTOKH, NepeKpbiBaio-
muye pekd H oOpyIIMBAIOIIUECs Ha KuJple AOMa.
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b PasKuKeHHe IPYHTa TPOUCXOAHT B CIOSAX MeCKa ¢ PBIXJIOH CTPYK-
poil 1 BBICOKHM YDOBHEM IPYHTOBBIX BOA. Bo Bpewms 3eMJIeTpsICeH U
XHHE YaCTH TaKHX CJ0EB TEPSOT HECYINYIO CIoCOGHOCTL, B pesy.ib-
e COOPYXKEHHUsI, IOCTPOEHHbIC HA STHX IPYHTAX, NOJYYAIOT OCanKy, a

'ﬁnyéﬂeﬂﬂme B TPYHT CHCTEMbl HHXKCHEPHBIX COOPYXeHHH paspyuia-
'gorcs H BCILIBIBAIOT. XapaKTepHbIM MPHMEPOM TaKHX MOBPEXKICHMHL 5ib-
~gaercsi . Huurara Bo Bpems semseTpscenust 1964 r.

Bo BpeMst 3eMIeTPsICEHHI YaCTO NPOHCXOAHT pacCoeHHe Hachimell.
[pu semiterpsicennt Tokaun, 1968, naceimuas niotTuHa ANS CHCTEMBL Hp-
pHranuy 6bma” NIPOPBaHa, 4TO NPHBEJIO K rubesu OJHOTO YeJoBeka. Ha-
CHITH KPYTTHOU KeJIe3HOAOPOXKHON JIMHUK GbLIM HCKPUBJEHB, YTO BLI3-
Bajl0 OCTAHOBKY XeJIe3HOJOPOXKHOTO JBHKEHHSI Ha HECKOJLKO He-

_JieJtb.

CymiecTByeT MHOrO IPHMEPOB, KODJa IPOJIETHEIE CTPOEHHS! MOCTOB
ToJTyyau Cepbesiible HOBPEKACHHS B Pe3y/ibTaTe 0CajoK (yHIAMEHTOB
npH 3eMJETPSICEHHsIX. JTOT BUJ PaspylueHuil, 6e3yc/JOBHO, CBsizaH C
HeJOCTaTKaMU NIPOCKTHPOBAHHS 1 CBHACTEJILCTBYET O TPYAHOCTAX NpH
oueHKe HeCyIlel CrnocoGHOCTH (YHIAMEHTOB NpH CeliCMHYECKHX BO3-
IeHCTBHSIX,

Ecan ¢ paccnoenweM Hachinell M ocafkaMu (YHIaMEHTOB MOCTOB
MOKHO GOPOTBCS IyTeM COOTBETCTBYIOLIETO pacyeTa i NPOCKTHPOBAHUHA,
T0 GOJIBLIKM ONOJI3HSIM M CTIOJI3AHHIO TOPHBEIX MACCHBOB HPOTHBONOCTA-
BHUTb IPAKTHYECKU HHYEro He/1b3sl. EAUHCTBEHHO, HAa OCHOBAHUH [e0Ji0-
THYECKHMX M TOTOrpaguYecKHX HCCAENOBaHHA HEOOXOAMMO TaK pasMe-
WATh COOPYKEeHHs, YTOOBL B C/yyae NOJOGHBIX KaTaCTPODUUECKHX SiB-
JIeHHH HCKIIOUHTh HX paspylleHue.

Hist cBejiennst 10 MUHUMyMa ONACHOCTH Pa3pyIUeHHs TPYHTOB npH
3EMJIETPSICEHHSAX HCKIIOUHTENBHO BaXKHO M3YUHTh AHHAMHYECKYIO TIPOY-
HOCTb TPYHTOB U HAUDAXKEHHUSI B HUX NIPU JUHAMHYECKHX BO3JeHCTBUSX.
Moka MEOrne HX 3TMX nmpOGJEM OCTAIOTCH HepelleHHBIMU, Huse pac-
CMaTpUBAIOTCA MEePONPUsATHsI, OOOCHOBAaHHBIE, TIJIaBHBIM 006pasoM, ¢
TOYKH 3peHHsi CTaTHYeCKOH NPOYHOCTH IpyHTOB. ITosTOMY IpH mpoek-
THPOBaHMH CJIEAyeT OYeHb BHUMATeJNbHO DPacCMaTPHBATb BCE MepO-
TPHSTHSA U CJIENO HE NMePEHOCHTh BCe JaHHbIE O CTATHUECKHX XapaKTepH-
CTHKaX rpYHTOB Ha OLEHKY JMHAMHYECKHX XapaKTePHCTHK, OCOGEHHO
HPH HAMWYUM TPYHTOBLIX BOJ.

Eme onna npoGriema, KoTopoil cliefyeT yieJquTh BHUMAHKE Ipy npo-
CKTHDOBaHUM 3eMJSHBIX COOPYXKEHHH, 3aKJI0uaeTcs B yueTe BepTH-
KaslbHO# cocTaBJsIOmEH CefiCMHYECKOTO BO3AeHCTBHS. ITockosbKy coB-
PeMenHast Teopus CeficMOCTOHKOCTH coopykeHuil paspaoTaHa, B oc-
HOBHOM, NPUMEHHTEJHHO K KapKACHBIM COOPYKEHHSIM, B Hell OCHOBHOE
BHHManKe y/ieq15eTCs rOpU3OHTabHEIM BO3NHCTBHAM, a BePTHKAMbHbIE

» COCTaBasIIOLINE YACTO HE YUHTHIBAIOTCSH:. JIJ1s 3eMJISHBIX COOpYKeHHH

BlisiHue BepTHKAAbHON COCTAB/IAMOLIEH Ha WX YCTOHUMBOCTD 4Ype3BEHI-
— e

1 C 31HM nosoxkenueM aBTOpa TPYAHO cormacuTbes. B psAle HOPMATHBHBIX
I(OKYL{eHTOB H BO MHOTHX MOCJAEHHX HCCJIEJOBaHMAX CeHCMOCTONKOCTb Coopy-
XEHH{ ONEHHBACTCH C YYeTOM BEPTHKAMBHBIX COCTABISIONMX CeACMHYECKHX BO3-
dehcreuii, (Mpum. nepesoduuxa.)
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yaiiyo BesHKo. D10 00YCJA0BJEHO TEM, HTO YCTORUMBOCTD 3€MIISIHBIX CO-
opy2KeHHH onpejie1seTcs Harpy3Koil OT HX COOCTBEHHOTO Beca, KoTOpas
naMeHsieTCsl TPY BepTHKa/JAbHBIX KoJeOaHHAX.

Kpome Toro, mpH pacrnosioKeHuH 3eMJISTHBIX  COOPYZKeHni BOTH3H
STHLEHTPOB 3eMJIETPSACEHIE OHY HCTIBITBIBAIOT GOJIbliNE BEPTHKAIBHBIC
ceficMuuecKye HarpyskKi, Tak Kak B SIUIEHTPa/bHBIX 00JgacTAX BCETAa
HaGIIONAIOTCST UHTEHCHBHBIE BEpTHKA/IbHDIE Konefanuga. IlosToMy 1pH
NPOEKTHPOBAHHH 3eMJIAHBIX COOpYKEHHH BepPTHKATBIIBIC KosieBaHiIs
HeOBXOANMO YUHTHBATL B pacuere, MpuHinasd A5 HHX KO3(@UITHEHT
ceficMuuecKoii HarpyskH IO KpaitHell Mepe paBHbBIM 1/2 ko3¢duunenTa
TOPH30HTAJbHOH celicMHUeCKOH HaTpy3Ku.

MoJle/bHble HCIBITAHUS C HCTIOB30BAHHEM ceficmornaTop™ HOUTH
Bcerfa MPOBOJAM/IMCH TOMIBKO TpH TOPU30HTAJIbHBIX koteGanusx. Of-
HAKO BLISABJEHO, YTO XapakTep noppexkieHuii Mojenell npu poaelcT-
BUAX, MMUTUPYIOIMX Pa3pyIIHTe/bHEIE 3eMJIeTPSICEHHs, HepeaKo Cy-
IeCTBEHHO OTJHYEH OT noBpekieHi Npy peasbHbX 3eMJIeTPACEHHAX.
[lo-BUAMMOMY, 3TO CBA3aHO C TeM, UTO Ha ceficMonaTdopMax He MoJe-
JUPYIOTCST BePTUKAJIbHBIC KoJiebaHus.

7.2. BUHAMHYECKHE CBOVICTBA I'PYHTOB

1) Cocras rpynra

1) Beedenue. 113 Beex XapaKTepUCTHK IPYHTOB H3MCHEHI I1;I0THO-
CTH M COUDOTHBJEHHUS CABUTY, a TAKAKe JaBJCHHUi 7I0poBOIl BOJBL CYH-
ratoTea Hanbosee OTBETCTBEHHBIMU 32 OCA/IKH dyHAaMEHTOB H paspyiue-
Husi 3eMJISTHBIX COOPYKeHui IpH KoJebanusx. boJsee TOTO, 3TH TPH Na-
pameTpa CBASAHEI MEKAY coBoii. CTaTHuecKoe COTpPOTHBIIEHHE CABHTY,
KaK IIPaBUJIO, ONPEJeJsieTCs COOTHOIICHIEM

1= (c—u)tge +oc, (7.1)

rgetT 0 — COOTBETCTBCHHO COHpOTHBJICHPIe CABHUIY H HOpMaﬂbHOG HaHpH}KQHHE
[0 TJIOCKOCTH paspylieHus; u—laBleHue nopoBoOil BOABL, § — YTOI BHYTpeHHEe-
ro TpeHHU#H; ¢ — ClenjicHue,
B 5ToM BHpaxenuu (0 — u) NpeACTaBiseT coboli adderTHBHOE HANPS-
JKeHpe, ollpeesiseMoe CTpYKTypol IpyHTa. Jlns ypoOcTBa TepBoe cJ1a-
raeMoe B (7.1) Ha3biBaeTCsi TPEHUEM, & BTOPOE — cuenenneM. Tpenue
oIipesie/isiecT B OCHOBHOM NPOUHOCTE Necka, a ClenJenne — IPOYHOCTD
BOJOHACHIIIEHHO! YHCTOH TVIMHBL. CrenoBaTelbHO, yA0GHO PacCMOTPETh
ST 1Ba KOMIIOHEHTa PasjiesIbHO, TaK KaK MEXIy MexaHITUeCKUMH CBOM-
cTBAMM TecYaHblX W TVIMHHCTBIX [PYHTOB HMEIOTCH cyllieCTBeHHbIE Pas3-
JIHUHS.

1. Iecuanvie epyrmer. CoNpOTHBJICHHKE TECKA C/IBUIY TIPAKTHYECKH
He 3aBHCHT OT LIEPOXOBATOCTH [OBEPXHOCTH HaCTIIL necka, a onpejens-
oTcsi B OCHOBHOM KOJIMMECTBOM IIYCTOT M COACHKAHIICN pogawl. llopuc-
TOCTb TecKa (oTHoILeHie obbemMa MyCToT K 06BEMY YaCTHIL) H3MEHAeTCs
B npefetax ot 40 1o 100 % B 3aBUCHMOCTH OT yCJIoBH# OTJIOKEHH TIec-
ka. UeM MeHble NOPHCTOCTD, TeM GoJblue YToJ BHYTPEHHEro TpeHs.
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Kpome Toro, CylLIECTBYeT TeHAEHUNS K [OBBILIEHHIO YIJa BHYTPEHHEro
peHHst TIPH yBe/HUCHIIT pa3aMepoB YaCTHIL jake TPH OAHHAKOBOH IO-
puCTOCTIL. B kauecrBe fpuMepa JaHbl pe3yJbTaThl HCOLITAaHNH Ha

Korjia MecoK NOABEPraeTcsi CABHIAMOUIMM BO3JCICTBUAM, ero ledop-
Malldi HeoOpaTHMBL 1 OOBEM NecKa H3MEHseTCs. IIpn omnpenenenHbIx
rpaHHYHBIX TIPeletax Necok, HaCLIaHHLIH B TJIOTHOM COCTOSIHHH, CTa-
HOBUTCSI PBIXJBIM, @ MeCOK, HacLIMaHHLIA GoJee PBIXJIO, CTAHOBHTCSH
nOTHEIM. MeKZy STHMH IpefiesaMH HaXOJMTCs KPUTHYECKas HOpuC-
10CTh, 00ecrieyuBaiomasi MaKCUMaJbHYIO ycrofiuuBocTh. Kpurnyeckas
[IOPHCTOCTD YMEHBIIAETCs ¢ POCTOM JAB/EHHS HA TECOK B 3aMKHYTOM
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Puc. 7.2. 3aBHCHMOCTL Yraa BUYTpeHIiero Tpenus OT ko3 duiHenTa MOPHCTOCTH
necka no Geperas p. lluHato

ig;onec%x 0KOMO ROCTOUNO MNPUCTAHH; 2 — MECOK OKOJMO [0XKHON  HPHCTaHW; 3 — mecox Ha
ME egery D. iHano; 4 — mecox OKOJAO NPHYANLHO CTEHBl B SImaHoUnTa;, 5 — necox
Ha 0. Bamiau; 6 — HeCOK OKOJO MOKPHITHS OTKOCOB B SIMaHOWHTA '

o6beme. HopmaJibuasi NOPHCTOCTD MeCKa COCTABJISIET TNPUMEPHO 70%
npu peixaoil macsumike # 50% TNPH [JIOTHOH HACHIKE.

Buara, cojepzKalilasicss B Iecke, pasfensercs Ha aZicopGUpPOBAHHYIO
BOAY M NOPOBYIO Bopy. MX BiMsHuE Ha XapaKTePHCTHKH MeCKa COBEp-
WeHHo pasinuHo. Ancop6upoBaHHas Boja o0pasyeT H/IEHKY Ha TiO-
BEPXHOCTI NeCUaHBIX YACTHIL M YBEJHYUBAET 00BEM NOp MeKIY HacTH-
HaMy, 4TO NPHBOAUT K HaGyXaHUIo mecka. TeM He MeHee npy STOM Haby-
XaHUH He BO3HMKAWT GOJbIINe YCHHsl, KOTOphle Obl NPUBOAUJIHA K Ca-
MOTIPOU3BOJBHOMY Pa3belMHEHHIO HYaCTUIL.

HaGyxanue NPOKCXOAHT TOJbKO IOC/Ie TOTO, KaK B3aHMHOE pacrio-
JOXKeHHe YaCTHIL H3MEHAeTCsT B CBSI3M C BHELIHUMH BO3IEHCTBHAMH H
B 3TOM CMBIC/JE OHO SIBSICTCS! MCTOUHWKOM BOBMOZKHEIX HATIDSIZKEHHI.
Ha6yxanne cranopurcss GoJsee 3HauuTeNbHBIM 110 Mepe yMEHbBIICHHT
PasMepoB yacTHIL TieCKa, a COAepKaHue BOJbl, KOrAa NPOUCXOUT MaK-
CuMasibnoe HaGyxaHue, coctaBaser 5% 1o Becy. I1pa 3ToM J7ist METKHX

g
tacTun ypesiiueHHe ofbeMa IOCTHraeT HeCKOIbKAX JIeCATKOB IIPOLEHTOB.

ﬁecgop%saﬂ BOJa 3allOJIHACT 9aCTh UJIH BCe IYCTOTH MeKAY YacTHLaMH
HPHHI/;M ¢ OTIMUNTENBHOH OCOBEHHOCTHIO SIBJISIETCS CNOCOOHOCTH BOC-
Hhe aTh JaBJIeHue. Korja 4acTulbl ecKa HachIleHbl BOJIOH, JNaBJie-
sop. 11 POBOH BOJAbLI PAaBHO THIPOCTATHUECKOMY NABJICHHIO IPYHTOBEIX
Box. [Tpu coxpanenus Bo3lyxa B yCToTax AaB/eHHe NOPOBOH BOJABI CHH-

K
A“’x(ieTCH B CBA3J C CHJIAMH TNOBEDXHOCTHOTO HaTAMEHMS. CrerneHb CHH-
. ®enua B xaxjom ofbeme IPYHTA 3aBHCHT OT pacnpejieieHust 3anoJ-
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HEHHBIX BO3AYXOM NYCTOT, OAHAKO NPH CHUNKEHUH LABJCHUA [OPOBO(
BOJIBL HATIPSKEHHS] B CKeJleTe I'DYHTA, COCTOsleM M3 UaCTHIL MeCKa,
YBeJTHUHBAIOTCS.

Korpma mnecok, cogep:aluluii NMOPOBYIO BOAY, MOABEPraeTcsi BHEIUHe
HarpysKe, 3Ta CuJla cpa3y BOCIPHHUMaeTCsl MOPoBOH Bojod. B pesy.iw.
TaTe POCTA HarPy30K PaBHOBECHE JaBJeHHH BHYTPH TOPOBOH BOAbI Ha-
pylllaeTcs W Bojia HauMHAeT BBIKHMAThCs u3 mop. PacnpejeseHue nas-
JIeHUs TIOPOBOH BOAB! NOCTENEHHO H3MEHSETCH, TPU 3TOM HallpsiKeHHs)
Ha YaCTHIBI TPYHTA TaKXkKe W3MeHsOTCH C NOCTeNeHHbM POCToM Aedop-
Mmanuii ckesera rpynta. Korza paBHoBecue B JaBJeHHH IOPOBOK BOAbI
BOCCTAHABJINBAETCSA, BCe BHENIHHe Harpy3KH BOCIDHHUMAIOTCH CKe-
JIeToM TPYHTa ¥ aedopmaliuu necka npekpamatorca. Iostomy mis soc-
CTAHOBJIEHUS] COCTOSIHUSA PaBHOBECHS [OCJE IPUNOXKEHUST BHEUIHeH Ha-
rpy3ku TpebyeTcs onpejle/leHHOe BPeMdA. JTO BpeMs TeM MeHbIe, Ye)
HUXKE CONPOTHBJIEHHE TEUEHHIO NOPOBON BOABI Uepe3 MYCTOTHL MeXKJ)
YACTHIAMH TIecKa.

B Ta6a. 7.1 npuseensl KoshdHIHeHTs! (GUABTPAILUI TPYHTA (COOT-
HOUICHUE MEXIY CpelHell CKOPOCTHIO MOTOKa U TpajueHToM Halopa BO-
1ol). Kak npaBuJjio, yeM GoJiblie pa3Mepsl 4aCTHLL, TEM BEHILIE BOAOIPOHH-
naeMocThb, Besanuunpl Koadduuuenta Guabrpannu rpyuta 1o 107* cyn-
TAIOTCA BIIOJIHE Y/OBJAETBOPUTEILHBIMU.

Ta6auua 7.1
BoponponuuaeMocTb rpyHTOB

Kosdduunent

Tunwl rpysTa duabTpaluy, cM/c

UncTelil rpaBUi 100—1
CMmech YUCTOrO fecka W CpaBHf 10-1—10-3
OueHb MeJIKO3eDHHCTHIH MeCOK, OpranHyecKMd M HeopraHH- 10-4—-10-8

yecKuHi Wi, CMeCh necCdaHoro uiaa v rJimeapt

ITpu oueHb GHICTPOM H3MEHEHHH BHeIIHed HarpyskH JAaBJEHHE MO-
KeT JOKaJbHO BO3PacTaThb JIO BeCbMa 0OJIBIINX BeJHYMH. ECJAU IPaju-
eHT JaBJeHHH CTAHOBHICSt UPe3BbIYAHHO OOJBIUHM, CKOPOCTb TEUEHHS
MOPOBOH BOJBI OYEHb BeJHKA M CHJLI TPEHHSA MEXKAY YacTHLAMH MecKa
BospacraioT. Korja ckeJeT M3 4aCTHIL lleCKa He MOXKeT BOCHPHHHMAaTb
HArpy3Ky, CaMH YaCTHUBI IleCKa HAaYHHAIOT Teub, YTO NPHUBOJAHT K yac-
THYHOMY # TOJHOMY Pa3pylLIeHHIO NECYaHOro CJOs.

Yto KacaeTcsi BAUAHMA TIOPOBOH BOABL Ha IMPOUHOCTL HECKa MPH
CHBHIe, TO Pe3YJbTaThl MeLJIEHHBIX HCIBITAHHH Ha CABHT HACHIICHHOTO
IeCKa aHaJIOTHYHBI HCIBITAHUSIM TOIO e TleCKa B CYXOM COCTOSIHHH IIPH
OJMHAKOBOH NJIOTHOCTH. VCKiiouenue cOCTaBJsieT YroJi BHYTPEHHero
TPEHHs, KOTOPBIH /51 BOJOHACHILEHHOrO Necka Ha 1 -— 2° MeHblle,
Koraa caBuraroias Harpy3Ka npuK/aaasBaeTcs ObICTPO, TeHJeHIIHsI PBIX-
JIOTO TeCKa K YMeHBIIEHHIO NOPUCTOCTH CBA3aHa ¢ NOBHILICHUEM JaBJle-
HHS TOPOBOH BOABI, H MECOK pas3pyllaeTcsl HPH MEHbIUMX HalpHKeHH-
X CABNIa, YeM B CJIyyae MeJVIeHHOro HarpyxeHus. s IJIOTHOTO nec-
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[pOsIBJIAETCS o0OpaTHas TCHJEHIIHS K OOBEMHOMY pactuupenuio nec-
;. JTOT Pe3yJibTaT CTAaTHUYCCKHX HCLbITAHMIL Ha CABHI CuMTaeTCs He-
: e}ICTBeHHO CBsi3aHHbIM C SIBJCHHEM Pas3XkKH2KeHus BOJOHACHILIEeH-
‘goro mecka npH BHOpauun H GyJeT pacCMOTpPEeH NO3jHee.

T 9. Cesstvie epyHmol. TJIMHA COCTOHT M3 YACTHI HEOPTaHHYECKOTo
APOHCXOMJICHHS 11 BOABL. Ona MOXeT HaXOAUThCS B TBEPAOM, IOy TBEP-
JIOM, TITACTHUECKOM ¥ TeKYYeM COCTOSIHHSIX B 3aBHCHMOCTH OT MeXa-
WpYeCKHX ¥ SJEKTPOXHMHYECKHX YCJOBHH OTAeNbHBIX KOMIIOHEHTOB.
CpoiicTBa IIWH B KaXJOW ¥3 3TuX (a3 MM B TePeXONHOM COCTOSHHH
13 ofiHOH (haskl B APYry10 ONPEJIeJIAIOT B 3aBUCHMOCTH OT ¢opMBI yacrui,
yX PacriOIOKEHUs [0/ AeHCTBHEM 3JEKTPOXHMHUECKHX CHJI, CBOHCTB
pojHOM TIEHKH, o6pasyeMoll ajcopOHPOBAHHON BOJOU, AaBJeHHs Mo-
poBOIl BOABI 1 CHJI NOBEPXHOCTHOLO HATHMKEHHS.

Marepuasl ¢ IVIOCKHMH YaCTHUAMH (4ellyiKaMu) Jerde oGpasyer

. JUEHCTYIO CTPYKTYPY, 4eM MaTepuaJll C rpaHyJaupOBaHHBIMU HACTHUAMM.

Baarofapsi 3TOMy MaTepHaJibl ¢ IVIOCKMMH YacTHIAMH MOTYT COAePKAaTh
GoJIbIIIce KOJIHYECTBO BOJABI, YTO NPHBOJAHUT K IJIACTHYECKHM CBOHCTBAM.
KpucrtasnandeCKHe YaCTHLbl aACOPOHPYIOT KATHOHBI, a Te B CBOIO Que-
pelb BJary, YTo MPUBOJAKMT K 06Pa30BaHHIO BOASAHLIX MieHOK. TostuHa
IVIEHOK Pa3/MHUaeTCsi B 3aBUCUMOCTH OT THIIA KaTHOHOB U BHI3LIBAET yBe-
JuyeHne o6beMa TJIHHBI,

CyuiecTByeT onpefie/ieHHasl YUOPSAOUEHHOCTh DPasIHYHBIX YaCTHIL
TPYHTa, TIOKPHITHIX IVIeHKaMM BOAHI, INOJ AeHCTBHEM 3JeKTPOXHMHYe-
CKHX HaNpPsKEeHWH. DTa CTPYKTYypa €CTECTBEHHOrO COCTOSIHMS TPYHTa
HapyWIaeTcsi NPH YAapPHLIX BO3AEHCTBUSAX M NPHBOAMT K HHOMY PacIio-
JOKEHHIO YacTull. B Tak4X Cayyasx nposiBiAsieTcs: TEHIEHIA K YMEHb-
INeHHIO NPOYHOCTH TPYHTA Ha CABHT, a MaTepHaJl CTAHOBHTCH JIETKO CXKH-
MaeMBbIM.

Korzia mycToThl MeXAY YacTHIaMH HacChillieHs! BOAOH, T/iuHA Haby-
XaeT, a IPH BHICYLIMBAHUH CHJIBI IOBEPXHOCTHOTO HATSKEHHS CTPEMSIT-
.Cl YMEHBUIHTh NYCTOTH M IJIHHA MCHBITHIBAET YCaZKy. B stoM cayuae
-CHUTAIOT, YTO B IVIHHE CYLIECTBYIOT NOTEHIHAIbHEIE HATIPSIKeHUs 1 TPOY-
JHOCTb ee yBeJMUYMBAETCH.

Ilpn HarpyzeHuH CJI0s1 IVIMHBL NIOPOBasi BojJa HauMHaeT BhITEKAaTb,
YTO KOMIeHCHPYeT HapyUleHHe PABHOBECHS] B JABJEHHH BOABI, W TJiH-
Ha ymaorusercd. OAHAKO CONPOTHBJEHHE BHITECHEHHIO BOAB! OGBIMHO
OYeHb BeIHKO W TpeOyeMoe BpeMsl ISt JOCTHZKEHHSI KOHEYHOFO COCTOSI-
HHs1 paBHOBecHsi, KaK NPaBHJO, BECbMa IMPOAOMIKHTENLHO.

2) lunamMuyeckast NPOYHOCTh TPYHTA

, l)uBeeaeuue. Jl1s1 BoIBJIeHHs: XapaKTepa paGoThl 3eMJISHEIX COOPY-
XeHuli NpH 3eMJIETPACEHUSIX HEOOXOAMMO H3YUHTh MeXaHHUeCKHe
‘CBolicTBa IPYHTOB NpH AHHAMHYECKUX Harpyskax. Jisa 3Tod Head ue-
Nosibaylotest cileayonine SKCHIepUMeHTabHBE METOMEL.

1. Tpysr, Hachinauupiéi B SUMK, C NOMOUIBIO CeHCMOTIIIATgOP MBI

“DpuBoguTCA B KOvleGaHKe B rOPH3OHTA/IBHOM HJTH BepTHKAJIBHOM Hanpas-

Aenuy,
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2. Coslaercsi HCKycCTBeHHOE 3eMJIETPsACeHHe MyTeM YCTaHOBKh
TPYHT MOLIHOTO BuOpaTopa. ) o

3. TlpousBogurcs HCMBITAHLE HA CKATHE C [IOMOIILIO YCTAHOBKH 1y
TPEXOCHOTO HarpyMKeHus, NpuueM, 10 KpaiHed Mepe, B OHOM Halipap-
JEHHH Harpyska M3MeHseTCs IHKJIHYEeCKH. .

4. TIpousBoisATCA MCIBITAHUS TPYHTA HA YHCTBIM CABUL C [HKIHYec-
KHM H3MEHEHHEM Harpy3KH. o 6

Hecmotpss ma To uto K HacTosieMy BpeMeHH NPOBeAeHO OOJblice
YHCJIO TAKMX HCIOBITAHWE, MHOTHE BOMPOCHI OCTAIOTCA HEPEeIIeHHBIMII,
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DPuc. 7.3. 3aBHCHMOCTb CONPOTHBJICHHS CABHIY BhicylleHHOro mecka CoMma oT ami
“JIHTYJBL yeROpenns KoJeGannit (fanmsie mpod. T. Moramu)

Jlis GEICTPOTO pelleHus BONPOCOB NPOEKTHPOBAHHS AHHAMHYECKHE Xa-
PaKTEPHCTHKKM YaCTO NPHHUMAIOTCS AHAJOTHYHBIMU CTATHYECKHM Ha-
pameTpaM, OfHAKO MHOTJa 3TO MOXET NPUHeCTH K Cepbe3HbIM OlIHOKaM.

9) Huramuteckas npOouHOCML necuarolX epyrmoe. 1. I K cmep u-
MeHTadAbHEe nccaenoBanug T. Moramu. T. Mo-
ramu [192] nomewast cyxoii eCOK B MUK H ONpPENEsis CONPOTHBIIE-
HHe CABHTY NpH AeHCTBUU BepTHKAJbHBIX KoseOanuil. Ilpu BuGpamin
TMPOYHOCTH TleCKa Ha CABUT YMEHbHIAqaCh, UTO YKa3blBaeT Ha ouipejie-
Jsifolllee BAUSIHUE YCKOpeHHH KoJeOaHHH Ha CHHUXKeHHe NPOYHOCTH. Ha
puc. 7.3 mnpuBelleHbl HEKOTODbIE Pe3yJ/bTaThl HCHbiTaHMH. MoxHo 07-
MeTHTb pe3Koe CHHKEHHe MPOYHOCTH Necka Ha CIBHI, Korjia ycKope-
Hus npepbinann 300—400 gal. Ilpu npeBwillleHHH 3TOTO YPOBHS Ha-
6ar0fa/lach TeKy4eCTb NeckKa.

2. DKcnmepuUMeHTaJAbHEE HCCJIeZOBaHUS
U. U wuu U Vmuu [208] va ofpasnax necka B sIIIHKe HCCAeA0BA!
pasxumeHre CyX0oro, BOJOHACHIIEHHOTO K YaCTHYHO HACKILIEHHOTO nec-
Ka TP TOPH30HTAJbHLIX Kosebanusax. Msyuaanch JBa THIIa lecKa: nie-
cok OHaxaMa, MeNKO3ePHHCTHIH M He JAONYCKAKIUA cBoGOAHOrO Mpo-
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Onbitht MO

Tacauua 7.2

PA3XKMKEHUI0 NeCcKa NMPH KOJeOaHusx

CrerieHb BJAAXKHOCTH

ITecox Ouaxama (3dbexTus-
HblH mdameTp 0,17 Mm,
K03dGUIKEHT OJHOPOJIHO CTH
1,31, xosdbduuuenT QHALT-
paunu 0,02 cM/c)

Mecok Takaxaru (sbdekrus-
HBIA uamerp 1,38 mu,
KosdduureHT 0xHOPOAHOCTH
1,54, Kosdouuuent dunbr-
paauu 1,11 cm/c)

TosHocThiO HackillleHubi | Pasxkukerne npu 50 u | PaskuxeHnue npu 200-—
200 gal 300 gal
®
YacTuyHo Hacolllennnll | He paswmuxkaercs jo

(romeko Huxupe 50 oM u3 | 400 gal
70 cM CJI0A HACHICHB)

He pazxuxaercs npu
500 gal u nmxe

Cyxo#

He pasxuxaercs npm | He
500 gal u nuxe

pasxuxaercs Ipu
500 gal u HuKe

HUKaHHS BOJAbI, U II€COK TaKaXaI‘H, prnHOSGPHHCTI)Iﬁ H JIETKO 3aMa-

YHBAEMbIH.

Pesy/IbTaThl ONBITOB Ha pasKuKeHue NpU KoJeGaHHsAX OPUBEIEHDI B
12671, 7.2. Jla51 paccMOTPeHHOro Ananasona pasMepoB YaCTHI, YCTAHOB-
JIEHO, YTO MEJIKO3ePHHUCTHII IeCOK Pa3KHKAeTCsi ObICTPee, YeM KPYIIHO-
3EPHMCTHIH I€COK, a YBJIAXXKHEHHLIA NieCOK ObICTpee, YeM CYXOil.

Ha puc. 7.4 npusenensr 3aBu-
CHMOCTH MeXKAY YCKOpPeHHeM KO-
Jebanuit 1 Kosdduunentom nopu-
-croctu. ITo mepe yBenauuenns ye-
KOpPeHHH MeCOK, KOTOPHIH B Ha-
- YaJIbHOH CTaJuu GBI PHIXJLIM, YII-
JOTHSACA, a KO3(pOHIHEHT MOpH-
CToCTH pesko cuukaJdcs, Ilpu uc-
NHITaHUsIX HACHILEHHOTO IecKa
Onaxama KosbduupenT nopucTo-
CTH pesKo MajJaJl IIPH YCKOPEHUSsiX
~.cyposHamu 50 gal u 200 gal Ges
BHAUMBIX H3MEHeHHI MeXIYy 3TH-
.MM 3HaYeHUSMH. ITO sIBJEHHe
IpeAcraBasieT GoJbILOH HHTEpeC.
3. DKcnepuMeHTaJ b
Hbple HCCJHedOoOBaHHAA
.X. B. Cuga. X. B. Cusom
-[217] ananoruunoe spsenue 6puto

-+ OTMeYeHO KakK YCTaJaOoCTh IeCKa

-IIDM  MOBTOPHBIX  HaNpsAXKEHH X,

- -Henpiranns nposogusucs xak ma

UMCTHI/l CHBHT, TaK M Ha TpeXoc-
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Puc. 74. 3aBucumocth ycKopeHHs Ko-
Jebanuii oT Ko3(hPUIHEHTA TOPHCTOCTH
KDYIIHO3EPHHCTOTO (@) H  MejKOo3ep-
HHCTOTO (b) mecka (jamHpe Jg-pa
H. W)

@ — KDYMHO3ePHUCTHIH necok B ToKaxaru;
— MEJIKO3epHHUCTHIfi mecok B OHaxaMa

O cyxoit; @ BONOHACLILECHHBIN; A BaaiK-
HbIH

171



HOe CXKaTue. B mepBom ciiyuae K NUIOCKOH MOBepXHOCTH oOpasua HpH-
KJabIBAJIMCh TIOCTOSIHHEIE OCEBhIE HAOPSKEHHsI, a 3aTeM IepeMeHHbie
CABHTAIOWINE YCUIHS,

Bo Bropom cayuae, Koraa K o0pasiy ObIO NPHJIOKEHO CTaTHYec-
KGe TPeXOCHOe HampsiKeHHe CXKATHS o, 100aBIsAJAMCh NUKIHUeCcKue Ile-
peMeHHRBIe HANPsAKeH!s1 F-T B BePTUKAJbHOM HaNpaBJeHUH H —+T B Io-
pH30HTaJbHOM. [lparpaMMbl HanpsizKeHHH, NOKa3aHHBIE Ha BepXHeM
¥ HUKHeM o6pasuax B ctogbue 1 puc. 7.5, COOTBETCTBYIOT TaKo# CXe-
Me HarpyKenus. B IJIOCKOCTH 10/ YraoM 45° K BepTUKAaJIbHOM ocH Aell-
CTBYeT CTATHYECKOE OCEBOE HallpsizKeHUe ¢ M NePeMeHHEIe KacaTesbHble
HaNpsKeHHUs1 T. AHaJOrMuHblil XapaKTep HalpsiKeHHH BOCIPOH3BO-
IWJICA NPU HCIBITAHHAX HA YHCTBIH CHBHI.

I I Ir
6-T 6-2¢
Gt _ 6 L
6r7 B 5@ " f
G+T \ 6+2Z«‘ i
6T 3 75
67 ~ 6 Tl

Puc. 7.5

Onnako nepeMeHHble TPeXOCHBle HANPSXKeHHsSI TeXHHYECKH CO3AaTh
oyenb TpYyAHO. [103TOMY BMECTO HHX KCHBITAHHS HPOBOAAT NPH OJIHO-
OCHOM LHUK/JIHYECKOM HAaTPYeHHH. DTH HCNHTAHHS OCHOBAHBI Ha CJe-
AYIOMUX NpeanochiKaX.

Ipennosaraercs, YTo HaNPsAXKEHHOE COCTOSIHHE Ha puc. 7.5—I mo-
)KeT ObITh NoJyyeHo caoxkenueM cocrosiauil 11 u 111, M3 Hux nanpsiken-
Hoe coctosinue 111 xapakTepusyeT M3MeHeHHe OZHODOJHOIO TPEXOCHO-
ro HalpsiKEeHUS] MPU YBeJUYEHHU JAaBJieHHs IopoBoH Boiwl. [lpu 3ToM
s¢gdeKTUBHblE HANPAXKEHUS B YAaCTULAX NEeCKa He U3MeHATCs. B atoM
cMbiciie HanpsiKenHoe cocrosinue 111 He okasbiBaeT BAMsHUA Ha OPOY-
HOCTb NecKa NpH cBure u Ha ero jedopmauuu. ITocKoMbKy Npu HCIBI-
TAHUSIX UCCIeNOBAJHCh VIMEHHO 3TH NapaMeTphl, HalPSKEHHA N0 CXe-
maM I u Il npuBoasiT K TeM 3Ke pesysbrataM. C yu4eTOM nofoGHBIX pac-
CYXJIeHHH WCTBITaHUS TPoBoAuaKH no cxeme 11 B ycnoBusiX ruppocra-
THYECKOTO JAABJICHHS.

Koraa x onpitHOMY 06pasily npHK/1aJbIBAIOTCS LUUK/IUYECKHE Kaca-
TeJIbHBIE HANPsAXKeHWs, JaBJeHHe NOPOBOH BOJABI CPa3y HaUMHAET pac-
TH U B KOHIle KOHIOB JOCTUTaeT 3Ha4eHWsi BHEIIHETO AaBJenus. I1py 3ToM
BHEIUHee JaBJEeHME ypaBHOBelllMBaeTcd JaBJeHHEM IIOPOBOH BOAHI,
HO3TOMY 3(heKTHBHOE HANpsiKeHHe CTAHOBUTCS DaBHBIM HYJIO U Ha-
YHHAIOTCS CABUIOBHIE NedopManuu necka (puc. 7.6). B cBs3u ¢ npopoJ-
JKeHHEM IHKJIHYeCKOTO HarpyKeHus JedopMalyHl PHIXJIOro NecKa CHJb-
HO YBEJHUYHBAIOTCSl U BCKOpe MeCOK pasxkumaercs. Hedopmauuu miot-
HOTO TleCKa YBEJHUYHBAIOTCS NOCTENMEHHO H COCTOSTHHE MOJHOTO Pa3iu-
JKeHUs He [0 THTaeTCsd.
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f’?oc 7.6. 3amucy XdPaKTEPHBIX MYJALCARHOHHBIX HCOLITAHHA Ha wHCTBUY CABUT
VIOTHOTO (@) M puIxJoro (b) mecka (IaHuble npod. X. B. Cuza) o
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YcaoBus paspyilleHus necka IIPH NOBTOPHBIX HANPSAKCHHIX Xapak-
TepU3YIOTCsT C/IeYIOMHEM 00pasoM.

Paspyluenue — aMmanTy sl Aedopmatnii casnra npessnnalor 20 % .

[TosHOe pasKniKeHue -— IECOK TepsieT HeCcYylo CnocoOHOCTL TpH
JehopMalusx, NPeBbIIaOIHX 20%.

UacTruHOe pasiizkenue — aMiIaTyja geopyatuii menbuie 20 %,
HO IeCOK TepsieT HEeCYLLYIO CIOCOOHOCTB.

HauajbHoe pasxkuKenue — HaGIi0al0TCA  OTJe/IbHble 1IPH3HAKI
YACTHUHOTO PAa3XKUKEHns.
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Puc. 7.7. CooTHOLIEHHE MEXAY YHCIOM Puc. 7.8
IUKJAOB KoJjeGallui, BHI3BIBAIOLUX DPa3XKH- @ — NecOK C  BLICOKHM 3JCKTpHHe-
Kende B Tedenue 10 IHUKIOB, H ITOPUCTOCTLIO ckuM  compoTHBieHem (1000 Ow);

O — necoK ¢ HH3KHM 3JeKTDHUYECKHM
conpotusaeHueM (2—3 Owma)

(nanuse npod. X. b. Cuna)

B pesysibTaTe MCNIbITAaHUA BhbisiB/eHa olpejessiomias poJb CAeAYIO-
IIMX OCHOBHEIX (JaKTODOB NpH Pa3kKuiKeHWH INecKa.

a) Uewm GoJibllle aMILTUTYa BHEINHAX NIOBTOPHO-NEPEMEHHBIX HaNpsl-
JKeHuil, TeM MEHbIIe YHCJIO LHKJIOB HarpyKeHus, HeoOXouMoe /s pas-
JKHKEHVST TeckKa.

b) AMIVINTYZa UMKJIMYECKHX HarnpsiKeHuil, HeOOXOAMMBIX HTOOCHI
BBI3BATb DPa3XKHIKeHHe, YBeJHUMBaeTCsi C NOBbILIEHMEM HaYaJbHOTO
3¢dekTHBHOTO JaBienusa (puc. 7.7).

c) ITpu mpounx paBHBIX YCJIOBHSX YeM Bbille OOxartne rpyHTa,
TeM GoJblle HUKJIHYECKHE KacaTesbHble HallpPsXKeHHs, BLI3bIBAIOLLHE
pasxKHKeHHe.

d) AMIINTYsa BHEWHMX UMKJIHYECKMX HanpsuKennii, HeobXoau-
MbIX, 4TOGb! BHI3BATh pasKUKeHHe, NPHUMePHO MPOTMOPHHOHATBHA MPO-
H3BeJEHUIO OTHOCHTEbHOH IUVIOTHOCTH Ha BEJHMYHHY HanpsiZKeHuil B nec-
ke. Kosdgduuuent nponopuuoHasbHOCTH 3aBUCHT OT KOJUUIECTBA IMK-
JIOB TiePEeMEeHHBIX HaNpaxkKeHHH.

e) IleproJ NMKJIMYECKHX KaCaTeJLHBIX HANpPsXKeHWH NPaKTHYCCKH
He oKasblEaeT BJAHSAHHS HA pazXplkeHHe TPYHTa.
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Kak 1oKasaJ/i OnbITHl 110 BOCCTAHOBJEHHMIO CTATHUECKON NPOUHOCTH
fiocJie Pa3XKIKeHHd, NecoK AeQOPMUPYETC NPH CraTiiuecKoil Harpyske
cpasy NOC/E PasKumeHus, Koria 3hQeKTHBHOE HANpsKeHHe PABHO
gyJio. B pHIX/IOM mecke He NMPOHCXOAUT M3MEHEHHS B JaBJjieHUH MOPO-
BOil BOADI, MOKa Jeopmaluy He AOCTHTHYT npunmepHo 20%, so Korja
3TOT Hpefes MpeB3oHjeH, AaBJeHHe [OPOBOH BOJBI YMEHbIIaeTcsl U
fecoK COINPOTHBJSIETCH BHELIHHM HarpyskaM. JL1st NJIOTHOTO NiecKa xa-
paKTep}jbI aHaJIOTHYHEIE sIBJEHMs, HO KpUTHUecKas jAedopMalus, pH
KOTOPOIl CHHUXKaeTCs AaBJeHMe MOPOBOH BOABI H IPYHT HauuHaeT BOC-
NpUHUMATh HArPysKy, paBHa MpH-
mepHo 5%.

4, DKCcHOepUMEHTAaab
Hble HCCJAEeAOBAHHUSI 1O
5JEKTPONPOBOAHUMOCTH
necka. Jag usyueHus Mexa-
HH3MA DaspYUICHHS TiecKa npH
KoJebaHusX ObLIY MPOoBeieHk BLO-
palMOHHBIE HCHBITAHHS HA YaCTH-
Hax Iecka, K KOTOPBIM MMOAKJIO-
4aJICsl  JICKTPHYECKHH  KOHTYD.
TexHuKa UCOBITAaHUH ellie He GhLIA 7, , . .
ConepmEIOf, ORIaKO O KA Loipor o ks o St
olipellesieHHYI0 HHQOPMALIMIO O Me-  CABHT
XaHH3Me paspyLUIeHHs YacTHIL mec-

Ka. B sTux onmitaX, KaK BHAHO U3 puC. 7.8, OTOJNEHHBIH NPOBOJHHK
nomelna/css BHYTPL Tecka. COOTBeTCTBYIOWMU o0BeM 3TOro mnecka
NOMeLIaJICsl B HENPOBOJSIUNE SJEKTPUUECTBO NECOK TOTO K€ COCTABa.

Korpa BHemHee JaBleHHe Ha TeCOK H3MEHSIOCH, H3MEHSJAOCHh U
JaBJleHHe MeXIY YaCTHIAMH 3JeKTPONPOBOASIIETO IleCKa, YTO NPHBO-
AWJIO K M3MEHEHHIO €r0 3JIeKTPUYECKOTO CONpoTHBAeHUs. Takum obpa-
30M, Oblla CZeJaHa IONBITKA H3YYHTh Xapakrep paboThl YaCTHI[ MecKa
[0 Y3MEHEHHIO 3JIEKTPHYeCKOro colpoTHBJAeHHS. K npeumyiecrsam
ITOTO MeToJd OTHOCHTCH BO3MOMKHOCTh HEe HApPYIUATh HANPSKEeHHOTO
COCTOSIHWSA IPH YCTAaHOBKe NPHUGOPOB U BHICOKAS YYBCTBHTEJLHOCTh
3JEKTPONPOBOASILIEro 1ecka. BmecTe ¢ TeM HEJOCTATKOM METOlA SIBJSI-
€TCSl OTCYTCTBHME JIMHEHHON 3aBHCHMOCTH MeXJAY H3MeHeHHeM o0beMa
necKa ¥ BapHalMAMH 3JeKTPUUYeCKOTO COMPOTHBJeHUsI. Korjga KoHTakT
MeXAY 4aCTHLIAMH CTAHOBHTCS CIa0bIM, 3TOT IIPOLECC CTAHOBHTCS Mpe-
06/iaflaloluM [0 CPABHEHHIO CO C2KATHEM H KOJHYECTBEHHLIE Pe3Y.ib-
TaThl MOJYYHTH TPYIHO.

Ha puc. 7.9 nokasano cooTHolleHHe MeXAY HauyalbHbIM 3JEKTpH-
YeCKHM CONPOTHBJICHHEM H IIPOYHOCTBIO NecKa, KOTOPOE YCTaHOBJIEHO
B pesyJsibTaTe MCHBITaHu# Ha uyucTeiil casur. Ha puc. 7.10 npupenenst
OILHOBpeMeHHO CHATBIE 3alHCH KacaTeJbHbLIX nanpﬂmeﬂnﬁ, SJIEKTPH~
YeCKOTO CONPOTHBJEHHS, BEPTHKAJNbHBIX HepPeMelleHHH U CABHTOBBIX
Aehopmaluil NpY HCUBITAHMAX C IOCTOSIHHOH CKOPOCTBIO YBeJHUEHHs
Aepopmannil ciBura. KacaTeslbHble HaNpsiXKeHHS B HAYa/bHON CTalHH
AedopmupoBanus (1o Aedopmaunii casura 0,15%) pesko Bospacraior,
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Npounocme Ha cdbue, xec/cm?

Inekmpuyeckoe conpomubreniedm
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a 3aTeM HabIIOAAeTCs TOUKaA, /1@ YToJ HaK/JIOHA Pe3KO H3MEHSeTCs, Kak
B HadaJle TeKYYeCTH CTaJid [IPU KacaTesbHbIX HANIPSKEHHUSAX. DJIEKTPH-
yeCcKoe CONPOTHBJAeHHE A0 3TOTO IIpefelia yBeJHYHBaeTCsl JHHEHHO M
MOXKHO CUHTaTh, YTO B 3TOH TOYKE HAYHHAETCSH CTaJHsl YMEHbLUEHHS KOH-
TAKTHOTO JaBJIEHHUS MeXJY YacTHLUAMH NeCKa U NPaKTHYECKH JAOCTHra-
€TCsl CTajusl CKOJbXKEHHS.

PR PP I
\_87 03 04 05 G607 1
Aepopmayuu cdbuea

Puc. 7.10. Henwitaline mecka Ha CABHT B OJHOI IJAOCKOCTH
1 — 3JIeKTPHYECKOe CONPOTUBJEHHE; 2 — BEPTHKAJbHOE NePeMelleHHe; 3 -— HANPAKEeHHA CABHTA

Koraa xacaTtenbHBe HAIPSIKEHUST MEHSIIOT 3HAK NPH 3HAYEHHSAX HHU-
e mpejeJia TeKy4ecTH, OCTaToYHble JedopMallii HAXOASTCS B Npeienax
npumepro 20% o6mux nepopmauui, a NpH NPeBLILIEHHHU Npefesa Te-
Ky4eCTH OCTaTOYHHIe JAedopMalyH pe3Ko BospacrawoT. [lostomy cum-
TaloT, YTO JIO Ipejiesia TeKydecTH ReopMallu¥l SBJSIOTCH NPAKTHYECKH
ynpyruMy. B cBsizu ¢ ManbMu JedopMallUsIMH IleCKa TpPH mpefeJie
TEeKyUeCTH XapaKrep ero Ko/e0aHUH INpPH CHJIBHBIX 3eMJIETPSACEHHSX
He MOKeT OBITb OOBbSICHEH C MO3ULIUH TEOPHHM YIPYTHX KoJseOaHui,

Ha nepBoMm sTane Oblia uccjefioBaHa NPOYHOCTh [ecKa NpPU TOPH-
30HTaJIbHBIX YU BepTUKAJbHHX KoJjeOaHusX. CyXoH Necok NnoMmeinaJcs
B LUJIMHAP AvaMeTPoM 23 cM u BhicoTodi 30,6 €M U K HeMy CBepXy Npu-
KJa/lplBasloch cTaTHYecKoe Aab/enue 0-—29 rc/cm®. 3arteMm saekTponpo-
BOAALLME NeCOK pasMmellasca CBepXy U B cepeluHe uuannapa. Hnauuap
yCTaHaB/AMBaJICA Ha ceflcMonsiatdopme, M BO30OYKJAaJIHCh CTallHOHap-
HBlE TAPMOHHYECKHe KoJMeGaHHs B TOPU30HTAJbHOM M BePTHKAJIbHOM
HanpasJenusix. IlofnepxuBasi 0JUHAKOBYIO 4acTOTy KoJeGauuil u H3-
MeHsIs TOJIBKO aMIVINTYIY, cO3[aBaJjli IepeMeHHBle YCKODeHUs Ha Tie-
COK, IIPH 3TOM H3MepsJoCh CONPOTHUBJIEHHE 3JeKTPONPOBOASLIErO Iec-
Ka.

Ha puc. 7.11, @ npuseleHb OJHOBPEMEHHO 3aperHCTPHPOBAHHbIE
3aNUCH yCKOpeHHH ceficMonaTGOpPMBl U 3J1eKTPHYECKOTO CONPOTHBIIe-
HUSl NPU FOPH30HTAJBHBIX KoJebanmusax UuauHApa. Ilo ocu aGemuce
rpagukoB npeacrapjeno Bpems. Ilpn Bo30yXieHuu KojebGaHuH HefT-
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‘fiéanbﬂaﬂ och Tpaguka 3/JeKTPHUECKOTO COMPOTHBJEHHA CMeillaeTcsi B
i CTOPOHY foJlee BBICOKHX 3HAYEHHH W H3MEHEHHS COUPOTHBJEHUSA NPO-

AT OTHOCHTEJILHO CMelleHHO HefiTpalibHoll ocn. lpu panbprefiuem

Hcgzznqeﬂnpi YCKOpeHUH aMIIHTYAbl KoJleOaHHH OCTaloTcsi nmpaKTHYec-
ki TIOCTOSIHHBIMH, OJHAKO HeHTpaJsbHAsT OCb CTAHOBMTCS HEYCTOHUYH-
poil 1 OOBIMHO CMeliaeTcs B CTOPOHY 0oJlee BBICOKUX CONPOTUBJIEHUH.
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Puc. 7.11. 3asucuMocTh XapaKTePHCTHK MNecCKa OT YCKOpEHHs KosieBannit
18,3 T'n; b — BepTHKaAbHble KONTeldaHus, 11,6 Tu; I — YCKo-

a-— FOpH3OHTaﬂbeiC x(oneéamm,
penue, gal; 2 — 2J€KTPHUCCKOE CONPOTHBJCHHC, Om

Kak TosibKo KoaeGannsi HEHTPAJbHOH OCH CTAHOBHJHCH HEYCTOHYHBBI-
MH, JaXe NIPH HEKOTOPOM CHHKeHHH YPOBHs YCKODEHHH CONpOTHBJIE-
Hue npojoaxKano pactd. CraCHiIusallis BeJIHUHHBL 3/EKTPHUYECKOrO
CONpOTHB/EHNs TPOUCXOANIA TOJMBKO TOC/Ie OCTAHOBKM CelHCMOnJaT-

GopMEL.
Eciu B ONycaHHOM sIBJeHHH YBEeJHUYEHHE 3JeKTPHYeCKOro compo-
THBJIEHHS eCTh CJIEICTBHE Pa3PbiX/eHHs IlecKa, TO MOXKHO yTBepXAaTh,
177



UTO TIeCOK B HHJHHAPE B [e/OM PasphIXJSeTCsl NPU TOPHU3OHTANbHLIX
Ko/leGaHHAX M B 3TOM DasphIXJEHHOM COCTOSIHMH HCIBITHIBAET JaJb-
HeWllee Pa3phIXJieHHe WJH YIJOTHEHHEe NPAKTHYeCKH HE3aBHCHMO OT
BeJIWYHHBI YCKOpeHu#. KorJa ycKopeHUs IpeBLILIAIOT ONpefie/leHHbIH
YPOBEHb, NECOK CTAHOBUTCSI HEYCTOHUHBEIM U HAUWHAET PA3PBIXJIATHCS
WIH YIJOTHSITBCS, OJHAKO OOBIYHO B HauOOJBIIEH CTENeHH INPOSIBJISA-
eTcsi pasphixyenue. Iloce HayaJa nmponecca paspbiXJieHHs OH IPOJOJI-
J)KaeTcsl, Ja)Ke Korja TOPH30HTaJIbHblE YCKODEHHS MOUTH CHHUMAIOTCH,
a TIocJle TpeKpallleHust KosebaHui MecoK 0CTaeTcsi B COCTOSIHUH, OTJHY-
HOM OT lepBoHayasabHOro. Ilo-BujuMoMy, 3TO CBHUIETETBCTBYET O NOJ-
HOH noTepe CHOCOGHOCTH TieCKa K JeOPMHPOBAHHIO MOCTe NOTepH Y-
TOHYHBOCTH,

Ha puc. 7.11, b nokasaHel xapaKTepHCTHKH TeCKa, NOABEPTHYTOrO
BePTHKAJBHBIM KosiebanusaM. IIpu yBeMHUeHUH YCKOPeHME pa3phix.e-
HHE WJIH YIUIOTHEHHE NecKa MPOUCXOAHT B COOTBETCTBHH € XapaKTepOM
U3MEHEHHs1 Tpolecca YcKopeHuE mJaTdopMel. HekoTopoe yBenuuenue
aMIVIUTY/L U3MEHEHHUS SJIEKTPHUECKOTO CONPOTUBJ/IEHHUS NeCKa NPH CHHU-
HEHHH YPOBHS YCKOPeHHH (CM. KpaiHIO NPaBYIO 4acTh OCIUIIOTPaM-
MEI) 103BOJIsSIET NPEINONOKHUTL, YTO NPU M3MEHEHHH YCKOPeHHMIl BHYT-
peHHee TPeHHe B IiecKe Najaer.

3) Hunamuseckas npourocme ceasnblx epynmos. Tpn BUOGPaIHOHHBIX
BO3AEHCTBHSAX Ha IJIMHHCTBIA TPYHT €ro Crathueckas NPOYHOCTD Naja-
er. T. Moramu [192] nmposes cTaThyeckue HCNBITAHKS HA CABHT obpa3s-
LIOB CYTJ/IMHKa pa#ona Kanrto B HeHa-
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Puc. 7.12. Bumsinue cogepxaHus Puc. 7.13. TIpoYHOCTH IJIUHEL Ipu
BOALl Ha JAHHAMHYECKYI0 NPOYHOCTH NOBTOPHOM  Harpy>KeHHH (JaHHBIe
rausp (Aannple mpod.. T. Moramu) npod. X. B. Cuza)
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y¥HAeT Teub) YMeHbIIaeTCA C YBEJIHYEHHEM YCKOPEHHH BHEIIHHX KO-
nebannii. Hekotoprie pe3yJbTaThli HCOBITAHAN NIPUBeeHbI Ha puc. 7.12,
"OH CBUJETEJbCTBYET O BJHSHHH BJAXHOCTH Ha CHHXKEHHE IPOYHOCTU
IPYHTa, a TaKxkKe O TOM, YTO ONTHMaJIbHAs BeJHYHHA BJIAXKHOCTH B [H-
HAMHUYECKOM COCTOSIHHM HECKOJBKO MeHblle, UYeM B CTaTHYECKOM,

X. B. Cug [201] paspaboTtas cnenualbioe HCIBITaTe/IbHOE 060Dy 10-
BaHMe JJ1 M3YYeHHs TOBbIleHHs AedopMaluil B CBSI3HOM IPYHTe IOC-
_Jle KOHEYHOTO YHCJA IIUKJOB HArPYKeHUs H NOJAYUYHJI PAJ HHTePeCHBIX

peaysibratoB. Koria cHayasa K ONBITHOMY 0OOpasuy NpHKJIajblBaeTcs
cTaTHyeckas Harpyska, a 3aTeM Ho0aBJjisfeTcsl CTallMOHapHAsl LHKJIH-
yeckasi, To feopMalliil TPYHTA HAPACTAIOT C YBeJHUEHHEM YHC/a LHK-
JOB HATpyKeHHs, [I0Ka He HacTyNaeT paspyllenue rpynra. Oupenese-
HBl COOTHOLLUEHHSI MEXJY CTATHYECKON M paspyluaouieil HHKJIHYECKOH
Harpyskoit. OTMedeHo, YTO paspylleHHe NPOHCXOAMT IPH JAOCTHMKEHHH
JedopMalaMu caBura 3HaueHHs 25%.

PesyJ/ibTaThl MCIBITaHusT 00Pa3loB WJINCTOH TJHMHBEL C HeHapyIleH-
Hol CTPYKTYpoil nmpusefensr Ha puc. 7.13. Ilo ocu gécumcc OTJIOMKEHR
CpefiHle HAUPSIKEHHS B NPOUEHTaX OT CTATHYECKOH NPOYHOCTH IPYH-
Ta, a IO OCH OpJMHAT — JAUHAMHUYECKHE HalPsIKeHHUs! TaKKe B NPOIEH-
TaX OT CTaTHUecKofl npouHocTd. KpuBble XapakTepH3YIOT YHC/IO [K-
JOB HATPYyKeHHus 10 paspylieHust o6pasnos. HacroTa H3MeHeHHst Ha-
rpysku pasha 2 I'u. IIyHKTHpHOH JMHKEH HA PUCYHKE MOKa3aHBI BeJlu-
UHHBL, COOTBETCTBYIOLHE INOCTOSHHBIM CYMMapPHBIM HaMNPSIKEHUSM 0T
IUKJINUeCKOH M cTaTHUeCcKo# marpysok. Ilpu ee cpaBHeHHMHM C APYTHMH
KPMBBLIMH BHIHO, YTO JONyCKaeMble CyMMapHble HANpsKeHHs! MeHblile
CTaTHUYECKON NPOUHOCTH IPyHTa, KOIJA YHMC/IO LHUKJOB HATPYKEHHS
Besinko (nanpumep 100 [uKJIOB) M, HaoGopOT, GoJiblie CTaTHYECKOH
NPOYHOCTH, KOTJa YHMCJIO LHKJAOB HAarpyXeHHus MaJjo (Hanpumep,

“1—10 uukmoB).

* ApaJjus BcexX HCIBITAHHI IOKA3LIBAET, UTO BJMSIHHE KOJeGaHWH Ha
" IPOYHOCTH TPYHTA MOXKET NPHBOAUTL KaK K YBEJHYEHHIO, TaK U K CHH-
XKEHHUIO MpouHOCTH. [IpuyeM yBennuenue oCOGEHHO 3HAUHMTENBHO B Ha-
YaJLHOH CTajiuH KojeGaHuil, a 3aTeM CTaHOBHUTCS MeHEe 3aMETHEIM,
' CHMZKEHHE IIPOMCXOAHMT INPH OTHOCHTENbHO IJIMTENLHBIX KOJeDaHHsX.
Ho kax nokaswiBaeTr agajins noc/JeJCTBUil 3eMueTpsiceHui, HauboJee xa-
PaKTePHBIM SIBJSIETCST CIydYall CHHKEHHS Hecylefl CMOCOGHOCTH TPYH-
TOB NpPH CEHCMHUECKHX KOJIe0aHHAX.

f 73. YCTOHYHBOCTb OTKOCOB

1) YcroluMBOCTL OTKOCOB B OGBIYHBIX YCAOBHAX

CyliecTByeT MHOXKECTBO 33Jay, CBSI3aHHBIX C YCTOHYHBOCTBIO OTKO-
COB NIPH 3eMJIETPSCEHUsIX, HAPHMEP YCTOHUMBOCTb 3eMJISIHBIX IJIOTHH,
KPYIIHEIE OMOJI3HY C Pa3pyLIEHHEM CTEHOK HaGepexXHBbIX, ONOM3HH TPYH-
Ta. B KayecTBe mpumepa MOIKHO IPHBECTH ONOJ3EHb B pafone Pekyain

.Bo Bpemsi semserpsicennst B Ilepy, 1970 r. (puc. 7.14). Cospemenneie
METOJLI OUEHKH YCTOHYMBOCTH OTKOCOB NPH 3eMJETPSICEHHSAX OCHOBBI-
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BAIOTCA HAa TPOBEPKE YCTOHUHBOCTH B OOBIMHBIX VCJIOBHSX. [ostomy
HHKE TIDHBOLUTCH CHayajla KPATKOE H3JOXKEHHE TEOPHH YCTOHUMBOCTH
OTKOCOB B OOBIYHHIX YCJIOBUSIX.

IIpn paspyieHusix 0TKOCOB NMePBHIE TPELIMHbL BOSHHKAIOT B HX BepXx-
Hell YacTH. 3aTeM Macca 'PYHTA HAYHHAET CKOJIb3UTh BJIOJIb IIJIOCKOCTH
CKOJIbXKEHHS!, KOTOPAst NPHO/IHKEHHO HATIOMHHAET KPYTOBOH LHIUHAD .
Kak nokasano na puc. 7.15, CYILECTBYET TPH THUIIA CKOJIbXKEeHHs. Paz-
Pyluelne, nokasaHHoe Ha puc. 7.15, a, Ha3LIBaeTCS paspyiueHHEM OT-
KOCa H OGBIYHO NMPOHCXOAHT NPH KPYTHIX OTKOCAX.

Puc. 7.14. Ononsemp =
paitone Pekyait (Recuay),
semierpsiceine B [Ilepy
31 mas 1970

Paspymenus na puc. 7.15, b u ¢ naspBarorces Pa3pyLICHUSIMH OCHO-
Balius H IPOHCXONAT, KOTa OTKOCH He 04eHb KpyThie. Cayuall «b» Hne-
€T MeCTOo, KOTAa NOJ MOJOUIBOH OTKOCA PACMOJIOKEH CPABHHUTENBHO JIOT-
HBIH TPYHT, a CIy4ail «c», KOIjAa TAKOTO CJOSI Her.

Paspymenne otkocoB 06wumno paccMaTpuBaeTcss Kak JByXMepHast

3ajava, u aJs XaPAaKTEPHBIX THIIOB T'PYHTOB NP UHIMITBI pacuera cBoasAT-
CA K CJIeAyIoUeMY:

1. I'pynThI, OG12mammue ToabKo COTIPOTHBJIEHHEM CIBHTY!

I'pynTer Henocrarounoit cBsisnocty, obJsajawiye TOMLKO COMpo-
THBJICHHEM CABHTY, He MOT'YT HECTH HATPY3KY NPH YI/1aX HAKJIOHA GOJIb-
Iu€ yrja BHYTpEeHHero TpeHus. IIpu KpyTH3He OTKOCOB MeHblie yria

BHYTPEHHETO TPEHUS OTKOC OCTAETCS YCTOMYHBBIM HE3aBHCHMO OT €ro
BBICOTHI. '

2. TpynTtel, o6nagamoumue ToabKO CUeTJIeHHeM

Hast ynpowenns pacueron OPEICTABUM JIMHHIO CKOJNBKEHHS B BHUE
KPYIJIONHIHHAPHYECKOH (puc. 7.16). Bec maccuBos TPYHTA [0 KaIYIo

1 B orteuectBenHnolt JNTEPATYPE 5TO CONPOTHBJICHHE CABHIY NPHHATO HA3bi-
BaTh BHYTPCHRUM TpeuueM. ([Tpum. nepesoduuxa.)
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cTOPOHY OT BepTHKaibhofi annuy 00, npoxoasueli uepes uentTp Kpy-
ra, obosHauum W, u W,. Cuna W; — aKTHBHOE JaBjeHUe, Bbi3bIBAIO-
mée CKOJIbXKEeHHe maccuBa rpynta, W, — onpeae/sieT COBMECTHO C CH-

- JIOH CUENJIEHUSA T10 MOBEPXHOCTH CKOJILXKEHHA COINPOTHBJAEHHE CKOJIb-

JKEHHIO. HOCKOJIbe MacCHBBI I'DYHTA HAXOAATCA B PABHOBECHH, CIipa-
BeJJINBO COOTHOLIEHHE

Wl 81: Wz eg *%“ Sll’, (72)

rpe | — gauna ayru AB; r — paauyc OA; s — KacaTeibHBIE HaNPSMEHHA 1O
JIMHUH CKOJIBXKEHUS.

a-
= B
)
T | x
€ 5
¢)
=
B
Puc. 7.15 Puc. 7.17
Torna S Wier—Wye, ] (7.3)

rl

KpyraounInHAPHYECKHE TTOBEPXHOCTH CKOJbKEHHS (;;%O?)(;”Iﬂfx;?pg}?
PasJMYHLIX YPOBHSIX A5 OTBICKaHUA MOBEPXHOCTH, NO K ! p it Hanpsi-
MeHHsT MOCTHralT makcumyma. Ecan 3Ta MakcHMadbHas Ak
MeHble YAEJLHOTO CONPOTHBJ/IEHHS CKOJBKEHHIO IPYHTa, OTK
TaeTCsl yCTOHUYHBBIM.

-3. Tpyursl, o6iajaiwliune CONPOTHBIEHHEM CABHTY H CLENJIEHHEM.

Korzia rpyHT OKasbiBaeT CONPOTHBJIEHHE CABHIY H HMEET CUETJIeHue,
IJIOCKOCTb CKOJIbXKEHHS! NPHHUMAeTCs KPYTJIOLUIHHAPHUYECKOH C npci_
H3BOJIbHBIM DafiyCcoM 7 M LEHTPOM B coom;a;mgy}omnm o6p:;30l1;/1e ;CI)T

i 7.17. Cuna TsKecTH, -
Gpannoit Touke O, Kak [0Ka3aHO HA pHC. /.
BI})’IOHLEIH HA MACCHB IPYHTA, OTPAHHYEHHBIH TJIOCKOCTBIO CKOJIBXKEHHS,
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CTPEMHUTCS BbI3BATh CABHI' OTKOCA, & CHJIA CONPOTHBAEHHA 10 IIOCKO-
CTH CKOJILXK@HHSI NPENsTCTBYET CIBMTY.

Korzaa otkoc coxpanser ycroiiunsocts, maccus TPYHTA HE CJABHTra-
€TCA TI0 KPYrIOUHIHHAPHYCCKON OBEPXHOCTH, NMOCKOMBLKY CHJA CO-
POTHB/ICHHS HE JOCTHTACT NPEAETbHOI NPOYHOCTH IPYHTA. TosTomy,
€CIH - CONPOTHBJIEHHE COTIOCTABHMO C NPOYHOCTHIO TPYHTA, YCTOHUH-
BOCTb OTKOCA CYHTaeTCs O6eCleyeHHOH.

Cuny conpOTHBEHHSI TPYHTA MOXHO PasiesHTh HA CHTY BHYTDEH-
HETo TPEHHsI U Cuaty cuenvienus. [lpegnonaraercs, uro cnayasa conpo-
THBJIEHHE CKO/ILXKEHHI0O MaCCHBA TPYHTa OKAa3biBAeT CMJIA BHYTPEHHETO
Tpenusi. MHorna storo GbiBaer nocraTouno, HO Korna cia BHYTPEHHETO
TPEHHs1 HENOCTATOUHA, B CONPOTHBJECHHE JONOJHHTENBHO BKJIOUAETCS]
cwia cueniennst. OTHOIIEHHE MOJIHOH BeJHUNHBL CLEIEHHS IPyHTa K
CUCTVIEHUIO, yUACTBYIOLIEMY B CONPOTHBJICHHH MACCHBA TPYHTA CKOJIb-
JKEHHIO, CYHTAETCsi MEPOH YCTOHUHBOCTH OTKOCOB.

Ha puc. 7.17 Bec maccusa rpynra nag KPYTVIOUMJAHHAPHUECKOH IO-
BEPXHOCTBIO 06o3naueH yepes W, PaBHOJICHCTBYIOMASA CHJIa BHYTpPEH-
HETO TPENHS N0 NOBEPXHOCTH CKOMbKEHUs F M paBHOJElCTBYIoWas cu-
J1a CUEIICHHS] S. DTH CHJIbI IOMKHEl HAXOIUTHCS B COCTOS HHM paBHOBe-
cusi. Korza pasHozieficTByIOmas HOPMaibHON CHJIBI H CHJIEL BHYTpeH-
HEro TPeHUs! B KaXKJIOH TOUKE IO INIOCKOCTH CKOJIbIKEHHS HAKJIOHEHA K
paluycy Kpyra noj yrJIoM BHYTPEHHETO TPEHHST ), PagHaibHoe Hanpas-
JIEHUE ABJIACTCSH KACATENbHBIM K OKPYIKHOCTH C IEHTPOM B Touke O i
paguycoM r sin ¢. 10T KPyr HasbIBaeTCH KDYTOM BHYTPEHHETO TPEHHUSI.
His mpocroThl paBHOneficTByOWAas cui F CUHTAETCS KacaTeJIbHOH K
Kpyry BHYTpeHHETo TpenHs. Touka npusoxenus: F, eCTeCTBEHHO, 101
XKHa OBITb TOUKOH MepeceueHmst Hanpapsaennit jnedicrBust cum W u S,
npuyeM cuia S mapaJilenbHa npsmod AB. Torna S =sL, rae s —
KacareJIbHOe HallpsiZKeHHe 10 yre kpyra, L — auuna xopast AB. Kpo-
Me Toro, xS = lsr, rae [ — mnna gyru AB u x— paccrosinue ot S jo0
LUeHTPa Kpyra ckoJexenus. Orciona

X=—, 7.4
- (7.4)

Taxum o6pasom onpenensiercs HanpapJienue gedctBusi cuinl S. Io-
CKOJIbKY HANpAaBJIEHHS CH S U F onpejiesieHs!, MOKHO 10 BestHuune W
HalTH 3HaueHHst S u F. 3aTeM MOXKHO BBLIYHCIHTD KACATEJDLHEE Hanps-
KEHHST 0 Jyre Kpyra

s=SIL. (7.5)

Ecau niockoctu (JIMHUM) CKOJIBbKEHH HNPHHSATBL IPOHU3BOJILHLIM OG-
Pa3oM B HECKOJNbKHX MECTaxX, TO S MOXKHO HafTH LIS KaxJ0H H3 HUX.
[Ipu ycnoBuu, 4T0 HAHGO.IBIIAS BeIHUMHA S He NPEBBIACT CHAY CLeM-
JIEHHS TPYHTA, OTKOC fABJSETCS YCTOHYMBBIM H Kos(hdunuenr sanaca

- UL HETO  ONPEZREJISeTCS OTHOLIEHHEM MAaKCHMAJbHOH BeNHYHHLI S
K TNPOYHOCTH CLEIVIEHHs] TPyHTa.

Jpyrofi MeTox npoBepKH ycToRYHBOCTH OTKOCA 3ak/oyaercs B pac-

. WICHEHHH CABHTAOIIETOCS MAacCHBA IPYHTA HA GOJILINOE YHCIO OTJeMb-

182

HbIX HacTel ¢ TeM, YToGhl HalTH pacrpe/eIeHHe CHII 110 JI0CKOCTH CKOJIb-

sKeHHs. DT0T Meroj liesecoofpaseH, Korja CABUTAIOLIMICH MAacCHB
[pyHTA KaueCTBEHHO HEONHOPOICH. [1pon3Bo/IbHO HasHauasd PacroJo-
KeHHe UEHTPa H Pajuyc Kpyra, nocje NPOBEJEeHHsT NOBEPXHOCTH (JIH-
HIH) CKOJIbIKEHHsT MACCHB TPYHTA BEPTHKA/bHLIMH CEYCHHMSIMHU pasge.rm-
joT Ha P croabuos (puc. 7.18). Bbilenen ofHH U3 TaKHX CTOJ I_LOB:
W VIS HEro PacCMOTPEHO YC/JOBHE DPaBHOBECHS CHII. K 3TUM cmahéH(;Tﬁ
gocsTesi Bec croabua rpynra W (BK/Iouas BeC BOABI): CHJIA CLEI

S mo myre cKo/bxenus cd, Cuia BHYT-
pennero Tpenus Fg no jyre CKoJbKe-
uust ¢d, HOpMaJbHas cuna F, Ha Ayry
¢d, BLITadKuBawollas cuiaa Vo Ha OyTy
cd, napjenne TpyHra P Ha BepTHKalb-
HYIO IJIOCKOCTh b¢ U JaBJeHHe FPYHI:Ia
Q Ha BepTHKaJIbHYIO IJocKocTb ad. M3
ytux cuia W onpezgessieTcs yAeJbHEIM
BecOM TpyHTa, a V — MNOJOXKeHHEM
ypOBHsI TPYHTOBOH BOABL. P H Q fABJS-
JOTCSI HEM3BECTHLIMH BeJMUHHAMH, KO-
TOPBIE CUMTAIOTCS B3aUMHO YDaBHOBE-  Puc. 7.18

meHI;Ib;/II\g;eHT HauaJa CKOJbXKEHHS MacCHBa TpyHTa COpaBelJIHBhHl Cle-

JyIOIIHe yPaBHEHHS:

S=cl,

rae f — yros HakJOHAa pPajUyC-BEKTOPA K BEPTHKAJIU H [ — JJIHHA 3JeMeHTa cd
JUHHUH CKOJIbXKEHHS. O '
MOMEHT WHEpPLMH MacCHBa IPYHTA OTHOCHTEILHO TOYKH paB7e1;.
M, = ZrW sin B, (7.7)
I CyMMHPOBAHHE BHINOJIHAETCSA A BCEX CTOJIGUOB IPYHTA. Y nepxu-
BalOLMi MOMEHT .
M, =r[2S -+ 2 (Wcosp—V)igel (7.8)
KPYIJIOIHJIHHAPHAYEC-
Ecau M, > M, 1js BceX NpeinoJaraeMblx Kpy TONATHHApIIEC

KHX MOBEPXHOCTEH CKOJbXKEHHs, TO MacCHB TIpYyHTa

- cnpura. MunuManbHoe 3Hauenne M,/M, oObIYHO NMPHHHMAETCA B Ka-
yectBe KO3(QUIUEHTA 3amaca NPH pacyere OTKoca.

2) YcToiyMBOCTb OTKOCOB BO BPeMsi 3eMJIETPACEHHH

B03MOKHBIMH NPUUHHAMH Pa3pyIIeHHsl OTKOCOB IPH 3eMIETPsICEHHH

ABJIFIOTCS: . ) _
1. VBenuueHHe HHTEHCHBHOCTH CEHCMMUYECKOTO BO3AeHCTBHSA BOJIH

3M OTKOCA B CBSI3H C PEe3KHM H3MEHEHHEM pesbeda MECTHOCTH. N
2. CHMXeHHe NPOYHOCTH TIPYHTA BCJEACTBHE KoJebGaHHil HJIM I

BhIIIEHHST HABJACHHA HOpOBOﬁ BOJEI.
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3. YMeHbIIEHHE YCTOHUHBOCTH T
YECKHX Harpyskax.

IO

PYHTa OKOJIO oTKOCa npH ceficmy-
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MeHz;(;BagesaTo FIBJICHHE YHCIEHHO C MOMOLIBIO METOAA KOHEUHOIO 3Je-

o N}aKCHif,IJ;?ITaTbI PACUETOB JaHBl Ha puc. 7.19, Kotophli XxapakTepH-
bHEIE YCKODEHHS B PA3HBIX TOYKAX NOBEPXHOCTH rpyHTa

I HC, 7 20 Bﬂé D] Py L
. B . PAUHOHHLIE HCHBI TaHust r HTa ¢ ( b e O
([LaHHIIe HPOQX I( T ) ) MO 10 XKeJaTHHOBOU MoJae 1.1

Eggeggﬁ;MuqecmM BO3/ICHCTBHH C HHTEHCHBHOCTBIO, PaBHOM HOJIOBHHE
HOCTH 3emnerpsicenust dnb-Lentpo. Kak BHAHO, MaKcHMasm.

HOE YCKODEHHe Ha BepXy yreca
npumepHo Ha 30% Gouibiue
HOTO YCKODEHHS Y €r0 OCHOBaHHS. vaKemany:

MOAgieg?Mgga7n200quHn 4HAJIOTHYHBIC PE3yJbTAThl NMPH HCIBITAHHUAX
puc. 7.20). B xavecTse Matepuana Mojeneli on HCIO/Ib30BAJ
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jeJJaTHH U NOTrpyxKa/Jl B HETO HAPE3aHHBIE HHUTH AJsI MOBLIIEHHUS Ka-

" yectBa QororpadupoBaHHs Mojeseli. ITOT METOJA MOXKET OhITh C yclie-

XOM HCIOJIB30BaH JJISI MU3YyUEHHS BJAHAHHS CJIOXKHOIO penbe(pa MECTHO-

CTH Ha MHTEHCHBHOCTb CEHCMHYECKHX KOJeGaHuil.

YMenblleHne TPOYHOCTH NeCKa W TVIMHBL HOJ BAHSHHEM BUOpalHH
paccmoTpeno B paspene 7.2. Ilpunsito cuurath, YTO CBOHCTBA IpylTa,
onpeJeeHHbpIe 1aGopaToOPHBEIM IIyTeM, OCTAlOTCs (€3 H3MEHEHHST U B 1O~
JIEBBIX YCTIOBHAX.

YeroHunBOCTh OTKOCA BO BPEMs 3eMJETPSICEHHS OObIYHO aHAIu3H-

‘ pyercd ¢ TMIOMOILILbIO T€OPUH yCTOI';I‘{I/IBOCTI/I OTKOCOB B OGBIYHBIX YyCJOBH-

AX B COUETAHHH C MeTOJOM Ko3(du-
HyeHTa ceficMuueckod Harpysku. Jpy-
THMH CJIOBaMH, B KadecTBe JOMNOJIHH-
TEJMbHLIX CHJ, NPHJIOKEHHBIX K MacCH-
By TPYHTa IO TOBEPXHOCTH CKOJIbXKE-
HHS, IPHHUMAIOTCS ceficMuyecKas HHep-
{(MOHHAH Harpys3Ka H yBeJHYeHHE NaB-
JIeHHsI IIOPOBOH BOJBI TIPH 3eMJeTps-
CEeHMH, a YCTOHYHMBOCTbL OTKOCA FPyHTA
npoBepsieTcss ¢ HOMOUIBIO paHee H3J0-
JKEHHOTro MeTojia. B 3TOM cliydae BMeCTO
puc. 7.18 HeoOXOAMMO  pPaccMOTperb
puc. 7.21, a coorHowenus (7.7} u
(7.8) 3aMeHsIIOTCA CJACAYIOUIHMH BbIDa2KEHHSMH!

M, = ZrW sin p + RZyW, (7.9
M,=rISS+ 2 (Wcosp —kWsinp — V) tggl, (7.10)

Puc. 7.21

rae y — naedo cuabl KW orHocuteabno Touku O,

DTOT MeToj IIMPOKO HCHOJL3Yercsd, MOCKOJIbKY OH JOCTaTOuHO NpPOCT
U NPUMEHHM K PAa3JHYHBIM YCJIOBUAM.

Jpyroil Meron IPOBEPKH YCTOHUMBOCTH OTKOCOB BO BPEMs 3eMie-
TPsICEHHH OCHOBAH Ha NPEAMNOJOXKEHHH O TOM, YTO YIoJ BHYTPEHHEro
TPeHHUst TIPH CEeHCMHUYECKOM BO3JEHACTBHH MeHbIle, YeM B OGBIYHBIX yCJIO-
BHSIX. B 3TOM c/lyyae BCe H3JIOMKEHHBIC TNOJOXKEHHS MOJTHOCTBIO COXpa-
HSIIOTCA, KaK AJs o0bgHBIX yciaoBui. P. CaHo npeitoxuI cieayollee
COOTHOLICHHE!

¢ = ¢ — arctg &, (7.11)
A€ @ — Yros BHYTPeHHEro TPeHHS NPH 3eMIETPSICEHIH; ¢ — YTOJ BHYTPEHHE-
ro TpeHHs B OOLIMHLIX yCJIOBUAX; Kk — KodPOUUHEHT ceflcMHyecKod HarpysxH.

TocefyloWUME HCCIEAOBAHHSAMH [I0KA3aHO, YTO (¢, YMEHbIIAeTCs He
TaK CHJbHO, KaK NpejnoJiaraercs: B Beipaxenuu (7.11). Tlostomy GbLI0
NPEJJIOKEHO C/eAyIollee COOTHOEHHE:

@ = ¢—arctg (k/}/2). (7.12)
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7.4. JABJIEHHE TPYHTA HA NMOANOPHBIE CTEHDI
1) Teopus gaBienus rpynra Kynaona

1. Axmusroe dasrerue epyrma. CoBpeMeHHBIE METOIBl OIIpejese-
HHSI [aBJIEHUS! TPYHTA Ha MOAMOPHEIE CTEHBI NPH 3eMJIECTPSCEHHAX OC-
HOBaHBI HA TEOPUM PAacUeTa JABJECHHS TPYHTA B OOBIYHBIX YCJIOBHSX.
IlostoMy paccMOTPHM OCHOBHI TEODHH CTaTHYECKOTO pacyera AaBJECHHUS
IPYHTA.

JaBjienue rpyHTa Ha NOANOPHYIO CTeHY ONpEAesieTcst B OOLIYHBIX
YCIOBHSIX Pa3HOCTBIO AKTHBHOTO H NAcCUBHOTO jAaBteHuil. OfnHako Kor-
Jla NIOJNOpPHAsA CT€HAa PACCMATPHUBAETCA B MOMEHT HadyaJa OIPOKHILIBA-
HH{, JlaBJeHHe IPYHTA MOXKET ONpPEeAeNAThCS TOJAbKO aKTHBHLIM AaBJIe-
HHeM Ha creHy. M mHaoGopor, Korja cuia npu/aoKeHa K MOANIOPHOR cre-
He ¢ (PpOHTAJNBHOH HOBEPXHOCTH, JABJEHHE I'DYHTA MOXET YBEJHUYHTD-
Csl IO BeJMYHMHBI NACCHBHOTO JaBJeHHsI. DTO CIOCOBCTBYET YCTOHUHBO-
CTH NOJANOPHOH CTEHHI B KPUTHUECKOM COCTOSIHMH. B 3TOM CMBICIE Om-
peneseHne KPUTHUECKOTO JaBJIEHHA TPYHTA SIBJAAETCSH BayKHBIM IIOJO-
JKeHHEM B MeXaHMKe TPYHTOB.

CyllecTByIOT pasHble MeTOJbl OIpeJeseHHs aKTHBHOTO JaBJeHHsI
rpyHTa. PaccMaTpuBaeMblil HHKE METOJl, LIMPOKO NPUMEHSEMEIT B MH-
JKeHePHHBIX pacuerax, HaskiBaercst MeronoM Kymona. Ha puc. 7.22 nps-
Mot AB o6osnauena crena, AD -— NOBEPXHOCTh T'PYHTa 3a CTEHOII,
g — Harpyska o MoBepXHOCTH. PaccMOTpUM yCJIOBHE, HPH KOTOPOM
HOAINOPHAs CTEHA MOXKET CABHHYTbCS BJEBO. 110 JaHHEIM 3KCIepHMeH-
TOB, (OpPMa JIMHHH CKOJIbXKEHUS NpeNcTaB/ser co60i caerka BOTHYTYIO
BHH3 KPHBYIO, OZHAKO JJIST IPOCTOTH pacuertoB OHAa NPUHHMAeTcs B BH-
Je npsMOH JUHMHM. B MOMeHT Hauasna CKOJIBbXKEHHS MacCHBa TpYHTa
BJIOJIb 3TOH JIMHHHM €CTECTBEHHO NPHHHMMAIOT, UTO HaNpPaBJEHHE CHJIBI
CONPOTHBJ/IEHHS] TPEHUS MO JHHHH CKOJbXKEHHS 06pas3yeT ¢ HOPMaJbio
K JIMHAHM CKOJbMKEHHs YroJ BHYTPEHHEro TPEHHSI ¢, a4 HalpasJ/eHHe
cuibl P Ha 3ajiHefl MOBEPXHOCTH CTEHBI COCTABJSIET YToJ TPeHHs &, Ko-
TOpPHIA Yallle BCEro IPHHHMAETCS PABHHIM /2.

Taxum o6pasom, MaccuB rpyura ABC Haxoautcst moj JefCTBHEM pe-
AKTHBHOTO JaBJleHHst Ha creHy P, cymMel W Beca mMaccuBa rpynra ABC
H pacnpeneneHHo Harpyski no moepxHoctH AC, cuael tpeHus R
BJIIOJb JIHHUH CKOJIbXKeHHst BC u cuiel cuenienus Q sroas BC, xoroprle
JIOJIZKHBI HaXOAHTBCS B COCTOSIHHH paBHOBecHs. Kpome Toro, Bo3mox-
HO CLENJIeHHe MEXAy TPYHTOM H NoBepxHOCThIO creHbl. CHauasa, mo-
CKOJIbKY IIOJIOXKEHHE JIMHHHM CKOJIbKEHHSI HEH3BECTHO, YCJOBHE DAaB-
HOBecHst MaccuBa rpyura ABC sanuchiBaercst st [POU3BOJIBHOM JIH-
HHH cKoJbxkeHHs. IIpu stom W M Q onpelessioTest CAEAYIOMUMH COOT-
HOIIIEHHSIMH ;

W = o6pemubiil Bec rpyHra X miowaas ¢urypel ABC - noses-
Has Harpyska mo ydyacrky mnosepxuoctd AC;

Q == cuenyienne rpyHra X IJIHHA JUHUM cKoJabxkenus BC.
Besanuuner cut P 4 R HeH3BeCTHBI, OJIHAKO H3BECTHO HalpaBJeHHe HX
JeficTBHA. R HaKJIOHEHA K HOPMAJM K JIMHHHM CKOJBLIKEHMS MOJ YIJIOM
¢, a P cocraBiisier ¢ HOpMaJ/ILIO K NIOBEPXHOCTH CTEHKH yroJa 0,
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Suauenus cud P u R HaxoAdarcs M3 MHoroyroJabhnka cuia W, Q, P
1 R. Jdnst storo na puc. 7.23 Besquuuna W orkaanepiBaercst ot TOUKH B
B Bufe otpeska BE B ynoGHoM Maciutae HA BepTHKalbHOH JuHHH BG,
cuna Q — B Buje orpeska BD B ToM e MacuiTaGe BAOIb JIHHHH CKOJb-

6
£

Puc. 7.22 Puc. 7.23

*kenusi BC. Y3 touku D mpoBopurcs mpsiMasi JIMHHSA, Napaje/ibHas
HanmpabJenuio cuabl R, a u3 Touku E — mpAMas, napajienbHas Ha-
rnpapJeHu0 cuabl P. Ecid 0003HAYHTE TOUKY HX IEPECeHCHNs F, 10
ITHHA oTpeska EF XapakTepusyer BeJHUMNY JAABJACHHS TPYHTA P. Ax-
THBHOE [dBJeHHe HAXOUTCsl II0CJe ONpejesieHHsl BO3MOKHOH JIMHIH
CKOJIbEHHUS, IS KOTODPOH
BeJHYHHA P MakcHManbHa.
2) [laccusroe dasrenue
epynma. nsa onpejeneHus
HACCHBHOTO JIaBJICHHs TPYH-
Ta H3 BCEX  BO3MOXKHBIX
JIHHHH  CKOJIbXKEHHS] BBIOH-
paercsi Ta, VIl KOTOPO# AaB-
JieHHe TPYHTa MHHHMAJbHO.
OnHako MNpeanoNoKeHHe O
npsiMOJIMHERHOCTH  JIMHHH
CKOJIbXKEHWSI He COOTBETCT-
Byer JefiCTBUTEJIBHBIM YC/IO-
BHIM paBoThl  MOJINOPHBIX
cred. BoJsee npaBUJIBHO NIPH-
HMMarh e¢ B BHIE KPHUBOJH-
HeffHoro orpeska. Qopma
KpHBO# OOBIUHO TNpeanoJaa-
raercs HCXOJsl H3 CJeLylo-
IHX COOGpaxkeHHH. =
Ha puc. 7.24 u 7.25 au- Y
Husimu AB oGo3nauena noj-
nopuasi crena, AC — no-  Puc. 7.25
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BePXHOCTL TPYHTa, KOTOpasi HAKJOHEHA MO YIVIOM Y K TOPH30H-
TaJIbHOI IUIOCKOCTH (Y IPHUHHMAET OTPHUIATENbHOE 3HAUEHHE TPH 06-
PaTHOM HaKJIOHE rpyHra). JIMHUS CKOJbLXXEeHHs IPHHHMaeTcsi B (opme
BDC, uactb kotopoit DC — npsiMast JuHus. 30Ha, OKPYKeHHAs Tpe-
yroabHukoM ADC , HasblBaeTcs 30HOH NACCHBHOTO AaBieHuss PeHku-
Ha. Kaxnas us npsimbix AD n DC orpanuuena JHHHAMH CKOJbKEHHS,
Kpusast BD siBiisiercst JIorapH(MHYECKOH CTIMPAJIbIO ¢ LEHTPOM B TOYKe
O ua npamoii AD, ypaBHeHHe KOTOPOI

r=ry-edtee, (7.13)

Tae 7 — pajanyc-BeKTop Kpusot BD; 6 — apryment ¢ mayajom orcueta oT npsi-
Moit OB r, — pauna orpeska OB; ¢ — yroJl BHYTpeHHEro TPEHHsT TPYHTa.
B kauectse nepsoro mpuGmukenus Touka O npHHHMaercst Ha nps-
Mol AD.
[Tockombky DC u AD — JMHUM CKOJIBXKEHHS] B 30HE I1aCCHBHOTO
JaBJIEHHUA- TPYHTA peHKHHa, HX HampaBJIeHHe ONpenesIsieTca yraaMu:

=T 9 E=Y g @, By
%= ;o b=t (7.14)

TA€ & ONpPeAeNseTcsi COOTHOMIEHHEM Sin & = sin v/ sin @, 0 < [e]| < 90°.

IlaccuBHoe paB/ieHHe TDYHTA Ha MOANOPHYIO CTEHY NPHHHMAETCS
HanpasJ/IeHHBIM MOJ YIJIOM 8 K HOPMaJsH K MOBEPXHOCTH CTeHbI. [1accHB-
HOE€ NaBJ€HHE IPYHTA HAXOAMTCA H3 YCJAOBHA PABHOBECHS MOMEHTOB
CuJl, NEHCTBYIOIMX Ha MacCHB rpynta ABDF. Cuaa, jeficrBymowmas Ha
BEPTHKAJIBHYIO IIIOCKOCTE FD), NIPUHHMAaeTCs PAaBHOH NacCHBHOMY JaB-
JIeHHIo rpyHta Penknna. Harpysku ot coGeTBeHHOTrO Beca U clensenie
TPYHTA HEJb3s Pas3jeNiTh, 332 HCK/IIOUCHHEM C/Iyyast TOPH3OHTAILHON
TNOBEPXHOCTH rpyHTa. OAHAKO JJISL NPOCTOTHI NPENNONATAETCS, UTO 3TH
BOS/ICHCTBHS MOXKHO ONDEJeJIHTb DasiebHO, A 3aTeM CYMMHPOBATH.

aBjenue rpyHTa OT €ro COGCTBEHHOTO BeCa 06O3HAUECHO P, touka
NMPHJIOXKEHHS STOH CHIBI IPHHSTA HA PACCTOSIHHH 2/3 BEICOTH OT Bepxa
NOANOPHOH cTeHbl. [laBieHue IpyHTa OT pacnpeieleHHOH IO noBepx-
HOCTH HArPYSKH H CUEIVICHHs IPYHTa 0603HAYeHO Py, a TOUKa MPUJIOKe-
HHSI 3TOM CHJIbI NIPHHSITA HOCEPENHHE BLICOTHI CTEHEL.

Cuita Py onpefesiercst CIeAylOLEM 06pasoM (cMm. puc. 7.24). Pac-
CMaTPHBACTCs YPABHEHHE DPABHOBECHS MOMEHTOB CHJI, JAeHCTBYIONIHX
Ha Maccus rpyHra ABDF. Tlpuusro, uro
R, — nmaccunoe naBenne Pewkuna Ha miockocts DF;

W — coGersennbiit Bec Maccusa rpynra ABDF:
Qy — CHJIa peakuHH N0 JMHHM CKOMbKeHHs BD:
P, — naccuBHoe 1aBnenuwe rpyHra Ha NOAMOPpHYIO cTeHy AB.

CyMMa MOMEHTOB 3THX CHJ OTHOCHTENBHO TOYKH O JIOJI>KHA OBITh
paBna nymo. Toraa B cootBercTBHU C TeopHeli PeHKHHA 1151 JaBJIeHHS
rpyHTa

— Y preerrammrrry
R, =2 DF cos y cos y+ 1 cos’y — cos? g (7.15)
2 cos y—V cosTy — cos? ¢
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gme @ — ofvemHbifl Bec rpynta; DF — aauna cermenra DF, Mockosbky TOUKA
% npHJOMKeHHs Ry pacnosoxena Ha PacCTosHHHK %/; oT Bepxa oTpeska FD, MOXHO

! oIPEeR&TUTb MOMEHT CHJIBl Ry OTHOCHTEIBHO TOUKM O
Bec maccuBa rpyuta ABDF 1 ero MOMEHT OTHOCHTE/IBHO TOUKH O
. IeTKO onpejessieTcss u3 auarpaMMsl. [ToCKOMbKY Takxe cHJa peakiHH
! BOJIb JIHHHH CKOJbXKeHHst BD cocraBisier yroa ¢ ¢ HOPMAJbIO K JIH-
" MM CKOJIbXKEHHSI, HallpaB/JeHHe ee JIEHCTBHS NPOXOJHUT uUepes TOUKy
0 ¥ MOMEHT OTHOCHTEJIbHO 3TOH TOUuKM paBeH Hyaw. Haxonen, Touka
" npHJIOKeHHS! AABJIEHHsl TPYHTA Py pacnoJiokeHa Ha ypoBHe 2/3 BbICOThI
_ MOANOPHOH CTEHHl U JUTHHY HOPMaJH u3 ToukH O K JHHHH JeHCTBHSA CH-
. et P; MOXXHO H3Meputh. Ilosaras ee paBHo#l [, H3 ypaBHEHHMs PaBHO-

BECHsT MOMEHTOB OIlpejesisiem

P = l‘—(MRl + My), (7.16)

rae Mp n My —MOMEHTB COOTBETCTBEHHO CHJI Ry u W orHocutensHo Touku O.
AST

Cuna P, Bouucasiercst caeayiomum o6pasoMm. Paccmarpusaercs
paBHOBecHe cull, AeficTBytomux Ha Maccus rpynta ABDF (em. puc. 7.25).

K HuM oTHOCATCS:
R, — cuJa TacCHBHOTO JaBaenusi PeHknHa Ha miockocTh DF;

P, — naccuBHOe jaBjeHHE TPYHTa Ha MOJIODHYKI CTEHY;
g — BHEIIHssl NOTOHHAs HArpy3ka Ha HAKJIOHHYIO IOBEPXHOCTD
TPYHTA,;
¢ — yJeNpHOe CLeIJIEHHe TPYHTa,
gAF — BueluHsiss Harpyska Ha maccuB rpynra ABDF;
Q, — cuia TpeHust BAOJIb Kpusoit BD;
c¢BD — cuna cuenjienusi BAoJab KpuBoH BD.

CyMMa MOMEHTOB 3THX TISITH CHJ OTHOCHTeJIbHO Touku O JO/IKHA
6hiTh paBHa Hyaio. [laccnBHoe jaBjenue Penxkuua na miockocts DF
ONpeJieNsieTcsl BhIPakKeHneM )

Ry,=¢,DF, (7.17)

TAe ¢, HaXOAHTCS K3 CJAELYIOLLEro ypaBHEHUS

1

g2+ 201 —2sc?q - cos® y)g — 2c tg ¢ - cos ylgs +
+(qg—2ctg @ - cosy)? — 4t sc* ¢ - cos®y = 0. (7.18)
ITocko/bKY HanpaBJIeHHe CHIBL R, 11apaJleIbHO N0BEPXHOCTH IPYH-
Ta, a TOUKA ee MPUJIOKEHHs sIBJIsIeTCs cepeanHoit orpeska DF, MoxKHO

OmpefeJHTL MOMEHT CHJIBl R, OTHOCHTENIBHO TOUKH .

Mowment BHelHe# cuiibl Q Ha oObeM rpyHra AF MoxkeT ObTb HakJeH
HeNOCPEJCTBEHHO M3 JHAarPaMMbl, a MOMEHT CHJ/b DeaKIHH TIPYyHTa
BAOJIb JIMHUH CKOJbKeHHs BD paBen Hy/:0. MOMCHT CHJI CUENJIEHHS

HO JIMHUM CKOJbiKenuss BD oTHocuTeNbHO TOUukH O HMeeT BH

29

61
Mczjcrcos pds = 2tC (ri—rd), (7.19)
0

Tae ry u ry — anunbl pagnyc-sexkropos OB u OD.
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Tak xak TOUKA NPUJIOKEHHS AABJICHHS rpynTa P, HaXOAUTCS MOCE-

PEIHHE BBICOTBI IOANOPHON CTEHbI, JJIHHA HopMmasd 13 toukH O K na-

NIPABJICHHIO CHJIbI Py MOXKeT GbITh Haliena rpajuuecku. Ecau ona pas-
7

Ha ', T0 U3 ypaBHeHus PaBHOBECHS OTHOCHTE/IBHO TOYKH (O moJyyaeys

1

Py= T (MR2+MQ+MC), (7.20)
rae MP2 H MQ ~— MOMeHTBl CHJ Ry H Q OTHOCHTeNbHO TOUKH O,
Orclona naccuBHOe AaBJIEHHE TPyHTa Ha CTeHy
P =P, + P, (7.21)

ITaccuBnoe AAaBJIEHHE TDYHTA HAXOJUTCS H3 YCJIOBHST JOCTHXKEHHS
MHHHMYyMa P wa Bcex BO3MOXKHBIX JIMHUAX CKOJbKEeHUS.

2) Teopus MoHoHOGe — naBseHns TPYHTa NPH 3eMJeTPsICEHUSX

Teopus onpepenenus pasnenus IPyHTa IIPH OGBIYHBIX YCAOBHSIX
Gbla B janbhefimem passura H. MonooGe nis OLEHKH JABJCHHS NpPH
3€MJIETPSICEHHAX.

Cornacho Meroxnke Kosdduiuenta ceficMuyeckoil Harpysku a¢-
(exT semaerpsicenns yuutniBaercs NyTeM M3MEHEHHS BeJIHUYUHBI YCKO-
PEHHA CHJIBL TAKECTH H [I0BOPOTA BEKTOPA YCKOpeHHH Ha onpejeTeHHbIH
yrost. OTHOLIEHH® COOTBETCTBYIOLIErO YCKODEHHsI IIPH 3eMJIeTpSCeHHH
K YCKODEHHIO CHJIBI TSIXKECTH PaBHO:

i =V (1—k)+EE, (7.22)
a yroJ MoBOpoTa
0—arctg —"  _arctgK. (7.23)
1—F,
3navenne O npuBenens B Tam. 7.3,
Ta6auuwa 7.3
Bennuuant yraa 6 no (7.23)
k
ky i
0 0,05 | 0,1 | 0,15 0,2
0,1 5°40' 6°0’ 6°20/ 6°50’ 7°107
0,2 11°20° 11°507 12°30° 13°20’ 14°00’
0,3 16°40° 17°307 18°30 19°307 20°307
0,4 21°507 22°50/ 24°007 25°107 26°30"

'

Takum oGpasom, onpenenenne nasienus TPYHTa Ha INOANOPHYIO
CTCHY IIDH CeHCMHYECKOM BO3JCHCTBHH CBOIHTCS K 3ajaue HAXOXKJIECHHS
AABJIEHUS TPYHTA C HAaKJIOHHOH NMOBEPXHOCTBIO HA 06paTHYI0 CTOPOHY
HAK/JIOHHOH CTEHDbI, IIPHYEM BECh PACYET MOKET BBITOMHAThLOS CTaTHYeC-
ku. H. Monono6e mpuusn NPERNOCLUIKY O NPSMOJHHEHHOCTH JHHUE

190

7IbJKEHUS KAK IIPH aKTHBHOM, TaK M IPH NACCHBHOM JaBJIEHHH TPYH-
o IM nosyyeHHl CJEAYIOLIHEe DPe3yJbTarhl.
o 1. Axmueroe dasrerue epynma. AKTHBHOE JlaBJICHHE OT COGCTBEH-
o Beca rpyHTa Ha OOPAaTHYIO CTOPOHY NOAMNOPHOH CTEHBl M OT BHELH-
e 3KH Ha TOBEPXHOCTb FPYHTa BbUMCAsieTCH pasjenbHo. llep
::;I c}i)alcl;%sénﬂwmaﬂ onpejienfeTcs CeAyOuHM BEIpaxenneM (puc. 7.26):

T

P, =—_‘—2kv C,wH?, (7.24)
e cos? (p—8—1) -
Ca= sin (¢ +0) -sin (p—0—09) ]
cos 0-cos? g cos (8-1- ¢ +0) | 14- cos (84 +0)-cos (Bp—1p)
) (7.25)

3peck Py — aKTHBHOE JaB/JeHHE IPYHTA NpH 3EMIETPSCCHHM; W — og:el\TAHgﬁ
R Ita; H — BricoTa rognopHoil crens; 6 = arctg K; ¢ — yroa BHYTp -
ner rgyé{f'{;;{ rpyuTa; P — Yroa Hakjona crensl; 8y — yroJ HakJIOHa TIOBEPXHO
::{Terrlorpgfma; & — yrén TpeHHsi MEXJIY TPYHTOM H IOANODPHON CTEHOH.

Puc. 7.26

Puc. 727 P

2
Touka NpUJOKEHHS JaBJeHus P, HAXOXUTCS HA paCCgOﬂHHHMa/?IbO}’(I‘)
‘Bepxa CTeHBl, HallpaBJeHHE ero JeficTBUs 06pas3yer yros o ¢ HOII{)eM 1510
K TIOBEPXHOCTHU CTEHbI, IPHYEM 3HAYEHHE & HECKOJDKO MeHbILe, p

OOBIYHLIX  YCJIOBHSIX. ) e
AKTHBHOE JaBJeHHe TPYHTA OT BHEIIHEeH HArpy3KH Ha NOBEPXH

paBHo (puc. 7.27):

(L —k)cos® o opp (7.26)
@ cos (Pp—8y)
il i rPY3KH Ha HaKJOHHYIO NOBEpX-
THe ¢ — WHTeHCHBHOCTb BHELIHEH IIOTOHHOM HAarpy

Homama P npujoXeHa K CepeluHe BBICOTbl MOANOPHOM CTEHKH H COC-
TaBAsier yroi 8 ¢ HOPMAJbIO K MOBEPXHOCTH CTEHHI. i

9. ITaccustoe Oasaernue epyrnma. IlacciBHOe AaBleHHE rpyHeﬁ Ja
06paTHyio CTOPOHY CTEHBI OT €r0 COGCTBEHHOTO Beca H OT BHeIgsaeJmHo
TPY3KH Ha TOBEPXHOCTb TPYHTA TaKKe BBLIYHCIAACTCA P

(puc. 7.28).
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b,
p
= 2
i
Puc. 7.28 Puc. 7.29
¢
it T ;
C AR RERNNY, ? T
48 +H IRRPYYAR g H
T Y °_§¢b N 40 =Sumy Peg5e
B NENERIOZeRIP NP7 ¢ T =47
06 /} /kw’,ﬁ‘.;»‘t},‘b—,ﬂ) 1 RE @
e e ey 30 b iy
LA LT ) - : +
EanipEg af = TSR
04 DB agis o H f 20 T ;.7‘\ o
Eams= o qmuN N ' Beacdiisy
425 | r
0 _ 10 ] !
L] 1 , 1 1 1
. T
TR TR Ty ) wausauan ESNEEN,
0 91 02 03 04 K,
Puc. 7.30. Usmenenu
e Koapbunuen- Puc. 7.31. HUsmeneine K03 duin-

Ta aKTHBHOIO NABJNEHHS rpynta BO
1;{1?165451 _3eMJeTpaceHus (nanusre
HCKOM  accoumanuu 11
U OopTOo
raBaHefi) pron

CHTAa NACCHBHOTO JNABAEHHS IPyHTA
BO BpEMsl 3eMJETPSCEHHS (maHmbic
SAnoucko#t * accouganuu OPTOB M

raBameit)
IlepBoe caaraemoe paBHo:
_1—p,
P,= - C,wH?, (7.27)
C. — __ cos? (9 —0 4-1p)

p=

cos 0.cos2 . _ _ sin@-sin (@ 4-0,—0 2
cos? -cos (1 6)[1 ]//cos(1p~9)-cos(go—1:7)J , (7.28)

rae Pp — naccus i

HpHJ]OI;KEHHH KOTO};oOergaBﬂeHne FPYHTA NpH ceACMHYECKOM BO3NEUCTBHH, TouKa

of eo nepna Tl HAXOAMTCH HA paccTosiHUH 2/3 BBICOTEI MOANOPHOHN CTEeHbl
, NPABICHAE MEPNeHNKYIAPHO NOBEPXHOCTH CTeHbl

H )
4CCHBHOC AaBlIE€HHE OT BHEIHeR Harpysku (puc. 7.29) pasro:

P (1 —ky) cosp
P cos (Y—0y) ¢
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2 qH . (7.29)

_Jas cnyuas BepTHKANbHOH OGPATHOH NOBEPXHOCTH NMOANOPHON CTe-
' ypl U TOPH3OHTAJIbHON MOBEPXHOCTH IPYHTA BETHUHHBI KODMOUIHEHTOB
.aKTMBHOTO H IIaCCHBHOTO JABJIEHHs MPHBEIEHBI COOTBETCTBEHHO HA
puc. 7.30 n 7.31. Kak BUAHO U3 3THX TPadUKOB, C MOBHIIEHHEM KO3()-
Epuunenta CeficCMHUECKOM HarpyskH aKTHBHOE JaBJEHHE IpyHTAa BO3-
naCTaeT, a IacCHBHOE naBJjenue yOrBaer. [Ipu Beanunne Koadhohuunuenra
_ceficMuueckoll Harpyskd 0,3 akTHBHOE AaBJCHHE TPYHTA CTAHOBUTCSH
NPUMEPHO BJBOE GOJbLIE, @ MACCHBHOE COCTABJSET OKOJO 80% ux Be-
_yIMYMH TPH OOBLIUHBIX YCJIOBHUSIX.

3) dKcrepUMeHTaNbHbIE HCCAEN0BAHUS

JaByenye rpyHTa Ha NOAMOPHYIO CTEHY B YCJOBHAX BHOPAILHOHHO
10 BO3IeHCTBHS MOYKET ObiTh HCCJIELOBAHO sKcrepumeHTasbHo. X. Ma-
uyo [234] nomectns cyxoff necok B UMK, NOABEPTas €ro rOPH3OHTaNb-
HBIM KoJIeGaHHAM ¥ M3Mepsis JaB/eHHe TPYHTA Ha CTEHKH fAmuxa. B
COOTBETCTBHH C Pe3YyJAbTaTaMH €ro HCHObITAHUH H3MeHeHHe JIaBJeHHUS
rpyHTa B nporecce KoJeGaHHil MOXKHO pasle/HTb Ha H3MEHEHHe IaB-
JeHUS B CBA3M C YINIOTHEHHEM Iecka M H3MeHeHHEe JaBJeHHs KoJeba-
TeNBHOIO Xapakrepa.

Uro kacaercsi U3MEHEHHS [aBJCHHA B CBA3U C VIJIOTHEHHEM, TO
ero yBeJHUeHHe [IPONOPILMOHANLHO U3MEeHeHHIO KosbdUIeHTa ceficMu-
yecKoH HArpys3KH BIJIOTH JO BeJHYHHBI nociensero 0,5. Yseanuenue
970 GoJsblle 15 Gosiee 3ardayO/eHHBIX TOUEK, OAHAKO BhIPAXKEHHOE B
BHJle KOo3(puuMeHTa JAaBJAEHHS OHO HAYHHAET YMEHbHIAThCS ¢ onpese-
JeHHO#H rayGuHBl. CollocTaB/eHHe XKeCTKO H YIpyrosaleMJIeHHol Nnoj-
MOPHOH CTEHbl CBUAETENLCTBYET O 0oJiee BHICOKOM 3HAUCHMU JaBJEHHS
B c/ydYae YIPYTOro 3auleMJIeHHS.

JaBienue rpyHra, H3MeHstiolleecst N0 3aKOHY BHEIIHEro BO3MYIIEHHUH,
NOCTENIEHHO OT HAaYaJbHOTO COCTOSIHHS NEePeXOIHUT B CTafMIO CTabHJH-
sauuu. Ha Gouabiioil ryGuHe 9TO JaB/ieHHe OueHb Masto. AMIJIHTYIa
U3MEHEHHUS [ABJEHHUS! [PHUMEPHO INPOMOPILMOHANLHA YCKOPEHHSAM KO-
JebaHui.

CpaBueHue H3MEHAIOLIErOCcsl BO BPEMEHH JaBJEHHUS IPYHTA HA JKECT-
KO 3aueM/JIeHHYH CTeHy H CTeHy, Koropas crnocoOHa yIpyro 1noBopa-
YHBATLCSI BHH3Y KaK B IIapHHPE, IOKA3bIBAET, YTO AJs KECTKO 3alieM-
JIEHHOH CTeHH AaBJIEHHe 110 BeeH NMOBEPXHOCTH M3MEHseTCss B OAHOH (a-
3e. B cnyyae ynpyro noBopauyMBarolieciisi CTEHbl MAaKCHMaJblioe J1aB-
J€HHE OTMeUeHO ITPHMEPHO NOCPEIHHE BHICOTLI, 8 ero AMINVINTYJAA YObl-
BaeT ¢ yBeJIHYEHHEM MepeMelleHHil CTeHnl, JOCTHIas ONpPeNeJeHHOTOo
npenena. Korja nepemelleHHs! CTeHbl IPEBOCXOJAT 3TOT IIpeJies, B H3-
MeHeHIH Japienus rpynta Habaogaercst CABHT 10 (ase Mexay OTAeb-
HBIMH TOYKAMH CTeHBl, a /1A BepXHeil i HiKHell vacreil creHbl (azbl
KOneGaHuil NPOTHBONOJOKHbL. )

WM. Hummu [236] raxike u3yyan KoaeOaHHs 3aNOMHEHHOTO CYXHM
NeCKOM snIHKa NPH FOPU3OHTANbHLIX BO3JeHCTBUsX. B ero onpitax 1aB-
JIeHHe TPYHTA HA CTEHKH JOCTHTAN0 MHHHMAJbHOTO 3HAYEHWS TPH Ha-
KJIOHe CTeHBl OT PPYHTA M MAKCHMyMa NPH HAKJIOHE CTEHbi K TPYHTY.
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AMmiuTyZlel KoneGaHUH JaBleHHA IpyHTa ObIH BecbMa HEOGOJIbLIHMI
Mo cpaBHEHHIO ¢ H3MEHEeHHeM JIABJICHHHA OT YIJIOTHEHHS.

¥YBeJlHUeHNE JaBNEHHS IPYHTA OT YIJIOTHEHHSI, KaK [PaBHJO, TPO-
HcxopuT B NEPeXoJHblil NEPHOX OT Hayaja KoJeGaHui 0 CTajuH OYeHDL
CHJIBHOTO YIIOTHEHHSI necka. BeanuywHa fAaBjeHHs] teM 6OJblIE, ueM
Bpillle YCKopeHHs. CreneHb YBEJHUYEHHA JAaBJIeHHS HA NOJAT/HBYIO CTe-
Hy GoJbllle, 4eM Ha XKECTKO 3alEMJIEHHYIO.

Bax{HEIM pe3y/bTaTOM 3THX OINBITOB SIBJSETCA NOATBEPKIEHHE, UTO
paBHoZEeHCTBYIONAs NaBJEHHS TPYHTa, HECMOTPSl Ha CJOXKHBIA Xa-
pakTep HayyaeMoro sIBJICHHS, PaBHA MJIH HECKOJBbKO MeHbllle BeJHYUH,
onpeaeaseMbx o ¢popmysie MoHoHOGe, a pacnpesieenHe JaBaenus noy-
TH paBHOMEpHOE (rHApOCTAaTHUYECKOE).

Ha ocHOBaHHH 3THX 3KCIEPHMEHTOB JiaBJeHHe Ha MOAMOPHYIO CTEHY
OT KoJ1eOJTIOMerocst ecka MOXKeET GhiTh Pa3lesIeHO Ha CTaTHYeCKOE JaB-
JleHue, YBeMUUUBAWOIleeCs B CBSI3H C YIJIOTHEHHEM IlecKa, M JAaBJeHHe
rpyHTa, U3MeHsoHeecs: o 3aKoHy KoJebanuil. Kakoe M3 HMX OKasbl-
Baer GoJbllee BJIHSHHE HA YCTOHYUBOCTh TOANOPHBIX CTEH, 3aBHCHT,
TJIaBHBIM 00pa3oM, OT XapakTepa 3alleMJIeHHsl CTeH B TpYyHTe.

7.5. HECYWASt CHOCOBHOCTb 'PYHTA
1) Hecymas cnocoGHOCTL FpyHTa B OOBIYHBIX YCJHOBHAX

Korja x nmoBepXHOCTH IpyHTa NPHKJIAJbIBAETCA HArPyska, KoTopas
3aTeM NOCTENEHHO yBeJMYHBaercs, HaO/MofaeTcsl Peakuus JABYX THIOB.
K mepBOMy THIY OTHOCHTCS BHe3allHast OCajKa IpyHTa IocC/e JOCTHIKe-
HUSI HaTPY3KOH ONpejeJeHHOro Ipefena, KO BTOPOMY THIY — IIOCTe-
HeHHO YBeNHYMBAW0OINAsCs Ocajka. B mepBoMm CJyuae HAarpyska, IIpH
KOTOPOH HAuMHAeTcs BHe3amHas OCajika, ompejessieT Ipefes Hecyiefl
‘crioco6HOCTH. Bo BTOpOM calyyae 3TOT mpenest XapaKTepH3yeTcsl TaKoH
HarpysKo#, NPH KOTOPO# COOTHOLIEHHE MEXy BHeIIHeH HarpyskoH H
pPOCTOM OCaJKH CTAaHOBHTCS HEJNHHEHBIM.

Korja rpyHT CcHU/IbHO HArpyeH, 4acTb I'PyHT2 HENOCPECTBEHHO
nos ¢yHIaMEHTOM HCHBITBIBAeT GoJbliMe JaBjeHusi. Eciad sta wactb
C/I0KeHA He OYeHb CIKHMAaeMbIMH TPYHTaMH, TO IPOYHOCTb [PYHTa HA
CHBHT II0 ofeuM cTOpOHaM (yHIaMeHTa Cpa3y IPEBBICHT BEJIHUHHY
NPOYHOCTH, KOTOpasfl XapakTepHa JO BO3HHKHOBEHHsI 3HAUHTEJNBHLIX
ocajiok. Torja 1no ofHOH HJAH MO OGEHM CTOPOHAM MPOH3OHAET CABHT
rpyHTa, Y70 MOXKeT MPHBECTH K paspyuiennio ¢ynjiamenra. Takoe pas-
pylienne 06bMHO HasbiBaeTcsl paspylueHHeM OT ciiBura. Ecam xe cre-
neHb OCalkH rpynta BOMH3H. QyHIAMeHTa Beauka, TO caMa 3Ta 0Cajka
cyuTaeTcd paspyiieHHeM ¢yHnamenta. Takoil THII Pa3pylUeHHs Ha3bl-
Baercsl MECTHLIM pa3pyHIeHHeM OT CIBHTa. i

MexaHKaM o6uiero pa3pyuleHus TpyHTa OT CABHIA NPUHHAMAETCS Ta-
KUM, KaK nokasaHo Ha puc. 7.32, a. TpeyroJbHHK MacCHBa TpyHTa
abd mon, ynnamentoMm paccmarpuBaercsl KakK 4acTh IPYHTa, Henocpe-
CTBEHHO CBfi3aHHOro ¢ ¢ynpamentoM. Yacrb rpynura ade naxomuresi B
COCTOSIHMY IJIACTHYECKOTO paBHOBECHS, a 4acTh B BHJAE PaBHOCTOPOH-
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HEro TPeyTroJIbHHKa aef cuMTaercs B 4) B
YCJAOBHSIX  NACCHBHOTO  AABJEHIIS S
Penxnna. Ilosromy naccuBHoe naB-
JIEHHe UYaCcTH TpyHTa aef cuuraercs
OCHOBHOH CHJIOH, KOTOpas BOCIIPH-
HHMderT HarpyskH or (yHJaMmeHTa.

B caydae mHerayGoKoro sasoxe-
HHSI M IPH [V1YGHHE 3a/10KEeHH T MEHb-
e IHpHHBl ¢yHaamenta D, < B
(cM. puc. 7.32,8) Bec TpyHTA HaA
yPOBHeM NOJOIUBbI (pyHAaAMEHTA CuH-
TaeTCs NOJEe3HOH HarpyskoH, a Bcs
3ajaya CBOJMTCSI K pacCMOTPeHHI0 He3arJayOJeHHOro (QyHjlaMenra.
- Ilpepesbnasi necyuias CrnocoGHOCTL (yHZAMEHTa TPH ofWeM pas-
PYWIEHHH IPYHTA OT CABHIa onpejessiercsl ciepyrwouum obpasoM. [lo-
TOHHASl Hecymlas CIOCOGHOCTb JIEHTOUHOrO (PyHAaMeHTa INpH IIHpHHE
Harpyxenus B Ha eIUHMIlY JJIHHBl paBHa:

Q=B (cN,+yD; N,+1/2yBN,), (7.30)

rae Q@ — npexeavnas Hecyliasi Cloco6HOCTb 10 TeOPHU o6Hiero pas3pyuUIeHHsS OT
CABHTa; B — minpuna JeHTOYHOro GyHAaMeHTa; c— yAelbHoe CllelJieHHe TPYHTa;
Y — o6bemublil Bec rpynra; Dy — ray6uHa 3a/0XKeHHS.

[Mapamerpsr necymelt cnoco6mocrn N,, N, u N, onpenessiorcs
TOJIBKO yIJIOM BHYTPEHHEro TPEHHs! ¢ M NpUBefeHbl Ha puc. 7.33.

80| N‘ sl AII
B u
50 soft-F I
0 N W a0+
/ mi
30 30 ' 60 /
20 2 y 20
10 10 B 20
0 == 0
07 A7 20 300 ¢ O 10 S0 O 10020 50
Puc. 7.33
W LLUIHMIILIHH 80 T‘Ll”:l
T “Ea pa
R IR 50
Nan
WA Oz YT
A pd
10 /4 A4 10 e BT
oL o I
0" W07 200 0 0° 10720030 ¢ 00 107 20° 30° @
Puc. 7.34 B
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B cayuae Kkpyrioro ¢yugamenta ¢ paguaycoM R ero mecymasi clo-
COOHOCTL paBHA:

Q=aR2(1,3¢N, +yD; N, + 0,6yRN,). (7.31)

st nenrtounsix QyHIAMEHTOB MPH MECTHOM PaspyIIeHHH OT CABH-
ra

Q=B (2/3cN;---vD; N;-+ 1/2yBN}). (7.32)

[Tapamerper mecymefi cnocoGuoctu N, Ng; m Ny npuBegeHbl Ha
puc. 7.34.

2) Hecymas cnoco6HOCTb IPYHTA NPH 3E€MJAETPSCEHUSIX

BesycioBHO, Hecymias CHOCOGHOCTb TPYHTa NPH CHJBHBIX 3eMJe-
TPSACEHUAX CHHKaeTCs. TPYNHOCTh 3aKJ/IOYAETCS TOJBKO B KOJHUECT-
BEHHOM YYeTe 3TOTO CHHXKEHHUS. Eciu npHHATD, UTO BIHSHUE 3eMJIeTps-
CeHHs CBOAMTCS K YMEHDBIUEHHIO YIja BHYTDEHHErO TPEHHUs TPyHTa,
TO MOXHO Ha OCHOBAHHH DACYETOB HECyIIeH CIIOCOGHOCTH B OBBIMHBIX
YCJIOBHSIX ONPENENUTh HECYILYIO CNIOCOOHOCTD (pyHAAMEHTA NPH CEHCMH-
YeCKOM BozjieicTBHH. JIDYTHMH cJIOBaMH, PacCMOTPEHHEIE paHee napa-
MeTpbl N Heo6XoJHMO 3aMeHHTbL BEJIHYMHAMH, KOTOPHIE NMpHBEJEHb B
Taba. 7.4. Kak nokaseiBaer aHa/liu3 TaOJHLbI, Hau0oJee 3HAYHTENLHO
NPH yBeJHYEHHH KO3((UIHEHTA CefiCMUUECKOH HATPYy3KH CHHXKAETCs
HECyIlast CIIOCOGHOCTD 32 CYET CONPOTHBJEHHS TPEHHsI, 3aTeM Hecylasi
CrIOCOGHOCTD 3a cueT 3arayG/eHust (yHIaMEHTa, HAKOHel, CHHKEHHe
HecyleHd CIOCOGHOCTH 34 CYeT CIENJEHHS caMoe He3HAUMTEJbHOE.

Ta6aumga 7.4
Napamerpel Hecyulell CMOCOGHOCTH NPH 3eMAETPHACEHHIX

Yron
BHYTDEHHETO @=235° p=30° @=25°
TpeHH s

CyMMapHbiit
Kosdgmuuert | o 19,1 0.2]0,3]0,4] 0 |0,1]0.2}0.3|0.1] 0 |0,1]0.2]0.3]0,4

Harpysku K

N 58| 34122 | 16| 12 36122 17|12 9 [22{17|12| 9 |6
Ny 43120 12| 7| 422} 12 41 3 |12 5|1 313
N, 421201 9| 3| 220| 9 21119 4] 2111|0
N/ 241 18| 13| 11 9 (18| lsf12] 9| 8 |13] 12| 9 816
N(; 13 8 5 3] 2| 8| 5| 4 2| 2 41 3] 2|1
N 100 & 1 0] 61 2 1 0] 0|2 1] 0;0]0

CyuiectByer rakxe ¢opmyJa, NOJNyseHHash HAa GCHOBE BhLIPAXKeHHs
(7.32). Ona naer 3HaueHHe JONyCKaeMOH Hecyllefl CIOCOBHCCTH C yye-
TOM 3KCHEPHUMEHT aJbHBIX JAHHBIX O Pa3’KHIKEHHH IIECUAHBIX TPYHTOB
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npy KOJIEGaHHSX. Ecnn ucnplTalHsl TPYHTA MOJ HArpy3Koli He MPoH3-
BOASITCS, TO MOXKHO BOCIO/b30BATLCS BbIPaKEHHEM

go=1/2[acN. +v,D; (Ng—1)+ By BNyl v, D;,  (7.33)

rie g — AONYCKaeMasi Hecyllias CoCOOHOCTb NpPH 3eMICTPSICEHHU Ha EIMHHILY

rollafn, T¢/M%; ¢ -—— ylenpHOe CleNjeHne TPYHTA TOf TIOAOLIBOH (I)}’Hgahieji’lle,

re/M2 (Uit TAMK ¢ nokasaTesem N < 5 cueneitne npHnnMaerca B pasmepe 70%

peJMUHHBL IPH OOGLIUHBIX YCAOBHSX); ¥, — 06bEMHBIA BEC [PYHTA O] MOAOLIBONH
upamenta, T¢/mM3 (nnst wacteli pyHAaMeHTA HMXKE YPOBHS IDYHTOBBIX BOJL NpH-

HHMaercs 00LeMHBIH BeC B BOJE); Vs — 0OGBEMHBI BeC TPYHTa BLIILE NOAOLIBBL PyH-

xaMenTa, T¢/M? (1Jist yacTeil pynaMenTa RHXKC YPOBHS IPYHTOBLIX BOL TaKXKe NpH-

HEMaeTCsi 0OBEeMHLI Bec TpPyHTa ¢ yueToM Boibl); Dy — sddextupnas raybuna

3aJOKEHHs OT NauHH3ilicH OTMETKH MOBEPXHOCTH TpyHTa BOausn dyniaMenTa,

M; B — MunMMajbHas IIMPMHA IJIOUIAJAH HarpyxKe-

HHsi, M (AHaMeTp B ciaydyae XKpyrJoro @yslaMmeHTa) H

B == 2x¢ NpH BHELEHTPEHHOM TIDHJOXEHHH HarpysKH,

Kak 1oKasano Ha puc. 7.35; N, N;, u N{, -— napamert-

pyi Hecyllefl cnocoGHOCTH, IPKHUMAaeMble [0 pHC. 7.34,

Jlnsi BOJIOHACHINIEHHBIX NeCYaHBIX TPYHTOB
’
¢ N < 20 kosdp¢unnentst N, u Ny npHHHMA-

“:

JOTCSl C YYETOM YMEHDIIeHHSl yIJa BHYTPEHHEro —-' —
TpeHHs TPYHTa I'I
o =¢—0, (7.34)
20—~
rie 0= —0—15———arc tg kp. (7.35)

Jlost BojoHACHIeHHOTo necka npH N <C 5 yron
BHYTPEHHErO TPEHUsI IPHHHMAETCss PAaBHLIM
HYJIIO.

Kosbguuuentst o u  npuBesieHsl B Taba1. 7.5 B 3aBHCHMOCTH OT
dopwmbt pynnamenta (B u L — /1HHBL COOTBETCTBEHHO KOPOTKOU H ATHH
HOH CTOPOHBI NPSIMOYTOJBHOTO (hyHIaMeHTa).

Pue. 7.35

Ta6auma 7.5
Kosdduuuents ¢opmst

d)yf;c:zrx)nlr:ma JleHTOUHBIH KBajpaTHbIf I1p AMOyroJibHBIA Kpyrasm#
B IulaHe
o 1 1,3 110,3 B/L 1,3
p 0,5 0,4 0,5—0,1 B/L 0,3

Ilps npoBeJeHHH HMCMBLITAHWH TPYHTA HATPY3KOI MOMKHO HCIOMB30-
BaTh CJeAyIOllee BhipazKEeHHE!

9o=1,5,-1/2v, D; (Ng—1) +7, Dy, (7.36)

The gy — AoNyckaeMasi Hecylias CIOCOOHOCTH NIPH CeliCMHYECKOM BO31€HACTBHH,
T¢/M; g4 — AONycKaeMas Hecyllas CnocoBHOCTb I'PYHTa B OGHIUHBIX YCIOBHSIX
Io pesysnbTaTaM HENMuiTaHuii narpyskoil. Has BogomachienHoTo . riecka MpH
N < 5, g — 0. -
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B sroit pacuetHo# ¢opmyse Hecyas Crnoco6HOCTb NPH ceficMuyec-
KHX BO3JEHCTBHSIX NpPHHATA PABHOH NOJIOBHHE NPENE/bHON Hecylleh
crocobHocTH. IlockosbKy B OGBIYHBIX YCJAOBHAX KO3GOhHUHEHT 3amaca
TIPUHUMAETCST PABHBIM /4, OpMyJia IIPEAYCMATPUBAET CHUKEHHE KO3(]-
(duuuenra sanaca npu yyere CeHCMHYECKOrO BO3JEHCTBHS.

3) dkcnepumeHTaNbHbIE HCCIENOBAHUS

Kak orMeuasoch, METOJ pAacuy€Ta C MOMOLLbI0 KosduirheHra cei-
CMHYECKON Harpy3KH CBOAHTCS K YY€Ty M3MEHEHHsI BEJIHUHHBI yCKOpe-
HUSI CHJIBl THKECTH M HAaKJOHA ero BeKTopa K INOBEpPXHOCTH IpyHTA.

;

1 \\
\

g° 5 10° 15° 20°
Yeon omkoca

Hecywan cnocobrocms

Puc. 7.36. Hecymasn cnocoSHocts otkocos  Pue. 7.37. Iliockoctn ckons-

neckKa KEeHHA B HAKJOWHOM TpyHTe
!/ — HarpyXeHHe B LEHTDe Ts:KeCTH; 2 — Harpyxe-
HHe B /s HuXHell yYacTH; 3 — nmarpyxeite B /3

BepXHell 4acTH

[losToMy 3KCHEPHMEHTAJIbHBIE HCCAEJOBAHHS HecylleH CrnocoGHOCTH
OTKOCOB TPYHTA INOJIE3HBl /IS OLEHKH ero Hecylle#dl CIocOGHOCTH MpH
3eMJIETPSICEHHSAX.

Ha nak/noHHYIO NOBEPXHOCTh I'PYHTA yCTaHABJAMBAJAch IIHTA, KO-
TOpas nojsepranach JAeHCTBHIO BepTHKaNbHOH HarpyskH. llockoabky
IIPU peabHLIX 3eMJIETPSICEHHSIX Harpyska Ha IJIMTY lepejaercsl He-
pPaBHOMEDHO, OBLIH HCCJIEJ0BAHBI TPH CXeMbl HArPYXKeHHs: B LEHTpe
TS’KECTH ONIOPHOH IVIUTHL, B CPeNHEH TPeTH ee BePXHEH YacTH H B Cpej-
HeH TPeTH HMAKHeH yacTH mJuThl. Ha puc. 7.36 NpHBeJeHBl IapaMeTphl
HecylleH CIocoGHOCTH M1 3THX cayyaeB. Korja Harpyska IpHJIOXKeHa
K IUIUTE IEHTPAIbHO UJIH B 1/, ee BepxHeH yacTH, HECYIIAS COCOGHOCTD
OTKOCa He OYeHb CHJIBHO M3MeHsieTcst o yraa otkoca 10° a mpu Gosee
KPYTHIX OTKOCaX pe3ko nagaer. [Ipu marpyake, NpuIOXeHHOH K 1/, HHXK-
HeH YaCTH IIUTHI, Hecyllasi CIOCOGHOCTb CHHXKAETCS NPHMEPHO Ipo-
HOPUHOHAJBHO YIJy HaKJOHA H SIBJAsieTcs HauMeHblleH. 3T1oT ciaydai
Haubosee pacnpocTpaHeH NpH CeHCMHYECKHX BO3JEHCTBHSAX.
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Ha puc. 7.37 npuseensl opMb PaspyILeHHsT OCHOBAHMI NPH yIiax
naxkJoHa otkocos 0°, 10° u 15°, a Tax:ke NMHHM, KOTODPBIE 10 1P HIOKEHHS
HATPY3KH OCTaloTCs napasienbhbiMi. CoraiacHO pHCYHKam, IpH MoJo-
IHX OTKOCaX BO3HMKAET TOJbKO OJHA TJIOCKOCTb CKOJBXKEHHS, a TIPH
yrae oTkoca Gosee 15° BO3MOXKHBI HECKOJIBKO IJIOCKOCTEH CKOJb-
JKEHU .

Boutee Toro, 1o JaHHEIM CKOPOCTHOH (POTOCBHEMKH, IIJIOCKOCTH CKOJIb~
JKEHHS MOTI'YT BO3HHKATH IIOC/eL0BATe/ILHO OAHA 3a Apyro# (puc. 7.38).
AroT GaKT 3aCayKHBAeT BHUMAHHS IIPU OLlEHKe HA NIPAKTHKE Hecylieh
CMOCOBHOCTH TPYHTA MO (opMe NPeAebHOH IIVIOCKOCTH CKOJbAKEHHS.

BulLIH Takxke TPOBeAEHB MCHBITAHMS, NIPH KOTOPBLIX HeCyllas Cro-
COGHOCTh MECYaHOTO IPYHTA ONpelessiach B Npolecce ero KoneGanuil.
SJipK HAMOJHSJICA [IECKOM M K €r0 NOBepXHOCTH 4epe3 ONOPHYIO IIIac-
THHY NPHKJAJIBIBAaJAach ‘BePTHKAJbHAs MJIH HAaKJOHHAf Harpyska.
K siuKy npuK/IaabiBaIHCh TOPH30HTANbHBIE IFaPMOHHYECKHe KOJIe0aHHus .
ITosyyeHHbIE 3aBHCHMOCTH MEXIY YCKOPEHHEM TapPMOHHMYECKHX KoJe-
Ganuil M Hecyme#d cnocOGHOCTBIO TIeCKa HA MOBEPXHOCTH IPEACTABJEHE]
Ha puc. 7.39. Cnyuafi a COOTBETCTBYeT CYXOMy IlecKy, a ciayvyail b —
BOJIOHACHIIEHHOMY ITIeCKY, & XapaKTepH3yeT yros HAKJ/JIOHA Harpysku
K Beprukanu. Korjga yckopenns npeswinanu 300 gal , mecok Ha4HHAN

Puc. 7.38. IMocaeioeatenproe paspyllieHHe HAKIOHHOTO IPyHTa TpH BePTHKaJb-
HOM HarpyKeHHH
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Teub, a PE3YJbTaTHl ONLITOB OTJIHYAJIUCE GoabmuM pasbpocom. Ho 3Toi
TOYKY HECYLIAs CHOCOGHOCTh CJIErKa YMeHbINaaach [10 Mepe pocTa yCKo-
.peunii. Ee MeHblilee 3HaueHHe COOTBETCTBYET GOJIBIIEMY YIVIY HAKJIOHA
Harpy3ku. Hecymas cnoco6HOCTb BOJOHACHIIIEHHOTO MECKA HHXKe, YeM
cyxoro. Ilo-BuauMomy, 5T0 CBsi3aHO C GOMBIIMM BJHSTHHEM KO3(dHIH-
eHTa CeHCMHYECKOH Harpys3Ku

) bor HA uacTHIBI TPYHTA, HaXOAd-

s0F < E=15° wHecst B Bojge. Ha puc. 7.39, ¢
40% . p=43° JIUHUSL CKOJIbXKEHHS NPHHATA B
e e ey . BHJAE KJMHA IPYHTA IOJ OMNOp-

J‘q S HOH IIACTHHON, 38 KOTOPO#
mTTTTTT e ‘. p=43°  CHEAyeT YYACTOK IIACTHYECKOH
ok @ paBoThl, OTPAHHYEHHBIH KPUBOH

B topme orapHOMHUECKOH CITH-
paJy, ¥ 30Ha JaBJeHHSA TPYH-
ta Penkuna. Ecan 11 cyxoro
MecKa yroJ BHYTPEHHEro Tpe-
HUSI TNPUHSATL paBHeIM 43°, a

wm 2w 300
Marcumansioe yoxopexve , gal

o Hecywaa - enocodwocms , re

©  @mi2° I BOJOHACKIIIEHHOTO TIecKa
o 42° TO HeCyILyl CHOCOGHOCTD
* IPYHTA, HAKJEHHYIO IO METOLY

. . , Ko3(duiHeHTa  CEeACMHUECKOH
0 100 200 300 HArpy3KH, MOXKHO IIPEICTaBHTh
Marcumaivoe  ychopewie, gal Ha rpadgukax C TOMOIIbLIO
cstomnbix - AHHMA.  Hecymas
CIOCOGHOCTD CHUMKACTCS C POC-
TOM YCKODEHHH, YTO COOTBETCT-
ByeT 3KCIEePHMEHTa/bHO OTMe-
yeHHOH 3akoHoMepHocTH. K He-
JOCTATKAM 3TOTO METOAa OTHO-
CHTCSI CYHIeCTBEHHAs] 3aBHCH-
MOCTb TEOPETHUYECKUX 3HayeHu#
OT yIyia BHYTPEHHEro TpeHHs,
Puc. 7.39. CootHourennss mexay necyueil - rtoypoe onpeaeseHne KOTOPOTO
CHOCOBHOCTBIO - B MAKCHMAaJbHBIM  CEHCMHU- BECbMa 33prﬂHI/ITeJIbHO.
YeCKHM yCKOpeHHeM cyxoro (@) ¥ BOJOHa-
CHIIIeHHOTO (b) Tecka AnajioruuHble  TeopeTHue-
CKHE HCCJIe0BaHus Oblau npo-
BeZeHbl IJ51 TVIMHUCTBIX TPYH-
TOB MNPH YCJIOBHH KPYTVIOHMJAHHADHYECKOH TIIOCKOCTH CKOJBXKEHHS.
Peay/bTaThl PACyeTOB MOKa3aJH, 4YTO (YHAAMEHTH MOTYT HMETb pas-
pylleHHs pasHblX BHAOB. B MX uyucae paspylienne B pe3ysbrare
cBMra MexJy ONOPHOH IJIHTOH M MNOBEPXHOCTLIO TPYHTa, Daspylie-
HHE OT CABMra B HalpaBJeHHH HAK/JIOHA BHeUIHe Harpysku BAOJD
6/71M3KOH K TIOBEPXHOCTH IIJIOCKOCTH CKOJLIKEHHS, Pa3pylIeHHe TaKoro
3Ke THIa, HO B HANPABJIEHHH, MPOTHBOIOJOXKHOM HAKJIOHY BHEIIHei Ha-
IPY3KH, H paspylleHHe BJOJb IVIYOOKO pPACIOJOXKEHHOH MJIOCKOCTH
CKOJILXKEHNS B COOTBETCTBHH C BeJHYMHON 3KCILEHTPHCHUTETA M HAMpas-
JIEeHHeM HAaKJOHA BHeIIHeHd HarpyskH.
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7.6. OCAIKA U PA3PYWIEHUE FPYHTA
I) Ocapka rpyHra

Ilpu BHOPALKOHHOM BO3AEHCTBHH CJaGOKOHCOTHAUPOBAHHLIA IPYHT
YIVIOTHSETCA W ocaxkpaercst. B nawaze ocajka NPOHCXOZHT GhICTpo,
a 3aTeM NOCTeNeHHO 3ameansercs. llpefenbrnas BeJHUHHA OCAAKH 3a-
BHCHT, TJIaBHbIM 00Pa3oM, OT YCKOPEHHS M NMPHMEPHO NPOIOPIHOHAb-
Ha €ro aMIINTYJe NPH MaJblX yckopeHusix. Koraa yckopenue npeser-
waer 300—400 gal, necyanplfi TPYHT Ha IIOBEPXHOCTH TE€YET U €ro coc-
TOSTHHE CTAHOBMTCSI COBEPILEHHO HHBLIM, YeM KOTJA YCKOPEHHS HHKe
3TOTO YPOBHS.

Ilpu HaMMUHK COOpYKEHHS MOBEPXHOCTb TPYHTA HAIPY:KEHA M Xa-
pakTep ocagku NpY KosaeSaHHUSIX I'PYHTA MOXKET OTIHYATHCSA OT OCAJKH
HEHarpyKkeHHoro rpyHra. /laHHele o pafoTe COOPYXKEHHH MOTYT GBITh
HOJIyyeHbl Ha OCHOBAHMH 3CKIEPHMEHTANbHEIX HCC/ICNOBAHMH NPU pass
MELIEHHH ONOPHOH IJIMTBl Ha I1€CYaHOM FPYHTe, BO3GYKIEHHH TOPH-
30HTA/bHBLIX KOJEeOaHMH M CO3JlaHHHM JOIOJHUTENbHOH HArpy3KuH HA
nuty. Ocajka ONOPHOH IUIMTHI CO BPEMEHEM yBeJUuYHBAeTCs H AOCTH-
raer onpejeseHHOro ypoBHs. Ha BeaHumHy NpeiepHOH OCaAKH OKa-
3BIBAIOT BAHSHHE aMILTHTY/IA H YaCTOTA H3MEHEHHS] BHEIIHETo RABJeHHS.
ITonyuensl cieaymole pe3y/bTaThl KCIEPHUMEHTOB:

1) makcumajpHasi ocajZka CYLIECTBEHHO YBEAHUMBATECH NPH KoJe-
GaHMsX C IEPHOJAOM, MEHBIIMM KPHTHYECKOTO (KDPHTHYECKHIH NepHON,
B J@HHHIX onnitax cocrasisi 0,24 c);

2) npu Goslee KODOTKONEPHOZHBIX  KOJEGAHMAX M TMOCTOSIHHOKN
BHENIHel HAarpy3ke NpejienabHas ocafka TeM GoJibille, YeM BEILIE aMIJIH-
TyJa KoJaeGaHui;

3) npu kosneGaHUAX € NEPHOAAMH MEHbIle KPHTHYECKOTO H IIOCTO-
SIHHBIMH aMIIUTYAAMH TIpeJle/lbHasl OCaJKa BO3PacTaer ¢ YBETHYEHHEM
HarpysKu;

4) npu xosefaHHAX C IepHOJAaMH OOJIbllle KPHTHUECKOTO OTMequ-‘
Hble B mml. 2 ¥ 3. OCOOEHHOCTH TIPOSIBJSIIOTCS HE OUEHb YETKO. :

2) Paspyurenune necyanoro rpysra

- Kak yxe oTMeuanocs, HACHIIEHHEIR BOJOM HECOK HPU HHTEHCHBHBIX
Kone6aHHAX MCIBIThIBAET PaskuKeHHe. Bo BpeMmst semseTpsiceHUil HHOT-

. Ra HabMoJaeTcs TAKOH THI paspylieHust TPyHTA. Pas:knxeHue rpyHra

BLI3BIBAETCS paspyLIeHHeM CTPYKTYDHI Necyanbix yacrui. OCHOBHOH cH-
JIOf, KOTOpasi MPUBOAUT K HAapYIIEHHUIO CTPYKTYPhl NPH 3eMJIeTpsice- -
HUSIX, CYMTAETCS] YBENMUYCHHE AABJICHUS TIOPOBOH BOJBI B CBSI3H C ne-
pEMEHHbIMPI KacaTeJbHBIMH HANPSKEHUSIMU, :
ITpounocTs necka npH NepeMeHHBIX KACATeNbHbIX HANPSIKEHUSX MPH- -
MEPHO NPONOPIHOHANLHA CHJE OOXKATHSI: HA MOBEPXHOCTH, TAe CHAd
O6KaTHSI MaJsa, CONPOTHBJIEHHE CABHTY HEBENHKO, a JJs 6ojee riydo-
KHX CJI0€B C BBICOKOH CTelleHbl0 00XKAaTHs CONMpPOTHBJEHHE CABHTY 3Ha-
YUTEJIBHO. :
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KacarenbHee HANpPsOKeHHS B PPYHTE OT CeACMUUECKHX HATPY30K
HMEIOT TEHNEHLHIO K yBesquueHuio O/Hxke K noBepxHocTH. [loatomy
PaskHXKEeHHE B NEPBYIO OYepelhb NPOHCXOAUT B 3TOH 30He, a 3aTeM NpHU
IPOJOJIZKAIOLEMCS] CeCMHUECKOM BO3JeICTBIY IIOCTENIEHHO PacmpocTpa-
HAETCsT Ha OGoJiee rayGokue cjod rpyHta. Ha snayutensHo# rayGune
3¢eKTHBHEIE HAMpPSKEHHUS] OT BeCa BBHINENEKANHX CJOEB IecKa Cra-
HOBAITCH CTOJIb 3HAUHTEJNBHBIMH, YTO DPas:KH:KeHHe JIPOH30HTH He Mo-
xker. Ha sToil rayGuHe npouecc Pas3:KUKeHUs MPEKpalaercs.

B na6opaTopHbIX YCI0BHSIX Pa3:KUKEHUE Jerye BOCIIPOH3BOJIUTCS HA
MEJKO3EPHHCTOM IeCKe, OJHAKO Ha NMPAKTHKE 3TO siBeHue HAOJI0RaeTCs
M B KPYNHO3epHHCTOM IleckKe. IToCKOJIBKY BOAONpPOHUIAEMOCTH KPYII-

Puc. 7.40. Ocaaka aoMOB B
Kasarumu-xo, r. Huurara
(3emueTpsAceHne Hunrara,
16 mionsa 1964)

HO3epHHUCTOrO Iecka GoJibllie, AdBJIeHHE IOPOBOH BOJABI NOCJE IIE€PBO-
HAyYaJIbHOTO YBEJNHYEHUsI BCKOPe CHHUKAeTCsl 61arofapst nepeMermentam
YaCcTHUIL ecKa IPH Pas:KuUKEHHH H CaM IPOLECC PasKHUKEeHHs 3aKaHUHU-
Raetcs. CnefoBaTeNbHO, BPEMSI, B TEYCHHE KOTOPOTO NPOHCXOAUT Pas3Ku-
JKeHHe MaJjo, a nepeMelleHUst IIPU 9TOM HEBeJHKH, YTO NPUBOJUT K He-
GosibinuM noBpexienusiM. CreneHb NOBPEXIEHHWH OT Pas3:KUKEHHs 3a-
BHCHT He TOJBKO OT IPONOJ/IKUTENBHOCTH KosnebaHufl, HO ¥ OT YJelb-
HOTO clienyieHus rpyHTa. Korna B mecke cojepiKHTCS IVIHHA, YAeJIbHOE
CLIeNJIEHHE BeJHKO H PasKUKeHHe OOLIYHO He BO3HHKAET, a eCJIH U BO3-
HHKaeT, TO IlepeMeleHus 11€CKa OYeHb Manbl. B 3TOM c/yyae HeBelHKH
OCaIKH TPYyHTa H, CJIEIOBATEJNLHO, CTeleHb MOBPEKACHHII.

Hau6osee HarasiaHoe noBpexAeHHe TPYHTA 3TOTO THIA IPOH3OULIO
Bo.Bpems 3emyerpscenus Huurara, 1964, B 30He aAgOBHAJBHBIX OT/IO0-
xkeHu#t p. Hlunano. VHTEHCHBHOCTb CEHCMHYECKOTO BO3JCHCTBHUS B
r. Huurara cocraBnsana 8—9 Gayios no ukane MM, u 60JiblIoe YHCIO
31aHHUH, MOCTOB, COOPY:KEHHH CHCTeM BOJCCHAGXKEHHA W KaHaJu3allhi,
Ha0epexKHbIX M APYTHX COODYXKEHHH NOCTpPajaso OT HAKJOHOB, GCAHOK
U BenabTHs (puc. 7.40). UpyuTel B 3TOM pafioHe COCTOSIAM U3 adf-
JIOBHAMBHBIX CJIoeB Inecka ToJumuHol Gosee 150 M, KoTOphie NOJ-
CTH/IANUCh MOPCKHMH OTJIOXKEHHSAMH H ObIJIH IOKDPBLITHl PEYHBIMH OTJIO-
»eauaMu. Bepxuue cjion GbIH B OCHOBHOM H3 OTHOCUTEJNBHO MEJIKO3€ep-
HHCTOTO necka. Ha yacTy TeppHUTOPHH CYIIECTBOBAJH HACLITHBIE TPYH-
Tel npuMepHO 300-7€THell JAaBHOCTH.
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3a ucKAoyeHneM PalOHOB NecyaHbiX JIOH, YPOBEHL TPYHTOBBIX
BOJL HAXOJHUJICS HA IJ1yCHHe 1—2 M OT I0BEPXHOCTH. B ¢Bsi3n ¢ 5TuM npo-

H30LWIO paszxkukeHHe TPyHTa. Ha puc. 7.41 IpHBeJeHLI pe3y/bTaThl

CTaHJapPTHBIX HCTLITAHUE Ha [eHeTpanuio 06PasioB IPYHTa, B3ATHIX NPH
a) b)

Puc. 7.41. Mamenenne 3ua-
yeudit N 10 (a) u nociae (b)
3eMJIETP SICEHU S Huwurara,
16 urona 1964 (nauuble A-pa
Y. Konnymn)

Faybuna, m

0 20 40 60 N O 20 40 60 N

6ypeHHH CKBaxKHH B r. HuuraTa Jio u nocsie semserpscenus. HMenbira-
HHSI [I0Ka3aJH, uTo 3HaueHHs KO3(DHIHEHTOB [eHEeTPALHH NOC/IE 3eM-
JIeTPSCeHHUST MaMeHunch fo ryounsl 10—15 M. Ha puc. 7.42, b noxa-

3aHbI BeJIHYHHEL N B rOpoJCKOH 30HE, a Ha pHC. 7.42, a — B nocrpaznan-

Puc. 7.42. M3smcuenue sHauenuit N rpynra npu semaerpsicenun B Huurara, 16 mwons
1964

A — Her noBpexacHuil; B — noBpexaelins; C — CHABHbIE TOBPEKACHHS;
a - pacnpejenediie MOBpeXACHUH B ropoge; b — smaueHuss N Ha TeppUTOPHH ropoia

mue paiionsl. CorjacHO 3THM JAHHBIM, PafioHBl GOJIBILMX MOBpPEXIE-
HHi coBrnajatwoT c 3oHamH, TAe N <C 10, a pafioHbl, NpPaKTHYECKH He
HMeBlLiMe NOBPEXKAEHHH, NPHXOAATCS HAa 30HH ¢ N > 20. Otmeueno
TaK ke, UTO B Te€X pafioHax, /e IPOUEHT COAEPKAHUA T/IMHBI B Mecya-
HBIX IpyHTax npesbliat 20%, paskKuKeHHs He mpoucxoiauso. Ms aua-
THM3a COCTOSIHUA 3JaHHH >KHJIO0TO KoMijekca Kaparuinm-xo cjaenoBa-
Mo, YTO 3JAaHHsT 6es PAa3BHTOIO NMEPBOrO 3TaAXKAa HMEJH 0CaJKH H HAKJO-
4pl, @ 3JAHHA C Pa3BHTBHIM NEPBbLIM 3TAXKOM HE [OCTPAAAJIH.
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1. Memoourka ucneimariudl. Kak noKaselBalOT IPHBEJEHHLIE MPHUME -
PBI, HEOOXOIUMO TIPOBOAUTL M3yveHHe TeCYaHblX I'PYHTOB AJsl OLEHKU
OTIACHOCTH WX DPazXMmkeHHs NPH 3emaeTpsicenud. JlaGoparopHoe H3y-
YeHHE TPaHYJIOMETPHYECKOTO COCTaBa, a0COMIOTHOH M OTHOCHTEIbHOH
IIOTHOCTH, BOAONPOHHIAEMOCTH H AMHAMHYECKHX CBOHCTB BOJOHACHI-
LIEHHOTO I1eCKa, a TaKKe MOJeBble UCCAEeJOBAHUS NOBEPXHOCTHBIX CJO-
€B IPYHTa, YPOBHEH I'PYHTOBLIX BOJ H YIUIOTHEHHsI TPYHTA IIHPOKO HC-
NONb3yIOTCs /s 3THX wLejged. i M3ydyeHHs KOHCOJAHJALUM TPYHTA
Ha nJjomajke HauboJiee NPHEMJAEMBIMHA CUHTAIOTCH HM3MepeHUs] OTHOCH-
TENBLHBIX TNJAOTHOCTEH ¥ BejauuuH N. JIId HaxXoKAEHUsT KPHTHYECKHX
3nayeHuil N Kak IOKas3arejed Pas:KUKeHUs AAHHbIE TI0 aHaJau3y Io-
CJIEACTBHE 3eMseTpsiceHusi B I. Huurara siBASIIOTCS OYeHh I10JI€3HBIMHU,
OJHAKO HEOBGXOAMMO NMOMHHUTL O 3aBHCHMOCTH NapameTpoB N OT UHTEH-
CHBHOCTH CEHCMHYECKOTO BO3AEHCTBHS.

Ha ocnosanuu anannu3a pe3yJbTaToB Ja60PATOPHBIX HCCAEJOBAHUH
¥ u3yueHust nocaeacrsuil semnerpsacenus Huwmrara X. Ilycupa [270]
BBeJ MEPY OIEHKH pasxuxeHus Iecka. Ilo AaHHBIM JiaGopaTopHBIX
ONBITOB BOJOHACHIIEHHBIA 1€COK HMEET KPHUTHYECKYIO OTHOCHTENbHYIO
IJIOTHOCTb, (B OTHOIIEHHH Pa3XKHKEHHUS NPH BUOPAIHOHHBIX BO3JEHCT-
BHsIX), KOTOpasi CYIIECTBEHHO 3aBHCHT OT YCKOPCHHs kouseGanui. Kpo-
M€ TOTO, B COOTBETCTBHH C IIOJEBLIMH HCHOBITAHUAMH, BeJuyuHa N Aas
CJI0sI TecKa MpuOJJHKEHHO NPONOPIHOHANbHA KBaJpaTy KPHTHUECKOH
OTHOCHTEJIbHOH MJIOTHOCTH.
CrnenoBaTeNbHO, JOJMKHO — CY-

T mw .
IEeCTBOBATL COOTHOUIEHHE MEXK- = &
ny Bennyunoit N u yckopenuem & 4 @4
xoneGanuii (puc. 7.43). Yuuto-  § 50 ()
Bas, YTO pasxkKHiKEHHE BPSJ JIH § 2% B 8
npoucxoaut npu N > 15, mas x
§ 7 001 Gf 70 [
= o7 - fope 1 Aq___ 1 Necon | Tpadud
e Pasmep  wacmuy , mm
s = ? “
3 3
IS =
23 ny s W L~
5 s %t O
% & A
S L = 8
=R 0 IS 7
g s 30y / / 4
S. L 8 § B 8
§8 5 / S o //' 7/
= o S o001 w0
0 100 200 300 400 500 _ ’ d ? _
Maxcumansioe yenopere , gal Tmpg |47 | DECoR | Tpatus
§ Y Pasmep  yacmuy, , MM
Puc. 7.43. 3aBHCHMOCTH MEXIY Puc. 7.44. 3aBHCHMOCTH MEXKAY Tpany.o-
KDHTHYECKHMH  3HaueHusiMu N METPHYECKHM COCTaBOM M pPa3iKHMKEHHeM
NpU Pa3XKHKEHHH TPYHTA H Ceil- rpyura (nanuee X. Lycupa)
CMHUCCKHMH YCKOPEHHUAMH (llaH- a — AJig TPYHTOB € OJHODOAHLIM IPaHYJOMETDH-

nole X. Llycuaa) YeCKHM COCTABOM; U — [UIsi TPYHTOB € YETKO Bbl-
paxKeHHbIM TPAaHYJOMETPHYECKHM COCTABOM; I —
OYeHb JerKo PasmHKawTCa (A); 2 — Jerko pas-
KuxawTes (B)
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CJIOSt [IeCKA MOKHO HAHECTH B BHAC NYHKTHPHON JHHHM BepXHHH npe-
JeJ1 PA3KUKEHUS.

HanpoTus, Koraa yacTHUBI N€CKA OYEHb MEJKHE HIH OueHL KDYI-
HBIE, PA3KHKEHHSI OT KoJeGaHuil He HacTymaeT. JluamasoHnl yacTHIL
IPYHTA, IPH KOTOPBIX IPOUCXOAHUT PA3KUKEHHE, IOKA3AHE! HA pHC. 7.44.
Takum o6pasoM, TPYHT, I/ KOTOPOro BeJIMYUMHA N MEHbIle, yeM NoKa-
3aHO HA puC. 7.43, a TpaHyJIOMETPUUECKHUI COCTAaB HAXOMAUTCA B JHana-
30HaX, MOKA3aHHBIX Ha pUC. 7.44, MOKET PA3KHIKATLCS, €CJH NMPOU30H-
JeT 3eMJIETPSICEHHE C olpeNleleHHBIM YPOBHEM YCKOPEeHHH. DTa BeTHdH-
Ha TIO3BOJISIET CBECTH CJOXKHYIO 33Ja4y OLEHKH pasKWKeHHs TPYHTA
K TIpocToii ¢opme, YAOOHOH [/ HPAKTHUECKOTO IIPHMEHEHHS.

2. [Ipedomspawyerue passcuncerus epynma. Henasuo 6pliu ony6mau-
KOBaHbl JJaHHbIE 00 'yJAy4lleHHH CBOHCTB TPYHTA, KOTOPOE IO3BOJIHJIO
NPENOTBPATHTL €ro pasxuxkeHwe. Ha crporenbHoit miomazke Xaru-
noxe [Teftep Mu/i npeo6.1afany CPaBHUTEIBHO HEJABHO HACHITAHHbBIE
TIeCYaHbIe TPYHTHI TOJIHHON Gosee 20 M ¢ YPOBHEM TP yHTOBEIX BOJ 1,5 M
OT NoBepXHOCTH. ['pyHT npeacTaBistia co6oi 1eCOK cpelHeil KPYIHOCTH,
COJIepKAHNE WA U TVIMHBI B KOTOpOM He npeBbiwajo 10%. Ilecok 6but
c1a6o yIJOTHERHBIM, ¢ N = 0 Ha ray6ure 5 M u npumepuo N = 20 na
goabiell royouHe. MyHAAMEHTH AJd 3[aHUA 3aBoAa ObLIH IPELyCMOT-
PEHBI TPEX THUNOB B 3aBUCUMOCTH OT CTENEHH OTBETCTBEHHOCTH I€XOB.

1. Jlns MOBBLIIEHHS TMJIOTHOCTH TPYHTA MPOBOIMJIOCH BUOPOYILIOT-
HeHHe ¢ TyOuHb 7 M uepe3 Kaxaele 1,5 M 10 g, = 82 (g, — CONPOTHUB-
JeHHe TeHeTPAIMH TIPH CTAHZAPTHBHIX HCNBITAHUSX; z — IVIYOHHA, M)
win N, = 22 0 OTHOLIEHHIO K CTAHAPATHBIM UCHBLITAHUSIM HA [eHeTpa-
nuio. 3atem 3abuBagauch cBau auamerpoM 30 CM H AJMHHOH 7 M.

2. TlpoBOJHIOCE TOMHKO BHOPOYNJOTHEHHE I'DYHTA.

3. I'pyuT ocraBascst 6e3 HCKYCCTBEHHOTO YILJIOTHEHHSI.

ITpu semserpsicennn Tokauu, 1968, r. XaT#HOXe HCHBITHIBAT BO3-
JeficTBHST HHTEHCHBHOCTBIO 9 6a/I0B, 4 H3MEPEHHOE B NOPTY XaTHHOXE
MaKCHMaJbHOe ycKopeHue cocraBasiio 225 gal. HeynuorHenusift rpyut
HMeJI TPEIL[HHBL H PA3KUKAJICH, a4 3aHUS H 3aTAy6GIeHHBIH B TDYHT TPY-
GOnpPOBOA MOJTYUHIH [IPH 3eMJIETPACCHHH TsXKeJble TTOBPEXKAeHHs. 3/a-
HUS K€ Ha YIJIOTHEHHOM TPYHTe UMeJH TOJILKO JIeTKHe HOBDEKAEHHST,
yeM GbLIO JI0KA3aHO, YTO BHOPOYMJIOTHEHHE JJisl 3THX TPYHTOB BechbMa
3 PeKTUBHO.

3) KpynHble onoJ3sHu rpyHTa

Ec/in NOBEPXHOCTHBIH CJ10fi TPYHTA MOACTHIAETCS MSICKHM HJIH Jia-
K€ OuYeHb TOHKHMM CJO€M, BEPXHUIl CJIOH NP 3eMJICTPACEHHH MOXKEeT
NpUATH B ABHXKeHHe, Kak Oblio NnpHu demserpsacennu Mmautu B 1949 r.
B HEKOTOPBIX MECTaX 3TOTO PaiioHa Ha IVIyGHHE HECKOJALKHX METPOB pac-
nosarajcsl TOHKHH cofi 6e0fl TIHHBL, YTO MPUBEJI0 K BO3HHKHOBEHHIO
onossneil Tpynra. Ha puc. 7.45 nokasaH ononaserh, mpousoweuHi B
paiione CyracaBa Ha moJOTOM OTKOCE € YIJIOM-HakJona okojo 10°.

KpynHbiit onosnseHs HMeJq MeCTO B BepxoBbax p. Puo Can Ileapo
npu semrerpscenuy B Yuau, 1960. Onossent 611 ypesBrivafino GoJib-
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Puc. 7.45. Ounodasenb B paii-

one Cyracasa (semierpsce- WM 1o ob6vemam. auna ce;m'opa CKOJIbKEHHA JocTurasna 1 KM, oxBa-
mie  Umantu, 26 nexabps TRIB&/ OH IyomaAb 1,26 xm®%, a obweM TpyHTa coctapasia 30 MAH. M3
1949); —-— — 5o onoasux; (puc. 7.46). I'pyHTbl B 5TOM pajioHe ObIIH CJOXKEHBI M3 IJIOTHOTO JeJ-

nocJe OHOJ3HSA

. HUKOBOTI'O I'paBHd Ha CKJIaAyaToi q)opmamm FJIMHUCTOTO ¢JIaHua, Hajg
! — caoit Genol rauHbl

KOTOPBLIMH PacloNarajiuch CIOH HEYNJIOTHEHHOTO HJa M IVIHHBI TOJIIH-
ot 80 M W cJs0f necka or 5 mno 20 M.

Omosisens npousowies H3-3a HAJHYHS CJIOST MAKPOMOPHCTOTO CyT-
JIMHKA TOJIIHHOHA HECKOJbKO CAHTHMETPOB B MACCHBE HJ1a U IVIHHEL [Tep-
BBIH CHJIBHBIA TOJYOK 3€MJIETPSICEHHs! BBI3BAJ Pa3pylIEHHe 3TOTO CJosd,
¥ BBHILIEJIEXKAULHE CJIOH OKa3aJHCh HA NPAKTHYECKH HEHecylleM C¢Joe
rpynra. [Tocnenyouine ceficMuueckue Kosebatiis BLI3BaJAH JBHXKEHHE

Puc. 7.46. Tlonepeunntit paz-
pes ¢ JBHJKEHHSIMH TIpYHTa
HpH ONOJ3HEe (3eMJeTPSCeHHe

B, 8 Unan, 21 mas 1960, — nan-
320 o uele  npod. C. Jlssuca #
X 315 B i A A= npod. . Kapaynosnua)
E'\ r\\A/ /‘;f 7{ N PR e B P S : Puc. 7.47. Teomoruueckuii paspes omonsus ma UersepToii ameHio, 3eMieTpsceHie
ro onoasns (?); 4 — BHAHMas TED- Opunc Bumisame Cayupa, 27 mMapra 1964 (mannsie Munucrepcrsa toprosan CIIIA
8 === u p p
3 hi i paca, CJOH IpyHTa u memra; 5-— I —necok u rpasuil; 2 — KecTkag IMMHA; & — MArKas AedOpMHpyeMas raHHa, 4 — radna
CN 305 v »ﬂﬁ ;;g;a%g*églelb&a?nynlﬁ,e“?e_ingggﬁz cpeflHell eCTKOCTH, § — Mpoctoiika mecka
=7 ILBH)KQHHé{; 7 _ 110BOpauHBa)-
uyecs JIOKH maJleHust; 8 — BBI-
5 100 150 }-'laBlgnBaHHe p;smeﬁbqem{oﬂ WA~ BEPXHEro CJI04 110 HAIPABJICHHIO K PeEKe. 210 ABHXKEHHE pacnpocTpanm-
Paccmosiue., m 1027 olpyueine  Cpacinrersmss JIOCh HA COCEJHHE CJOM MMA M TJIHHEI, YTO, TO-BHANMOMY, TNPHBENO K
v HEOGBLIYHOMY MOILIHOMY NMOTOKY CMeCH I'PYHTA C BOJOH, KOTOPBIH MpoIet

nouytn 500 M Bcero 3a 5 MuH.

ITpumepoM KPYIHOTO ONOJ3HS, OXBATHBINErO 30HY TOPOJACKOH 3a-

CTPOfiKH, SIB/SIETCS ONOJ3eHb B AHKODHIMKE BO BpeMs 3eMAETPACEHHS

. Ipnuc Buanbsame Caynz, 27 mapta 1964 r. Ilpu s3Tom goporu  3ganus

* B leHTpe Topojd OLIH NMOJHOCTHIO paspylleHbl. Hanpumep, OmojseHb

- IO 4eTBEPTOH YJHLE HMea WHPHHY okoJso 800 M, niuHy 6Gosee 1400 m
H MaKCHMaJbHYIO BLICOTY HOTOKA 55 M M IPOABHHYJCS HA CEBEp IPH-
mepuo 15 M. Boublune noBpexkaeHHs: ObUIU BHI3BaHL B pe3yJabTare 06-
Pa30BaHUsI BEICMKH IIOCJIe ONOJI3HA U B 30HE JIABJEHHH CIOJ3LIeH Mac-
cbl TpyHTa. [1o CBuAeTeNbCTBY OUEBHILEB, B TPOMEXYTOUHOH 30HE Npo-
HCXOAHJIO TIPOCTOE CKOJBLXKEHHE TPYHTAa H JAPYTHX HOBPEXKIEHHH HE
GulL10.

Paspes rpyura Jnjisi  paccMaTpHBaeMoro pafoHa [oKas3aH Ha
puc. 7.47, Ha KOTOPOM YeTKO BUAHBI MJACTH TJIMHLI H necka. [losaara-
0T, YTO NPHYHHOH OMOJ3HA ObI CJOH IeCKa H CJIOf MATKOH AehopMH-
pylomeiicsl IIHHBI Ha ray6une okoso 40 M Belle ypoBHs Mopsi. Hcnbl-
TaHHs 00pa3LoB IOKa3agH, YTO MeCOK BHE3AIHO Pa3KHKAeTCs MPH
60 nuknax xoseGanuit ¢ yactoroll 2 I'll M KacaTeJbHBIX HANpSKEHHAX
0,3—0,37 c/m?. Crioit MsATKO#H TJIHHBL TAKXKE€ BHE3AMHO TepseT HeCYI[YIO
cnocoGHOCTL NpH 50 LUKAaX NPUIOKEHHS HalPsIKeHHH B pasmepe 55 %
craTyyeckof NnpouHocTH. C yyeToM 3THX JAHHBLIX Pa3pylIeHHe NOJCTH-
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JTAIOLLETO CJI0S TVIHHBI OOBSICHACTCST Pa3KUKEHHEM TIeCKa U 3T0 paspy-
IIEHHE BbI3bIBAET CJBHI IiecyaHoTo c/10s. CYHTAIOT, YTO TAKOH KPYIHLIH
ONO/I3eHb HE Npou3oulea Obl, €CJH Obl BO3HHUKIO TOJTHKO DA3KIIKCHHE
necka 6e3 norepy Hecyuel COCOGHOCTH CJI0st IVIMHLI. Kpome Toro, Mak-
CHMaJIbHBIE YCKODEHHS CeHCMHYECKOrO BO3JEHCTBHS B PAHOHE OIOJI3HS
oueHensl B npegeaax or 0,15 po 0,18 g.

Fnapa 8. CEHCMOCTOMUKOCTb CUCTEM
BOJOCHAB)XKEH U4

8.1. BBEILEHHE

ITpy OPOIIBIX CHIBHBIX 3eMAETPSICEHMAX YACTO HAGMIOLANMCH HH-
TEHCHBHbBIE NOBPEXACHHS COOPYKeHHH BojocHabxeHusi. [lo-Bugumomy,
HEBO3MOXKHO INOJIHOCTBIO H30eKaTh HX HNOBPEXKAEHHH, [IOCKOAbLKY CHCTe-
MbI BOJIOCHAOKeHHSA, (DYHKUHOHUDYIOUIHE KAK CJHHOe Ie]0€e, OT/IHYa-
10TCS NPOTAKEHHOCTHIO N0 GO/1bLIOH NJIoWAaAd. [103TOMy OCHOBHBIE ITO-
JIO?KEHHs DY PA3MELIEHHH TAKHX CHCTEM CBOASITCS K TPEM CJIELYIOILHM
NPHUHIHIIAM, :

-~ 1. lomxHE IPeAyCMaTPHBATHCA METOABI 10 MAKCHMAJBLHO BO3MOXK-
HOH JIOKA/IM3aLUH TOBPEXACHHA [PH 3eMJIETPSCEHUSIX.

2. HeobxoauMo mpefycMaTpHBaTh MEPONPHATHS, IIO3BOJISIOLLHE
JIETKO BBINOJHSATE PEMOHT MOBPEKAEHHBIX 3eMJIETPSCEHHEM yacTel H
YY4aCTKOB,

3. LlenecooOpasHo HCKJIIOUHTh BO3MOMKHOCTb KOCBEHHBIX TOBPEK/IE-
HHI CHCTEM NIPH CEACMHYECKHX BO3JAEHCTBHSIX.

Panee B cBA3H C KPYNHBIMH PAa3pyIIEHHSIMH ceTefl BOJOCHAGKEHHS
CYHTA/IH, YTO HX MOBPEKIEHHS, OCOOEHHO 3ar/1y0JIeHHBIX B IPYHT TPY-
0onpoBoJIoB, HensbexkHbl. Cefluac, KOorjia CHCTeMEI BOJIOCHAGKEHHS CTAMH
OYCHDb  OTBETCTBEHHBIMH, HEOOXOAUMO IpefyCMAaTPHBATL CHelHaJbHbIe
MEPONPHSTHS 110 OCECICUEHHIO CefICMOCTORKOCTH TaKHX COODYIKEHHI.

TloBpexxmenusi cuCTeM BOJOCHAGKEHHSI NPH 3eMJIETPSICEHHSAX CBO-
ASATCA K OTKJIOHCHHSIM B KAYECTBEHHLIX II0KA3aTesIX BOABI H MOBPeXIe-
HUAM COOpYKeHHH. IT0CKOMbKY Ha KauyecTBO BOABI BJIMSIOT paspylie-
HHSt B pallOHaX BOAHBIX HCTOYHHKOB, HX HEOGXOAMMO BHIGHPATh B MECTAX
HaHMEHbIIHX BO3MOXKHBIX Pas3pyHICHHH, a TaKkKe NPOBOJHTL KOHTPOJIb
BO3MOXKHOH 3pO3MH NOUBBL. M3 coopyskeHHit, 061afaioluX HaHGOJb-
el BEPOSITHOCTLIO IOBPEXAEHUS, CJelyeT o6pamiaTh BHHMAaHHE Ha
NeJ3eMHble TPYGOHPOBOIB, DPe3epBYaApH, aKBeAYKH HMJIH 3CTAKAIbI /sl
BOJIONIPOBOAOB, JUOKEPHl M BOXOHANOPHLIE GAIlHH.
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8.2. MOA3EMHBIE TPYBOTIPOBO/LbI

1) BansiHue rayGuHbl 32J10KEHUS M HATPABJICHUS

[H0J3EMHBIX TPYyOONPOBOAOE
Ha CTENEeHb UX MOBPEXKAEHHSI NPH 3eEMIIETPACEHUNAX

IToBpesxienisi MOA3EMHBIX TPYGONPOBOJOB NPH 3EMJIETPACEHHAX
CBOAATCS K BHUIEPTHBAHMIO 3BeHbeB H ofpasoBanuio TpewuH. CrerneHs
[JIOTHOCTH TPYHTOB HENOCPEICTBEHHO CBsA3aHA C TAKHMH IOBDExJe-
uusimu. Ha puc. 8.1, b npuseensl paloHBI NOBPEXKACHHS TpyGonpoBo-
708 B T. Tokno Bo Bpems semaerpsicennst Kanro. Kak BUJIHO U3 PHCYHKA,
paiionbl HaHOOJIBLIHX TIOBPEX/EH 1t JINHHA BOJAONPOBOAA IIPHXOAATCA Ha

' 2 b)
Puc. 8.1. Paspyuwenus L\\QL\
3/laHHH M JHHAH BOJO-

cnabxenHss [pu  3emie-
tpsicennn  Kanrto, 1 cei-
Ta6ps 1923

! — meopern, Wmmepuan [la-
nac; 2—p. Cymuna; 3-—
p. ®ypy;, 4—vp. Kanza; 5"-—
CHJBHO TIOBPEXJEHHBIE paio-
HBl; 6 — YMEPEHHO IIOBPEXK-
JeHHBble DailoHBI;

a — NOBPEXAEeHUS KHJABIX [O-
MOB; b — moBpeXAeHus JH-
HHIT BOAOCHAGKeHAA

il

=6

sony mexay AsopuoM HMunepuan Ilanac u p. Oypy U PACIIONOKEHHYIO
K BOCTOKY 30HY Mexay . Pypy u p. Cymuaa. 3a STHMU 30HAMH pacmpo-
CTpPaHeHH! a/IIOBUAJbHBIE OTJIOXKEHHs cJeBa OT P. Cymuza.

B BHIIIEPACIIONOKEHHBIX 3a1aHbX pafionax ToKHO CTenenb NOBPex-
JeHHH Oblia MHHHMAJbHOM. AHaJ}OFHQHaH KapTuHa Ha6mol;anac5 B
pacrpeneseHHH NOBPeXIEHHH CeTel KaHa u3auuH. Ha puc. 8.1, a npn:
BEJIEHO paciipe/ieleHye NOBPeXIeHHil 31aHHH B T. Tokno BO BpeMsi TO
ro e semyerpsiceHusi. VIHTePeCHO OTMETHTb, YTO 30HBI NOBPEKICHHA
Tpy6ONPOBOLOB HECKOJBKO OTJHUYAIOTCS OT PacHpoCTpaHEHUA nospe;x:
JeHHil JepeBSHHbIX I0MOB. XOTA 3TH paclpejenenns B UEI0M corja
CYIOTCS M CTelleHb NOBPexJeHuii Gosee 3HAYMTENIbHA B HU3KOPACHO-
JIOJKEHHBIX PaifoHax Mo CPaBHEHHIO C BHIIIEPACTIOJIOKEHHBIMH, OBPEXK-
JeHHsT IePeBSHHBLIX JOMOB ObLTH HAHOOJBIINMH B BOCTOYHOM HaCTH
p. Cymuza, a IpyGONpoOBOJIOB — B 30HE MEXIY P. Cymujaa 1 3anajHbIMH

afOHaMHu.
P ngle{onomqecxoe cTpoeHne 5THX PafOHOB XapaKTepPH3YeTCH CJIOSIMH
JleMOBHANLHOTO CYIJIHHKA B 60Jiee BBICOKHX PAHOHAX M a/VIIOBHAILHBIMU
WJAMH HA TIeCUaHOM FpaBMM B HH3KHX paiioHax. K BocToky oOT p. Cy-
MHI4 AJJIIOBHANBHBIE OTJIOXKEHHH JOBOJbHO ORHODOAHBI, @ MEXIY
p. CyMuia M 3anafHbiM PafioHOM B CJIOAX M€CYaHOro rpaBHs na6Jona-
IOTCSi OT/JEJBHEIE BBLIXOABI [ENIOBHAMLHBLIX CJI0eB, TaK 4TO CTPOCHHE
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TPYHTA OKASBIBACTCS UPE3BBLIYAHHO 3aNMyTAHHBIM. ITO, eCTECTBEHHO
NIPHBOMHT K Pa3/inuuio KoeGaHuii IPYHTA B PA3HBIX MECTAX I SBASET-
i1, OYEBHIHO, NPHYMHOH GOJIBIINX NOBPEKIEHHI TPY6ONpPOBOJIOE

Taxum o6pasom, maornpie TPYHTHL Gosiee 61aronpUsATHLL JJist 3al;J1y6-
JICHHS TPYO, yeM msarkue. Tem He MeHee OHOPOJHBIH MATKHH IPYHT CPaB-
HHTEJILHO GoJiee GJIATONPUSITEH, YEM TPYHTHI ¢ YepeOBAHHEM IIJIOTHLIX
' MATKHX 1IOPOR B Tpefesax OAHOIO paiona.

' Kpome crenenn miotnocru IPYHTA Ha CTeNeHb NOBPEXKAEHUH NPH
SEMJIETPACCHHSAX BIUACT NuyOuna 3anoxenns. Kak npasuso npu 3Ha-
HHTENBHOK IMyGHHE 3a/I0KEHHST CTeNeHh MOBPEXKIEHUST Mana. Pacnpe-
ACTUTENbHBIE TPYObI B I. XaTaHo, PACHOJIOMKEHHOM BOIH3U 3IULEHTPA
semyerpsicenus KaHTo, 6bIM BBINOJIHEHE KCPaMHYECKHUMH C BHYTpEH-
HHM THAMETPOM 9 CM H He MMe/H GOJIBINOH NPOUHOCTH. Y4YacTKH TPy6
3arnyO/ieHHblX HAa 1,2 M, GblLiH paspyIueHsl (0AHO M3 KaMKIbIX Tpe);
%BeHbeB), 4 YYacTKH, 3aray0OJeHHble HA 2,4 M, COBCeM He HOCTpaaJH.
B ;;Hchlﬂyan HHKAKMX Das/UYHH B pe/bede MECTHOCTH, reoJoTHYe-
S }C’TeOBI/IHX H HANpPaBJEHHH OTJE/]bHBIX TPYGONPOBOAOB He GHLIO,
rﬁyénnm Hae;nbo xiiﬁ%?cmmocm TIOJIHOCTBIO ONPeAEISJIACh BIUSHHEM

Tem He MeHee Hesb3s Ge30r0BOPOYHO yTBEPIKAATb, YTO HA rny6ute
HECKO/ILKHX METPOB MHTEHCHBHOCTH CEHCMHYECKHX BO3NEHCTBHI Ma-
Ja. CKogee CIENYCT CUUTATD, YTO MEHbILAS CTENeHb NOBPeKACHHUIT nopu
BONMbIION TNTYyOHHE 3a/M0MKEHHSI CBS3AHA C HOBBIIIEHHBIM O6KATHEM OT
AaBlenus rpynra. Iiy6una sanoxenns, Tpebyemast JJist o6ecreyeHH st
CEHCMOCTOHKOCTH, CBSA3aHA C IMAMETPOM TPYOBI, H YACTO ¢ YBETHUEHHEM
AHamerpa TPyCLl TPYAHO NMOMYUHTE TPeGYeMblil adekT, noka He Gyger
yBeIHueHa IyyOHHa 3anoxenns. Cyas 1o OIIBITY HOBI;)e}K,lIeHI/IH KaHa-
JIH3ALKHOHHBIX TPYC npu 3emserpsicennn Kanto, crenmeip HOBpeXACHHUSA
CYWIECTBEHHO CHHXKAETCS, €CJIH DJIYGHHA 3aJI0MKEHHS TPYO Haxke OdyeHb
Gosbioro fuamerpa 6yser Gosee 3 M. Oznako ¢ TOuku 3peHus CTPou-
TEIbCTBA, KOHTPOJS, NOMCKA M PEMOHTA MOBPENKIEHHBIX YYacTKOB K
Ha3HaYeHHIO GOJIBIINX IJYOHH 3a/0MKEHUS CIEAYET MNOAXOAMTL OYEHb
ocropoxkno. Ha npakrtuke B pafionax FOPOJICKOH 3aCTPOMKH Iiy6uHa
3aNI0XKeHUs TPY6 OOBIYHO HA3HAYAETCA C YUETOM HX pPasMeleHusT OTHO-
CHTGIBHO JPYTHX MNOA3EMHBIX KOMMYHHKAIHI.

Jlerko obHapysKHBaeTCs, YTO 3aBHCHMOCTD MeXJy HampaBJeHHeM
NPOKJANKH Tpoyéonposoua H OCHOBHBEIM HAaNpaB/JEHHEM KOJebaHui
TPYHTA TIPH CEHCMUYECKOM BO3NEHCTBHH CYUIECTBEHHO BAMSET HA CTe-
NEHb noBpexaeHud ceredl. Ilpn koseGanusx B Hanpasienunu nepreH-
AUKYJSIDHOM JIMHHM TPYGONIPOBOJA, OH H3rHGaeTcs. Kom:; nporu6
CTaHOBHTCsI JOCTATOYHO GOJIBLINM, B Y3/1aX TPY6 BOHHKAIOT 3HAYUUTEN b-
Hble 1eOpPMalti H MOXKeET NPOH30HTH paspymenne. Ecau Tpy6ur noa-
BEPraroTCA KOIeGAHHAM B HANPABACHUH JHHHH Tpy6OnpoBOaa, TO OHH
BBIIEPTHBAIOTCH, OTPHIBAIOTCS MMM COYAAPSIOTCS, UTO anBonH’T K 006-
PA30BAHHIO NPOJOJBLHBIX TPEL(HH M Pa3phiBoB. TaKkuMm o6pasom, xoTs
paspymenue TPpyGONPOBOAOB 3aBHCHT OT ero HanpasJ/IeHHs, 3épaHee

B o0weM cIydyae TPYAHO Tpencka i
3aTb, KaKOH THII pas
5 oomen , paspyuienus Gyger
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MarucTpanbHbie BOAOIPOBOIbI, IIPOJIOKEHHbIE B HANPABJAEHHH C Ce-
pepa Ha tor B I. dykyH, CHJIBHO NOCTpanatu npu Pyxyickom semie-
TPSACEHHH. B camom ropose HnampapleHHE JBHMKEHHH 3EMHOH KOPBI BO
BpEMsI 3TOTO 3eMJIeTPsICeHHst COBNAAANO C JHHHEH C-IO u, xoTs1 nanpas-
JIEHHE TIPeolafatoldXx CeACMHUeCKUX KOJIeOaHHi TOYHO HEH3BECTHO,
CyAs TIO CMelleHHsAM 0ajfoK INpPOJeTHbIX CTPOEHUHA MOCTOB, TpeJnoJa-
raioT, 4To OHO IPHMEPHO COBNAZA/I0 C YKA3AHHBIM HalpaBJeHHEM.

B Toxkuo Bo Bpemsi semJserpsiceHusi KaHto npeo€rnajamoliee Ha-
npaBiieHHe KoseGaHui rpyHTa OBLIO C CeBepo-CeBepo-3anaja Ha loro-
JOTO-BOCTOK. MaruerpaiabHblii BofonpoBoa u3 HMogobawu B XOHIO jgua-
metpom 1100 MM OBl IPUMEPHO MEPIEHIHKYJSPEH HalnpaBAeHUHIO KO-
nebaHuil, a aHaJOTHUHBLIH IO AHaMeTpy BojonpoBoi ot Monobaumu jo
[Iu6a Gel1 Hanpas/ied Mo AHaroHand. B o6oHX ciaydasax TPYHTHI Tpef-
CTaBJSIH coBOf CJIOM CyTJIMHKA U GBUIH JOCTATOYHO OAHOPOAHBL. Ilep-
BBl TPYGONPOBOA OblT Pa30pBaH B BOCbMH MeCTaX, a BTOPOH HE HMeJ
paspeBOB. B 3ToM cayyae meprneHiMKYJ/IsPHBIA K HalpPaBJIeHHI0 OCHOB-
HBEIX Kose6aHuii TpyGonpoBojl noctpajan B Haubodbiueil creneny. Ilpu
3TOM K€ 3eMJIETPSACEHHH OBLJIO HCCIeTOBAHO GOJIBLIOE YHCAO MOBPEXK-
JeHHBIX KaHAJU3aLHOHHBIX TPYO, OAHAKO KOPPEJsIIIMH INOBPEKICHHH C
HanpapjeHueM TPy yCTaHOBHTL He YJAJOCh. '

2) Bausinue tna TpyG M UX COeMHEHM
Ha CTeneHb MOBPEXKAEHUs JIPH 3eMIETPACEHUAX

Jlst BOJIONPOBOAHLIX TPYG OGBIYHO MPHMEHSETCS CTallb, KOBKHH uy-
ryH, o6bluHBIH uyryH u acGecrorueMeHT. CrajabHble TPYObI COCAHHSIOT-
CS C ITOMOIIBIO MOHTAXKHOH CBApKH, TPYObl H3 KOBKOTO H OOBIYHOTO Yy-
Iy Ha, a Takke acGecToueMeHTHble TPYObl ¢ moMobio Mydr. [Tpu npou-
AbIX 3eMJETPSICEHUAX TPYObl M3 UYTyHa M acOecTOLEeMeHTa I10/1yYasau
TIOBPEKJEHHsT B BHJE H3JIOMOB, PAaCTPECKUBAHHUS, Pa3phIBOB, BBIAEPIH-
BaHUs /M NoBpexAeHui My¢t. Tpy6bl U3 CTANH M KOBKOTO 4yryHa 00-
JafaT GOJbIIOH BA3KOCTBIO H IIO3TOMY CUHTAIOT, YTO B HHX HE Mpo-
‘M30HeT pacTPeCKUBAHUsSI M Pa3pbiBOB. Tpy6ONpPOBOL /st NPHUPOJHOTO
rasza u3 Huurata B TOKHO, BBINOJHEHHBIH U3 CTAJAbHBIX TPYG BBICOKOTO
JaBJCHHS CO CBAPHBIMH COEJMHEHUSIMH, He MOMyUYH/I NOBPEXAEHUH NPH
semyeTpscennn Huurara. 1o noaTBepKAaeT CEHCMOCTORKOCTD CTAalbHAIX
TpyGonpoBonoB. OAHAKO MOCKOJBKY CTalbHBE TPYObl OOBIYHO COENH-
HSTIOTCS Ha MOHTa)Ke, CBAPOYHLIE PAGOTHL JIOJIKHB! BHINOJHATLCA OUEHB
KayeCcTBEeHHO.

Yro kacaercss TpyO M3 yyryHa M acfecTouemenTta, TO NepBbie OKa-
3a7M  COBEPINEHHO HEYIOBJETBOPHTEJNBbHYIO CEHCMOCTOHKOCTb — IPH
semnerpsicennd Tokauu, 1952. Tlpu semserpsacennn B Huwmrara Owl-
710 ToBpexaeHo MHoro TpyG Auamerpom jo 100 mm, mpuueM acGecto-
{leMeHTHble TPYOhl MaJpiX JAHAMETPOB JIOMAJIHCh, & TPyObl GOJbILEro

 AnaMeTpa u3 acfecToneMenTa M UYTYHa BbIJEPTUBAJIHCD.

Uto6hl CONPOTUBASTHCSA CHJABHBIM KoseGaHusiM IpyHTa, Tpybomnpo-
BOJIBI JOJIKHEL 06147aTh TpeGyeMoli cTeneHblo rubkocty. [Tostomy ue-
V1ec006pasno, 4Tofht coeliHeHHs] ObIIM CIOCOOHBL PACIIUPATHCS U YKO-
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a4YHBATh
EIBaJme ;2 I?J:CGSSXOAHMI)IX npejies1ax, a KOMIEHCALHOHHbIE IUBBl yCTPa-
Ta Ha TPU coexuneHus. Kpome
. TOro, ueJjecootpa
YCTAaHOBUTBL TaK Ha3bLiBaeM i § ; D
bl€ CEHCMOCTORKHE COelIHHEe
L1He paclIuPeHHe H CKAT e anaueroon
He B MEeCTax, IJle OLHOPO
KoNebaHui Moxer 6 , R A s
BITh HAapylleHa, Hanpumep B M
. €CTax H3MeHe
. HUS
PYHTOBBIX YCJOBHUH, PE3KHX H3THOOB, KOJEH H nepeceyeHul ¢ Maru-
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Puc. 8.2. I'ubkue coennnenus KOMMYHHKALHOHHBIX CHCTEM

a —
ME@XaHH4YeCKoe CcoelHHeHHe; b — BHYTpeHHee MeXaH

TONH; d — CTHIK € yua
o OTHEHHEM; € — CTHIK C I'Of f i
1 canme Y promaedne pesnmonny ) bpPUPOBAHHON BeTaBKOM

RIS OKJMajpKa; 4 — Kpyraa 3
Teanb}{ﬁ canbs;mr().es‘z;rg}ssﬂ NPoKaaiKa; 6—0Tpe3bx c-relgxﬂs;?{ ;;eixillé(a)xzz;gon.pognauxa; o
3uHa; /3 — Wnunbga: /4 aCORHast AeTanb; [0 — pykas; I/ — cdaanem; /2 — ;;py‘ rolinan oa
5 — KOHCOMb; I5 — KOXKYX; 16-—~I‘OCbI)HDOBaH‘H,aﬂ Bcraoéi(ocmm(aﬂ e

a

CTpaJjib
Tai " ?;IIDI;dKH TpyGonposonamu. Kak cTek ¢ roppupoBanHoii BCTaBKON
COE,ZII/IHGHI/IHMI:Ia gfbcm 8.2, d sBnstioTCSA NOAATIHBBLIMH CEP’{CMOCTOI‘/’IKI/IMH’

. U MePBOro THIA MOTYT 6
[acume ¢ YT U3rHOATHCS TIPHMEPHO Ha
Mex,my ;gpﬁ;o npuMepHo Ha 5°. Ecam cranbHast Tpy6a ycraHOBAEHA
SHEII{HTCJII)}I;I:IX CI;I‘;FI)Iéath C TO(PPHUPOBAHHOH BCTABKOH, B clyyae Iake
MEIIEHHH TopsiKa Hec
s KOJIbKHX METPOB OHH MOTYT
MeHﬂeBTcg;ngHgmm coenHeHUAMH. [loaTOMY Takoi THI coenHHeH ks np}l;-
eeren B quaﬂx,‘ KOTZla BO3HHKAIOT 0OJBIIHE OTHOCHTEJNLHEIE CMe-
. ) PHMED MexAYy BOJONPOBOAOM H paclpefeHTeSbHbIM pesep-
ya]{)&OM HIIH  aKBEJYKOM. pesep
exaH ’

roum e :::J%K“He CTBIKH HHOTJ2 paccTpauBaloTesi, HO 06ajaior focTa-
2 D HbIH CTENEHBIO CEACMOCTORKOCTH H MOTYT H3THGAThCS JI0
PHbI€ CTEIKH NOJABEPIKEHBI PACCTPOHCTBY, @ CTHIKH HA (aH-
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HYECKOe COeoHHEHHE, ¢ — CTLIK C Myd-

uax Jaerko paspyiuatworcsa. O6a THIA CTHIKOB sIBJASAIOTCS HeceicMOCTOH -
KHMH.

- Tpy6sl, B KOTOPLIX 3arJyG/IeHHbIe YYAaCTKH UEPEYIOTCA ¢ yUacTKaMH,
BBIXOASIIMMI Ha OBEPXHOCTD, JIETKO [O/ABEPKEHBl TOBPEKACHHSAM IPH
3eMaeTpsICeHHsX. JTH TOBPEXJEHNs, €CTECTBEHIO, BOSHHKAIOT H3-32
pasnuuusl B KOJeOAHHAX TPYHTA HA MOBEPXHOCTH U B YPOBHE 3aJ0xKe-
nus Tpy6. Koraa BepTHKaNbHO PacCroIOKCHHbIE TpyObl KECTKO TIPHCO-
eIHHSIOTCA K GOJIBIIHM MaccaM, HanpuMep 3JaHHAM HiIH MalvHaM, yKa-
3aHHas 0COGEHHOCTL paboThl NPOSIB/ISETCH elle B 6oapleir mepe. [lo-
5TOMY B TAKHX CJAy4asiX NOJKHBE NPAMEHATLCH CefCMOCTOHKHE CTHIKH,
4 COMUHEHHUS CO 3NAHMAMH JOJKHBL ObITH IHOKHMH.

3) Harpysku Ha 3arayGJeHHble B TPYHT TpyObl
TIPH 3eMJIeTPACEHUSAX

1) Beeneunue. Cunraercss, 4T0 NOBPEXKACHHS MOAEMHBIX Tpy6o-
IPOBOJIOB TIPOHCXOAAT 10 CJICAYIOUWHM HPHIHHAM.

1. Hecywast crioco6HOCTb TpyHTa MpH KoJIe6aHHsAX YMEHbIIAETCs.

9 B CBf3H C MECTHBIM OMOJI3aHMEM TPYyHTa TPYObl MO OTAENBHBIM
NI0MA/SIM [IePeMelllaloTCst BMecTe ¢ IPYHTOM H Ha TPAHHIAX OTACTbHBIX
Y4acTKOB BO3HHMKAIOT GOJbIIHE MONEPEeYHEIe CHIIbL.

3. Tpy6H BhTanKHBalTCA BOOK Graroiapst SKCUCHTPHIHOMY naB-
Jlenmio TpyHTa. Jlaxe ecH 5TO JlaBJeHHe IPYHTa BOCIPHHHMACTCA TPy~
_6OnPOBOJIOM, B CJyude MasolpOYHBIX Tpy6 MPOUCXOAUT PasiaB/nBa-
Hpe OT BO3HHKAKIIUX HaNpsKeHHH.

4. TpyGbl CKHMAIOTCS 3a CYeT nepememennii rpynra. Korxa tpy6a
‘He MOKeT BOCIPHHSATH JAedopmainud B HaNPaBICHHH cBOeH OCH, OHA
_BHIYUHBAaeTCs WM CMHHAaeTcs. Ecan ke oHa He BOCHPHHHMACT nedop-
Maiiii B HANpaBJIeHUH, NEPHEHAUKYJ/ISIPHOM OCH, TO IMPOHCXONUT pa3-
PHIB TPYOHIL.

5. Korja :ecTKOCTH TpyHTa WM TPyGOMpOBOAA PE3KO H3MECHAIOTCA,
TO B 5THX MECTaX MOSIBJSIOTCS GOJIbLIHE MECTHDBIE OCEBbIC CHJILI HIIH H3-
rubarole MOMEHTHI.

6. B mecrax neperuGoB B Tpy6ax BO3HHMKAKOT GoablIue YCHAUST OT
u3ruba.

7. Ha rayxue yyacTku TPyG, mepervOsl, PasBeTBICHHS M YIIHpE-
HHsL TPYG GOJIblIOE BJHSIHHE OKasbiBaeT THAPOAMHAMHHECKOE JABIIE-
HHe.

Jlo HACTOSILIETO BPEMeHH TPOBENeHO OYEHb MaJjo HCC/elOBaHUA 110
KOJIIHYCCTREHHON OLEHKe OTMEUEHHBIX SIBCHHH, UTO JenaeT AHTHCEH-
CMHYecKHii pacueT TPyGONPOBOJOB BecbMa 3aTpyJHHTCIBLHBIM.

2. ¥YMeHbIUIeHHE Hecyumeid CIOCOOGHOCTH
rpyHTa npu kKogaebaHusX. PLIX/bI MeAKO3ePHHUCTLIH Ie-
COK M TecOK NpH BbICOKOM ypOBHE IPYHTOBBIX BOX IpH KosefaHHusiX Te-
psieT HECYLLYIO CIIOCOBHOCTb HA C/BH. B cBSI3M C 3THM JIHHHH BOJIONPO-
BOJA, MMeioliHe GOMblIofi COOCTBEHHBIH BeC, HCIBITHIBAIOT OCANKH, &
JErKHe KaHa/H3auHoHHble TPYObl BCMIIBIBAIOT. Jasi npenoTspaileHHs
STUX SBJACHHI TPEAyCMATPHBAIOT GETOHHBIE (YHAAMEHTHI, AHKEPHl H
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CBaiHbIe (l)yH[L'dMeHTbI, KOTOpbl€ HE TOJLKO HOBBILIAIOT HeCYIVIO Clio-
COOHOCTb, HO M NOJE3HBI IS OTPalHYEHHsT BO3MOKHOCTH CAMOCTOS -
TCJIBHBIX NEpemMelennii OTAeMbHbIX TPY6 H uX paswvenunenus. Korza
CYWECTBYET OIACHOCTDL PASKUIKEHHS NECKA, KOHILI CBAf NOJXKHBI OBITh
3arnyGJIeHbl B HepasKuxka roLHICS rpyur. Kpome Toro, a/1st npoxaan-
KU JINHUH TPYGONpPOBOAOB B NMOAOGHbIX IPYHTax NpeAnouHTAIOT NpHMe-
HATH CTasipbHBlE TPYGhI.

3. MecTHHEe CABHTH (CKOMbXKeHHe) TPYHTa.
IMpencraBasercs: HeBoO3MOMHEIM 34lIDOEKTHPOBATb TPYGY TaK, YTOGHI
MPEAOTBPATHTL MECTHRP CABUTH IPYHTA UJIH BOCIIPUHATH BO3HHKAIOULHE

(k) IpH 3ToM Harpysku. IlockosibKy MecTHbie

d CABHTH (CKOJIbJKEHHE) MPOHCXOAAT B MSr-

4 "o KHX TPYHTaX, Gosee Iesecoo6pasHo H3Ge-

T4Tb TAKHE TPYHTHI NPH NPOKAAAKE OTBET-

CTBEHHBIX MAarucTpaibHblX Jaunuii. Korna

H, STO HEBO3MOKHO, PEKOMEHIYETCS! IpHMe-

HATH CTa/bHble TPYGhl CO CHHPAIbHBIMH

CTBIKAMH 4Epe3 COOTBETCTBYIOI[HE PACCTO-

, AHHA,  KOTODHIE CIOCOGHBI paGoTaTh Ha
B pactskenue u cxkatue.

) 4. Hanpaxenue B TpyGe

0, 2 P, TPH BHEUEHTPEHHOM jaB.Je-

— (1 h Huu Bo Bpems ceficMuueckux BO3J€eH-

A

p AUTCS HA OLHY CTOPOHY TPYOCEHI, B TO BpeMmsi
2 KaK DeAKTHBHOE JdBJEHHE IEHCTBYeT c
R NPOTHBONOIOXKHOH cTOpoHb. Korja pas-
Puc. 8.3 HOBECHE HADYIIAeTCs, MPOHCXOAMT Itepe-
MCIUEHHE TPYOHl B OAHY cropony. Pac-
YETHBIE OPMYJIBL JIIsSt HTOTO CTyyas MOTYT GBITh MOJIYYEHBI CELYIOMHM

o6pasom (puc. 8.3). Ha TPYGY AeHCTBYIOT BEpTHKANBHBIE CHLL-
Wo=(1—k,) W, — cuna, cosnapaemas mar

. TpyHTa;
W/,1 =(1—*%) W} — Harpyska oT COOCTBEHHOro Beca IpyHTa Ha Tpy6y;
Wo=(1—Fk,) W, — Harpyska or Beca TpyGOnl u ee COZEPKHUMOTO; ,
R — cuna peaxuun TpyHTa, fedCcTBYIOmas ua TpyOy cHu-
3y.

7 4 I.
3recs Wo, Win W) — COOTBETCTBEHHO HATPy3Ka o MOBEPXHOCTH IPYHTA,

BeC IpyHTa Han 1py6oli M BeC TPyYOHI, BKAlUAs e
py 6ot , BKJ € conepxkumoe; k, — Kospduwuy-
€HT BePTHKAJbHOH CelicMHYeCKoil] HATpY3KH. P T i

Ha tpy6y AEACTBYIOT TOPHSOHTAMbHBE CHIL:
Py — naBnenne rpynta ma naockocrn BC;
Q2 — cna conpornBaenus TPYHTa Ha mnockcers B'C’;
Fy — Kacareabnast cuta no I1ockoctit BB';
Fy — KACATEJIbHAST ClIA MO IIIGCKOCTH cc’;
H ==k, W, -— ceficmuueckas Harpyska na TpyOy M ee copepikumoe
rae ky, -— Kosbduinent TOPHBONTANBLION CClCMINCCKOI HATPY3KIL. Cu:
Ja Py paBHa akTHBHOMY JaBJjeHuio rpyHra, a cuja Q, He Moker IIpeBbI-
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PY3KOi 1o mnoBepxHocTH

CTBHH aKTHBHOE JNaBJIEHHe IPYHTa IpHUXO-

CcHTh MACCHBHOE AaBJertie. IToxa CYMMa akTHBIOTo AABJICITHS TPVIITA
Py Ha ma0ckocTs AB, ceflemuyeckoli cuapt /1, na nosepxiocti rpynTa
M CEHCMHUYECKON chabl [1; Ha TPynT Hajy TPpyOOil 1He HPEBHLICHT 11acCHB-
HOTO JaBJECHIS TPYHTA HA IIOCKOCTH A'B’, BCe 3TH TOPH3OHTATLILIE
CHJIBL BOCIIPHHHMAIOTCSI PEAKTHBHBIM JAABACHHEM TPYHTA HA MIOCKOCTh
A’B’. Korza cymma ciji npeBblnaeT macciBHOE 1aBiaeniie rpyHta Ha
mAoCKoCTh A'B', X Pasiocth BOCHPHIINACTCS KACATCABION CILIO
F, 1o noBepxuocTH TpyOel. OAHAKO Besuuuna F; He MOMeT ObITh G0Jb-
e TPOYHOCTH HA CABHUT 110 BEPXHEl MOBEPXHOCTH TPVOLI.

Eciin Tpy6a 1aXoauTcs B COCTOSHUM PABHOBECHSI, TO CHPABEAIHBO

COOTHOIIIEHHE
Q2+F2=Fl+kh Wé‘f‘Pz, (8.1)

rae QZ —— H€ MOXeT IIPEBLICHTL MACCUBUIOIO JaBJacHud rpynra, a ["2 — HPOYHOCTH
Ha CABHT.II0 HUXKHeH NoBepXHOCTH TpyOLIL

Orpanuyenysi, HeoOXOAUMBIE JJIst COGMIOAEHHSI PaBHOBECHs! TPYGEHI,
MOTYT ObITh TOJNYYEeHbl M3 PACCMOTPCHHBEIX BBIIIE [OJOMKEHHUI.

ITockosbKy Takike Fy He MOMKET NPEBLICHTL NMPOYHOCTb HA CABMT
no njockocTH BC, naxe xoraa yc/ioBue paBHOBECHs TPYHTA IO BepX-
Helt NOBepXHOCTH TPYGH Hapyaercsi, ypaeuenne (8.1) octaercst B ci-
Jie ¥ BOSMOXKHBI C/1y4aH, KOrJa NOTeps paBHOBECHsT TPYObI HE IIPOU30i-
Aer. Ilpn sTOM, OXHAKO, BO3MOXKEH CABHI IPYHTA TO BepXHEf [OBEpX-
HOCTH TPYObI, U CTeNeHb HAJEKHOCTH ee paBoThl CYIIECTBEHHO CHHU-
autcst. TToCKOJIbKY TaKoe siBJIGHHE HexeJaTesbHO, CIeLyeT Ipeycmar-
pHBATb MEPONPHUSATHE IO MNPEIOTBPAIECHUIO HAPYLICHHs! pPaBHOBECHS
TPYHTa HaJ BepXHell INOBEPXHOCTBIO TPYOHLI.

5. lebopmanun tpy6. Korna edopmauun rpynra npu
BEMJIETPSICEHHH HE HACTOJIbKO BEJMKH, UYTOOBI BBI3BATL paspyileHHe
TPYHTa, CUHTAIOT, YTO TPYGONPOBOABI AEPOPMHPYIOTCS COBMECTHO C
TPYHTOM. Ec/iM aMIsIMTyia CKOPOCTH HOBEPXHOCTHBIX BOJH B MPOJOJIb-
HOM HampaBJieHHH TPYOBl paBHa v, aMILINTYJa IPOJOJBHBIX AedopMa-
IMH €, a CKOPOCTh PacrnpocTpaHeHHs BOJMH ¢, TO CIPaBeJiHBLl COOTHO-
LeHHs

U= e U & =y,

Korzma mexny TpyGonpoBojioM H IpPyHTOM He BO3HMKaer IPOCKAIb3bI-
Banus, Jedopmauuu rpynta 6YAYT paBHbI AedopMAIUAM TPYGOTIPOBO-
Aa B MpojoJipHOM Hanpabjienuu. Ecau E — kosdduuient npojoan-
HOll yNpYrocTH, TO HalpsiXKeHHs

o="2E (8.2

B neiictButenbrocTH, TOCKOMBKY ceficaniueckite Koaebanns ma nioman-
K€ CHMIKAIOTCS IpH HaMHHI 3arjyGJeHHBIX TPyGONpPOBOIOB, Hampsi-
XeHue B TpyOe HNDHHIMAIOT HECKOJLKO MEHDLIUE 3TOH BesnuyHHEL.
Ilpu paccmorpennn xosieGanuii TpyGbl B HampaseHIi, nepeH-
MUK YJISPHOM ee OCH, nepeMelleHIst TpYGbl NPHHIMAIOT NPHMEPHO paB-
HbIMK niepemelnennsiv rpynta. [lostomy 1o cranuu paspymenus rpyH-
Ta neopMaunn TpyO Masibl H BO3HHKAIOILHE B 11X HATPsKeHs HeBe-
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AHKH. Kpome Toro, mockoJibKy rpyHT HaXOAHTCS ¢ o6enX CTOPOH Tpy-
Obl, BOBHHKHOBEHUE B Hell pe3oHaHCa NPH ceACMHYCCKOM BO3JeficTBHU
HEBO3MOXKHO,

6. Bnusuwue meogunopoxauoctu rpyunrta. Koraa
TPYHT HeOAHOPOJEH, NMpPH CeHCMHYECKOM BO3JIEMCTBHH B PasHLIX TOY-
KaxX Ha MOBEpXHOCTH TPyHTa, JlaxKe HA CPABHHTENLHO HeHOJILIIX TJ10-
IAAsIX, BOBHUKAIOT pasjHyHble KojeGaHUus. JTa HEOAHOPOAHOCTL Npo-
ABJIETCA Ha NOBEPXHOCTH T'PYHTa, a C yBeJuyeHHeM IJIYOHHBI Iapa-
MeTpBl KoJeGaHui YMEHBIIAIOTCs!, DTO BJAHAHHE OCOOCHHO 3HAYMTENbHO
JJIsI YCKOPEHHE M MeHee CYLECTBEHHO JJIsi CKOpPOCTell M IepeMelleHH .
IlostomMy B MecTax HeOABODOJHBLIX I'PYHTOB HalpsiKeHHs! B TpyGonpo-
BOJ¢ OT HEepPaBHOMEPHOCTH NapaMeTpPOB CeliCMHUeCKHX KoJebaHHH 6y-
IyT 3Ha4YHTeNbHB. JlAs 3aJaHHOTO CeHCMHYeCKOTO BO3JAEHCTBUS MX
MOXHO TpubJMKEHHO onlpeenuTb ¢ nomombio MK2. B npakrnke
IPOEKTHPOBalUsl HEOOXOAUMO IpelOTBpallaTh paspylleHust Tpy6 ot
paspblBa H pasJakJHBaHHs OT COCPEJOTOYEHHBIX YCHJAHH NIyTeM YCT-
pONCTBa C OnpeAeJeHHBIM LIaroM JedopMauuoHsbX IUBOB. IIpu 3emie-
TpsiceHuH B Huurata kanajusaunonssle TpyOH, 3arJy6/eHHble B TPYHT
Ha r1y6uRYy 3 M, OblJIM pasopBaHBl HA YHACTKH NPUMEPHO 4-MeTpoBOi
JJIUHBL, UYTO SIBJISCTCS KOCBEHHBIM YKa3aHHeM Ha HeOOXOUMMBIH Iiar
JleCopMankOHHBIX IIEOB,

B Tex caydasx, xorjia TpyGonpoBoibl NPHCOEAUHSIOTCH K CMOTpO-
BBIM KOJOAIAM, OYEBHAHO, YTO 06a THNA KOHCTPYKIHHA OYAYT HMETh
pe3Ko oT/HYalolHecss KojebaHUs M CYLIECTBYeT ONACHOCTb BO3HHKHO-
BEeHUS B COEJHHEHHAX COCPEOTOYEHHBIX H3rHbGalomHX MOMEHTOB,
B 3Tux mecTax ob6pI4HO ycTpaHswoTcs BBl C HX MOMOIIBIO, KOTJa Aua-
MeTp TpPY6BL He OueHb COJBIION, yAaeTcsl n3bexkaTb GOMBIIOH KOHIIEHT-
pauyu HanpsikeHHH. OnHaKO B OeTOHHBIX TpyOax 6OJ/BIIOTO ZHaMmerpa
HabJs10/laeTcsi pe3Koe YyBeJHYeHHe H3rHballux MOMeHTOB. UYTofp
YMEHDBIIUTL BJKSHHE 3THX MOMEHTOB HeOOXOZMMO NpelyCMaTpHBaTh
B M&CTaX COeJMHeHHH GeTOHHBIX TPYO € KOJOAULAMH LIBHl ¢ BO3MOKHO
OOJIBIIMMH 3a30paMHi PaCIIHPEHHIO H YKOPOUEHHIO, KOTOPBIE MOI'YT CBO-
60/IHO MOBOpauHBAaTLCH, a TaKKe YCHJINBATbL CeUeHHs TPYO BOIM3H KO-

JIOALLEB TOCTAHOBKOH apMaTyphl.
7. Haupsxenusas B MecTaXx neperubos. Mox-

HO CUHTATb, YTO INepeMellleHHs] TPYO NMPHMEDHO PAaBHEI MepeMelleHHsIM
OKpYKalolero rpynra. BcjeAcTBHe 3TOro B KPHBOJMHEHHHIX TPYG6O-
NPOBOJAX NpPH 3eMJETPSICEHHH BO3HHKAIOT OCeBble CHJBI W H3rubarw-
e MOMEHTHl. DBlIM TNpOBeJeHBI 3KCIepHMEHTaJbHEIE HCC/IeX0BaHUS
Tpy6 Ha Mmojeasx. Mojenn rpynra M TpyOOIpOBOJAA H3rOTABJIMBAJHCD
U3 2KeJaTHHa M cTepxHell TedwioHa. Ilpu Bo3OyJeHHH Ha OJHOM KOH-
Ile MOJEJH M3 XKeJaTHHA CABUIOBBIX BOJH H3MEPSJHCH IepeMelleHHst
1 JedopMauMH KPHBOJHHEHHOH TPYOHI.

PesyabraTthl ucnbITaHuil nokasasbl Ha pHe. 8.4, a. OceBas cuia-

Bo30OyxKjaerca B TpyOomnpoBoje B HaNpaBJ/eHUH BHIHYZKJAEHHHIX KOJe-
Ganuit, a nsrubamomuii MomeHT B Mecte neperuba. Ha ygactke, nepnen-
IHMKYJsiDHOM HAaNpaB/J€HHIO KoseGaHUH, OCEBHIX CHJI M M3rHOaIOMHUX
MOMEHTOB NPAKTHYECKH He BO3HHKaeT. B Tex cJjydasx, Korja JOIyc-
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KaeTcsl IOLEOPOT YHaCTKOB MNPSINbIX '1p}6 OTHOCHTEJLHO CTBIKA, T. €.

ycTpanBaeTcs TaKk Ha3bpiBaeMblil aHTHCcellcMHUecKHil 1oB (puc. 8.4, bu),
OCeBbIe YCUJIMS HA YUacTKe, COBNAJioileM C HanpabeHeM KoaeGanHuil,
cuuxaiores. OfHaKo H3rnbarolie MOMEHTH B [ieperube i Ha 1PSIMOJIH-
HelHOM yuacTKe TPYObl B IEePIEHIHKYJNSAPHOM KoJleGaHHAM Hanpab.e-
HYH, HaoGopoT, BO3DACTAIOT.
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"Puc. 84. Popmul Kosebaunil 1 smopn gedopmanuil B H30THYTOH TpyOe
a— prﬁa Ges MapHAPHOTro COCIHHEHHS! b— pr6a C I.HapHHp]lblxeg(é;ﬂéﬁi;ii;:]\'[TDy6})[

nedopmanmy; — - — e+ — nepeMellleHHss IpyHTa;

8 FmapoanmuamMuuecxoe pgaBaenune Ha Tpyody. Ilo-
CKOJIbKY B EOZIONPOBOJAX CO3/aETCs TOBBHILICHHO® JaBJIeHue BOIbI, HA
-TJYXHX y4acTKax, B MecTaxX IeperdCoB, Pa3BeTBJIECHHU H PACLIMPEHUs
TpYy6 NpH  3eMJeTPsICEHHSX BO3HMKAIOT CHJbl THAPOAMHAMHYECKOIO
laBJenust Ha cTenku (puc.8.5). M. Hukarasa [272] nposen TeopeTu-
qecKHe MCCJACNOBAHHsT M NOJYUHI CJACAYIONME BHIPAXKeHHA:

LT / ghyw
Op, maxe == 7 — s (83)
2 ) - 2kyr
eE
. 0
GB, Make — O'L), MaKC Slll-? 3 (84)
Ayl A
O7T, makec — —52_'2_14!/—./_4—*0'1)' MaKe (85)
I 2 1
1 —Ay/A
OR, make = H—TQ/AI 0D, make, (86)
2 1
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TA€ Op, maxe ~ MaKCHMAIbLHOC THAPOAHHAMHUECKOE AABJEHHE Ipu  ceficMuuce
KOM BO3AEHCTBHH Ha TIyXOfl yyaCToK; 0B, make — MaKCHMaJbHOE THADOJHHAMY.
HECKOe laBJeHHe NPH CeiCMHYECKOM BO3JeliCTBHH B MecTe meperu6a; Oy .o —
MaKCHMa/NbHOE THAPOJHHAMHYECKOE NaBJeHHe NpH CEHCMHYECKOM BO3J1eHCTBHY
B MEeCTC Dpa3BeTBJICHHS; OR,Make — MaKCHMaJIbHOE THIDPOAMHAMHYECKOE JaBJe-
HHE NDH CelicCMHYECKOM BO3JEHCTBHH B MecTe CYXeHUs CeYeHHUs; B — OTHOWenYe
YCKOPCHHST CeHCMHUYECKOTO BO3AeHCTBHE K YCKODEHHIO CHJIBI TsAXKecTH, g; T —
TIEPHOJL CeficMHUeCKHX KoseGaHuil; W — YAEJBHBIH BeC BOJHI; ky — mMomyan
00BEMHOrO CKATHS BOABL, 7 — BHYTPeHHUHl paguyc TPy6Bl; e —ToMHHA CTer-

KH Tpy6rr; E — monyab IOnra nas wartepuana Tpy6ul; B — yroa meperuba py-
6b;; Ay n Ay, — muromanu TIONEPEYHOTO CeYeHHsT TPYGHI.

B xauectse npumepa pacueron PaccMOTpHM THAPOAHHAMHYECKOE
AaBJIeH1e B CTaJbHOH TPyGe C BHYTPEHHHM JHAMETPOM 2 M, TOJILIMHOH

CrenKn 18 MM npu  ceficMuuecKoM BO3lelCTBHY
1
g /_
( 04, 2
42

E=02unT=1¢

Op, maxe = 3,12 Krc/cm?;
05, waxe = 2,21 Krc/cM? (6 == 90°);
07, maxe = 1,04 (4, = A,);
Or. maxe = 1,87 (4,=0,254,).

"’C)V ; IlpuBenennbie Benuununl siBasIOTCS THAPOAU-
1 ¥ HaMHYECKHMH JABJICHHSMU Ha TJyXHe YYacTKH,
NEPerulhl, Pa3BeTBJEHHS H TPYOHI C CYXEHHeM ce-

Puc. 8.5 UCHHA NDU paspenpHOM yuere (akTopoB. Opuako
= hommal FP¥0ai  NOCKONIBKY THAPOXHHAMHYECKO® JIaBJIeHHE  BOALI
mmpsiomasca TpyGa OpH 3THX (aKTopax B3aHMHO 006yCIOB/IEHO, pe-
SYJBTHPYIOULEE THAPOXMHAMHYECKOE NaBJeHHe GY-

ACT HECKOMBbKO Gosblle MNPHUBENEHHHIX BeanunH. Ecum NPHHATD 3TO
yBesiHueHue B 1,5 pasa, To MakcumajbHOe CHIpPOJIMHAMHYECKOE JaB-
JIEHHE NIPH CeHCMHYECKOM BO3JNEHCTBHM C ycKopenueMm 0,2g 6ymer no-
CTHTaTh npuMepHo 4,5 Krc/cm?,
OGbiuHo mpH pacuete cuCTeM BOJOCHAGKEHHS B JOTONHEHHE K THJI-
POCTaTHUECKOMY JABJICHHIO YYHTHLIBAIOT JNABJEHHE OT THJIPABJHYECKO-
IO yZAapa BoAb! B pa3mepe 555 krc/cm?. ITockombry coBmecTHOE feii-
CTBHE IIPH 3eMJICTPSCEHHAX THAPABIUYECKOTrO YAapa BOJAbI H T'HAPOJAH-
HAMHUECKOTO NaB/JEHHST BECbMA Ma/OBEpOSITHO, HeT HEOOX0AUMOCTH
YUHTLIBATL THADOAMHAMHYECKOE JaBJeHNe OT CeliCMHYECKOro BO3el-
CTBHSL TIDH ONPEACNIEHHH PACYeTHOl Harpy3KH Ha TpyOy. Onnako koraa
PPYHTEL ABJISIOTCS MATKHMH, @ IeDHOX BO3JEHCTBHS JOCTATOYHO GOL-
IHM, TIpH y4eTe CellCMHYECKHX BO3JeiiCTBHI BOCIPHSATHE THAPOLII-
HAMHHECKOTO NaBJICHHSI MOXET CTaTb Cepbe3HOil npo6iaemoii. Ana-
JIOTHYHA CUTYaUMs] BOSHMKAeT NPH BHE3ATHOM 3aKPHITHH KJIAIlaHOB
EO BPEMs 3EMJICTPACCHHS!, NOCKOJBKY CHJIBL 0p. waxc AEHCTBYIOT B mpo-
TUBOTIONIOKHBIX HANPaBACHHSX Ha Kax/1ylo CTOPOHY KJamana u CyM-
MAapHO€ I'IIPONIMHAMHECKOe AaB/IeHHe Ha KAaliaH GyeT PaBHO 20, waxe-
Kpome Toro, B nanoprom TpyGoIpoBosie BO3HHKAIOT C/yual BHeaall-
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HOﬁ OCTAHOBKH HAaCOCOB OT NpeKpalleHisa noaaun ?.HGKTPOBI:IGPFHAH‘ TT}'{H
geMJIETPSACCHHH, H BepPOsiTHbl CJlydal couetaHust IIi/_Lp(),;Llllld]\lli‘:lL’Ll\glz
)IaBJIeHI/IH U THAPABJAUUYECKOro yAapa BOJbI. Bo Bcex stux CJIéy‘JdF([)BO-
pacque VUHTHIBAIOTCA THAPOJHHAMHYECKHE JaBJCHNA Ha Tpyboup

JIBL.
8.3. PE3EPBYAPbBI

[MoBpexaeHUsi pe3epByapoB OObLIYHO NPOSIBJASIOTCS B I:;lmeyple:ssgé
. Paspyi
TeH-JHadparm pesepByapa
HUSA JIHUILA, CTEHOK H ¢ :
m:ylma npoucx’omn, KOTJla TPYHT sIBJsieTcst cJabhiM HJIH Heom{o%ozl
ll-IIbIM (puc. 8.6). Ilpumeprl Takux noBpexieHuil MHOTOUHCACHHDL. [lpH

Puc. 8.6. IloBpexjaeHHe p.
sepsyapa na p. Oypy-Uluna
HO (3emJjerpsiceHue Huurara,
16 mionst 1964)

TSKEJLIX COOPYIKEHHSIX BO3MOMKHBI OCAaJKH, a IpH JErKux I;l—HBacnlqucl-_
tHe. B /mo6oM cayuae pesepByap OKasbiBaeTCst pasopBaHHbl J BI)Iéyn_
xu. [103TOMy B KauecTBe OCHOBAHHUS AJsI pesepByapos CJIenyK PuiGi-
‘PaTh NPOYHBIH H MO BO3MOMKHOCTH o;mop;zmbm TPYHT HJIH YKP
ICTBOM CBaHHOIO OCHOBaHHS. .

:rpyI}fITeo}g;(ToI;zzo TaKXKe NpejycMaTPUBaTh APEHaXKHbIE yCTpOMCTBaeﬂJI;
KOMIEHCAIlMH BO3PACTAIOUIETO JaBJ/eHHs] IPYHTOBBIX BO}16Ha ﬁnﬂﬂnmeg.g -
3epByapa NpH semJerpsicennsx. Korna pennuuua e,ar.r1¥mJ11eHHCTSF4 Bg_
‘Byapa BeJIHKa MJIM KOTAa OH NpefHasHayeH JJIs xpaHfO e
HApl, 1enecoo0pasHo Takke NPHUMEHSTh MeTa/IHYeCKy e ayeros
"BOJIOHEIIPOHHIIAEMOT0 PacTBopa. AHAJOrMYHbIA MeTo;prO Qe
‘IPHMEHSTh /A 3allUTHOrO ciost U3 GeTOHA HJIH PacTBOp B cayuac
HCTIOJB30BaHHs achabTOBBIX HWJH APYTHX BOJOHENPOHHMLA
6paIIjI‘aHGOJIee yiautoit ¢opmMoii CTeHOK pesepByapa HBJIS}I(eBTaCH acf}?;i{ﬂ
npocrasi. Kpyraas ¢opma Gosee npeﬁnonqu;;eegl}igiﬁq?nge ;}f;{)enmmy

BKY YIVIOBbI€ YYacTKH CTEHO : .
?I(;f:: (i{gnu)imz YIJIOB BgJIHSI/I HUX CJedyeT YCTpauBarh TEMHe?;}2¥pI;I;§
WIH ocafiouHbple HIBBI. Takoe xke pellleHHe OOLMHO MPHM
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YHaCTKOB BHE YIJIOBHIX 30H, NpHUEM LIBbI NMPEIYCMATPHBAIOT C HIATON
10—15 M npu ToHKHX cTeHKaX pesepByapos H 20—30 M IIPU TOJICTHIX
creHKaX. PaHbue B xauecTBe MaTepnana st TEMIIePaTYPHBEIX LIBOB
MCMOJIb2OEAIM MelHble nJacTHHB. OJHAKO B CBSI3H C TeM, YTO TaKoe
peILerNe He LomyckaeT CBOCOJHOE PaCIHPEHHE W CxKaTHe B MeCTax T-
H L-cCpasnbix coennHenuil, B NOCJeiHKE TOABI NepeliH Ha pPe3nnHy
HJH BHHHJI,

Pacuer crenox u auagparM pesepByapoB Ha celicMHUYECKHE BO3-
JeACTBUST OOBIYHO BHIOJIHSIETCS € MOMOILBIO MeTOoAa Ko3(uIenTa
ceficMuueckoll HarpyskH. IToCcKOJBKY B Npolusible roisl st EO3Beje-
HHSI COOPY2KEHHH HCIOMB30BAJICA NPEHMYLIECTBEHHO KHPIIMY, BO MHO-
THX U3 HMX HaGJI0/1aJIoCh NOBpPeX/eHNEe CTEHOK TPCUIMHAMH H HX OG-
pywenue. Eciu 1Jis CO3aHHsl BHYTPEHHUX KOHCTPYKIMi IPHMEHSET-
Csl 2Kesle300€TOH, paclpejleJieHHe HalpsKeHHH CTaHOBHTCS GoJiee
GJIarONPUATHBIM, a IIAT MEXAY OCAJOYHBIMH ILEAMH MOXKeT GBITb npu-
HAT Gosibine. TakuM o06GpasoM MOMKHO 3HAYUTEJIBHO YMEHBLIUTDL CTe-
NeHb Cepbe3HbIX pPaspyIUeHHH, HMEBIINX MeCTO B NPOLIJIOM.

JKesie300eTOHHEIE pe3epBYaphl Ha BOJAOOUKCTEOH cTannuu B Hara-

caBa ObIM 3aIPOEKTHPOBAHBI B BHAE OJHOTO GJIOKA OTCTOHHHKA pas-
MepoM 40 X 40 M u AByX G6/10KOB pasmepom 40 X 60 M. ITo gaHHBIM
UCTILITAHHH, TIOC/IE CTPOUTENHCTBA CTAHLMH IIPH IPHMEHeHHH TePMHUeC-
KOro HatsikeHus1 10 0,3% B COOPYXKeHHSX He HabJIofanoch yTeuKi
BOIbI. [lJIsi GOMIBIIOTO pesepByapa, pasiesneHHOrO Ha fBa 6J0Ka, Mg
KaxJI0fl TI0JIOBHHBI IPUMEHEHA KOHCTPYKUMS B BHJE 3aMKHYTOI CHCTe-
MBI, OTKPBITOH TOJIbKO C OfHOH TOPOHBL. IIpH NPOUHOM OCHOBAHHH OKa-
3a/10Cb BO3MOXKHBIM JIOCTATOYHO SKOHOMHYHO BBIIOJIHHTH COOPYKEHHe
C BHICOKOH CONPOTHBJSIEMOCTHIO CEfICMHUECKHM EO3JEHCTBHAM (KO-
s¢duuneHTOM ceficmuueckoil Harpysku 0,2—0,3). OpHako B KauecTBe
KOHCTPYKTHBHOTO MEPONDHUSTHSA 10 OTKPHITOH CTOPOHE BHLINOJHEHbI
JuadparMbl ¢ OTBEPCTHSMH.
- Bo Bpems semJyieTpsiceBuii Ha CTeHKH pesepByapa nRelicTByeT TuJ-
POAVHAMHYECKOR JlaBJIeHHe, KOTOpOe OOLIYHO Olpefesercs no ¢opmy-
Je Becreprappa. B ciyuae MHOTOSpYCHOTO OTCTOHHWKA EOia 3aTOJ-
HSET IeJHMKOM HuxkHEHe sipychl. Ilpu sTom Ha cTenkn pesepByapa mpu
CelCMHUECKOM EO3JelCTBUM OyIeT HeHCTEOBAaTh HEOOBIYHO BBICOKOE
THApOJMHaMuYecKoe JaBieHue. IlosTomy HeoGXomumo mnperycmatph-
BaTh BO3N.OKHOCTh CBICTPOTO YIaJieHHs BOJEL B C/1yyae 3eMJIeTpSICeHIil.
Ha nByXpsApycHOM OTCTOAHHKE BOJOOYMCTHON CTaHmuM B Haracapa
OBLIH NPelyCMOTPEHbl IMJIKHAPE! AHaMeTpoM 1,4 M uepes kaxjbie 13 M.
Hasuuue cBoGosHOIO (He 3anoJHEHHOro EOOH) NpoCTpaHCTBA CO3Ja-
BaJI0O BO3MOXHOCTb YAaJIeHHs BOJLL

8.4. AKBEOLYKH U JIOKEPbBI

B MecTax nepeceueHusl NMHHSAMH BOJONPOEOAA PEK YCTPAHBAOTCS
AKBEYKH MJIH JIoKepHl. IIOCKOJIBKY aMIuIHTY/bl CeHCMHUeCKHX KOoJe-
GaHuii BOIHBH PeK OOBIYHO GHIBAIOT 3HAUHTENbHBIMH, COOPYIKEHHS 06O-
HX THIIOB NOJABEDXeHbl NOBPEXIEHHAM, B ciyyae akBeiyKoB (MOCTOB
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pa

aas npomycka MarHCTPaJIbHBIX BOJAONPOBOAOB) MOMMMO OTIHECTORKO-

‘etd H CceliCMOCTOHKOCTH MOCTOBBIX KOHCTPYKHI/Iﬁ cjaenyer obecreyH-

b CceficMOCTORKOCTb TpyGonporoja. C 3TOH 1e/1bI0 OObIYHO MpUMe-
40T CTajbHble TPYObl M YCTPauBAKOT JAePOPMAUNOHHEIE LB B Kax-

* oM MpoJsieTe MoCTa. 3aTpy/iHeHHsl [0 YCTPOHCTBY GOJIBILIOTO KOJIHYECT-

pa IIBOB MOTYT OBITh NnpeojoJieHbl NyTeM NMPUMEHEHHA Hepa3pe3HnbIxX

MOCTOB. .

KaK CBHJETeJNBbCTBYET OIBIT NOBPEXKACHHH NPH NPOLIILIX 3EMJIETPS-
cennsix (puc. 8.7), 0cOGeHHO GOMbIIOH MpONEHT TPYGONnpPOBOAOB pas-
pymaﬂCH B T€X MeCTaX, IJie BbIMOJHSJCH TOJIbEM CO CTOPOHDI ﬁepel‘OBbIX

i

Puc. 87. Mocr MusraBa Al MarHCTPaJbHOTO BOJONPOBOAA (3eMmJerpscenne
Kawuro, 1 ceursGps 1923 r.)

YCTOeB K INPOJIETHOMY CTPOEHHIO MOCTOB. Tako# THN NOBPeXJCHHH
06yc/0B/IeH GOJbIIMMH OCAJKaMH OTKOCOB B CBfI3H € CYIIECTBEHHBIMA
OTJIHUHSIMH B Iapamerpax CeHcMHYeCKHX KoJieOaHHii GeperoBeIX yCTo-
€B ¥ OTKOCOB. I109TOMY OYeHb BaXKHO TaK BBIIOJHHTb OTKOCH!, 4TOCHI
B MaKCHMAJbHOH CTeleHH YMEHBIIHTb OCaflKH [IPH 3eMJIeTPSCEHUsIX.
Tam rjle OCyLIeCTBJSeTCs TOBHILIeHHe YPOBHs TPYGONpPOBOJOB, Ha KOH-
lax NpsIMOJHHEHHBIX YYacTKOB HaJi IPOJIETHBIM CTPOCHHEM YCTpaH-
BalOT THOKME YIPYyrue COefMHeHHs, a (PyHIaMeHThl BbIIIOJIHSAIOT HA CBa-
X COOTBETCTBYIOUIEH JIHHBI JJIs CHHXKeHHSI OCalloK TpyGONPOBOJIOB.
Jaxke B 5TOM c/iyuyae akBeIyKH IPeJCTaB/AIOT co6oil naubouee ciaboe
3BEHO BOJIONPOBOXHON MarucTpaji, H OOBMHO N0 OGEHM: CTOPOHAM OT
GeperoBbIX YCTOEB MOCTA NpPeAyCMATPHBAIOT 3aJIBUKKH Vst [PEAOTBpA-
lienya aBapuilnpix curTyanuii. Ha pnc. 8.8 npuBeseHO  aHTHCEHCMH-
Yeckoe pellieHHe [OBBIIAOLIefics YacTH akKBeAyKa, PeKOMeHJyeMoe
SmoHcKOH accoupamiedfl HO BOROCHAGKEHHIO.

IIpu BO3BEEHUH MIOKEPOB OCHOBHOE BHUMAHHE CJleyeT 00pailaTh
Ha YCTPOHCTBO (PYyHIAaMEHTOB, KOTOphIE JOJKHBI GBITb JAOCTATOUHO
NPOYHBIMH H OAHOPOAHBIMH. COEJMHHTE/bHBIE YYaCTKH TPYO HOJIKHbI
HMeTh ¢ KaxJIOH CTOPOHBI KaK MOXHO 0oJjiee IJIaBHblE 3aKpYTJ/IEHHS,
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Kaxjaoe us

CeHHlIII 5 KaKHOITc?pIL;IO}; CJIeNyeT HaJeXHO 3aKpenJasaTh. HpH SEM.HETpﬂ-

" HOKOCyKa i pPexaeHusi JIOKEpPOB B CHCTeMme BO,HOCH&G}KEHHH

it HeOGAD HE3HAUYHTEeJIbHEI, OﬂHaKO BO H30exaHue HOBpex Ie-
JUMO Hpe,I[}/CManI/IBaTb JAOBOJIBHO 3HAYUTe/bHOe 3am;/16

Puc. 8.8

I — Kxomne CanHo b} bl - HOKHIT LIK
3 1HO H CTBIK 2 OKH
» <

JieHue Tpy
jong per)C?io}IiggrsxToro, CJIeAyeT usberath ycrpoiicTsa JIOKEPOB 1o
, 4JLTIOBHANILHBIMH  OTJ103)
KCHH S
KET TIPOMCXONHTL DA3KHXKEHHe IPYHTa W P RoTopb o

8.5. BOLOHAHOPHDBIE BAHIHYU

Kak n i
JIeBOﬁeTOHgKaHSE?J‘IH OILIT 3EMJIETPSACEHHH, BOZOHATIOPHbIE GamIHK H3 xe
Roetota AIOTCST He OYeHb CcelCMOCTOHKUMMY, Hanpuwmep, 1 -
MJIETPSICEHHH KeJle306eTOHHas 6alis BRHICOTOH Qg,M ba

CTpPO€HAa H

¢ ufe HeCOBipBI?JIé:HIZ)%HMI%HeHHH XKeJ1e306€TOHA, U TeXHOJOT 1 pa6ot 6bL1a

o e meconepiCi ceﬁc 'OSTOIZIY HeJb3sl OBlIO ¢ YBEPEHHOCTBIO TOBOPHTH

DeaC RocTatOI MOCTOHKOCTH EOJIOHANOPHLIX GailieH. Tem He Me-
p K€ B CBSI3H ¢ 0COGEHHOCTSMH TEXHOJIOTHH KeJe306eTo-

SJIEMEHTOB NPU EOCHPHATHH CEeHCMHMYECKHX
SeMenTOR [ Harpy3ok, BO3HHKA
Mgnegne C"?:;ini?nggMﬂ semiIeTpscerns. Ilostomy CUHTAIOT, '{Tofollxlgf;-(
BT el PRbIX B JOHANOPHLIX GalieH, B KOTODBIX Jierko ycrpau-
sarones | coopy;xexme SJIEMEHTHI, NOBHILIAICHIHE XKECTKOCTH M MOHO-
Dyrinn Banbye H;;, 16103BOJIHeT CO3JaTh CeHCMOCTORKHE KoHCT-
BEPIIEHHO He HOCT}?aILaS.{IIa arLIL[I)HHH éiiggKg;HngyKuHH P PacaKin co-
pomio H EMJIETPSICEHU N,
BepTHKaJIbeII[I\(Z:aIclOPHMe GallHH BBIIOJIHSIOTCS ¢ KeJ1e3006eTOHHBIM U
TBOJIAMH, OHH 6oJlee CelicMOCTOMKH. Beprukanbupii

€TBOJI CTAHIIHH BOJIOC
Ha6xkenus B IMuGap
Hs
GETOHHOTO OHJAHHAPA BBICOTOH 22 M TpeHmIN e Heiles0-
b

0OabIIUX T
pem,lggops}cj BTODOCTENEHHBIX JAETaJIfAX, CTBOJI He HOAYYHI
) KEHHUsI B BHJE 0060Ji0ue .
o paBil K, HanpuMep LHJIHH
dep, np SEMJIETPSCCHHAX IIpOUHee GaJOYHBIX KOIFCprKquII‘ipOZ
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XOpOLLO COXPAHSIOTCS. Bo BcsikoM ciiyuae ocHOBHasi npoGseMa 3aKJIo-
gaeTcsi B ofecreueruy Hecyulell cnocoGuocTH rpynTa. I[TockonbKy AaB-
jiesns, co3laBaeMble QYHIAMEHTAMH IOJ CTBOJbI, JOCTATOYHO BEJHKH,
He0GXONMMO BHIGHPATb NPOUHbIA OXHOPOAHBIH TPYHT, a sarayGieHnue
BHINOJIHSATD TI0 BO3MOKHOCTH GOJIBIINM. Kpowme Toro, ans npepoTspa-
[meHHs] YTEUKHM BOJBI Le1eco06pasHo CTBOJILI BHYTPH MNOKPHIBATL CTaJIb-
HBIMH JIICTAMH TOJIIMHON He MeHee 3 MM.

CelicMHuecKHe HATPY3KH JJIs OlpejieleH sl HalpsXKEHUH H IPOBEPKH
YCTOHYHBOCTH BEPTHKANBHLIX CTBOJIOB HAXONAT C MOMOLIBIO Mo udu-
[{HPOBAHHOTO MeTONA KO3(dHIHEHTa ceficMuyeckol HArpys3kH, a pac-
npe/iesieHHe HaNPsKeHHi NPH STHX HArpy3Kax — METOJaMH CTaTHYeC-
KOTO pacuera IJIHHAPHYECKHX O06OJIOYEK.

Franasa 9. CEMCMOCTOMKOCTDb MOA3EMHDIX
COOPY)XEHHH

9.1. BBEJAIEHUE

PasBuTHE B IOCJEAHHE TOALI CHCTEMBbI TOJ3€MHLIX KOMMYHHKALHH
noTpeGoBasio NPOBELEHHs LIHPOKHX HccaeaoBanuii. ITockombKy mox
3emJiell TeMIepaTypHbIi PEXKHM JOBOJIBHO YCTOHYHBLIH, & CEiCMHUSCKHE
BO3JlefiCTBHA CPABHUTENBHO c/abble, CTPOUTENIBCTBO MOA3EMHBIX COOpPY-
JKEHU NpexkJie BCETO CBS3aHO C COBEPIICHCTBOBAHHEM METOAOB IPOU3-
BoacTBa pabor. Ho u B 5TOM cayyae npu BO3BeleHHH NOJ3EMHBIX COOpPY-
JKeHHE HeO6XOIMMO CUHTATHCA C 3eMJerTpsiceHusiMH. K oCHOBHBIM moj-
3€MHBIM COOPYZKEHHSIM OTHOCSTCSI CHCTeMbl BOJOCHAGKEHHS H KaHaIH-
3anud, TOHHENH, [OJ3EMHBIE NMEPEXOIb!, II0J3EMHbIE BEIEMKH H MOJBOJ-
Hble TorHe U, CHCTeMB! BOJOCHAGKEHHST ¥ TOHHeJIH OblJIM PacCMOTPEHBI
B IIPeABIAYIIHX TVIapax. Huzke Mbl 0CTaHOBHMCS Ha BONPOCAX MPOCKTHPO-
BAaHUSI OCTANBHLIX THUIIOB COOPYIKEHHH. '

Ecaii TpyHT NMpeJrosaraercss ynpyruM, To B HeM PacnpocTpansioTes
BA THHA BOJH — CABHIOBbIE BOJHEL M BOJIHBL PAaCTsKCHHUS-CIKATHS.
[TockoabKY TPYHTHI BOJH3H TIOBEPXHOCTH JOCTATOYHO CJIOKHBL 1O Ha-
NIACTOBAHMSM H CTPYKTYpe, CUHTAIOT, YTO CeHCMHueckHe KoseGamus
B HHX — De3YJIbTAT HAJIOKEHHsI GOJIBIIOTO KOJIHYECTBA OOBEMHBIX BOJMH
C pasHBIMH TapamMeTpaMu H HalpaBJeHnsMu ABukeHus. ITosromy BHI
CEefCMHYECKOTO BO3JEHCTBUS TPYAHO MPEACKa3aTh. Jnsg ueneit pacuera

Hec6XOAHMO TIPHHSTh ONpEeJe/JEHHbIE MPEANOCHIIK], YUHTBIBAIOUIHE
CJIOKHBIH XapakTep CeHCMHYECKHX BO3JEACTBHH.

JI/ist ONEHKH BO3HHKAKIIMX B TPYHTE JedopMauunil npH 3emyIeTps-
CeHMM paccMaTpuBaeTCsl ABHXKYLIAscs BOJHA CABUTa

U=y sin—ii(t‘— ad ) 9.1)

Cs

IZie X — HanpaBjeHHe JBHKEHHS BOJIEI; 4 — HanpaBieHHe KoneGaHHil, neprer-
JTUKYJSpHOE ¥; 1o — aMnuutyfa; T — nepuon Koiebannil  ¢; — CKOPOCTE pac-
ANpOCTpPaHeHHs CIABHTOBOH BOJIHEL
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Hedopmalid oT 3TOH BOJIHBI PaBHBIL:

ou _2nu0 cos 21 (t— X )
e ~—T .

Ox Tes

9.2
Cs ( )

O6o3nauas 0GbeMHBIA BeC IPYHTA Yepe3 w, KacaTeJbHble HallpsiKa-
HHS B IPYHTE T U aMINIHTYAY CKOPOCTH KOJIEGaHHE DU 3EMIETPSACEHH I
Uy, TOJIYUUM

__ __ Do 2n IEAY
Y= . cos == (t . ) ; 9.3)
2
:_% Cs Vg cos—?(z‘——sz). (9.4)

V3 3THX BhIpasKeHH{l BHIHO, UTO HANPSIKEHHUsI B I'PYHTE TeM 6oJblie,
yeM BEIILIE CKOPOCTb CeHCMHUYECKHX KoJeGaHui U 6oJbille CKOPOCTh pac-
NPOCTPAHEHHA CeHCMHUeCKOH BOJHBL. OObIYHO B I'DYHTE HMEIOTCS Ha-
yasIbHBlE HAPSAKEHHsA OT COOCTBEHHOIO Beca W Apyrux dakropos. Tor-
Jla HAOPSIXKCHUS OT CEHCMHYECKHUX BO3JEHCTBHMH CKJIANLIBAIOTCS C Ha-
yaJIbHBIMH HaNpsokeHUsMH. [Ipu semsieTpsiceHUsIX cpejHeil CHJIBL CyMm-
MapHble HaNpsAXKeHHs He HACTOJBLKO BEMUKH, YTOGB!I BEI3BATh Pa3pylie-
Hue rpyHTa. Hckmiouenne COCTABJSIIOT YYacTKH OKOJIO MOBEPXHOCTH
TPYHTa IIPH BBLICOKOM YPOBHE TPYHTOBBEIX BOJ, OKOJIO T'PaHHI[ YCTYNOB
U T. . IIpH CHIBHBIX 3eMJIETPSACEHHSAX HANDPSIKEHHS B TPYHTE CTaHO-
BSTCSl BeCbMa 3HAYUTE/ALHBIMH, H 3TO MOXKET BHI3BATH PA3PYILEHHS B
cn1abbiX TPYHTax.

[Tomumo paspylieHuii TPyHTA OT HANpsDKEHHH, BBHI3BAHHBIX KOJe-
faTebHBIM JABHXKEHHEM, BO3MOXKHBLI PA3PYLIEHHS OT CHHXKEHHS POU-
HOCTHBIX XapaKTePHCTHK TPYHTA MpPH KoJsieGaHHsSIX, HANPHMeD OIOJ3HH
U Npocajfky. B 3THX ciayuasx OCHOBHOH NMPUYMHOH paspyIlueHufl sBJIA-
eTCs pas:KMKeHHe HEKOTOPBIX THIIOB IPYHTA NpH KoJeGauusiX UIH HATH-
YyHe TPYHTOB, CMEXKHBIX ¢ TOHKHM ¢JI0eM MITrkKoro rpyurta. OGbUHO CUH-
TaIOT, YTO OTPEJEJSIONINM T1apaMeTPOM SIBJSIETCSI He CKOPOCTh, a YCKO-
peHHe CeHCMHUYECKOTO BO3ACHCTBHS.

Jaa 3aray6eHHBIX COODYXKEHMH Kpome YNpyTHx JAedopManuii
TPYHTa OCHOBHOH TPYJHOCTBIO SIBIACTCS yueT Aedopmanuil OT HepaBHO-
MepHBbIX KoJie6aHHil PasHBIX YYacTKOB rpyuTta. Bo Bpems pos semserps-
cenuit Manyuupo B 1965—1967 rr. B anuieHTpasbHON 30HE OLLIH MPO-
BeJIeHbl HHCTPYMEHTaAbHbIe HAGIIOASHHUS! B MSITH TOYKAX BJ0JbL 6a30BOI
auuny gauroi 120 M. Mamepenust npoBOMMIHCE B TOUKAX ¢ HATEPBAJIOM
30 M, xoTopsle OblH o6o3HaueHel OT Dy no D ¢ ceBepa na tor. Tommin-
Ha [IOBEPXHOCTHOI'O CJIOS TPYHTA HA IJIOUIaJKe YBeJHYMBANach B TOM
Ke Hanpas/jeHuu. Ilepuoapl npeo6aafaroiiix KoJaeGaHHH MHKPOCEHCM
cocrapasiiu 0,36 ¢ Ha ceBepHOi cTopoHe mJowaikH u 0,55 ¢ Ha rox-
Hoii cropoHe. [Ipumepbl 3anuceii npusefensl Ha pic. 9.1. CornacHo
puc. 9.1, a, kosnebartenpHbil Nponecc Dy no cpaBHeHuwo ¢ Dy umeet 3a-
nasjaeiBanye Ha 0,4 ¢. 910 CBUALTENBCTBYET O ABHIKEHHH B IOBEP X HOCTHOM
€J10€ TPYHTA BOJIHHI €O ckopocTbio 300 M/c ¢ ceBpa Ha tor. Ha puc. 9.1, 8
He oTMeuaeTcst caABUra ¢as npoueccoB D, u Dy, 0JHAKO MOMEHT BHe3all-
HOTO yBeJHMYEHHS aMIUIUTYA AJsi nporecca D, nacrynaer Ha 0,5 ¢ 1103-
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ke, ueM Aast Dy, DTo oT/1Huue, NMo-BHIHMOMY, CBSI3AHO ¢ TOJILIHHO MO-
BEPXHOCTHOTO C/I0s1 TPYHTA, KOTOPHI B Touke D, Goabmwe, yem B Dy,
Vi3 apanu3a HHCTPYMEHTAJbHBIX JaHHBIX BHAHO, YTO OJJHA H3 NPHYHH H3-
MEHEHHST CMEIIeHHH B PAa3HBIX TOYKAX IIOBEPXHOCTU I'DYHTA CBsI3aHA C
pacrmpoCTpaHeHlieM MNOBEPXHOCTHBIX BOJIH. [lpyras npuunna saxmo-
yaeTcst B HEOJHOPOJHOCTH CTPYKTYPHI TPYHTA.

Perucrpanusi peasbHbIX CEHCMHUUECKUX KOJeGanui MOJ3EMHBIX CJI0-
€B [PYHTa NOJYyUYH.1a PA3BUTHE B MOCAeHNHE TOALI. /s YCTaHOBKY NpH-
GopOB HHOTAA HCHOJAB3YIOT BeDTHKA/IbHBIE MAXTHl H HOA3EMHBIE COODY-
JKEHHUS, OJHAKO, KaK NPaBUJO, ClCLHalbHbIE ceficMorpadsl A1 PerucT-

‘Tpanun INOJA3EMHBIX KoJe6a-

Huft pasmemamorcs B 6ypo- @)
BbIX CKBaxkHHaX. Pesyabra-

Thl HHCTPYMEHTAJbHBIX Ha- A
6JII0IeH Ui, paCCMOTPEHHbBIE B
pasuesie 3.2, CBUAETENLCT-  p,
BYIOT O TOM, 4TO Ha TJ1yOH-

He 3a/I0)KeHHsT IOA3eMHBIX 0
COOpYIKEHHUH, yCKOopenns: co- & |
CTaBJAAIOT Y/,—1/, yekopenuii  p_
HAa MOBEPXHOCTH TIPyHTa. B ‘
TO K€ BPEMsI OTJHYUE B Ma-

AVae
aMeTpax CMEHICHHH B 3THX \
p P 1L D, N/~
VPOBHAX HE OUYEHb BEJIHKO. |
IpuBeeHHbIE JAHHBIE OT-
HOCATCA TOJBLKO K FOPH3OH-  pye g7, ITepeMeleHusl HA TOBEPXHOCTH TPYH-

TaNbHEIM KoJeGanuaM. M3-  ra (poit semaerpscemwit Manymupo, 1965—
MepeHUs BepTHKAIbHEIX KOM- 1967 rr.)

NOHEHT JBUKEHHSI B 3TOM
cayyae He MPOHM3BOAMIOCH. OlLYIIeHUs JMI0AeH, KOTOPBIC BO BpeMs 3eM-
JIETPSICEHUH HAXOAUIUCH BHYTPU 3aJ0B TypOMH, CYMMHPOBAaHBl B
taba. 9.1. Ilo 3TuM JAHHBLIM: YCKODEHHUS IO/ 3eMJeHd B BEPTHKAaJbHOM
HANPaB/JAEHHH OM[YVLIAIOTCS 3HAYUTEJNBHO CHJIbHEE, YeM YCKODEHHS B ro-
PH3OHTAILHOM HATIPABJEHHH.

KoneGanus nmojzeMubIX CI0€B FPYHTA NPHBOAAT K H3MEHEHHIO BesH-
UHH HalpsokeHuii n JaBjaeHHs1 NOpoBoH BoApl. CrelyerT HANOMHHT,
UTO JJIST TecKa M HJa NPOYHOCTL C POCTOM JABJCHHS NMOPOBOH BOMHI
YMeHbIIaeTcst, a Jsi CKaJbl XapakTepHO H3MeHEeHHe Harpysok Ha IIOf-
3eMHbIE COOPYMKEHHsI B CBA3H C KOHIEHTPALHEH HAMPSXKeHHHA H POCTOM
JaBseHus mopoBoil Bojnl. [loka elie HeSCHO, HACTOJALKO YIJIOTHSAETCH
TPYHT TpU 3eMJIETPSICEHUsX, OJHAKO JAOKA3aHO, YTO yBeJHYeHHe JIaB-
JeHHsT NOpoBOi BOJABI HA2 1—2 M NPOHCXOJHT BeCbMa 4acTo. JTO yBe-
JHYeHHe JaBJCHHS B MECUAHHIX TPYHTAX BHI3LIBAET MOTEPIO NMPOYHOCTH
TPYHTA, BLIAABJIMBAHHE BOALI U B3PHIXJCHHE MecKa. Ecau 370 mpoucxo-
JMT BIOb HaGepexKHBIX, TO HAGMIOAdeTcst UX paspylieHue, a NPH Ta-
KHX IIpolleccax B IPYHTaX, KOTOPBIE CAYZKAT OCHOBAHHEM VISl aPOUHBIX
IJIOTHH, YCTOHYHBOCTB IOCJAEJHHX MOXKET CHHXKATLCA.
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tie G4 M Oy — oCeBble HANPSAKCHHUS, Tyy — KacaTejblible HAanpaXKeHHs; 0 —
NJIOTHOCTE MaTepuana, E — moayas IOura jaast Matepuana; o — Kpyrosas yac-
TOTa TApMOHHYECKHX KoJ1eb6aHuil,
IockOMbKY T, U 0, — Oy MOTYT GbITh HOJYYCHBI HEIOCPEICTBEHHO H3
KapTHH H30XPOM M M30KJ/HH, C NOMOUIBIO (9.7) ompenensiercs o, + oy.
Toraa Bce KOMMOHEHTBI HANPSIKEHMIT CTAHOBSITCS H3BECTHBHIMH. OCHOB-
Has TPYAHOCTH 3aKJI0YAeTCs B NOJIYYEHHH YETKOH KaPTHHBI H30KJHH.
2. Eciu u M v — nepeMelueHnsl B HamnpaBJeHHsX COOTBETCTBEHHO
X H Yy, TO ypaBHeHHUs KoJeOaHHH

00, g Oty  Ou
x|y 12

doy, OTyy _ d?2v o
= —e) @)

UnTerpupys sTH BbipazkeHus, MOJYYHM

. Ay, 0%y
O =0 — XS Avtp X 20 Ax, (9.9)
ATy /92
0= 00— 3, Ayto B[22 ——g>Ay, (9.10)

TR Oy H Oyg — COOTBETCTBEHHO 3HAUCHHE Oy M Oy B TOUKAX X = Xg H Y = y,,
HauJeHHbIe U3 OIBITHBIX JAAHHBIX TIO I‘paHI/IquIM yCJIOBI/IﬂM.

B 5TOoM MeTole HEOGXOAMMO 3HATh YCKOPEHHS o6pasiia B pPasHLIX
Toukax. Mx Moxno onpefennts u3 ¢opmbl o6pasia HIPH TapMOHHYEC-
KoM BosaedctBun. Popma KosteGaHuit MOXKET GLITh HafiIeHa IOCTATOYHO
TOYHO C IOMOUIbI0 MeToAa Mopa. Dtor meron siBasieTcs 6oJiee TOYHBIM,
UeM IEPBBIA, €C/IH YCKODEHHS ONpeje]eHbl IOCTATOYHO TOYHO.

9.3. HBMEPEHHE KOJIEBAHUM TMOA3EMHbBIX COOPY)XEHHM
OPH 3EMJIETPSICEHUSAX

Bo Bpems pos semuerpsicenuit Manyumpo B 1966—1967 rr. 6pu1u
NPOBENEHBI M3MepeHHst JeopMannil 1 NepemMelieHuli 3aray6aeHHbIX B
IPYHT TPYGOIPOBOIOB.

OxuH 13 5KCHEPHMEHTOB IPOBOAMJCS HA CTAJBHOH TPYGE C Hapyx-
HBIM JiuaMeTpoM 27 cM, TOJIMHOH CTeHKH 6,6 M, minHOd 90 M H 3a-
rayGienuem B rpynt 1,5 m. Ilnomans BOKpyr TpyCrl 6bl1A yTpamboBa-
Ha neckoM. CrenuasbHO YCTPOEHHbI CMOTPOBOH KOMOJEI ObLI H30JH-
POBaH o1 TpYGbl. OCHOBHOM UEABIO 3KCIEPUMEHTA ABJSLIOCH YCTAHOBHTD,
COBEpILAET JIM TPY6a KOJIEGAHUS COBMECTHO C IPYHTOM. 3a BpeMsi KC-
NepHMEHTA Ha IIowazke CbLTH 3aperHCTPHPOBAHBL PA3HBIE 3eMJIETPSI-
CEHHsA, NPHYEM MakKCHMalbHOe yckopenue gocturano 120 gal. Tloay-
YEHHBIE DE3YJABTAThl CBOAATCH K CJEAYIOWEMY.

1. Tlpn xoneGanusix TPYGhl pesoHAHCA He HACTYIIAeT.

2. Jeopmanuu Tpy6hl Gbiiu Gosiee MM MEHee IACHTHUHLIME C Je-
(opMaLHUsIMH TPYHTA.

3. OrHocurenbHble 1eOPMALUH B OCEBOM HANPAaBJICHHH TpyOHt npe-
BRIUAH JepopManun ot naruta. CooTHOLIEHHE MeXKAY JedopManusmMa
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{ mapaMerpaMi CeHCMHYeCKHX KOJIeOaHHH MMeeT CAelyromuil BUL:-

_ b To
e= o 2, (9.11)

rie & — AedopMalyH; [ — KOHCTAHT4; O — YCKODEHHE CEeHCMHYECKHX KoJje-
Gauuii; T — nepuod celicMHuYeckofl BOJIHBI, C; ¢ — CKOPOCTb DACNPOCTPAHEHUSA
cefiCMHUECKOl BOMHBL, cM/c.

Kosddunuent p oObIYHO NPHHUMAETCA PABHLIM €HHHUIE, XOTS B MO-
IeJBHBIX SKCIEePHMEHTaX OH HECKOJNLKO MEHBILUE €IHHHIHL.

4. B usorayroit TpyGe HaGmrofannce JehopMalnuH OT H3ruba, on-
HAKO He NOJTBEPAUIOCH, UTO OHH 3HAYHTEIbHO 1IPEBBINAIOT AedhOpMauH
B TNpPAMOJUHEHAHBIX TpyDOax.

Coortnomenue (9.11) ykaswpiBaer, uto jgebopmauuu B Tpybe nponop-
[HOHAJbHBEl CKOPOCTH CeHCMHUeCKHX KoJebaHMH H 06paTHO IPONOp-
LMOHAJIBHBL CKOPOCTH paclipocTpaHeHnsi ceficMuyeckux BoaH. Iloato-
My 3eMJIeTPsiCeHHe BBI3BIBAeT 3HAUMTENbHO OOJblUHE JAedopMaluud B
Tpy6ax, 3aray6aeHHbIX B MSITKUEA TPYHT, [0 CPaBHEHHIO ¢ TpyGamu B
IJIOTHBIX TpynTax. PacueTsl mokasamu, uro JAedopManuu CTaHOBATCS
ocoGeHHe GOJBbIIMMH, €ClH CKOPOCTh PACHpPOCTPAHEHUS CEHCMHUECKHX
BosIH MeHbuie 300 m/c.

JIpyroit sKcrepHMEHT NMPOBOAMJICS Ha GeTOoHHOH Tpybe. TpyGompo-
BOJZ COCTOSIJI H3 YETHIPEX aC6eCTONEMEHTHBIX TPYO ¢ BHYTPEHHUM AHAMET-
pom 12,5 cM, 0G/IHIOBAHHEIX 0ETOHOM, K KOTODBHIM IPHMBIKAJ CMOTPO-
BOH KoJ0Jlell BLIcOToH 3 M u cevenneM 4,1 X 1,7 m. CoelMHEHHE MEXAY
KOJIO/IleM H TPYGOH GbUIO BHIIOJHEHO ¢ yYeTOM BOCIPHSITHA 3HAUHTE/b-
HOro uaruba. IlosiyyeHHbie Pe3yAbTATHI NMPHBEJACHH HHUXKE.

1. Kosomen v rpyHT B npeaenax, Mo KpaiiHell Mepe, 5 M BOKPYT KO-
JOIUa COBepIIANM TNPAKTHUECKH OAHHAKOBbIE KOJEOAHHUA.

2. B xoseBaHuaX KOJOAUA H cedeHHH TPYO, 3HAUUTENLHO YJIaJeH-
HBIX OT HEro, OTMEeueH CABHF IO (ase.

3. B nepuoja 3emJeTpsiceEHs OJHOBDEMEHHO C IIPHXOJOM CeficMHYec-
KOH BOJHBI ¢ GOJIBLIMMM YCKOPEHMSIMH HJH INePeMelleHHsAMH B TPyOe
BO3HHKAJMH GoJsbiline RedopMalyun, KOTODEE YBEJHUHBAIHCh C POCTOM
YCKOPeHHsT CefiCMUUCCKHX KoJeOaHHH.

4, TlpoBepka pacrnpefe/enist OTHOCHTeNbHEIX AepOpPManui M0 BCew
JJMHe TPYGONpoBOJa [0KA3ana, YTo BOJH3H CTBIKOB BO3HHKAIOT 6OJIb-
mue Jedopmaniy, KOTOPhle ObICTPO YMEHBILAIOTCH 10 Mepe YAaJeHHS
OT CTBHIKA.

5. B cTelKax B IPOTHBOBEC OCEBBIM HANpPSDKEHHAM PELIaoUIMH CTa-
HOBSITCSL HAMpPsiKEHHs OT H3ruba. B ceueHHsX, yIaJeHHBIX OT CTHIKOB,
CIpaBelJIHBO OGPATHOE COOTHOIIEHHE.

6. Mayuenue COOTHOIIEHHSI MEXIY YCKOPEHHEM CeHCMHUECKOro
BO3NEHCTBHS H OTHOCHTEJIbHBIMH JehOpMalHAMH B HENOCPeACTBEHHOH
6JIM30CTH OT CTBEIKA JI0KA3ajo, YTO C POCTOM YCKODPeHHH aedopMmaluu
VBEJHUHBAIOTCS, HO, TO-BHAHUMOMY , OHH He IIPEBOCXOJAT OMpPeJeIeHHOr0
npegena.

7. CpaBHeHHe HampsUKEHHH TPH 3eMAeTPsICEHHAX B 3araylseH-
HBIX GETOHHBIX H CTAJbHEIX TPYDaX CBUAETENLCTBOBAJO, YTO NPH 3eM-

231



[pir orBepernn ¢ oaenxoit HaNIPSI?KEHHUST B IpynTe GyayT MeHblle,
TeM AAL cyuast otsepctis 6es yeunenus. C Apyroi cropons, YCHJICHU 5|
OYAYT NOABEPraThCs HANPSAKEHHSM OT CeliCMHYECKUX Harpysox " J10.JI-
KHBL HX BbIAEDKHBaTh. [l NPOCTOTHL mpexnosaraercsi, yro ycuJe-
HHE SIBISACTCA MECTKUM H HeAeOPMHPYEMBIM, & CONPOTHB/IEHHE OTHO-
CHTEILHOMY CMEUICHHIO B MEPUIAMOHAJIBHOM HANDPABACHHH MEKAY ycu-
JICHHEM H OKPYzKAIIlell CKaJbHOR MOpOaoH OTCYTCTBYeT. B paauasn-
HOM HalpaBJICHUH OTPLIB yCHJIEHHS OT OKPYKAIOUIEH CKaJbl He JONYyC-
kaercsi. Torza ceiicmuueckast marpyska Ha YCHJIeHHEe NIpH Najarolux
BOJIHAX C JJHHOH 3HAYHTENBHO G6OJbIIE AHaMeTpa OTBepCTHsI paBHa

rre=— 80s% sin2 6 sin pt. (9.6)
Cs

OnHaKO MOCKOJLKY HCTOJL3yeMble Ha NPAaKTHKE YCH/ICHHUS IO-CY-
IECTBY SIBASIOTCS MOJAT/IMBLIMH, BEJHUHHA CEHCMHUCCKOR HArpysKu
Ha HUX MOXET ObITb MeHblue, yeM 1o gopmy.ie (9.6). Toumsie pacyers! st
5TOro cjaydas TpyAHO npoBecTd. Ecau xe 3ajpaua paccMatpuBaercs B
CTATHYECKOH IOCTAHOBKE, TO BBIYHCAEHUS CYLIECTBEHHO YIIPOLAIOTCS,
Ilpu 3TOM B ciyyae yMeHbIIEHHS! KECTKOCTH OOG/IMLOBKH CefiCMHUeCcKast
HAarpyska Ha Hee CYECTBEHHO CHHaercst. OTCI01a MOKHO NPHATH K
BBIBOAY O TOM, 4TO IAs1 GoJtee 2(hheKTUBHON PAGOTEI IIPH CeHCMHUECKHX
BO3JIEHCTBUSX OOJTHIIOBKH CJIEyeT BHITOJHATD NOAATIHBBIMY, 4 HE OYEHD
JKECTKHMH U XPYIKHMHU.

2.Meton doroynpyrocru Korma opma oTBepcTHsH
ABJISIETCS  HEKPYrOBOH, aHAJMTHYECKHME BBLIKJAAKH CTAHOBATCS OUCHD
CMOKHBIMH. B aTOM cnyuae ass skcnepumenranbroro pellieHUs 3aAaun
MOXHO HCIIO/NIB30BATL MeToh, (oToynpyrocrtd. Ecau 3azaua cBogures
K CTaTHKe, TO € CYIHOCTb 3aKJIOYAETCS! B ONpeAeseHH KOHIICHTpA-
UHH HANPSKEHUH BOKPYT OTBEPCTHS B MOJE OJHOPOANBIX KACATEIbHEIX

HanpsikeHud. K Hactosiuemy Bpemenu IPOBEACHO GOJIBIIOE THCIO OHbI-

TOB C HCIOJIb30BAHHEM JJIsl H3YUeHHsI YKA3aHHOH 3aJa4d TAKOTO TBEp-
AOro Matepuana, kak ¢enoant. XoTs Takas 3ajaua pewiasach He npu-
MEHHTEILHO K NPOGIeMe CefiCMOCTORKOCTH COODPY KeHUH, 5TOT METOX
MOXET IIHPOKO HCIOJIL30BATLCH B PA3HBIX O61ACTSIX TEXHHKI.

Jist pewlenus JHHAMHYECKHX 3374 HEOGXOANMO HCTIOIB3OBATE Me-
TOA AMHaMHUECKOH (oroynpyroctu. B sTux ciyuasx Gosee menecoo6-
Pa3Ho NPUMEHHTh MaTepHaJIbl THNA TeJelf, IOCKOALKY MOIEMH H3 HHX
YIOOHBI JJisl CO3JaHHs HaIPS2KEeHUH OT COOCTBEHHOTO Beca, o06Ja1a10T
HH3KHM MOAYJIeM YOPYTLOCTH, a KoJeGauusa ¢ GOJbIIHMH aMILJINTyia-
MH NIPOTEKAIOT B HUX CPABHHTENBLHO MeJVICHHO. [1pH NOCTaHOBKE ONMBITOBR
METO/IOM IHHAMHYECKOH (OTOYNPYTOCTH MOJE/Ib COCPYIKeHHs pasMela-
€TCsl Ha CeficMoNaaTopMe H IIOABEPTaeTCsi KOIeBaH M. Mzoxpomaru-
UECKHE JIHHHH (HOTOrPADUPYIOTCS! B NOMSPHIOBAHHOM CBeETe. Ilockoabky
STO SBJIEHHE NPOTEKAET He OUeHb GBICTPO, HET HEOGXOIUMOCTH IMpHMe-
HATb CKOPOCTHYIO oTocheMKy. OKa3bIBAeTCST BO3MOYKHEIM NOJYYHUTD
YETKHE YCTOHYHBBIE (oTOrpacduu, JOGUBASCH [IPDOCTOH CHHXPOHH3AUUHU
BKJIIOUCHHS HCTOYHHKZ CBETa H KoJeGaHuil ceiicmontatgopmel.  Ha
puc. 9.2, 9.3 u 9.4 npuBeneHst npHMEpH H30XPOMAaTHYECKHX JIHHHH,
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Puc. 9.3. HccaenoBanue MeTOAOM
jJunaMuyeckoll  GoToympyroctd ¢
NpHMEHEHUEM KejaTHHA (HampsKe-
HHA BOKPYI [BYX KBaJpaTHBEIX OT-
Bepcruit)

Puc. 9.2. Hccnenosanue MeToAOM
JuHamuueckodl  Qortoympyroctu ¢
IpHMEHEHHAEeM 2KeJaTHHA (HampsxKe-
HHSI BOKPYT KPYIJOro OTBEDCTHS)

Puc. 9.4. Uccnenosanne MeTomOM AH-
HaMu4eckoil QoTOynpyroctd ¢ mHpH-
MEHEeHHeM IKeJMaTHHA (HaIpsKEeHHT
BOKPYT OTBeDCTHS B (hopMe yroJxa)

NOJIyYeHHBIX TAKHM  METOIOM. Ha
3THX PHCYHKaX OJHH cJayual (CM.
CPEJHIO YacTb PHCYHKOB) Xapakre-
pu3yeT KapTHHBI H30XPOM B Hel-
TpaMbLHOM  NOJIOKEHHM, & Jpyrue
cayyan (CM. HIDKHIOIO U BEPXHIOK
YacTH PHCYHKOB) — B KpalHHUX MOJIO-
JKEHHSIX C MAKCHMaJbHBIMH aMILIH-
TYyJaMH CeficMHYecKuX KoJeGaHui. i

Hanpsizkenust BZOMb  cBOGOLHOH
IPAHHMILI MOTYT ObITH IIOJYYEHBb! He-
MOCPEJCTBEHHO H3 KapTHHBI H30XPO- .
MaTHuecKHX JuHHH. Pacnpenenenusi BHYTPEHHUX HaNpsiKeHUH onpe-
JeqstioTcsl JIoGbIM M3 METOJIOB, M3JIO0XEHHBIX HUXKE, XOTS KaXKIbIA U3
HHX JAOCTATOUHO CJIOMKEH. . .

1. Ing ciayyast CTalMOHAPHBIX KOJI€GAHHH U3 ypaBHEHHH COBMeECT-
HocTH JedopMaluit 1 ypaBHEHHH ABHKEHHS IOJyUeHa caenyomas gop-
MyJa:

- Wy 00U (6t (9.7)
( 0x2? —W) (O'x——()'y)+ 0x0y E ( = y)
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JIETPSACEHUH C MAKCHMabHbIM YcKopeHHeM 120 gal mantosbiine Hanps-
2KeHHs1 B GeTonHOfl TpyGe Gblii paBHB! 15 krc/cm? BOMH3H CTBIKA 1
5 xrc/cM?, rje BAuSHHE CTHIKA Maflo. B TO ke BDeMA HAMPSKEHHs
B CTaJbHOR TpyGe pocturamu 160 krc/cm?, uro mpumepuo B 10 pas
IIPEBBIUAET HanpsikeHus B GeTOHHOH Tpy6e.

PeaysbTaTel AByX NpPOBENEHHBIX SKCIEPUMEHTOB CBUIETEJNbCTBOBA-
JIH O IPUMEPHO OJAHHAKOBBIX KoJefaHusX TpyOONpOBOAOB U FPYHTA,
3a HCKJ/IIOUEHHEM CJyyaeB OUeHb CHJIBHHIX 3eMJeTpsiceHuii. /laxe Kor-
Ia TpyGOnpOBOALI COETHHSIIOTCSI CO CMOTPOBBIMH KOJIOJALAMH, OHH, KaK
NPpaBWIO, KOEOMOTCS COBMECTHO. OTMEUaNoCh, UTO KOJOJEl, CHHIKAET
YPOBeHb KoJeOaHUR IDYHTA B HENOCPEACTBEHHOH GIM30CTH OT Hero.
INokasano, uT0 MAKCHMAJIBLHBIMH HANDSKEHHSMH B CTANBHLIX H GETOH-
HBHIX Tpy6Gax SIB/IAIOTCS OCEBHIE. DTO PaHBbIie ObLIO BBISIBAEHO IPH Ja6o-

78M
39 m 140 14m 6M

™\
M ] ] M
A

Puc. 9.5

PATOPHBIX HCCIENOBAHMAX. BiHsHHE KOJOAUA HA NapameTphl KoJe-
6aHuf CTanNbHBIX M Kene306eTOHHHIX TPYG BechbMa pasauuno. Hamuuue
KOJIOJIA TIPAKTHYECKH HE CKashiBaeTCsl Ha KOJIeGAHUSIX CTaNbHBIX TPYO,
a B 6eTOHHBIX TPYOax SBJSETCH OCHOBHOH NPHYHHON KOHIEHTPALMH Ha-
npsixkeHull BOansu Konoaua. Ilo-BuauMomy, 3T0 CBSI3AHO ¢ PasHOH KOH-
CTPYKIMEH COEIHHEHHH CTaJbHBIX U XKeJNe300eTOHHHIX TPYOOMPOBOLOB.
Kpowme Toro, mcnbiTaHusl CTajbHBIX TPYG MOKA3a/H, YTO BJIHSIHHE KO-
JIONIEB MOKEeT OBIThb CYIIECTBEHHO YMEHbIIEHO IIPH HCHOJb30BAHHH
AKBEJIYKOB.

Auanornunele usMepeHusi ObIM TPOBENEHBI HAa TOJ3EMHOI Tpacce
BLICOKOBOJIBTHHIX JIMHHH B LEHTpanbHBEIX pafionax Toxno (puc. 9.5).
Tpy6onpoBoA 6blj1 BEIIOJNHEH B BHJAE IHJIHHIPHYECKOH CTAJbLHOH 0060-
JIOYKH C HAPYXKHLIM AHAMETPOM 3 M H 3aray6aeH B rpyHT oT 11 10 12 m.
I'pynThH npeacTas/say cOOOH Wl MM HAHCTHI NIeCOK C BBICOKHM YPOBHEM
rpyHTOBBIX BOA (1 M 0T noBepxHocTH IPyHTa). CeffCMOMETPhI YCTAHABIH-
BaJUCh BHYTPH TPYyOONPOBOJAA MEXKIY ABYMSI CMOTPOBLEIMH KOJOJLIAMH,
KOTOpHIE HAXOAMNHChL HA PACCTOSTHHH 78 M APYT OT apyra. Mameperus
BCE eflie¢ MPOJOJIKAIOTCH, HO B COOTBETCTBUH C YK€ TIOJYUEHHBIMH pe-
3yJNbTaTdMH, YCKODEHHsi NIOA3EMHOTO KaHana B NPOJOJIbHOM H MoIle-
pPEYHOM HanpaBJeHHAX MEHblIE YCKOPeHHH Ha IMOBEDXHOCTH TPYHTA.
Onu cocrapisann 70—80% oT yckopennii rpyHTa B I1POAOJLHOM H 60-—
70% B neprneHAMKyJAsSIPHOM HAlpPaBJIEHHH, & MOJ3EMHBIE KaHAT COBep-
aJ NPaKTHYECKH OJINHAKOBLIE KOJeOaHUus B JABVX B3aHMHO-IEpPTEnau-
KYJSIPHBIX HalpaBAeHHSIX.

B sanncsix cmelenui onpeenasomumMn SeTH KoleGanus ¢ npeodaa-
Jaiomum nepuojom npumepno 0,9 ¢, uto, MO-BUAMMOMY, COBIajzaer ¢

232

nepHoZioM Tpeobaajatonnx Konebanuit rpynra. [lepememenns B npo-
JONLHOM HANPABACHHH H3MEPSIHCh B ceuentu C IOCPeIHHC MEHAY
JBYMs KOJIOAUAMH, B CEUCHHH Q Ha paccrosiunu 14 M or ceuenusa C u
g cedeHnH E Ha paccTosiHHAX 14 M oT ceueHHsa @ u 6 M 0T KoJoiua.

B nojyueHHBIX 3aIHCAX MNEpeMelleHud ToueK @ H L OblIM NpakTu-
yeCKH OJMHAKOBBI, a B JBYX Apyrux npumepxo Ha 30% menbiue, xors
cABHra 1o ¢ase B Kos1e6aHHAX He 0TMEYaJoCh. DTO CHHKEHHE, BEPOSITHO,
CBS3aHO C BAHsHUEM Kosoaua. Ilo JaHHBIM H3MEpeHHH, pasjHyHe B CMe-
meHHsaX Ha 1 MM Ha Kaxkzple 14 M BbIsbiBaeT B cpefHeM AedopMmalni Io-
psagka 7-107%, Hucrpymenrtasbuple JaHHble ObUIH TOJYUEHBI TIPH BO3-
NefiCTBHH C MAKCHMaJIbHEIMH YCKOPeHuAMH 1o 70 gal u nepemelieHHsIMu
1o 3 M. CuuraeTcsi, yTO IPH TAKOM YPOBHE CEHICMHYECKHX BO3JEHCTBHH
BJMSHHE HEOJHOPOJHOCTH KOJeGaHHH IPYHTa M CMOTPOBBIX KOJIOAIEB
enle He CTAHOBUTCH 3aMETHBIM.

OnucanHbple HMHCTPYMEHTAJNbHBEIE HAOJIOAEHHS BHIIOJHAMUCH 151
CPABHHUTEJLHO NPSMOJHHEHBIX COOPYKEHHH, 3aT1yOJIeHHBIX B TOBEPX-
HOCTHBIE CJIOM TPYHTA IPHUMEPHO OLMHAKOBOH TOMIMHEL Ha Mopensx
U3 KeJaTHHAa Ha ceiicMonsardopMe OBLTH HCCIEJOBAHBI CAyYau fepe-
MEHHOH TOJILIHHBI NOBEPXHOCTHLIX cJoeB. [Ipu 5ToM OTAebHbIE YYACTKH
rpyHTa COBEPLIATH KOJEOAaHHsS C YETKO BbIPAXKEHHBIMU II€PHOJAMH, CO-
OTBETCTBYIOLIUMH ONpeJeNeHHbM TOJIMIMHAM ca0eB. IIpu onpeieneHHoM
[ePHOZe OTMEYAJINCh CYIIECTBEHHBIE KoJie0aHus JHLIb OJHOTO y4acTka
TpyGOIPOBOAA, a NPH APYTHX NMepHoJax — APYrHX yuacTkoB. Ilostomy
IJTHHHBIA 3ar/y6/aeHHbl TpyOonPOBOA He N0TydaeT 60/bIIHX NIepeMele-
Hufl OTHOCHTEJNBHO TPYHTA, HO B 3@BUCHMOCTH OT TPYHTOBBIX YCJOBHI
KoJIeBaHus OTIe/NbHEIX YYacTKOB MOTYT 3HAYHTEIBHO Bo3pacTaTh. B pe-
3yJbTaTe NOSBJASIOTCS GOMBIINE MECTHBIE M3rubarolue MOMEHTE U Oce-
Bele Harpy3ku. Kak mpasujo, Mecra yBeJqHUYCHMS YCHJIHH COBMNAJAIoOT C
CEeYEHHSIMH C PE3KHM H3MEHEHHEeM TOJIUIHHBI IOBEPXHOCTHOTO CJO.

B cayuae korza MojAe/b AJIHHHOTO TPYOOIpoOBoja NPOXOJHJIA depes

- TPYHTHI H3 JBYX CJIOEB C DA3HBIMU KECTKOCTHBIMH XaDaKTEPHCTHKAMH,

OTMEUaJIOCh aHaNoTHyHOe siBaeHue. Hanpumep, npu BepxHeM cjoe 60-
Jiee IMJIOTHOM, YeM HUKeJIeKallui, HaO/MI0Nanuch ClIy4ad MOJHOIO OT-
CYTCTBHUsI KOJIeGaHHUH TOBEPXHOCTHOIO CJI05 M CHJIBHBEIX KOJIeOAHHIl HIK-
nero. Bo Bpems Takux KojeSanuii B MecTax nepexoia TpyGonpoeoja us
OJIHOTO ¢JIOST B APYrof MOL'YT BOSHHUKHYTb 0OJblIHE MEPEMEIeHHS.

B cayuae BBIHYXKAECHHHX KoOJeOaHUE 3aryGJeHHOro H30THYTOro
TpyGONpoBoAa Kpome H3THOAIoero MOMeHTa B Mecte neperua BOJIH-
3H STOTO YYaCTKa BO3HHKAIOT OCEBBIC HAIIPAXKEHHAS B HalPaBJAeHHIl, Tep-
NeHAUKYAApHOM (QPOHTY ceficMuyecKoil BoJHBL (cM. pasien 8.2). Ta-
kag KapruHa, Habmojaemas B mMecTe nepernda TpyGonpoBojia, He COB-
nagaer ¢ pesyabTaTaMH OOCJAEIOBAHHS KPHBOJHHEHHLIX y4acTKOB 3a-
TayGeHHoOf cTanbrORl TPYOLI NpH 3eymierpsacenun B Manywmupo. Of-
HaKo oHa Oblia BOCIPOH3BEAEHA IIPH HCIBITAHHSAX MoOJesell.



9.4. NOBPEXXIAEHHS MOJA3EMHbBIX COOPY)XEHHH
INPH 3EMJIETPACEHUAX

K cuacTbio, He OTMEYANOCH CAYYaeB CEPhE3HbIX NOBPEXKAEHUH MMOK-
3eMHBIX COOPV:KEHHH NpH 3emyeTpaceHusx. ONHCAHHBIA HUMXKE Caydan
HOBPEKACHHS 3JEKTPOCTAHIUH fABJASETCS PeIKHM CaydaeM caaboro no-
BpeXAEHHS I[OJ3EMHOTO COOPYXEHUS IIPH OYelb CHJILHOM 3eMJerpsi-
cenun. IToazemuasi saexkrpocranuus Kofina pacnojioxena Ha riyGuHe
npuMepro 150 M B rpyHnTe, cjoxeHHOM 6azanbtamu (puc. 9.6). Ona co-
CTOHUT U3 TPeX 3aJ0B: 3aJa KOHTPOJBHEIX KJI4M4HOB ¢ pasmepamu 6 X
%174 M, Typ6uHHOTO U renepatopHoro 3ana 13 x 200 M, sana tpancdop-
MaTtopoB 16X 193 M, nepexojHbix rajsepeil, OTBOAMNICIO KaHaAa AAHHOM
2212 M u BCIOMOTATENBHEIX TOHHEJEH.

IMpu semaerpsiceHuu ¢ MarHuTyjaoft M = 7.0 H 3IIMIEHTPOM BCETO
B HECKOJIbKHX KHJOMETPAX OT 3JIeKTDOCTAHIHH HMEJIH MeCTO C/IeAVIO-
[1Me He3HAUHTe/bHbIEe ITOBPeXKACHHS.

1. Ha rpanuiue Mexay ABYMSI CEKIMSMH, BO3BEIEHHBIMH B PasHOE
BpeMs, HNOSIBUJAHCH TPEIHHBI B NPOJOJABHBIX CTEHAX M HA IIOTOJKe ap-
KM TOHHEJSI TyPOHMHHOTO M TE€HEPaTOPHOTO 32JI0B.

2. O6pas3oBanuch TPEWHUHH NO O0euM CTeHAM OTBOJAMIIETO KaHnana
Huxke TpaHcopmaTopHoro 3aga. [losararor, uto GoJbuiee YHCIO Tpe-
IIHH B CEeKUHM, BO3BEJEHHOH HAa TEPBOH CTaJuH CTPOUTEIHCTBA, CBS-
3aHO C IOHHXKEHHOH IIPOYHOCTBIO CKaJIbHOI'O OCHOBAHUS.

3. TloABUIHCH TPELIMHLI C IIATOM OKOJO 3 M B IEPEKPHITHH TpaHchop-
MaTOPHOTO 3aJa B HaNpaBJeHHY, TNEPTEHIHKYJISIPHOM NEPEXOJHOH ra-
Jepee. DTH TPeUHHB! ObLIH NapasJesnbHbl HANPaBJIeHHI0 OCHOBHOH ap-
MaTypbl 4 COBIIAJa/]H C MeCTamu LIBOB GeToHupoBaHusi. CHUTAIOT, UTO
GoJiee 3HAUUTE/bHbIE TPEUHHBL B CEKIIHH, BO3BEJCHHON HA NepBO# cTa-
JIHH CTPOUTEBCTBA, 00YCIOBACHB HENOCTATOUHOCTBIO €€ MOAATIHBOCTH B
CBSI3H C MaJIbIM KOCBEHHBIM apMHPOBAHUEM.

4. TpewuHbl MHKPHHOH OT 1 o 2 MM 06pasoBa/uch B IPOAOJBHBIX
CTeHaxX TraJjepeH, COeAHHSIOmEH TYPOHHHBIH H TI'eHEePaTOPHBIA 3aa C
TpaHcGopMaTOPHLIM 3aJ0M. TpeulHHbl BO3HMKJH TOJBKO B OeTOHEe CTeH
H He pacnpoCTPaHHJIUCh HA CKaabHble NMOPoisl. Mexay GeTOHOM CTeH U
CKaJION He 3aMEYEHO HMKAKHX PaCcXOXKJACHHH.

5. TlosiBuANCh TPEINUHL! BAOAL TOHHENS N0 BEPXY ItePeKphiBaloiel
apKu TpaHcopMaTOPHOrO 3aJa.

6. OTBoAAIMA KaHaJ HMeJ NPSIMOYIOJbHOE TOoINlepeyHoe CedeHHe C
MOJAYKPYTJIBIM NOTOJKOM npoJerom 8 M. ObauioBka 6bl1a TOJIHHON
30 cM B MecTe apo4HOTro NMepeKphiTHA M 15 CM B HIDKHEH yacT KaHaJja.
DTOT KaHas NPOXOJMJ yepes 30HY TPeIHH IHPHHOH 6 M, 06pasoBaB-
muxca B 0a3a/JbTOBEIX OOJOMOUHBIX ITOPOAAX C COAEPIKAHHEM IVIHHEL
Tlocne ofcaenoBanus He 3aMEUEHO CJSAOB NOJBHKEK TOTO yuacTKa BO
BpEMS 3eMJIETPACEHHS.

XoTa NPU peanbHBIX 3eMJETPSICEHHAX NOBPEXKACHHH pPaccMOTpeH-
HBIX HH2K€ THIIOB He HaOJII04a/10Ch, HA OCHOBAHUH aHAaJ/H3a Xxapakrepa pa-

6GOTHI HA3eMHBIX COOPYKEHHH MOXKHO CUHTATL B GYJYIUEM BO3MOMKHEIMH
CJERYIOLIHe TTOBPEKAEHHUS.
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Puc. 9.6. IToaseMublii TypOHHHBIL 3aJ THAPO3JEKTPOCTAHUAM B Kotina, WnauA
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1. BriosHe BO3MOKHO, uTO MPH CHJIBHOM 3€MJIETPSICEHHH CYILECT-
BylOllH€e B OOLIYHBIX YCJIOBHAX HE3aMETHBIC NOBPEKAEHHS GYAYT yBe-
JIMUUBATLCHA, YTO MOMKET GbITh NPUUHHOR KaTaCTPODHUECKHX IIOCJAEACT-
Buii. Hanpuwmep, B palioHax ¢ HHTeHCHBHBIMH OCaJKaMH IPYHTA CJAEAyeT
OXHMJATh Ocalké (YHIAMEHTOB IIOA3EMHBEIX XKeJde3Hux popor. Torma
coopyzkenue GyAeT ONUPATLCA HA TPYHT TOJNBKO BIOJB GOKOBEIX CTEHOK
TOHHEJISI H BHEILHE 3TO MOXKET BLIIVIAJAeTDh, KaK 6YATO HUKAKHX 1eeKToB
He cyuiecTByeT. IIpH CHIBHOM 3eMJIETPSICEHHH B 5TOM C/Iyuae HEH3Gerk-
HB! ocagku. Kpome Toro, cyuiectByeT MHOTO NPHUMEPOB GOJBLIMX MO~
3eMHBIX BHIPAGOTOK, YCTOHUHBOCTL KOTOPHIX 0GecreunBaeTCsi CTEHaMU,
Ilpu yBennuennu negopmaryii NoJ3yyecTH rPYHTA M H3MEHEHHH YPOB-
HA TPYHTOBBIX BOJ CYIIECTBYET BEPOSITHOCTH H3MEHEHHs HATIPSKEHHIT
B IpyHTe, 06pa30oBaHHs NYCTOT ¥ OGDYLIEHUI BO BPEMSI CHJILHOTO 3€M-
JeTpsiceHus. JNa npeaynpexieHUst TAKUX HENPHSITHOCTEH HEO6XOMH-
MO MPOBOJAUTL HENPEPLIBHEIE WHCTPYMEHTAJNbHBIE HAGMIONEHHA 33 Je-
(opMaLUAMU COOPYKEHHS, AaBJeHHEM ION3eMHBIX BOA H T. II.

2. Ecin 1Ba NOJ3EMHBIX COODYIKEHHSI C PA3HBIMH [0 KECTKOCTH
(byHAaMEHTAMU COEJMHSAIOTCS APYT C IPYTOM, BOJIM3H CONPSIXKEHUS MO-
I'yT BO3HMKATE HEDABHOMEPHLIE NepeMelleHus] U, KaK CJEICTBHE, Pa3py-
menue KoHCTpykuui. Hanpumep, B cnyuae pacnosioxenus ABYX CO-
OPYXKEHHHA B MSITKHX TPYHTaX -— OJHOTO Ha NPOYHOM CBAHHOM OCHOBA-
HHH, 4 IPYTOro NPOCTO 3aray6/eHHOTO B IPYHT, IEPBOE COOPYIKEHHUE NIPH
3eMJIETPSICEHHH He OyJeT HMeTh 0CalloK, a BTOPOE MOMKET CajHThCs HJIH
BCIJIBIBATh. TOTJA CONPSKEHHE 3THX COOPY:KEHWH OyIeT HapyIeHo.
Ecau noBpexkpeHNe NPOW30HZET B MeCTE COSAUHEHHs INeIIeXONHbIX
rajepes, To 3TO HEMMHYEMO HNPHUBEIeT K HENPHATHOCTAM IPH CEHCMH-
YECKOM BO3JIeHCTBUH. Bo nabexkanue noBpexIeHHH CONPSATaeMBIX COOPY-
JKEHHH C PA3HBIMH 2K€CTKOCTHEIMH XapaKTePHCTHKAMH Heo6X0AuMo obec-
HeYNBaTh JOCTATOYHYIO CTENEHb IIOJATIMBOCTH KOHCTPYKIME COMpsi-
skenudi. TIpu noctarouno GoJbluoii NOXATIHBOCTH Jaxe B Cayuae obpa-
30BAHHUA TpPEIMH OCpYIUeHHE KOHCTPYKUHH OGyAeT NpefoTBPalleHo.

3. B BepTHKA/NBHEIX 1IAXTaX, IPOXOASINHX Yepe3 TPYHTH C PE3KUM
H3MEHEHHEM TJIOTHOCTH, BO3MOXKHBEI PasPyIIEHHS B 30HE MEPEMEHLI Xa-
PaKTEPUCTHK IPyHTA. B 3TOM ciyyae Heo6XOAMMO yCcTpauBaTh THOKHE
CTHIKH WJIH, H20OOPOT, NOGHBATLCS NOBBILIEHHOM KECTKOCTH KOHCTPYK-
1uii ¢ obecneyenneM TpeGyeMol CTeNeHH MOAaTIHBOCTH.

4. Heob6xoaumo npenycMotpers GHICTPYIO 3BAKYALHIO JIOAEH HA MO-
BEDXHOCTb W HX 3aIIUTY OT IOASEMHBIX BOJ, a TAKXKe NPOHHKAIOIMMX
CBepXy BOJA B ¢Jyyde BHe3aNHBIX OOpYILUEHHH 3aIUTHEIX Jam6. B aBa-
PUHAHBIX CIyYasX NOJIKHEL ObIThb obecreyeHbl yianeHne BOARI H pabora
HCTOUYHHKOB OCBEIEHHS MOJ3EMHBIX COOPYXKEHH.

9.5. CEHCMOCTOMKOCTb MOABOAHDBIX TOHHEJIEX

Ha puc. 9.7 noxasan noiBoAHBI TOHHEb, NPEAHA3HAYEHHBIH IS
nepeceuenys p. Tama xesne3Hoit goporoil na okpaune Tokno. Henasuo
B CBSI3H C NOTPEOHOCTSIMH TOPOJCKOTO TPAHCIOPTA aHAJOTHUHBIE TOH-
HeJu CTaju NPOKJIAALIBATLCA B Pa3HEIX MecTaX. B cayuae ciiabuix TpyH-
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oB MPEXKIE BCEro HeOGXOMHMO NPOBEPUTH, HE Gyzer JI1 Da3KHUKATbCS
ppyHT TIPH 3eMICTPACCHIIX. Korza cyiiecTByeT ONacHOCTh pasKuzKe-
gHsi TPYHTA, STPOUTENBCTBO MOABOAHLIX TOHHJEH JAOMKHO OhTh 3anpe-

EeHO. .
Bropas npofiema OTHOCHTCS K BONPOCAM HeCyuied CIOCOGHOCTH.

TlocKOJIBKY IOJABOAHEL TOHHEJb NPEACTABISET COGOH MyCTOTHYIO KOH-

CTPYKLHIO, HATPY3KA HA IPYHT OCHOBAHHA HE OyIeT CHJIBHO OT/JAHYATLCS
oT Harpy3KH, CBI3aHHOH ¢ COOCTBEHHBIM BECOM IPYHTA JO CTPOUTENBLCT-

Puc. 9.7. JKesie31010p03KHMIT TI0/BOAHBII TOHKEb B TaMarana
2 — aJIMOBHAMLHBIN uA; 3 — TpaBuil; 4 — HAHCTBIA MNECOK

I — memoEHANABHBI A;
Ba TpyGonpoBoga. IlosTomy HET 0COOBIX omaceHu# B HEJOCTATOUHOCTH
Hecyulell CIOCOGHOCTH TPYHTA, CKOpee CJACIYeT MKAaTh BCIIBIBAHUS CO-
OpY3KeHHs. .

Tperbs npobaemMa 3aKJIH0UaeTcsl B yPOBHE HANPSKEHNH B S/MIEMEHTAX
TpyGH Npu KoJeGanusix. OCHOBHBIMH BOJIHAMH, KOTOPbIE BBISLIBAIOT KO-
Aebauusi Ha MOBEPXHOCTH TPYHTA BO BPeMsl 3eMJIETPACEHHHA, ABJIAIOTCS
PacnpoCTPaHSIONIECs BEPTHKANBHO CJBHIOBbIE BOJIHBI M NOBEPXHOCT-
Hble BOJIHBI. [TOCKOJILKY CUHMTAETCSI, YTO CABHIOBbIE BOJIHBI PAaCIpoCTpa-
HSIOTCSI CHH3Y BBEpX, M0 Beefl jutuHe TpyObl KoslebaHHs 6yILYTUHpOHC-
XOIHTb NPUMEPHO B OfHOI (ase M H3ruGaiomue MOMEHTHI B Hel OyayT
HeGosbiumy. ONHAKO N0 ABYM KOHLAM TPYOb! BO3BOAATCS GOJIBIIHE BEH-
THJISILHOHEBIE [IAXThI, N KoJe0anus 3THX yacred OyAyT OTIHYaThCs OT
KoJteGanuii cpenneil yacTH. B ¢Bs3U C 3THM BGJIM3H KOHIIEBBIX YYACTKOB
CIeflyeT 0XHAaThb BO3HIKHOBEHHE 3HAUHMTEIbHBIX H3rubaoIux MOMEH-
ToB wu oceBex ycmnit. Korla koaebanus IPYHTa HEOJHOPOIHbI, Ha-
NpUMep TIPH TOBEPXHOCTHOM CJIO€ HCOJMHAKOBOH TOJIIHHBI, CEHCMH-
veckpe KosebamHs ceueHii o A1HHe TPYOr GyAYT CYIIECTBEHHO OT/IH-
JaThcd Kak IIo aMHJII/ITyZIG, TaK H IO (1)336, BLI3bBIBas CJIOU}KHbH/I Xapakrtep
pacrpejesenns CefCMHUCKHX HATPY30K HA NOJBOAHBI TOHHEMb. Tipu
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Wnalla}OLL[I/IX NMTOBEPXIOCTHBIX BOJIHAX, I1APAJIICABHLIX OCII TOHHEAS, B CBSI-
SH C paBJH/I'-IHeM 1o (1)836 CeHCMHUYECKHX HarpysoK Ha OT/ICJILbHbIE YACTH

qOHHEJIS, B HEM BO3HHKAIOT JeopMAIHK B NPOJOJILHOM HANPABISHHN.

B HecKOAbKUX CAydasix GBI MONYYEHb! 3AMUCH KOAe5aHIIi 3arayo-
geHHBIX TPYO npu 3emaerpscenusx. Tounenr Tamarasa na mntun Kefio
COCTOHT H3 LIECTH 3arJyO0/JeHHBIX TOHHeJed IMUPHHOH 13 M, BLICOTOH
7,35 M 1 Jaunoi 80 M kaxaeii. TonHenp Ne 1 pacnosoxxen Ha JemoBu-
aJbHOM HJIe, ToHHeH Ne 4—6 Ha a//II0BHAABHOM HJle TOMIHHOH TP HMe]-
1o 40 M, a ToHBEaH Ne 2 1 3—B nepexoinoi 3oHe. Tounesn Ne 2 u 4 Gouin
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Puc. 9.11. 3anicu seMaeTpsiCeHHs B NOABOAHOM ToHHede Tamarasa (3eMJeTpsice-
Hue 30 centsabpa 1970, M=4.8, 139°7 B. 1., 35°,6 c. m1.; H=>50 kM)

OCHallleHbl akceseporpadamu u Jedopmomerpamu. ledopMOMETPHI yC-
TaHABJUBAJHCH N0 KAXKI0H NPOIOILHONH CTEHE B NONEPEUHbIX CCYCHHAX
uyepes 30 M M OblJIH OPUEHTHPOBAHBL AJIST U3MEPEHHS IPOJOJILHEIX Je-
tdopmanmit (puc. 9.8).

[TosyuenHble 3anUCH 3eMJeTpsiCeHHii npuBefens! Ha puc. 9.9—9.12.
3anuce Ha puc. 9.9 orHocuTes K ToHHeMO Ne 2 NpH yAaNeHHOM 3eMJIe-
Tpsicenud. Hanuune B NpOLOABHBIX CTEHAX OJHOTO CeueHHs jedopmaluil
HPOTHBOIOJOXKHEIX 3HAKOB CBUAETeIbCTBYeT 06 uarube TpyObl. 3a-
nuch Ha puc. 9.10 noJayueHa npu yAaTeHHOM 3eMJIETPSICEHHH C MATHUTY -
Joit M = 6.2, a 3anuch Ha puc. 9.11 — npu 6JH3KOM 3eMJIETPSICCHUH C
M = 4.8. B nepBoM cjydyae MakKCHMaJbHble YCKOPeHHS B ToHHese Ne 2

Jocruranu 2,6 gal, a gedopmauun — 1,7 MK IPH JOCTATOYHO GOJBLIOM

nepuose. Bo BropoMm ciayuae 3aperHCTPUPOBAHEI MAKCHMAJBHBEE YC-
Kopenus 12 gal u maxkcumanbHbple Jebopmanuu 1,2 Mx npu oueHb KO-
poTkom nepuoje. Takum o0pasoM, MakcHMajbible JedOpMalHH TOH-
Hens Ha | gal yckopenuit HaxoAHJIHCE B pegenax 0,1—0,65 Mx. B o6o-
HX cayuasx Jedopmainiu GOKOBBIX CTEHOK HMEJH OJHHAKOBbie 3HAKH,
YTO CBUJETEJNBCTBYET 00 OCEBBIX HANPSKEHHUSX B IIPOJLOJbHOM Hampas-
JIEHHH.
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Ha puc. 9.12 nokasaunl yckopenust B TpyGax Ne 2 u 4. B 3amucsiy
KoneGaHuil Tpy6u No 4 mpucyrcTByeT 60JblIOe UHC/IO LHKJIOB MEIIeH-
HEIX Kojefauuii, 10 MoxKeT ObiTh O0BACHEHO PaClioNOXEHHEM TOHHEeMs)
B TOJICTOM aJ/IIOBHAJIbHOM CJIO€.

Ha ocroBanuy HCIBITAHUS MOAENEH W HMHCTPYMEHTATHHBIX Haboxe-
Hufl 32 KoJeGaHHAMH NOABOAHBIX KOHCTPYKLMH paspafoTaHa marteMa-
THYECKasi MOJeNb, OTPaXKAIoNIas CAeAYIONHe sIBJIeHHS.

1. TpyuT MOZenupyercs CHCTeMOfi C COCPeJOTOUCHHBIMM MacCamy.

2. Maccel TpyHTa coefHHEHEl MexKy cOO0H YIPYIruMy IPY:KHHAMU B
NPOAOJBHOM HANPABJACHHU TOHHRJS.
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Puc. 9.12. 3anucu semaerpsicenus B mozsoguoM Tonxene Tamarasa (3emierpsce-
Hue 30 oxtalbpsa 1970, M=4.9, 139°9 B. x., 36° c. w1, =60 kM)

3. CeficMuyeckue KoJsiebanNus I'PYHTA HE H3MEHSIIOTCS B CBSI3H C NPH-
CYTCTBHEM NOJBOJAHOTO TOHHEJS.

4. TloaBOAHEIA TOHHENb COEJHHEH C TPYHTOM C IIOMOIIbIO VIIPYIHX
NP YKHH.

5. DneMeHTHI TOHHENS MOTYT AedOpMHPOBATHCST B NPOAOJIHHOM Ha-
npaBJeHHH M NpHU usrude.

Ha puc. 9.13 mpexcrasiieHa ONUCAHHAS MATEMATHYECKAS] MOAEID.

Ceficmuueckue xoJseGanusi I'pyHTa onpeaenens ¢ nomomnio MKD c
Y4YETOM TOJILIMHB H MEXaHHUECKHX XaPAKTEPHCTHK MOBEPXHOCTHOTO CJIOST
rpyHTa. JKECTKOCTH NPYXKUH, COCRUHAIOMIUX TOHHEAb C FPYHTOM B IIO-
IIepeyHoM HanpaBJIeHnH, ofipejiesiersl ¢ nomouibio MK nexoas us mioc-
ko#t nedopmalud TOHHEJAS KakK JBYMEpPHOTO yrnpyroro Ttena, ecrko-
CTH NPYKNH, COSHHAIONIHX TOHHENb C IPYHTOM B NPONOJLHOM Hanpas-
JIEHHH, ONpele/sieHs H3 YCJIOBHA CABUIOBHIX JAedopMalyii rpyHTa.

K. Tamypa uCnoab30Baj 3TOT METOJ AJisi BHISICHEHMS HapPaMETPOB
KoJIe6aHu# M HanpsKeHHH B NOABOAHOM TonHesde (cM. puc. 9.13). Ha
puc. 9.14, a u b npuBeAeHBl MaKCHMAJbHBIE IIE€PEMEMIEHHS H MaK-
CHMAaNbHBIE YCKOPEHHS B NPOAONBLHOM HANPAaBJICHUH U NEepHeHIHKYIsp-
HOM eMy HalpaBJeHUH Ha NIOBEPXHOCTH I'PYHTA IIPU 3alHCAX 3eMJETPS -
cenus Tokuo 101 u yeTbipex APYrux 3eMueTPSICERUSAX, NPHBEJCHHBIX K
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YPOBHIO MaKCHMAJIbHBIX yCKopeHuit 100 gal. Ha puc. 9.15 nokasanu
MaKCUMAJbHBIE OCEBHIE CHJILI, MAKCHMAJAbHLIE H3THOAIOLIHE MOMEHTH 1

MaKCHMAaJbHEBIE nepepespIBaroIIue Cul 6
1 3 0 € CHJIBL B TPYOC DU 3THX CelC
BOSTEHCTE I, PYyvl ipHd 3THX CEUCMHYECKHU X

IIAH%JHZIS TOTYUCHHEIX PE3Y.TbTATOB IPUBOAUT K CJCAYIOLLHM BBIBOJAM.
- LCHCMHYECKHe KOoJIe0aHHST HA HOBEDXHOCTH TPYHTA CYIECTBEHHO
3331240;{5 OT MECTODACNONOKEHHS TOYKH H3MEpPeHHU],
» LCHCMHYECKHE KOJIeOaHUd HA IOBepXH
OCTH TPYHTA CVIIECT
Pa3/IMUHEL 110 CBOEMY Xapakrepy. Py yieerReio
3. Haru6aromue moMenTE 1 HePEPE3LIBAIOINE CHTBI JOCTUTAIOT HAH-

GOJIBIINX BEJIHYHH B %
MECTax CONPSIKEHHH BEHTHJSIIHOHH
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b — B Hanpassenuy, NEPNEHAUKYAAPHOM OCH TPYGH
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Prc. 9.15. MakcuMmaJ/bHBle OCeBble CHJBI, H3rHOAIOMHEe MOMEHTHl H HepepesblBalo-
I@e CMJBI B NOABOAHOM TOHHeJde (MaKCHMaJbHOE YCKOPEHHe BXOJHOrO mporecca

npunsito pasEEM 100 gal, a koaddunnent saryxanus 10%)
@ — MakcuMaJibHble OCEBbIe CHJBI, b — MaKcHMaJbHble H3rn63}ou.me MOMEHTBI M Inepepesbisa-
I0THe CHJIbL

4. Marubammmue MOMEHTH AOCTHIalOT BeCbMa OOJBIIMX BEIHYHH B
MeCTe CONpPSIKEHHS CEKIUH HajJ OTKOCOM M IO CEYEHHIO PEeKH.

5. Harubarmomue MOMEHTH ¥ NepepesblBaole CHIbLL B CepeliliHe IIpo-
JeTHOH CEeKLUH BeChbMa MaJibl.

6. OceBble HATPY3KH NOCTHTAIOT GOJIBIIHX BEIHUHH B MECTaX CONpS-
JKeHHil OJBOJIHOTO TOHHENS C BEHTHASIIHOHHBIMY 1IAXTaMH.

7. YpoBeHb HanpsiKeHUH B MOABOJAHOK TPYOe CYLIECTBEHHO 3aBUCHT

oT GOpPMBI CEHCMHYECKHX BOJIH.
8. Pacnpepesienssi MaKCHMAJIbHLIX NPOTHOOB, MAKCHMAJIbHBIX Mepe-

PEe3LIBAIOLIMX CHJ M H3rHOAIOMHUX MOMEHTOB BJOJIb TOHHEJNsI aHAJTOTHYHO
IJisT BCEX PACCMOTPEHHBIX CeHCMHYECKHX BO3JEHCTBHE, HECMOTDS Ha HX

OT/IMYMS IO aMILIKTyAaM KoJeGaHui.
PesynbraTel NPOBEIEHHOTO HCCJAEJOBAHUS XOPOLIO COIJIACYIOTCA C

HCNEBITAHHSIMH MOJIEJEH .
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Fmnasa 10. CEHCMOCTOMKOCTb MOCTOB

10.1. HOBPEXXIEHH A BAJIOYHBIX MOCTOB
NPH SEMJIETPSACEHHSIX

1) Beepeunne

HsBecTHO MHOTO Cy4aeB MNOBPEXKIEHHS MOCTOB IIpH 3eMJeTpsice-
nuAx. Kak npasuio, [PH 3EMJIETPACEHUSIX C HHTEHCHBHOCTBIO 10 7 6aJ-
JI0B BKJIIOUHTE/NBHO HAGMIONAMHCh MOBPEXKIEHHUS TOJbKO JepeBSIHHBIX
MOCTOB. B xanuranpHbIX MocTax IIDY UHTEHCHBHOCTH 8 6aJIjIOB OTMeua-
JINCh HE3HAYHTENbHEIE TOBPEXKAEHHS, a opu 10 6annax — ROBOJLHO

Puc. 10.1. Paspymenue ag-
TOZOpPOXKHOro  mocra Ilu-
manto-TaBa 1npu  semaerps-
cennn Hamka#i 21 pgekabps
1946 r.

CHIIbHEIE paspymieHus. CambIMH XapaKTepHbLIMH NOBPEKACHHAMH SIBJIS-
10TCS B GOJILLUHHCTBE CIYYaeB OCAIKH (YHAAMEHTOB H pa3pymieHust Ka-
MEHHBIX H GETOHHBIX ONOD, KOTOpbIE BLIHIBAIOT MOMHOE HJH YACTHUHOE
OGpYILIeHHE IPOJETHBIX CTPOEHHH (puc. 10.1). CymectByer mMHOTO eqme
HEDEIICHHBIX BONPOCOB, CBSI3AHHBIX C OCaAKaMH (yHAaMeHToB. UTo
Kacaercs paspymeHHii KaMEeHHBIX M GETOHHBIX OTIOP MOCTOB, TO OGbIu-
HO MX OTHOCAT 3a CYET XPYNKOCTH MaTepHajtoB KOHCTPYKuHi. B mo-
C/I€IHHE TOABL VI YCTPOHCTBA ONOP HAYadH NPHMEHSITHCH MIaCTHUHLC
MAaTEPHANBl — KeJIe300eTOH M CTalb, TaK UTO B HEJANEKOM Oyayiem
PaSpyIICHHsI, CBASAHHBIC TONBKO C XPYIKOCTBIO MAaTEPHANOB, He 6yayT

_qaKiKe OTMETHTDb, d

BeTpeyaThess. OJHAKO B CBSI3H C TeM, 4TO ONOPEl MOCTOB CTAHOBATCSH BCe
Gonee THOKHMH, a NPOJIETH IIHHHEe, crenyer obpamarts BHHMAHUE Ha
BOSMO2KHOCTD NPOSIB/IEHHS] HOBBIX THIIOB PA3pyIIeHHH M HOBPEXKAEHHH.

2) Mospexnuenns ycToeB Ganounbix MOCTOB

Ilist ycToeB GaslouHBIX MOCTOB HanGoJiee XapaKTEePHLIMH TIOBpexe-
HUAMH ABJAIOTCA OCAAKH, HAKJOHBI H CABHTHM. IIPH HHTEHCHBHBIX CO-
YAAPEHHAX NIPOJICTHEIX CTPOGHHH H YCTOCB HOBPENKACHUSA MOTYT JIOKATH-

30BaTbCsl B BUJAE PACTPECKHBAaHUS JIHHéBbIX H OﬁpaTHbIX CT€HOK, a TaKxke
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ii. B oTnenpHHIX caydasx
{ OMOPHBIX YaCTeH.
ns GeroHa BOJH3 ysank
aCCJIOe:eTCﬂ CKOJIbKEHHE MacCHBa IPYHTA HOX 6epero131;{1{1:1{;110{2ecym‘eﬁI
#aGlox GeperoBbIX ONOP MPOUCXOMAT H3-3a HEJ0CTaTo Hoft necyiwet
chﬂgngH rpynTa. [TosTOMYy HX DEKOMEHIyeTc: yc;e:; e
s T WA ClelHaJbHO BBIMOJHEHHOE OCHO . Crenyer
LR TO OCajKHU TPYHTA onpenens{}om?{ HE TOJBKO e
% ef1. Hanpumep, npu Ha-
MONXOAHBIX HACHII
cTa, HO U MAacCoH e
camzruo II;ASIL H(:leIHbIO cJIos MSITKOTO TPYHTA B(; C]IiFHeIi\ImB ;eme Cp oo
e % WU crnoJ3aHue H :
300TH ocelaHne i e oo
MOKET ri_lf(()):TOMy JTst obecriedenusl yCTOMYHBOCTH ocgogsﬂbmyg) o
MOCTa.eT BLIOJIHATD JeTaJbHble M3bICKAHHMS IPYHTOB ;1 e
%myn p3yuaTh BAMSTHHE MacChl CYIECTBYIOIIUX H/IH 1P
HHY U
A aTOYHOH He-
M e OHCXOJAST B CBA3H C HENOCT
cTOeB OOBIUHO TP e,
nggr?g?égﬂocm}o rpyHTa npu GOKOBOM (rop143OHT021J11;1}{3‘7191)6“35I e
cymel% GObIIMHCTBE CTyyaes MPHYHHOH HAKJIOHOB Oréeperosble oo,
T outoe 3arsy6uenne HyHAAMEHTOB. Hocxo.anyH Em e e oy
?{Z?(T?palmno yZaneHsl OT LEHTPa PETHOTO MoTOKAa
’

eCT eT TIaCH( )CTHU B( 1JIBIT yH”aVe p p N Y p -
‘ Y JIbI HH, q) HTBI OIIO ( eMsITCH 7 a

OM 3aJI03KEHUH
BwMecre ¢ TeM IIpH MEJK
GOKUM 3aJI0KEHUEM. i sanoen
BaTh C Heigoyg Hecyuas CIIOCOBHOCTh T'PYHTA CymeCTBe(;HH}laMeHTbI res
{ieve 3eMJIETPSICEHNH M TIPHXOAHTCA 3aray6/aaTh ﬂi aan
B e / HacHOCTb BCIJBITHSI H .
ro, CYIHECTBYET O S
saBIl{?HMo >(1)<TK;OB T’eng yCTOEB OT TOPH3OHTAIBHBIX CHJ (;31;1;1&0 ! rFop X
o HeapMHPOB .
1 0 MACCHUBHBIX : 0
am GeTOHHPOBAHH X OO
gfgﬁngpﬁlfnﬂe GeToHHBIE YCTOH HE MOTYT ’E:ggngflﬂopC?{Péo6X0ﬂHMo -
icTBa JAPYTHX
HOCTH YCTPOHCTB o 06
o HeBOSggg}é BHI/IMa}}III/Ie Ha TeXHOJOTHUECKHE IIBbl 6e6ngIHHe13{ S
pamaTabBJ(I)I(/:IBaTb BGIM3N HUX apMatypHble CTEPKHH, O
cTaH ) .
¥pe6yeM0e O oro C. OTHeanHl)f}l: z;ICCTTechH ?\;Ic?cpTos He uMeId TIOBpexie-
KO s :
0 MHOTO CJyyaes, it noBpee
"M?{?)e?pﬂoucxonmu cMelneHnust TPYHTA CO CTOpOHObI ;;g i OCTI:EI e ye
HuH, a3pyIIeHHe MOANOPHOM CTEHbI. Bro npHBOU K .
o M:Hg SZHOBHOﬁ npUYMHON TaKHX noapemgezlgzmeﬁ 210K ABAA
gf?:{ (fmntine KoJebaTesbHBIX JBHKEHHH ycggg:l Hslgm-xeﬁ ri)aHH oy
a Cco CTO
JOTHEHHE TPYHT L anit yeron.
IlOCTaToqX({:O‘:THYM JUIst YCTpOACTBA Y4aCTKOB HACHIIEN ugni;(; p
o8 % % Kam .
]I?O.(T:II?:E{!OBaTb KAueCTBeHHBIH TPaBUil HIH npoGreHsId

3) TospexaeHHUs ONOD 6aJioYyHLIX MOCTOB

npoMEKYTOUHBIX MOCTOBBEIX OTIOD
XapaKTepHHMHﬂgozgjlﬁéi}?:{m::pygjeﬂﬂe yI/IX 11€J0CTHOCTH, (i)[[cl?rl/;ll‘lg
I(TPH ?Mf:;pﬁlcge:}?) K mosiBJeHHe TPeLHH. Hapymem;eclizg?ﬂcgﬂxam}l_
e B OCHOBHOM, [
b Rt ey ST, 1 SO L T
e OHOP  aoat qTo ,B KaMeHHBIX COOpY}KeHHHX npaxmqe e
D raye R eHHe paCTH}KEHI/l}O, a B OeTOHHBIX coopy
CYTCTBYeT CONPOTUBI "



NPOYHOCTL Ha pac
TSXKEHHE He Ipe
oTMeNeHo cayqacs paspy peBuilnaer 2—3 kre/

BblIEPTrUBaH e CTepiKHeH

Cus
ABHIH (DacKpHITHE LIBOB) TAKXKE TaCTO HAG

Ba

> f:}f:é GeTOHHBIX onopax. IlockoJbKy 1mBb Ger

b OTIOp, B 3THX MecTax Heo6XomuMO npe
PMaTypHEIX cTepKHelf.

Joo
700 N
v

200 400
00 2
-

F
; uc. 10.2. Onopuas gacrn Mocra IHun-Aosry
— apMaTypa GalMaka; 2 —

5 — mnuabka & 6 mm foAbeptennas fTa;

3 — or H
PaHHuuTEND, 4 — AHKEePHBI Goar;

Ormeveny, I T e3

[ CTy4ad paspyuien 0GeTOHHBIX
YUIEHHS OT CABH
ra KOJIOHH ke

Onop pamuoro tuna. Ipu HeGoMbIIHY CCUCHHSAX KOJMOHH B HHX Heodon
AUMO npenycMaTpuBaTh apMaTypy, BOCHPHHHMAIOWYIO Haf SKEHHS OT-

y pun y p

CABHTa W KpyueHmus. IMockosnbky %

1) Onoprsie yacmu. IoBpexn
UPH CHJIBHBIX 3emJeTpsicennsix
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HeHHH OTIODHBIX YacTel HaGmionarores
M 3EMIETPSICEHHAX HMITYJIbCHBHOIO

cm?. Bmecre ¢ T
eM H
6eTOMHAIX oriop. Mpanes LIEHHS XOpOILIO 3aIPOEKTHPOBAHHBIX }Ke.nesoe
Aa, ipu DyKyicKoM semueTpsicenny NpomsOILIG
a O
Kattyro., PMAaTypbl BGIH3H OCHOBaHUA oop MocTa Ha

MONAI0TCS B HeapMupo-
OHHPOBAHUS OCAAGASIOT
AyCMaTPUBaTh NOCTAHOB-

aynia. KOHCTPYKIIHH TOABHAHBIX OTOPHBIX yacreii paGoTaror HALEKIO
'gu celiCMUYECKHX BO3IEHCTBUSIX C HHTEHCHBHOCTBIO 10 7 6aJ0B. Ilpu

‘ZOBPENIEHHSAX HEIOBHKHBIX OMNOPHBIX yacteil MPOUCKOAAT PaspLIBBI

“gKepHbIX GOJITOB, IOBPEXIEHHE TPELLHHAMH GeroHa BOKpPYr GoJITOB,

« BLITAXKKA 1 H3rHO6. [TosToMy yuacTKH GeToHa BOIH3H aHKPHBIX 6OJ-
+oB HEOGX0AnMO apMHpoBaTh. ONBIT M0KA3a/, YTO MPH PaCUETaX aHKEP-
Jeix 6OJITOB CIIEyeT NPHHHMATD GoJiee BLICOKHE 3HAUEHHS KO3PPUIIHEH-
0B CEACMUYECKOH HArPY3KH, YeM NS IPOJIETHBIX crpoenuii. Jas npe-
JOTBPALLEHHS CABHIOB MPOJETHBIX CTpOeHHH KaK BJOJb, TAK H IONepex

Puc. 10.3. Tlospexaenue onoput Puc. 104 Puc. 10.5
mocta Takaxata (3eMJleTpACeHHE 7 — tpewnHa ! — Tpemuia
Kanto, 1 cenrsabps 1923 r.)

MocTa rpefycmarpusatorest cronopsl. Ha puc. 10.2 B xauecTse npumepa
I0Ka3aHa OTIOPHAS YACTb CEHCMOCTOHKOrO MOCTa, B KOTOPOH HCIOJIB30-
BaHbl aHKepHbIe GOJITEl GOMBIIOro AnaMerpa.

2) IospesxcOeruist 020408K06 0NOP. [Ipu npuUMeHeHHH AJIs1 OIOP MOCTOB
JKEJIEe306eTOHHbIX CBAH HX OTOJOBKM COEIHHSIIOTCS NONePEeUHbIMH GasKa-
MH, KOTODBIE HCIHOJB3YIOTCA /51 ONMPAHHS MPOJCTHOTO CTPOEHHS. Bo
BpeMsi CeHCMHYEeCKHX BO3ACHCTBUH HanboJsiee caabpIMU SBJSIOTCS CONPS-
JKEHHST MEK/LY TONepPeuHbIMH GaKaMi M OroJIoBKami cBajl. Bo muornx
cayuasix 3fech HabMOAAI0Ch PaccyoeH e GeTOHA C OTO/ICHHEM H BBITY4YH-
BaHHEM CTeP KHEil BEPTHKAJIbHOH apMaTypsl, Ha KOTOpLIE NepeaaBanach
HArpy3Ka OT MPOJIETHOTO CTpoeHus (pHc. 10.3). 310 BBI3BAHO 6OJIDL-
IIHMH H3THOGAOLIMMH MOMEHTAMH 110 KPasiM OIOp PAMHOIO THIA H Kpyue-
HHeM IPOJeTHOro cTpoeHus. [TosTomMy Oro/IOBKH CBak ¥ NONepeuHbie 6as-
KM CJle/lyeT PACcCUHTHIBATH KK Pambl [IPH BOCHPUATHH TOPH3OHTATBHBIX
CefiCMHYECKHX HArpy3okK. [/ CONPOTHBJEHHS KPYYCHHIO H NPEJOTBpa-
LeHUsT PaspYIIeHHs GeTOHA KeNaTebHO NPelyCMaTpUBaTh YCTAHOBKY
CIMpANbHON apMaTypPel ¢ HeOOJIBIIMM LIaroM BHTKOB.

3) Ilospedcdenus, OnopHelx #acmetl NPOLCMHbLY CIPOCHUU. Koraa
ONOpHAst TUIHTA NIPONETHOTO CTPOEHHs BEIXOHT 3a Kpail ONOPHOH 4acTi
GasKH, BO BPeMst 3eMJIETPSICEHHs HA ONOPY MocTa nepefaercst Gosbluoe
J@aBJIeHHe, YTO NIPHBOAMT K paccaoeHmio Gerona (puc. 10.4). Idas npe-
JOTBpALIEHHs TAaKMX NOBPEKACHHH ONOPHYIO IUIHTY CJIEAyeT OTOABH-
rath, 0 KpaiiHell Mepe, Ha 3 CM OT Kpast GETOHHOrO 3/eMEeHTa H IIPeLy-
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CMaTpuBath ycraHosky apMarypel 1oj onopHoi NauToh. B paze cay.
"44€B B ONOPax MOCTOB HAGMIOAATHCD JAHArOHAa/IbHbIE TPEIIHHbL B Hanpay,
JICHHY, TIePIeHAUKYIAPHOM ocH MOCTa, YTO YKasLIBajo Ha Heobxopy.
MOCTE YCTAHOBKH apMaTyphl B 9THX Mecrax (puc. 10.5).

4) Tpeujunes 6 nonepednslx cmenxax. Ilonepeynnie crenky OIIOP Mog.

Thl Kak CTEHBI-JIHanpaI‘MI:I CYWEeCTBEHHO CHH2KaeTCs. KpOMe TOro, no-

TIEPEUHEIE CTEHKH C OTBepCTHAMY HeLeJIeCO06PasHHI 10 THAPOTEXHKYeC-
KHM coobpazkeHusM,

4) NMospexnenus dyHnamenton onop

1) Ocadku pyndamermos onop. Kak otmeuasocs, XapaKkTepHbIMH
NoBpexnenuamu onop mocros ABJISIOTCS OCAaJKH U CABUTH. B Tex ciy-
yasx, korja NOACTUAAIOIMA GyHAAMEHTE TPYHT NOCTaTOYHO Markui,
STH IOBpeKAEHHS Crefsyer YUHTLIBAT B NIEPBYIO ouepens. Bemuumma
OC4/IKH UM NEPeMeILEHUsT Kam 0l OTIOPBI MOCTA MOXKET GbITh pasiiy-
HOi B ipejiesiax pycJa pekn. Iosromy neo6xommmo YUHTHIBaTh 0COGeH-
HOCTH MECTHBIX I'DYHTOBBLIX ycaoBH. Haxe npu naanypy OJIUHOYHO
ONODEL, OAHA YacTh KoTopoli pacnosoxena Ha nJOTHOM OCHOBAaHHH, a
APYrasg uacTb — Ha prIXJOM OCHOBAHHH, BO3MOKHEI HePaBHOMEp HEIe
OCallkH, NPHBOASIINE K 3HAYHTENBHDM HaKJIOHAM COOpYIKEeHHST.

Ipuynnon Gonbimmx OCaloK M mepeMelieHus yHnamentos ot moc-
TOBBIX OINOD YacTo sBJsercs pasxmxkeHHe rpynra s pycne peku Bo
BpeMs 3emJIeTpsicenus. IoBpexaenns aBTOMOGHJIbHBIX MOCTOB Bambio
Bo Bpemsi Kanrckoro semierpsicenns: u IlloBa-Oramy Ipu 3emaerpsce-

HuM Huwrara npeacrapisor coG0l HarasxHbe [PHMEPH! TOC/IeACTBHIL
Da3KUKEHHS.
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ax pawm.
OT TPOJIETHOTO CTPOEHHSI, UMETH PAas3pyIueHHs] BBy?n HTp u
garPyol B, YCTAHOBJIGHHLIE HA MECTO HJIH MOTPYIKeHHbIE Hg chIe , 1o
¢ KeCCOETe,HCHBHbIe HAKJIOHBI, COBUTH H JaKe BCHJIbIJICI/I'H.7 Kbsaheny
gl H ouu GbUIH GeCTopsIOUHO pas3bpocaHbl no6py H}X e
ﬂc]g?eﬂ ;{TO CBH/IETENLCTBYET 00 HHTEHCHBHBIX KOJIe0aHH
: KH.
mﬁ))ro T pOeTHI rpylpﬁa : pOeraﬂ;npg pa3pe3HBIMHU CTaJbHEIMH
cr i mocT [IloBa- (LHE
MPOJIETHBIA . : i
ﬂBeHafaLyLIaTngpoeHHﬂMH xausonr 303,9 M (13,14-27,64 X ,

1 OTOPHI
THHI OyHpaMeHT KaXIOH O
ppoJIeTHEL 1 Geperosuie ycrou. Py o -
HEIE ONOPBI PﬂeBHTH cTalbHBIX TPyGUaTEIX CBail AHame

MeJl cBau
:bIIIOJIHeH B BHJE PN H3

Puc. 10.6. Ilospexac-
HHSA dbyHzaMeHTOB
CTPOSILErocs Mocra
PaHbi0 CKOPOCTHOM aB-
tocTpagel  (3emuerps-
cenre KaHro)

TaJAbHBIX
— psAja U3 AeBSTH C
7 BYX YyCTOEB p HBI
H JVTHHOH 25 M, a 1 CaIe PeKH CITOZKe
pom 609 Mmm off 29 . TpyHTH B Py
> e AuameTpa, JJIHH ro, cpepHesep-
cpep TOF}SH;*; I?B aJTIOBHAJIBHEIX CJIOEB prHHOSGPHglsceTOHHéTOI;‘O Hecka
;2::1;3(1}*,0 RO At HeCIES. e ggé)HHHHCTopro necKka — X0-
1 a MeJaK

yHo peixJbiM (N < 10), enpe N ObLIO
O ﬂ(;zcl;r;ggﬂeHHgM (N > 30). [s cpeanero ¢/10si 3Hau
porio

YHBIM. j0e crpoeHue Gy
npofwle};;yggMneTpﬂceHHH nepBEIM 00D YIIHJIOCH Hp%geTclrlng}ig 1 Hero
(puc p10 7 u 10.8), 3aTem IpPOJIETHBEIE CTPOCHHS gﬂzm

C i I

OpHOpr Pg u Pg H30THYIHCH H};’eﬂ Brégizmonogbl P, cocrapuio 93 cm.

HOE MepeMelleHt epeMeleH s
o 2 OCTa:;)ct)I HleIHHpoﬁ TAKOro GOJBIIOrO OCTaTquHOI‘cI)d Hpgs;xnglxeﬂﬂe
;::S;?)K&T’cnoﬂgame Jeporo Gepera B cTe%I;{C;ngggﬁe pekir. Va-3a pas-

HCTOTO T :

CJ10sT KPYIHOSEPH CYILIECTBEHHO
1O-MﬂpOBonreOCKa ﬂeﬁCEgHTEHBHaH rayGHHa 3aJeJKH Ofgplgs };IlilTaTe oT0-
KH)KQHH:MC}) a caMH OTOpPbI CTATH 6oJiee THOKHMH. c}T)o }(’)Hy npaporo
yMeH}(,)HJ;eTHbIe,CTpoeH”H MoCTa CLITH peako CﬂBHHyTbxlag xa pCpellHeﬁ orno-
go rIpa YTO NIPHBEJIO K HHTEHCHBHBIM JedopMakiM OMp Hocie o6pyIIe-

i nposieTroro crpoennst G,. [lo-BuauMoMmy,
PHI U afeHHIO TP 049

bix crpoenuit Gy u



Puc. 10.7. Pas
1964) . Pylerne mocra Illosa-Oramu (semaerpacenne Huurarta, 16 mons

b6 6 6 & gl o 6 e

7 6, 6
“TF MIF MIENWM M 1" g i "
EEEA R A LS
P,

A, P A
R A N A Po Py Ap

Puc. 10
8. Cxema o6pymenns UPOJETHBIX CcTpoennii mocta 1lopa-Oramyg

Ipw ovens cumbupix ceficm
CABUIaM HHOTZA MOABEDIKEHb!

@ TPeXNpPOJIeTHOE HepaspesHoe
TPH MaKCHMAaJbHOA CTpesie Harnga 29 6 cm

1 ’
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[ToBepXHOCTHBIH CJOH IPYHTOB B HH30BBSX P. MOMHHO COCTOUT 13

peIKO3EPHACTOrO T1€CKa C MPHMeCAMH DJIHHBI, a CJI0H Ha rayGune 20—

95 M IIOJ NOBEPXHOCTbIO — M3 IVIMHBL. B KauecTse ocHoBamusi (yH-

"4aMEHTOB OblIY NPeAYyCMOTPEeHLl TPYHTLHI HHKe 25 M. Ilosarawr, urto

OCHOBHOH TPHYMHOH MNOBPEXACHUH MPH 3eMJIETPsICEHHH Oblio TO 06-
gTOATENBCTBO, UTO (YHJIAMEHTH MOCTA HE Be3Jle JOCTHTAIH 3TOrO CJIOs.
TakuM 06pasoM, Jaxe TPYHTb HA GOJBILOH FMyOHHE NIPH OYEHb CHIlb-
gBIX KOJIeOaHHSX MOTYT CHIKATH CBON HECYLIYIO CIIOCOGHOCTb.

2) Hospescdernua koncmpyryul pyrdamernmos. B tex cayuwasx, korjaa
€aMH KOHCTPYKUMH (PYHAAMEHTOB He 00/3JaiT JO0CTATOUHOH HPOYHO-
€ThI0, TPOHCXOINUT HX Pa3pyIUEHHE, HECMOTPSI HA riy0oKOoe 3a/l0XkeHHe
¥ JOCTATOUHYIO HECYIIYIO CIOCOOHOCTBL TpyHTOB. Mumocrpanueit oy
cayxuT puc. 10.9, nHa KOTOPOM MOKA3aHBI MOBPEKEICHHS KEJIE3HOA0~
poxHoro Mocta Banblo-I"aBa, pacnosoxenHoro huxe mocra Baubio 115
CKOPOCTHOH aBTOCTPAJbl. 3a HCKJIOYEHHEM 4eThIPeX IIPOJIETOB CO CTO-
POHBEI BOCTOUHOTO YCTOsI, KOTOpbIe MepeMecTHAHCh OT 15 mo 30 cM Ha
BOCTOK, HO He yNaJ/H, BCe OCTaabHble 24 mpoJsera o6pYIIHAUCE. Bee
ONOPbI, KPOME HECKOJIBKHX Ha BOCTOYHOH CTOPOHE, OLIIH Pa3pyIUeHb! I
NOBPEXKAEHE TPELIMHAMH B KOJIOHHAX H ONYCKHHIX KOJOAAX.

PaspylueHHsi ONYCKHBIX KOJOAUEB HAOIOZANHCh OT HX Bepxa Jo
I y6HEBl 0K0JI0 5 M. TTocKOJIbKY Ha GoJbiiedl riyGiHe 06cae 0BaHus He
MPOBOJUIUCH, OCTalOCh HEH3BECTHEIM, TOSIBUJIMCH JIH TPEIIHHBI HUXKE
5 M. TlokazaHHble Ha PHCYHKE TPELIMHBI BO3HHUKJH, NMO-BHIHMOMY, OT
CeHCMUUYECKHX HATPy30K HA IIPOJIETHBIE CTPOEHHST H ONOPHI, KOTOpHIE
nepeAaBATUCH Ha OIYCKHBIE KOJMOALBI. [locsennne He CMOIVIH COIPOTHB-
JEITBCSL M3THOAIOIMINM MOMEHTaM, NOCKOJBKY T[PYHT B peke J0 I1yOH-
HBl mpuMepHO 5 M pasxukancs. Kak npasuio, uaru6amoniye MOMEHTHI
OpM TaKUX CEHCMHYECKHX HArpyskax JOCTHTaloT OGOJbIIMX 3HAUeHHH
JHIIb B BepXHeH uacTH (yHAAMEHTOB, 4 B CPeJHeH M HikHeH YacTax

8 J
I N A Y O O ]

Puc. 109. Tpemuust
B OTNYCKHHEIX KOJOX-
nax KEJE3HOACPOXK-~
HOoro Mocra Dawunio [
(semsnerpsicenne  Kau-
TO)

0 10m 20m 0 100m 200m
L ] [ | —

L

Macwmal noBepmurany  Macwmab no eopu3oHmany

HeBesiKu. [TosTOMY BpSAJ JIH MOXKHO OKHJAATh MOSABJICHHS TPEIHH B Ce-
pelMHEe U B HH)KHEH YacTH ONYCKHBIX KOJOJALEB.

Ilpu rayGokom 3aso:keHHH (YHIAMEHTOB B CJIOH MATKOro CPYHTA
BO3MOXKHO IIOSIBJeHHEe B CPeJHCH 4acTH HaNpsAKEHu# oT usruba ¢ynia-
MEHTOB, TAK KaK B MST'KOM IpyHTe ceficMHueckue KoseGaHus HA Pa3HOM
ryGuHe KpaitHe HepaBHOMEDHBI. Farubawlnue MOMEHTEI OT HEPaBHO-
MepHOro [e(OpMHPOBAHHSI TAKHX TPYHTOB B CpejHeil 4acTH KOJOALA
MOTYT JOCTHraTb GOJBLIUX 3HAYEHUH.
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B coorserctBun ¢ pe3yabTaTaMH PacueToB CBafHBIX (YHIAMEHTOR
HalpAXKEHHUST B CBasiX B IPOLECCE 3eMJETPSACEHHS HHTEHCHBHOCTBIO
10 6annos 1 Gostee MOTYT BHI3BATH TPEIIUHEl B HeapMHPOBaHHOM GETOHe,
Ipu sToM npennosaranocs, 4to gedopmarun cpau BO30Y2KAAIOTCS CABH-
TOBBIMH BOJTHAMM, IBHKYILHMHUCS CHH3Y BBEPX B IIOBEPXHOCTHOM CJloe,
AHaNOrHYHEIH BBIBOX ObLT KAYECTBEHHO TIOATBEPIKIACH Pe3yNbTATAMU
MOJE/IbHEIX HCIBITAHMI.

Ha puc. 10.10 nokasana xenesofetonnas cas Auamerpom 30 cm
H JJHHOU 7 M, M3BJIEYEHHAS] M3 NECYAHOTO rpyHTa (OCHOBaHHS ONMOPHI
MOCTOBOro repexofa Ha cranuuM Huurara). CBast Gbuwia usBjeueHa y
06C/Ie10BaHa B CBSI3H C OCAIKOH MOCTOBO onopnl Bo BpeMst Huurarcko-

Pne. 10.10. Cpan, nosyuusmue Tpemmiusi npu 3eMmyerpsicenin Humurata, 16 Hions
1964 r. .

ro semserpsicernst. Kak BuaHo Ha pucymke, 1o Beei [IOBEPXHOCTH CBaH
o6pasoBaanch Tpemunsl. CYNTAOT, YTO OHU NOSIBHJIHCH OT JedopManuu
I'PYyHTa, a He OT AeHCTBHS CEHCMHYECKHX CHJ HA BEPXHIOIO YaCThb OTOPHI.

B nocexnue roapr GOJIBIIENTPOJIETHBIE GAJOUHBIE MOCTHI HACTO CTpO-
HJINCh Jaxe B paHoHaX, CJAOMKEHHBIX MSITKHMH IDYHTaMH GOJbBILIOH
MowHocTH. [Ipr sTOM npuMeHsTHCh Ir1y6OKHEe CBaH, NPOPE3aoIHe MAT-
KHH TPYHT JI0 ONMPAHHS HA KOPEHHbIE noposl. Ha ocHoBannu pesyin-
T4TOB OGCJENOBAHUH B NMPAKTUKE IIPOEKTHPOBAHHUST HEOOXOAUMO YyH-
ThIBATb HANPSKEHUST H3ruba, KOTOPble BO3HUKAIOT B dyHAaMeHTax

MOCTOBBEIX OIOD OT HEPABHOMEDHBIX KOJEGAHHH MSITKHX IPYHTOB TpH
CEeHCMUYECKHX BO3AEHCTBHAX.

5) Mospexaenns nposeTHbIX CTPOEHMIA

[Tpu semmerpsicenusx wacto HabMmoAAIOTCsT paspyiLeHus OIIOPHBIX
yacTeil ¥ 06pyIIeHHE IPOJETHBIX CTpoeHuii. Paspymenue onopueix yac-
TeHl BKJIOYAET WHTEHCHBHBIE NOABHKKH IIPOJIETHBIX CTPOCHHH, NPEBHI-
LUArOIHe JONYCTHMBIA X0/ KATKOBEIX ONOp, PaspylueHue GeTona BOKPYyT
@HKEPHHIX GOJITOB, CMelenye [IPOJIETHBIX CTPOEHHUH IONEPEK OCH MOCTA.
st mpepoTBpauienus noaoGHbIX NOBpeXNIeHHH HeoOXonuMO mpeny-
CMaTPHBATEL CHEUHAMbHbIE 3EMEHTHl — CTONOPH, a aHKepHBIe GOJITHL
H IPUMBIKAIOLHE K HUM CEYEHHs! 5/1EMEHTOB BBIIOJIHATE JOCTATOYHO cefi-
CMOCTOHKHMH.

IMockosbky 06p yienne TIDOJIETHBIX CTPOEHHI 03HAYAET NPEKPAILEHHE
SKCIIYaTaUHH MOCTA, €r0 HEOGXOZHMO NpeNOTBPATHTS. st npenors-
pamenuss o6pyIeHHH NPONETHRIX CTPOEHHH BJOJAb OCH MOCTAa €ro cJle-
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yer BBIIOJIHSATL HEPA3Pe3HBIM. C 3TOl LeJBbI0 OTHENbHBLIE r'IpOJIePTIH
coeAUHAKT CTaJJbHbIMH njactTuHaMH HJIH CTep}KHHMHU apMaTyphl. O?I
wc. 10.11 nokasaHo ofHO W3 BO3MOXKHBIX pemenuii. Jlaxe Tak ;
npOCTOll NpHEM ABJACTCS BECbMa 5(QeKTUBHBLIM AJ5 IIPENOTBDAalleHH
/ OJIETHBIX CTPOCHHUH.
Oépjylljxlﬁﬁ:;e;ypnpemlxeﬂm ngymeHHﬁ nonepek OT MOCTAa I/IaBHbIE 686252
TIPOJIETHBIX CTPOEHHI CJIEAYET HAJEKHO CBASBIBATE C nonepvequane Oad-
KaMH, o6bequHssl Bee 6anki B efnHoe neqaoe. Ilpu @ykyidckoMm ?’esoée-
TPSICEHHH NPOJIETHBIE CTPOEHHsT MOCTA kTaraku ¢ TaBPOBLIMH Kel a06e-
TOHHBIMH GaJiKaMH mepemecTuaich. OfHa M3 IMIaBHBIX OasoK Cl\é'{HOf/JI
J1aCb 3a TPaHb MOCTOBOH OMOPHI, H B CBSI3H C OTCYTCTBHEM nonepTOKa_
Gaaxu muTa 661a paspyuiena (puc. 10.12). Ilpn SGMHeTpHCGHI/II/ITaB &
yy, 1952, B KOHCTPYKIHSIX MOCTa Y Paxopo ¢ }K6H63066T0HHBIUMH aBHI;)IX
BBLIMH GajKaMH BO3HHKJ/IM TPEHHBE! BOIH3H OMOPHBIX CEUEHHH IVl ix
6AaJIOK U B MeCTax CONPsIzKEHHS IIaBHBIX 6aJIOK C MONePeYHbIMH, TaK K
oCAEAHNE HMeTH HeJoCTaTOYHYI0 KecTKOCTh (puc. 10.13). oo
MHora npH 3eMJIETPSICeHHSIX PaspyIIAOTCs CaMHU NIPOJIETHLIE C peT_
HUS 6aNOUHBIX MOCTOB. Tak, npu 3emierpsiceHHu KaHTo 1eCTHHPOI )
BB MOCT XaskaBa C Paspe3HbIMH 2Ke/1e300€TOHHBIMH ﬁaJlKaMHuﬂp(;JCIfH
Tom 13,5 M 6L CEPHE3HO TOBPEK[EH TPEIIHHAMHA B HHKHEH quOB
[JABHBIX 0GaJOK, HMeJ 3HAYHTENbHBIE IIPOTHOBI, @ OAHH M3 HpOJ
OBpYLIHACH HECMOTPsi Ha TO, 41O ObL1
nenarpyxen. [lpuunna paspyuieHus He
BHOJHe sicHa. IlocKosbKy — IPOJIETHBIE
cTpoennsi ObIM  OYeHb JKECTKHMH, BO3-
HMKHOBEHHE pEe30HaHCA OT BEPTHKAJIbHBIX
celicMHUeCKHX KoJebaHuil MajoBepPOsATHO.
BoamoskHo, Bce ofbsicHsercss JAedexTaMmu

L7

RERA~

Puc. 10.11. CoenunurenbHas
MJIaCTHHA JJsl TpeioTBpanle-
HHS ~ HajeHdsi  TPOJIETHHIX

cTpoenuit
| — coeAuHUTEAbBHAA njaacTuHa,;
2 — Goar

|
iz

Puc. 10.12. Paspymesue mocra Hrarakn (®y-  ppe. 10.13

. Gai-
i une, 28 uons 1948 r.) [ — TpeumuHa; 2 — raaBHaf
KyHCKoe 3eMJIeTpsiceHHe, Kar 5 onopa Mocta
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[IpH CTPOUTENBCTBE MOCTZ. OzHako B
CTaBHTb, YTO BEPTHKAJAbHAS COCTAB
3HAYHUTEJIbHOH.

Boabuuncerso CTappIX GAaJOYHBIX MOCTOB HMeJH MEPHOJBI COGCTRE -
HBIX KosneOaHul MeHee 0,3 c. INosromy onachocrs BO3HUKHOBEHHS De3o -

TBUAX Oblia CPaBHUTENBHO MaJia,

B CBA3H C YBeJHUCHHEM AJTHHBI IPO-
HHUHA CYUIECTBEHHO BO3DOCJH H BO3-

JOGOM CIyuae MOKHO cefe npe;.
JIAOMAsT Kone6anui rpyHTa Obliy

B mocrax nocrpoiiku HOCAEeHUX JIeT
JIETOB MEPHOABI COGCTBEHHBIX KOJe6a

, OllpeflesIeH He

HKAJIbHBIX KOJNEeGaHHSAX IIPOJIETHBIX

GaHHSX TIONEpeK OCH MOCTa HEOGXo-

HBIO TOYHOCTH.

bIX MOCTOB € OYeHb BBICOKHMH OMOpa-
[1apaMeTPphl  KOJIE6AHHH NPOJETHBIX

CBBIIIATL NAPAMETPEl CeHCMUYECKHX

CEHCMHYECKHX Harpysox IDH BepT
CTPOEHHH M TOPUBOHTANBHBIX KoJle
AHMO BBHIOJIHATD C BBICOKOI CTere

Ipu npoektupoBanuu Gasouy
MH Heo6XoxuMo YUYHTBIBATh, YTO

, MOXKHO CYH-

Tath, 4To BennyuHa 0,3 g sABAAETEs BhONHE 0GOCHOBAaHHO}.

10.2. KOJTEBAHHM S BAJIOYHBIX MOCTOB

1) Beepenue

O6bruHbI MeTox anasuaa KoJIe

6aHHI MocTa 34KMIOYaeTcsa B COCTaB-
JICHHH YPaBHEHHUH KoJeGaHuil omo

UCHO HEJI0CTAaTOYHO XOPOoUI0 U o
ONOp MOCTOB BEChbMa TPYIHO.

Ecnn mozens nas ananmusa KOJIeGaHHIT OIOp M NPOJMETHBIX CTPOEHHH
TO JaJjbHeHIIne pacuers] MOTYT

npumepa GyneT paccMoTpeH ognu
METOZ pacueTa MOCTOBO# ONOPHI BAOMID OCH MocTa.

2) Duddepenunanpupie YpaBHeHMs KoJeGaumii

Paccmatpugaercs wactuumo 3arny6/ieHHast B IPYHT otopa Mocra,
Ha KOTOPYIO ONHPAIOTCS MpoJieTHbe cTpoenns (puc. 10.14, q). Mogenn
. 10,14, b. Takum o6pasom, oropa Mocra

6asika, a npoJerHoe CTPOeHHE MO-

I HCT-
eIUHCHHOH y . JL

eJl py 3 [ (0] B p HCOJIHU 3aUMOIEUCT
a eTCcsT MacCoH, HPHCO K BepX KO : B 1

Bué 1|)yHﬂ,aMeHla C I‘pyHT()M MOﬂeJIprelCH ILByMH Hp}}KHHaI\ U, OJHA

U3 KOT()prX HepeﬂaeT CH-Hy peaKU,HH, HpOHOpI_lHOHa) bHyHI}B 1\() )I\I/Ilg()H-,
JIBHOMVy CMELIEHHIO (byHﬂaMeHTa, a BTOpaH — peaK TUBHBIU MOMEH

Ta

i / a*,
IpOTIOPLHOHATBHBI YTy MOBOPOTA (hyHIaMENT

f
ITpu Kosle6aHHsX TPYHTA C YCKOPEHHEM U ypaBHeHHe KoJebaHu
/ 1 BUIL:
MOCTA HMEET CJeAYIOIHK
2l (g2 =, (10.1)
" ae? 0x? Ox?

epeMelieHHe
Fje y — OTHOCHTEJIbHOE TIep cmentie ) )
HAU NPOrHG ONOPBl OTHOCHTEIBHO IDY

¥
ta; U — TOpH30HTAIbHOE NepeMelleHne \1-— 1 ‘: %0

rpyHTa IpH 3eMJAETPSCEHUU; M — no{-) }
FOHHAsl Macca omopbl; B —— XKecTKoCT
omophl Ha H3THO.

n
SYLXEEN

Yeli-2)
i1 el

A &y (i)
[TepBeiii wjgeH B 3TOM ypaBHe ) =
HHH XapaKTepHu3yeT UHEPLHOHHYIO il P
oro-
CuJly IPH KOJIeOaHHsIX MacChl ) , N

pbl, 8 BTOPOH Y/EH — BOCCTAHaB- 2
JIMBAIOHIYIO CHIY, BO3HI/IKaIOLUﬁ/IO
npu Jedopmauusix onopml. 1lo-
CKOJIbKY OCeBasi Harpyska Hg oTIo-
py Maja, ee BJHSIHHEM O bI‘{He(f "
npereGperajorT. B Bepxuem ceu b L014
HUH ONOPbI H3THOAIOIMA MOMEHT . 10.

cuaa

JII0, & TIonepeuHas . Bert wepea

p:s:g XI:IIIZepUjHOHHOf/)I Harpyske Ha IPOJICTHOE CTpfe::Hqule 1 epes
E)VI 0603HaulTh MAaccy TNpOJETHOro CTpOeHHs, TO TP

Ha BepXy ONOPBHI NMPUMYT CJAEAYIOmHH BHI:

oy g, (5 0| 2 (102
T2 = "_a/—r—( —a;z at2

7 epeyHast cuaa
B HMXHEM CeueHHH OIOPHI H31‘I/I63IOLIJ,HI;I_[ (1)\;%1}4)%1;; Hnnr?golr)néy o
BEHHO YIJY
OHaJbHbl COOTBETCT orHBy onopL.
l;*:pC?IIII/IOEgSBHa‘-IHTb K, u K, COOTBETCTBYIOLIHE NOCTOSIHHEIE TPy ,
2
2y g, 0 (B——ay>=:K2y. (10.3)

Ox? T dox ~ ox 0x?

’ i IBAeTCs BbI-
Ipu 3afannom U ypaBHeHHe KoJie0aHUH OIOPBl OIHCH

pa)%eHH;qhgT](sleOﬁlgoc—To(rlc? .i)ﬁumepa paccMOTpHM CBOGOJIHBIE KOJIEGaHHs
K

CBOGOIHBIX KoJieba-
uuiM ceyerueM. IIpu
OMOPBI C MOCTOSIHHLIM TONeped

Husix U =0mn y=Y (x) e, (10. 4)

KosneGaHui.
oTa COOCTBEHHBIX
rjie p — KpyroBas 4acT

-

OTEUeCTBEHHOH JIUTEPaTyp eTcss TEePMHH (<KO3CD b4

B i e OOBIYHO HCIIONb3Y (1) )

. (I/UIH HepaBHOMepHOI‘O) CXaTHud H cABUTA OC
HHenTol ynpyroro paBHOMepHF)I‘O
H OBaHUA», (HpuM. nepeeoatuma.)
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Toxacrasasis sto Beipaxuue B (10.1) — (10.3), noayuum
diy

mp*Y—B dx4f=0. (10.5)
Tpst % = 1 d;x‘; —=0, B ‘Z‘S’ = —Mp*Y (10.6)
u
apn x =0 B‘fx’z’ =K1%,B ‘j;sy —K,Y. (10.7)
Peurenne ypaBrennst (10.5) umeer Bup:
Y =C;ysinPx -+ Cycos px+ Cysh fx + C, ch B, (10.8)
rie p= @2, Ci, Cy Cy H Cy — NOCTOSHHBIE HHTETPHPOBAHHS.

Hocne nojcranosku B Buipakenusi (10.6) u (10.7) noayunm cucremy
U3 YeThIpeX OAHOPOAHLIX YPABHEHUI [/ ONPENeNeHUs MOCTOSAHHEIX HE-
TErPUPOBaHUs. JIJs CyIeCTBOBAHHS HEHYJEBOTO PEIIEHHs ONpeesry-
Te/lb CHCTEMBI JOJKeH OBITb PaBeH HYJIO:

— sin Bt —cos Bl sh p! chfl
Mp? . _ Mp? . Mp? L
55 sinpl—cos ! P 5 cos B/ - sin B/ 55 sh B/ -
Mp?

~+ chpl ——BsBchﬁl—{—Shﬁl _0
K 1 , Ky —1
BB BB
1 K, —1 K,

ps B ps B

(10.9)

U3 sToro ompesnennTenss NOJYYAOTCS 3HAYEHHS] COGCTBEHHON 4acTo-
THl p. [Ipy U3BECTHOM 3HAYEHHH P HAXOASITCS OTHOLIEHHS MEKY YETHIPh-
Msl TIOCTOSIHHBIMH HHTErPHPOBAHUS, KOTOPbIE ONPENesioT (GOpPMEI CO6-
CTBEHHBIX KoJeGaHuii. YpasHeHmo (10.9) ynoBrerBopsier GeckoHeu-
HO€ YHCJIO 3HAUeHHH p, NO3TOMY YHCIO COGCTBEHHBIX GOPM Takxke 6ec-
KOHEUHO.

Ecnu nonepednoe ceuenne omopel HenocTostHHO, ypaBaenue (10.1)
AHAIHTHYECKH PEIUMTL O4eHb TPyAHO. [lo3Tomy OOBIUHO OHO pemiaercs
YHCJAEHHO METOJOM KOHeUHHIX pasHocreii. Ha puc. 10.14 ysqoBhie ceue-
HHs KOHCOJIbHOH 6a/TKH C OIMHAKOBLIM I11aroM A IPOHYMEPOBAaHEI CBepPXy
or 1 1o n. Ilepememenns ysna i B MOMEHT BpeMeHH ! 0603HaUeHO g, (i).
ITporu6 onopel MOKHO NPHOMMNKEHHO ONHCATb, €CJAH H3BECTHHI Y, (i)
JUIsl BCeX Y3JIOB.

YToO6kl NOTYYHTh MPOH3BOAHYIO OT KPHBOH NPOTHGOB, HEOGXOLHMO
3HAThb 3HAYEHHS l; B COCEJHHX IOIIEPEUHBIX CeUYeHHAX. UeM MeHbIIe
paccTofiHne MeXAY COCEJIHUMH Y3JOBBLIMH TOYKAaMH, TeM 6oJblie Toy-
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ocTh TNPHHATON amnpokcnmauuu. Hanpumep, npu Tpex y,s NpOU3BOA-
[pi€ TIEPBOTO NOPSIKA MMEIOT BUI:

(dytawlw) 3 a4 —1l{g 1

dx /4

(___dyt“') J ===t 0 1l O |, (010
dx St 2A

(d!/t(i‘?"l)> 1 —4 3y, ¢+ 1)

| dx t

370 ypaBHEHHE TIOKA3LIBAET, UTO NPOU3BOHbIE IEPBOTO MOPsiAKA MO-
TYT GbITh BHIPAXKEHB! C NOMOLLBIO NGO Yy (I — D,y (l)‘, y, (L - 1),
au6o g, (i), ye (i 4+ 1), y, (4 2), mbo g, (i —2), y (¢ — 1), 4, ().
Hau6osibliasi TOYHOCTb JOCTHTAeTcst IPH MEPBOM BapHAHTE 3aAlUCH.
Korga Toyka § pacrioJioykeHa B BepXHEM CeueHHH OHOPLI, HA Y; (UL—I)
5TO He OKasplBaeT BAusHuA. Toraa Jydie HUCIOAh30BaThH BTOPOH Ba-
PHAHT 3allHCH, JaXKe €CJIH JOCTHraemasi TOYHOCTh HHKE.

ECJIH TOYKA { HAXOAUTCS B OCHOBAHHH OIOPEL, TO 6osee yAoOeH Tpe-
THH BApHAHT 3alNCH.

ITpousBojHEIE BTOPOrO MOPAAKA 3aMHCHIBAIOTCH AHAJOTHYHO!

A [ A
dx? t
(dzyt(i)i) -1l —91 v () 1. (10.11)
dx2 t A2
(dZyt(i—{—l)‘) 1 —2 1|y, Gi+1)
| dx? ¢

Ecju NPHHATEL I5iTh 3HAYEHHH y;, TO 3aMUCh NPOU3BOAHBIX HMEET
creaymomuii BuA:

(dyt<i~2>> —95 48 —36 16 —3|ly,(i—2)
dx t

(dym'—l)) —3 —10 18 —6 1||yG—1)
dx t

dys (i) . 1 : ’

) = -8 0 sl we

dys (i + 1) o

(_&r)t —1 6 —18 10 3||g@+1)

(M) 3 —16 36 —48 25||y,(i+2)
dx t

(10.12)

8 1. Oxamorq =



2y (i—2) [ — 2]
( ;xz ) 35 —104 114 —56 11|y, (i—2)
(d ym—l)) 11 —20 6 4 —11y, (i—1)

t
a y:(t) ) ! 1 16 30 1 /
= - - 6 _I
( e ¥, (©)
(dyt(wrl)) 1 4 6 —20 11|y, G+1)|
t
( yt(l+2)) 11 —56 114 —104 35||y,(i+2)
(10.13)
( yt<t—2) —~5 18 —24 14 —3||y,(i—?2)
(d yt(t——l)> -3 10 —12 6 —1] |y, (i—1)
By (i) 1 ’
( dx® ) = A —1 2 0 —2 1 Y, (i)
ddy
( ,<z+1>) 1 —6 12 —10 3||y,G+1)
t .
( yt(‘+2) ] 3 —14 24 —18 5|y, (i+2)
t
(10.14)
(d‘yt(i—’.?) 1 —46 —41{|y,—2)
dxt t
(d4yt(i~1)> 1 —46 —4 1]y, (i—1)
dx? :
g ) | =201 —46 —41 :
( dx? )t A S
(d4yt(i+1)) 1 —46 —4 1|y, G+ 1)
dxt ¢
Ay (i+2) —4 6 — ‘
( dx-“—>t 1 —46 —41ly,(i+92

Iocne npeo6pasosanust ypaBHenns (10.1) u NOACTaHOBKH B BhIpa-
HKEHHE JJIst y NepEMEUIeHHH Y3J0B Y, (i) Moay4uM

Ay (i) d"‘B(l) 42y (i)
m (i) T T
dB (i) _dSy:(i)

e +B<t>"-’”(‘) = —m@®)U. (10.16)
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B 5TOM ypaBHEHHH NMPOH3BOJIHBIE OT B U y N0 x MOXXHO 0GO3HAYHTH
yepe3 B (i) u y, (i), HCHOJIB3YST Te JKe KOHEYHO-PA3HOCTHHIE YpaBHEHMUS,
Torna MPHXOJAUM K CJEIYIOLIEMY BbIPAXKEHHIO

—d%tzﬂ = [1HeliHoe ypaBHeHHe oT ¥, (i —2), y; (i—1), y, (i),
g+ n g +21—m@)U,. (10.17)

TTOCKOJIBKY 3TO ypaBHEHHE XapakTepusyeT JHHeHHble KoJeGaHus
CHCTEMBI CO MHOTHMH CTeleHsIMH CBOGOJbI, €r0 MOXKHO DEHNIHTb YHCJ/IEeH-
HBIMH METOJIAMH.

3) Pacuer c npumenennem MK3

Pacuet ¢ ucnonb3opanuem metoga MK paccMoTpiM Ha TpuUMepe oro-
pBl MOCTa Ha CKaJbHOM OCHOBaHMH. OnpelenuM ee peakIHIO NPH Ceic-

- MuyeckoM Bo3zzeicTBuu (puc. 10.15). IIpennonaraercsi, yto onopa xecr-

KO 3alemJeHa B TPYHTE H He
X

CBSI3AHA C HPOJETHLIMH CTPOEHH- [ y
SIMHL. Moaem)o ONOpPHI  IPENCTaB- ﬁ'j ) g MAS”
JIeHa CHCTeMOH COCpelOTOYEeHHBIX

Mmace, NPYXHH H JeMIdpepoB, Ko- wyupg 7
TOPHIE IPOHYMEPOBAaHH OT 1 J0 7. T

Paccrosinne A Mexay COCeNHHMH T

MaccaMM IIOCTOSIHHO, & KeCTKOCTh — 0T M s
NPYXHH DaBHOMEPHO pacnpefe- A4 Y ( Al x+1
Jena. Ilapamerps AemndepoB npo- %E’;L n iasd
NOPLMOHAJNBHEL  OTHOCHTENBHOH 7777777777 \ g

CKOPOCTH Macc.
B nocneayromux  ¢dopmynax
NPUHATE 0O603HAYEHHUS:

Puc. 10.15

m; — COCPeNOTOYEHHAsT Macca B y3Jje {; B;—H3rubuag MeCTKoCTb Galku i Mex-
Ay y3naMu i i - 1; ¢; — CHJIa COTPOTHBJEHUS B y3Je€ i; y; — INepeMelleHHe y3-

na i; ; — yroa moBopora yajaa i Mé — H3rubalouiiii MOMEHT B HHMIKHEM ceye-
HHHU -TOM Gajiku; Mé‘ — H3ruGalolinii MOMEHT B BepXHEM CeueHHH i-TOH GaJKH;
Sf — nepepesbiBalliasi CHIa B HHXKHEM ceueHHH i-Tofi 6anku H S — nepepe-
SbIBaOIIAd CHJIA B BEPXHEM CeYCHHH I[-TOH GajkH.

CrnefyeT OTMETHTb, YTO JJISl YNPYro# GastKu CrpaBelaHBbl COOTHO-
LIeHHs, IOKa3aHHble AJ1s1 Y3JI0B 3JeMenTta Ha puc. 10.16.

B npouecce xone6anHil HHEPUHUOHHAsT CeCMUYecKas CH/a AEHCTBY-
eT Ha Maccy Kak BHelIHss Harpyska — m;U (f). Ycaosue aunamuyec-

KOTO PaBHOBECHS CUJI, ACHCTBYIOINX HA MaccCy i, ToKasaHo Ha puc. 10.17.
Hosg i =2+ (n—1):

d*y;
"= +c¢ z—-

+(SE—Si_\)= —m; U(t),  (10.18)

My =M (10.19)
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Az Yivt Mim 5 Bisy
u_ 12B; 68
Si"'—A3L£/i+/ Szg— AzL Bire
i
Yi+1,
. (1
(+1 @M; Mat
t 68; 4 B;
M= Az Yirt MiZZ-TL 8141
1 128 ot 65
S;=- A3 [f/t+7 5= AATZ Givt
Puc. 10.16
? H s § =]
@M"" gy d
—_— m 1 + . yl —I~S”— —m U
Wi N b 4P 020
| My =0. (10.21)
- Ipu i =n
Qi 7 0
- M » = 0, (10.22)
Prc. 10.17 ¥ = 0. (10.23)
) Hs Bripasxenus (10. 17) nonyuaem:
M =8B 4B, 68; 2B;
-1 A2 L _A— i 1 Yio1— = 0; 1,
«__ 6B
Mi= ==t o+ 2200, 63’ b+ 2,
Sf;l — 1231%1 B;_, 123 - 63
—= Y+ 9~+T;1!/z-1+ L 0iy,
u_ 12
Sl - yl+1+ l el+1+ 128 l ez’
1
OC/I€ MOJCTaHOBKH KOTOPHIX B (10.18) " (10.19) HMeem:
a2y dy; 12B;
m. L, 4 6B;
P Co=y "‘T;yi-i—l +ATlei+1 -
+ IQ(Bi+Bi—1) i 6(B;i—B;_y) 12B;4
T it —t =g, 2B,
A? A8 i-1
. 6Bl~l e
Tz Yiaa=—my U (2), (10.29)

260

6B; 9B; 6(B;—Bi—1)
A;yiﬂﬁfs Oip1— T A Yi—
4(B;4-B;— 68— 2B;— _
— j; D g,— SEL g,y — L0, =0 (10.25)

Haxoreu, nocse nogxcranosku B (10.20) u (10.21) nonyyaem ypasne-
HAA:

d? gy dyy 128y 68 0
my I -1 g as Yo Az 0, -
128 B ;
2y 621 0,= —my U (t), (10.26)
— 2y, Bg, Sy e =0, (10.27)

B pesysbrate coBmectHOTo petuenusi ypasnenuit (10.22) — (10.27)
fosydaeM 3HAYEHHS y;s.

4) KoneGanus dynpamenton (caydaii 1)

a) Koaebarus pyndamerma 6es yuema mocmoeoil onopei. B npeapiny-
IuX pacyerax $HyHJaMEHTbl MOCTOR MOARIHPOBAIUCH OUEHb NP HUOJIIKEH-
HO C TIOMOIIBIO YOPYIHX HMPYMHKHH M AeMilpepoB. JHHAMHUECKH] Xapak-
Tep Pa6oThl (PYHAAMEHTOB MOCTOB SIBJSIETCSI BECBMA CJOMKHLIM M HeJser-
KO NMoJ06pAaTh COOTBETCTBYIOILYIO YKECTKOCTL MPYXKHHBI, KOTOPast oTpa-
)kasa Obl AeHCTBUTEIbHBIE YCIOBHS PaGoThl. TOUHO TaK ke C MOMOIIbIO
3TOMl MOJEJNH HEBO3MOXKHO OIMcaTh pafoTy camoro dynjaMenta Iipu
3eMJIETPSICEHUH.

O6luenpuHEATEIE MeTo[ NpH pacyere KoJeGaHuil (QyHAAMEHTOB MOC-
TOB 3aKJIOY4eTCs] B PaCCMOTPEHHH TPYHTA KaK YOPYIOro OCHOBaHHs, &
¢dbyngaMenTa MOCTa — Kak 6anky Ha yIpyroMm ocHoBaHud. Koraa ¢yH-
flaMenT IepeMelraercsl OTHOCHTENBLHO FPYHTA, NPEANOadrdercsl, 4ro Ha
dyHAaMEeHT JefiCTBYIOT YNpyrue Cuibl ABYX TuNoB. Cuna nepBoro THia
NPONOPILHOHAIbHA OTHOCHTENIBHOMY IIEpeMeIleHuI0 TPYHTa U dyHjameH-
Ta, a cuja BTOPOIO THNA ~— NPONOPIHOHANBHA OTHOCHTEALHOH CKOPO-
cTH. Ecnay 0603HAuuTL yepe3 p BOCCTAHABAMBAIOILYIO CHJIY TPYHTA Ha
eIHHUILY TJIOWEAAH (QYHIAMEHTa, A I — OTHOCHTEJBbHOE IepPEMEIEHHE
Mexay (YHIaMEHTOM H TPYHTOM, TO

p= ky+cj—g, (10.28)

Ile £ — Xo3QpuIlMeHT yNPYrofl yacTd peaKlHH TPYHTa H ¢—CILeNJIeHHe rpyHTa®,

C yyeToM 5Tofl MPENIOCEUIKH 3afauya O KoJefaHHuAX COODYKEeHHS B
IpyHTe MOKeT ObITh pellieHa Ha OCHOBE TeOPHH pacuera 0ajlok Ha
yIpyTroM OCHOBaHHM.

* B OTeYeCTBEHHOH JiiTepaType HPH HCHOMbL30BaHHH 3aBHCHMOCTH THIA
(10.28) BMecTO ‘¢ BBOZUTCs KO3(GHIMEHT Heynpyroro comporusiaenus. (I[Tpust.
nepegoduura. )
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X it]

" - Pacemotpum npocroit nprmep. IpeacraBum kec
H MOJeNblo, MOKas3aHHOoi Ha puc. 10.18. K .
o P sBJAsieTCsT  a6CoJIIOT cer mpsm

A HO JKECTKHM M HMeeT mps
W YTOJIbHOE Honepeynoe A,
== yroa ceuenue. Ilpyxunnr xapak.
wa Hp YIOT YNPYTHE CHJEBL, @ JAeMilpephl — BA3KO
= yepyrne. Bce onu npunstel paBHOMepHO pacn e-
3 ﬁMJ:(I){HbIMH O NMOBEPXHOCTH KeccoHa. Kpome TO?O‘
TCS YOPYTHE NPYXKHHLI B OCHOBAHHI 5
) % ero 1 Kec-

y Ilpyx
HHBL U JleMIdepnl He

o ¢ep TIOJBHKHO 3dKpeJie-

Hb
KOIO K CHCTEMe KOOpIHar x0y. B s1oii %e cucreme
epenemenis Keccofggmgi; 3a]aHO CeHCMHYECKOe BO3JelCTBHE
eJeJISTIOTCS ,
o epeue CMELIEHHEeM LeHTpa
y TI0BOPOTa 6, a OTHOCHTENIbHOE TOPH3OHTATBHOE ngpel\zgu}{fee}s;”
e

LEHTPA TAXKECTH G B KOOPJL
nHartax xOy o6
HeHUS! KOJeGaHHH NpPHMYT BHA: y obosHaueHo uepes u. Toraa ypas-

(4 U) 12 172
e j (u-+x0)dx—chb | (44 4,40
y —l—x——)dx,
~1/0 ~1/9 ! at
10.29
;0 N g o
F:—/‘eb 5‘ (U4 x08) xdx — cb y (d—”+
—1/2 ~72 a
40 “
—I—xd—t)xd.x~—k y j ¥Oydy . (10.30)
—a/2 '

Sgece m — ™
— Macca KeccoHa; / — Mom
eHT HHEepPIH
pa taxect; U ()— . {HepILHH KEeCCOHa OTHOCH
KOCT prm;m Hé% Of:[epeMengHHe NPpH CEHCMHYECKOM BO3I[€ﬁCTBH;FﬂkaO ot
B OCHOBAMII KeccOpH TaJbHOH TOBEPXHOCTH KECCOHA; k' — KECTKOCT PR
a; ¢ — clenlenne e b IpyXHH
Ha 1; | — QaHHA Keccona, 10 (ppOHTANLHON TOBe
mev’ Hepl}'IeH}IHK e;;ona, b M a—cooTBeTCTBENHO WHpHHA KGCCOE:HSC}:H oo
YJSPHOM H IapalieJbHOM HaNpaBJeHHIO Kone6aHH°aHpaBne-
i.

ECJ[I/I HpHHﬂlb, 4TO BeC KecCOHa Ha eIU/IHHHy O6'BeMa paBeH P TO HpH
’

A =all:
m=v%:ln Il :vlaTbgB (I --242).
Hanee ecan o :d:e;/la, T0 ypaBHenusi (10.29) u (10.30) npumyT BHJ
y 74_;%_;& +%§_ u= —1U, (10.31)
a ﬁ % %ezo. (10.32)

Xapaxrep pa6
OTBEl KeCCOHA NMpPH 3eMJe
TPSICEHHH MOXKHO
TNIpU COBMECTHOM DEIEHHH YKAa3aHHBIX yPaBHEHHI]. OfipeAeT Ty

L CM. npuMeuanns Ha ctp. 255 u 261.
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Tlpu U = 0 noJsyuaeMm ypaBHEHUS cBOGOIHHX KoJieGanuil, KOTOPLE

4 apAKTEPHBYIOT JiBe (HOPMBL coBCTBEHHBIX KOJleGaHull — [OCTynaTe/b:

“goe nepeMeienne 1 noBopoT. [lepnoabl COGCTBEHHBIX KoJieGaHuH d KO-
gppHLLHEHTDI 3aTyXaHus paBHbL:

- e C g
T, 2n‘/kg’h1 - ‘/vka,

_ T 4/ g
Tz’Q“l/kg(1+axs)’ ha 2 ‘/ vka (1-+42) (14-ah?)

HI/I}KE ity CHpaBKI/I HpHBOILHTCH Bblpa)KeHI/Iﬂ pin ¢! I‘OpI/ISOHTaJIbHOI‘O
fiepeMeleHust 1 yraa oBOpOTA Bepxa Keccona NpH [IPUJIOKEHUH B STOM
ypoBHE rOPU30HTAJIBHON CHJIBI H u momenra M;

(10.33)

(10.34)

1 6M
S MY H A+ —— 10.35
Yo= Tpi (1 an?) {(4+“ YA+ } ( )
6 oM
S A— = 10.36
% kb3 (1+oh3) (H+ ! ) ( )

Besuunnbl £ 1 k' MOKHO OIPefeNnTh Ha OCHOBAHHH M3MEPEHHUs Yo U

- @, B IOJIEBBIX YCJOBHSAX.

v

6) Koaebarus pyndamenma ¢ yemoit mocmogoii onopet. B MpenbIAY-
meM maparpage paccMoTpeHsl TOMILKO KosieGanus OHOTO (QyHAAMEHTA.
ITpu HaJIHYHH OTOPEl H MPOJETHLIX CTpPOEHHH KoJ1e6anust CHCTeMbl Oy IyT
apyrumu. Hanpumep, mpu paccMOTPEHHH OJHOTO dynaaMeHTa K03 dH-
LMEHT 3aTyXaHua JOCTATOYHO BEJIHK. Opnuako Npu yCTaHOBKE CBEPXY
TPOJIETHOTO CTPOEHHSI €ro BeIHUHHa ymenbuates. [ HIIOCTPALHH
3TOTO TOJIOMKEHHS HIKE NPHBONSTCA Pe3y/IbTaThl pacyera PasHbIX Ba-
PUAHTOB CHCTEM.

PaccMoTpUM KOJIEGAHHS CHCTEMBl C JIByMi cTeneHsiIMU CBOGOJBL
(puc. 10.19) npu JeACTBHH CHHYCOMJA/IbHOM BOJIHEL.

MertojnKa pacueTa npupejieHa B paszene 5.9. Huxauit sipyc 3TOH
MOJIe/IH XapaxkTepuayer QyHAaMeHT, a BepXHHil APYC — KOHCTPYKIHIO

'MOCTA.

TMpuuatsl cayayome 0603HAYEHHS:
my — macca (yHIaMeHTa MOCTa; Mg —= Macca KOECTPYKILMH MOCTa; A= my/my;
p1 — yacToTa COGCTBEHHBIX Koneanuil Gysxamenta MocTa npH OTCYTCTBHH Ha-
TPY3KH OT BEPXHEro CTPOCHH,; hy — KO3QPUUHEHT 3aTyxaBHs st Tex e ycio-
BUH; Py — 4aCTOTA coGeTBeHHBIX  KoJseGaHui

BepXHero CTPOeHHs NpH a6COMIOTHOR XKECTKOCTH my

rpynta; hy — Ko3(QHUKEHT 3aTyXaHHsa JJIs TeX ‘——
"___-—J'
my

Puc. 10.19

ke YCJOBHH; © — 4acToTa cefiCMHYeCKOTo BO3-
MyLIEeHHs:

g = p/o; g2 = pol ©.

Ha puc. 10.20 npuBefeHbl MapaMeTpLhl
peakiH sl cyuas gy =2, NpHiIeM B ka-
yecTBe OpAMHATHL HA rpaduKe yKasaHbl aM-
IVIATYAB KoseGaHuii BepXHEro CTPOCHHMS,
a B KayecTBe abCUMCChl — BEIHUHHA (.

L
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Cromsu
ci Ko;elxg;HﬂH%HH;M: Ha TpaduKe MOKA3AHBI CJAyuaH Claboro 3aTyxa
us KoaeGaiil g VHAAMEHTa, A NYHKTHPHBIMH JIHHHSIMH — c.nyq;{
AR y;aﬂm. BoJipiine 3Hau€Husi A 03HAYAIOT, YTO MaC("l]
Qynjawchta Manz, MaJsiple — Hao6opoT, 4To Macca ¢yHaamenTa Be(
auxa. Ara Gong YVHKa NOKAasblBAeT, YTO pasmepsl (yHAaMeHTa Mocr'm
oraz 1110 BAUAHHE HA aPAMETPLI KoJeGaHHiH BepXHEro CT .

. po‘

1. PesonaHcHbifi nepuoj] KoeGaHui BEPXH
€ero

€TCsl C NOBHIILIEHHEM TAPaMeTPa A, nocxo.nbiy B aT(?;pcoJf;t?aﬂe ﬁBaeizqgii"

AdMeHTa MaJa, U OH CoBep T JI HHA CO
maeT Ko
oy efa COBMECTHO C BEPXHHM CTPOe-

7

B

: /X

S 7 ST N

§ VWA

§ 4 A\ Puc. 10.2

¢ X . ~ .20.  Buaudauuc
S / /.‘15_ 4 < Maccel hyHzaMeHTa iua
s, //,//,2'0__1\ . N | 7apamerpur xoneGaHuii
S § Z L ~ OPOJIETHOTO  CTPOEHHs
== ENSRE e

¥y ly«/ \\\-:”‘:?:

g =

30 B

5 06 0

S , .8 1,0 1,2 14 1,6 16

T
i geao}?;ﬁcﬁﬂc;,?i’?%l}?;H(B)aTyxaHgH kKoneGaHull (yHIaMeHTa BJIHAHHE A
KoJIe %
na I aHNH BEPXHErO CTPOEHHS He3HAUUTE/b-
3. QcofieHHO 3
. HAYWTEJIbHO BJIHAHHE I1ap
amerpa 3aryxa
BepZHeEO CTPOEHHMS HA aMIJIHTYJIBL €I0 KoJeGanHui d YR A
. s q}cOJ;)I;4 ancl){ceT%(;’Zzb aHAJOTHYHbIE KDHBHIE JJI5 PasHBIX 3HAUECHHH
, T CHJIBHO OTJIMYATHC
o s OT KPHMBEIX Ha puc. 10.2
neéagigsﬁql)?i?a ;'g He3HAuHTebHOE BJIMSIHUE IEPHONA CO6CTII3)€HHBIX Kg.
HTa Ha aMIUIHTYAbl KoJieGaHui )
HUH BEPXHETO CT
; OEHUS.
Bbmgﬂng}z;Z;mgzilc{g(e)Bxapatgmepucmuxu pyndamernmos MOCﬂ’LOI; Hais
HEOOXOJUMO OTPEAETHTD :
nnentel. Jaxe B Haunbos D anws hoabou
ee TIIPOCTOM cJayuae KoJeGaHuh
(puc. 10.18) Tpebyetcst Hail i OTHOCHTOR ECT.
iTH TpH nocrosiHHbie. K H
SR A . UM OTHOCHTCS 2KeCT-
, HUUEHT 3aTYXaHUs H BeJ I
Cs1 MAacChl, B KOTOPYIO o
IIOMHMO MAcChl CamoTo
e Nacc, KeccoHa BXOAMT Macca
BpT e qT06u]jIe(1)‘gp;éﬂréich::§arcpyHTa. OcHOBHAs TPYAHOCTh 3aKJIOUAETCS
KOJ
o, BKO CYIIECTBEHHO BJHAHHE 3THX Iapa-
Hcnons
rore e s}ziiﬂne B IIPaKTHKE MOJEIMPOBAHMS KoJefaHui MNOJA3eM-
Horo < ﬂszlme Hsl CHCTEMBI MacC, NMPYXKHH H BA3KHX AeMIdepoB caMmo
TCs1 BeCbMa criopHuIM, OIHAKO ec/IM TaKas Mojesb BhIOpa-
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4, TpeOyembie KOHCTAHTEL JOMKHBL GBITh OTIPEJENENbl HCXOAS M3 TeX

e CAMBIX npeanooKeHui. JIpyruMu CJ0Bant, JKECTKOCTh NPY?KHHBI
onpenenseTcs p3MepeHHeM TepeMerienns OT CTATHUYEeCKOH HArpysKH,
[PHJOKEHHOH K KECCOHY. KospuiueHT 3aTyXanus I3Mepsercs 1o Be-
AuuHHE JMHAMHYECKOro KoabduunenTa npH JEACTBHHU rapMOHHYECKOH
garpy3ku Ha KECCOH. Macca onpeje/sercss U3 BbIPaKECHHUA (10.33) mo
OMBITHOMY 3HAUEHHIO PE30HAHCHOTrO NepHoJa.

gnonckas HAIHOHATbHASA accolHaIusl JKeJIe3HpX Jopor iponesa
BUOPAIHOHHbIE HCTIBITAHUA CEMI JKee306eTORHBIX  KeCCOHOB Pa3HOro
juamerpa ¢ pasJIHUHOH TJyGHHOMN 3AJI0XKEHHS. JlpameTp KeCCOHOB bl
PUHSAT 1; 1,4 u 2 M, A BLICOTA 3,3:4,8u6,3M. [pyHT OCHOBAHHS Ha I1JI0-
[A/IKE UCTIBITaHKH IIPEACTABII oGOl TBEPAbIH CYTVIHHOK C IOBEPXHOCT-
HBIM CJIOEM MOLIHOCTBIO OT 2 no 5 M. Kakaplii KecCoH OBl IOMHOCTBO 34~
ray6JeH B TPYHT, & €TI0 oCHOBaHHE TOrPYIKEHO B CIOH CYIVIHHKOB 10
MeHpIIell Mepe Ha 2 M.

[Ipu MCHHITAHUAX (QUKCHPOBAIOCH FOPH30HTANbHOE TTePEMElCHHE
BepXa Keccona MpH CTATHUCCKOM NIPHUOKEHMH HATPY3KH B TOM ypoBHE,
2 TaK3Ke CTPOMJINCH PESOHAHCHBIE KPUBLIE BBIHY XKACHHBIX KosieGanui 1pH
rapMOHHUECKHX BOSMYIICHHUAX.

yKectkocThb OblIa ONpefeIeHa 1o pesyJIpTaTaM CTaTHYECKHX UCTBITa-
HHf ¥ cocTapassa B CPeHEM k = 1,2 kre/em®, Ko3(duIeHTH 3aTyXa=
st GBITH BEIUMC/ICHEL 110 TIepeMELIeHIAM BepXa KECCOHOB IIPH PE30HAHC-
HLIX KOJEBaHHAX H PaBHAJIHCH K = 0,26. KoneGmomascs mMacca Gplia
HalieHa 10 BEIPAXKEHHIO (10.33) ¢ uCHOL30BAHHEM H3MEpPEHHOTO pe-
30HAHCHOTO NIePHOja H XKECTKOCTH TIPH CTATHUECKHX MCIBITAaHUAX. BBLIO
yCTaHOBJIEHO, UTO KoJie6Tiomasicsl Macca paBHa CyMMe MacChl KeCcoHa H
NPHCOEMHEHHOM MAaCCHl, paBHOjt 1,3 MacChl KecCond. 3arteMm Opl1a IPO-
BeJIeHEl HCIIBITaHHA € BO36Y K AEHHEM CBOGOHBIX koneGanuii 3aray0/es-
HBIX KeccoHOB. HaiilenHBIH u3 9THX JCTIBITAHHH KO(QQUIMEHT 3aTyXa-
Hys KoJieGaHuil B cpefHeM ObU1 PaBeii: h = 0,2. Ecan npuHATH KO-
uIHeHT 3aTyXaHH#A h=— 0,2 BvMecTo A = 0,26, TO XECTKOCTD CHCTEMBI
yBenuyuBaeTcs B 1,3 pasa no cpaBHEHHIO C JKECTKOCTBIO TIPH CTaTHyec-
KIX HCILITAHHMSIX, @ MPHCOEMHeHHas Macca BBOE GoJIbLIe MAcChl Kec-
COHOB.

Bu6panuouHbIX HCIBITaHuil QyHAaMEHTOB MOCTOB Ge3 onop npopeje-
HO CPaBHHTEJbHO HEMHOTO. Hapsiay ¢ 5TMM H3BECTHO MHOTO HCNLITaHHH
HOCTPOEHHBIX MOCTOB. E. Kypubasu (344] 0606LIKT 9TH HCOBITAHUS H
MOJTyYM/ TIOJIe3HbIE IS PAKTUKH TPOEKTHPOBAHHA H CTPOUTENBCTBA
pesyJbTaThl (CM. ta6a. 10.1).

B Ta6nune NMpHBEACHDI SKCIepUMEHTA/bHEIC JAHHbIE goJiee JiecATKa
MCHBITAHYI MOCTOB IPH AMHAMHUIECKHX HATPY3Kax, OTASIbHBIX pynia-
MEHTOB 6e3 OIOp U C ONOpamu, a TAKKE CO CMOHTHPOBAHHLIMU M NPH-
IPYeHHBIMH TIPOJETHLIMH CTpPOEHUSIMH.

[TocKOJAbKY M3 Pe3yJ/ibTaToB CTATHIECKHX HCOBITAaHHA SKCIAyaTHpYe-
MBIX MOCTOB TPyAHO ObLIO OMPENETHTH 3HAUeHHUEe KO3(pUINEHTOB k,
npncoennﬂennoﬁ Maccoit npeHeOperamu H B KauyecTse KoJiebJomencs
Macchl IPUHUMAMU Maccy TOJIBKO COOpYKeHHUs. 3HAYCHHS k mojicyHTHI-
pajuCh NO BeJHUMHE 3TOH MAacchl H3MepEHHOMY MepHoAY COGCTBEH-

265



umelQ
. . . _ . . « ~-BHO[T] d
— — 1€%0°0 m.o B B _ « paeaelesy] | W
—_ — w10 mw.o - B . 9% OL awoL| O
- - 70'0—L50°0| 660 - anHa0dLd SOHIAI RYENRLOE
. . o _ _ — -odu ‘edoro  « ‘OWOYOH]T] 0o
— — ga0'0 g0 paeaord
wowAdeHgo ) . . _ _ — ¢g edouo ‘ow ol | -HIL-HHII d
3K JHBHOEA] — 3'0—6 0 19H edouo ‘1HoW pARNHH]]]
. . = _ — — -eYHAD HBHHERED ~HeHO[[] | N
— — 4 .o 66 ho . . o & paeJeYeAL] 14
— — 101°0 86 0 papl
‘ ‘ _ — — & -psummed £ T
—_ — gp'o—1e0| 130 PYENRLOE ‘0N
‘ ‘ _ — — ax o] | -Ameweneyx Y
— — 981°0 v1°0 pdoo ‘LHOW|  EYENELdE
wodouge . . R I ryp | -evnkd manpeaD | cosmmERY | [
OHOHIFOLOTY — 91°0 0 S
. . . _ 109 ow o] | -Amed[-HHIIL | d
— Zv | 9900 9e°0 0 =
auHa0d 1D SOHLDI
-odny ‘edouno ‘1HOW umelQ g
. . _ _ 09977 | -erHA] WEHHOIMY|  -BUAMOK ,
— — 1o | 680 g at :
v € ¢
- o o _ s | ¢ _ 9 _ ¢ | |
i BUH
. azu\oﬁ: ‘Yo Ly .E_movx N WHELMION XINH BLOOW ”MMMM
mww mmmwo puHexALEE .:%w: wrn | 94OU0 | _orree | ouHIL 1HAd 1 .:wsumaozm 13e990 | onnedoHoWHeH | ommH
omHeRondIl | o Lyenntr | smommndpde o) | omenosad | 2t | EH9 | -EHE atieh
udu ¥ -0%Md | -Arr g
$HHIRB HE
1°01 “vouw annaxvogod I
(eLoow oo xad
nodolge uxarel youuAds | -suon) edouo ‘IHOW
OHOHIOLOT] q1 $0°0 Gz'0 A 11| — |omoamudu o 31009] | -eWHAD HHHHOIDIY eaetoldua], !
wodoige mareld goHuAdy | (BLOOW HOO qIroYd)
OHIHIOLOT] L 00 9z‘0 Syl 21| — |omgodwuda o 31009[] edouo ‘o of | eaetoidHa] [
310091 L7 edouo ‘LHON
— e—e'l 260°0 130 1‘g | g1% ¢ paLouHdocoNraYy | -BYHAQ HIIHHODI)] eERIOON Y] J24
— 90 6510 gv'0 |88 |€01| T ry o« Hedny |-
HowAdRHQO [HHUIND OI909W egetoid
OH JHBHOE3 e 23'0—31°0 1Y 6 8z | o1 -udu o yHaedJ sty « -H3] -HHU[]] d
- L'y £850°0 gI'0 | cor 91| OF 009 [ L B ew oL | d
EMHIT
- e'e 11°o L1'0 | ¢'8 12| 0% 3009 g ‘o Of | -Amed-HHI] | F
T4 edono ‘LHOWEY
— Z G980°0 G171°0 g | vee | g1 vy | -HAD HIFHHODI)] paRJUXY |
17 edouo ‘1HOWRY umelQ
— g 20°0 81°0 e‘g ar | — guged | | -HAD HIIHHODOIY -eILdAD 0
84 edono ‘iHomeY
- v—3 801°0 gsr'o |22 |1z | ¢ M023[ | -HAD HMHHOOS) Moy | g
LHINEY HMEeI)
— ¥ - p1'o>| — |g'1g| ¢ %0911 | -HAD HEHHODIY -eYHmol | g
wodoige HUHBEOHOO WOH
OHIHI'OUOY] ¥/ 1800 670 ez | — — erey)) | -aresd ed edonQ | eeedoHeseH | Y
1 01 6 8 L 9 g ¥ _ ¢ | % 1
¢/2I% W HHH
*XBHHeLISI 3 ‘Yo W (BUHIK N -9hBH
anngnannd]] -ou xwxd | wuHexAles | pqoy g |MAOUO | orres | omien 1ukd ] HUHBLIION XITH BLOOA -£090
-oBHWEHAY | IHOHTHOPEOY | .jgenoead BL vRHHQ -eHE -HoHnedgHd 1¥349(Q |oHMHREOHINWHEH | oy
ndu ¥ -0o1g | -4r] -4OUIR
EWHOhBHE

1°01 eMHL QR [

20L00W XMHROIEQ BHHELMIUDHM IMHHOMWedgug

267



e Jmooma
/’—\\\
N\ o Hpopma
I =~
~~~~~~ !
2

Puc. 10.21. Hepaspesnoit 6a-
Jounbit Moct CoOKo3aBa IJIH-
Holt 327,6 M

HLIX KoaeGaHufi. Ilostomy HalijeHHBIE

sHaueHus k Obwin Gosbliie, yem mpu cTa- Puc. 10.22. dopmbr  cober-

THYECKHX UCOBITAHUTX. BEeHHbIX KoJebauuH Goable-
Kak Bunno ns rabn. 10.1, sHauennsi B yoora mepreszmcynmme. o

HMEIOT GOJIBLIOH Pa3fpoc H JIst ONOP MOC-  ocu

TOB C K€CCOHHBIMHU prH}IaMEHTaMH COCTaB- 1 — u3MepeHHble 3HAYEHUS; 2 -—

as0T ot 0,6 n0 15 xre/cm® nmpu cpemen — PActeTHMe sHatenus

4,4 xrc/em3. Tlpu atoM KosddunuenT saty-

xanusg h = 0,08— 0,22 (cpenmee smauenue h = 0,111), a ans omop

co cBaiflHbIMH ¢yHInamentamH h = 0,09—0,45 (cpenmee A = 0,211).

IlpuBenienntle BeTHUHHE! OTHOCSTCS K ONOPaM 0€3 MPOMETHLIX CTPOe-

uunit. Korfa Ha omopsl yCTaHOB/MEHE! NPOJIETHBIE CTPOEHHS, Ko3(du-

LHUCHTEl 3aTYXaHHsl KOJNCOAHHA YMEHBINAIOTCS COOTBETCTBEHHO 10 A =

=0,07—0,11 1 1=0,03—0,06 1151 KECCONHBIX 1 CBAHHKIX (PyHIAMEHTOB.

ITockoabKy nHpHBefieHHblE DE3yJIbTATHl MOJYYeHE TPH BHOPALHOH-
HBIX HCIIBITAHHSIX MOCTOB C HauboJiee LIHPOKO BCTPEYAIOMIUMHCS NIPO-
JIETAMH, JJIsi GOJIBLICNTPOJIETHEIX MOCTOB PE€3YJIbTATHI MCILITAHHIL O K-
HBl ObIThb HHBIMH. [I0 CHX IHOp MCHBITAHHE 6OJIBLIENPOJIETHBIX MOCTOB
TIPOBENIEHO HEMHOT'O, M IaHHblE O MX JHHAMHMUECKHX XapaKTEPHCTHUKAX
BecbMa orpaHHueHbl. IlosTomy ucnerranus mocra CoxosaBa npejcras-
JISIIOT HEeCOMHEHHLIH HHTepec.

Moct CokoszaBa umeer miuHy 327,6 M M COCTOHT H3 IISITH NPOJIEeTOB,
HaubOJIbIINI M3 KOTOPHIX paBeH 85,4 M. Bricota omop Mocta ot 30 110
53,5 M. O6mmi BuI MocTa moxasaH Ha puc. 10.21. Bepxuee crpoenue
NpecTaBIsieT cO00H HepaspeaHble GepMbl ¢ NAPANIENbHBIMH MOSCAMH U
JKeJIE300€TOHHOH TJHTOH Ipoe3xel yacTH. Onophl BHITOJIHEHH B BHJE
XKeJIe306TOHHBIX KOJIOHH C BBICOKHM IIPOLEHTOM apMupOBaHus. PopMer
COGCTBEHHBIX KOJIEGAHUH MOCTa ONpeeseHb! SKCIEPUMEHTAIBHO U I10-
Kasanel Ha puc. 10.22. J{asa nepBoii ¢opMel KpHBAasi lepeMeleHuii Bepx-
HETO CTPOEHHA aHAJIOrHYHA opMe KoJjie0aHuil NpoCToH Gallku, ONupao-
LIeficsT Ha yCTou. DT0, MO-BHANMOMY, CBA3aHO C TEM, YTO MPOMEKYTOY-
HBI€ ONOPLI BHIMOMHEHB BHICOKMMH W THOKHMH. IlepHonx coGcTBeHHBIX
KOJIeGaHHH OCHOBHOTO TOHa cocTaBisan 0,65 ¢, a KosbduuuenT 3aryxa-
wus 0,013. s tperbedt u uerBepToit opm A Takxke pasuer 0,01—0,02,
UTO HECKOJIbKO MEHBIIIE, YeM JIJI1 MOCTOB C IIPOJIETaAMH OGBIYHEIX PA3MEPOB.
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- TPYHT4, ¥ NPHUMEHHMOCTb TAKUX Mozesed AJs

5) Kpneﬁaﬂuﬂ dynnamentos (cayuai 2)

Mogesb COOpY2KeHHs!, ONUPAIOIEerocs Ha IPYHT, 06BIUHO TIPHHHMAET~
¢ B BUJE CHCTEMBl MAcc, yIpyrux NpyxKuH H nemitdepos. ITogzemMubIe CO
OPYKEHHA COBEPIIAIOT KONCGAHHA COBMECTHO € OKPYKAaOUHM MacCHBOM

pacuera BecbMa cropua. Moxro mpeanoso- -
JHUTb, UYTO 3HAUMTENLHBIl Pasbpoc ONBITHBIX | |2¢ |
J@HHBEIX B PACCMOTPEHHBIX BEHIIIE SKCIEPHMEH- -
rax OGbSCHSETCST HeajeKBaTHOCTbIO IPHHS-
ThiX Mojlesiefi. TeM He MeHee Takue MOJEIH
IIHPOKO UCTIONB3YIOTCS TIPH PacyeTax B CBASH .\ .,

¢ uX IIPOCTOTOl. 3ajaua Ja/bHeHAInx necie- 814
JOBAHHH 3aKJIOUAETCS] B COBEPILIEHCTBOBAHHHU .
pacueTHBIX Mojieneii. PesyJbTaTel HeKOTOPBIX

MCC/IENOBAHMI 5TOTO HanpaBJeHHs paccMar- X

PHUBAIOTCA HHXKE. Puc. 10.23
1. Hpubauscennoe peuenue K. Cesasa

[301, 302]. K. CesaBa paccmoTpes amiLlIH- . o

Tyl KOJIeGAaHUH MHJIHHIPA C PajuycoMm & H BbICOTOH L, ormpa .

mierocss Ha TPYHT, NPH NOAXOJE BEPTHKANBHEIX MPOJOJBHBIX Tap

MOHMUECKUX BOJH C EIWHHUHON aMIIuTyRoi. Koopaumarsl B cHCTEME

NPHHATH KAK 110Ka3ano Ha puc. 10.23, a ypasHeHnue IBHKYILIEHACS BBEPX

BOJIHEl MMeeT BHJ: 7
. X

o= €Xp [tw (t + ——)] (10.37)
Cp

rie ® — KpPyropas 4acCTOTa BOJIHBI;, Cp — CKOPOCTD pacnpocTpaHeHus HpoRoIb-

HOM BOJHHE B TPYHTE. o
Ecou yepes A H M 0003HAYUTH KOHCTAHTHI Jlame, a p — IVIOTHOCTB

rpynTa, T0
A2p
o= YR

TTon AeficTBHEM BOJHBI IMJAMHAP Kosiefsercs B BePTHKaJbHOM Ha-
npasjenud. IIpH 5TOM B Teje WIIMHAPA PACHPOCTPAHTIOTCA BOJIHE

u' = Aexp [ico (t e :x—-)] +Bexp [im (t —?x,- )]

p— ’ -I r __
3nech ¢’ — CKOPOCTh BOJHEL B Tejle UMJIHHAPA, paBHasd ¢ = '\/E /p*, Tae E
moayab IOura u p’ — MJOTHOCTH LHIHHAPA. o o ]

TlepBoe cjaraeMoe XapakTepH3yeT MOJHHMAMOWYIOCH BBEDX Bo.rmy,_
a BTOpOE — ONYCKAIOMYloCs BHU3, A, HB ~— IIPOH3BOJILHEE NOCTOSH
Hble, OnpeeNisieMble TPAaHHYHbIME yCJIQBHAMA. o

KpoMme Toro, HeOGXOJUMO YUECTh BOJIHEI, OTPaKEHHbIE opnmagpmna
CTH TPYHTA H OT OCHOBaHHUs IHJIHHAPA B TPYHTE.. BoJsinl iepBoOT > A
MOMHO NPHHSATL aHAJOTHYHO BOJIHAM, BO3BpamdlomuMCcs B TPyHT:
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Uy = exp[im t— -2
— I (10.38)
BosiHa BrOporo tuma ;
eHLHa BTOpOrG TH pacnpocTpaHseTcss N0 pagualbHOMY Hanpa
TICHI0. OT 7O 1\14“; - € OCTABJISIIOILYIO BOJIHBL B PaJHAJbLHOM Hanpaﬁnles-
, MepHJHOHAJIBHOM Hanpa i
i 0 paBnenun — v. Ta -
gﬂaqﬂgeﬂsbmonﬂum AJs1 IPOJOJNLHBIX BOJIH H NONEPEYHBIX BOJ}I(I?B pgg
- mx); COOTBETCTBEHHO HHAEKCAMH p U s. B cooTsercTBuUH € Tec et
y OJIH ypaBHEHUsI IBHKEHHUS NPOJOJIbHEIX BOJH B oon
HanpaBieHud u3 Toukn O uMeloT BHJ: pAHaTbROM

2
up—_———;;’icosed—‘irexp[im<t___’_)]<_l+ Cp )

Cp r ior?

J(++2) 039

r iwr?

¢ nl
Up=—Tsm6—exp [® t__r)
(0] r cp/

AHaJlorHYHO AJ151 NIOIIEPEUYHBIX BOJIH:

usz_ 453 COSOLQXP [l(l) (t__‘ r L Cs
¢ r Cs )]( r g iwr? )’ (10.40)
b= sin 0L oxp [i ]/
(] e { ; exp [l(l) (t —_ . )] (_4_ Csa )+
8 r r

+%exp [i(o(t— C’_s)]<%+,t_(oosr_2)}

’

u= a'up + l‘)’us;}

::avp_}—ﬁvs, (1041)

TAe & H P — KOHCTaHTHL

MozkHo nokasa
Tb, YTO €CJIH & MaJIO IO Cp
aBHEHHIO C JJIMHOU
TO BePTHKaJbHEIe NlepeMelieHust Touek A u B paBHEHL. OilaouaH POMHEL

(4o + 1y +u)a= (to + 13 —0)5.
[ockonbKY (43)4 & (U1)s ¥ (Uo)a = (Lo)B,
. ) Upg= —Ug. (10 42)
JI1 COGMIONEHHST 3TOTO YCJIOBHS HEO6
0,
CBA3AHBI C/IEAYIOUHM COOTHOILEHHEM: NORTMO, STOGK! & M [ Getk
o Ugpt Usp
5 ———upA+upB . (10.43)
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0x

Jlnst TOTO yTo6H 3amucath rpaHHuHbIe YCJIOBUSA JYisi OCHOBAHHUS LH-
JMHApPA, PAaccMOTPHM YCJIOBHYIO a6COMOTHO  JKECTKYlo Tosrychepy
(puc. 10.23). Koraa paguyc UMIHHADPA HaMHOTO MeHbliie JUIHHBL BOJHBEL,

aHUYHBIE YCIOBHSA Ha MOBEPXHOCTH rosycdepsl MOXHO MPHHSATL BMEC™
T0 PaHHYHBIX yCJIOBHI B OCHOBaHHH nsiuaapa. [Tocko/bKy nepemes
jeHUs] B OCHOBAHMH IHIHHJDPA (npu x = 0) NO/IXHEI OLITH PaBHBLI BEpP-

THKAJLHOMY IePEMEIeHH IO TPYHTa B Touke A,
)x=0=2 (Uo)x=0 --Ua.

| (a“' )x= =0 (10.44)

(10.45)

g cuJja B OCHOBAaHHH IAJHHIAPA JIOJI2KHA OHiTE paB-

Kpowme Toro, oceBa
fi nanpsKeHuil MO MOBEPXHOCTH noaycoeps:

Ha paBHOJEHCTBYIOLLE

, /2 om 3
E’ m?( Ou ) = S S [(hA+2pb ——u—) r%osGsinB-decp] +
- dx Jx=0 020 g0 or r=g
wj2 2w 3 5
+ S [ o v L _”_orzsinededcp] . (10.46)
00 o0 or r r 00 r=¢
rie 1
A =a cos O exp [im (t-——r—-)] (———}— ‘cp2> . (10.47)
Cp r r
Kosdduuuentst A, B, o ¥ P MOXHO ONpEASIHTb H3 BLIpaKeHHH
(10.43) — (10.46). Ypapuenue M1 BOJIHBI, pacnpOCTpaHmom,eﬂcﬂ
B LIUIHHAPE, TPHHHMAET BHA:
, . Tz 112
Uye —1 =4 ‘/_P_;TFQ% (10.48)
Tae \
F1:3_ g2 ©? (2+3_f_p___f_’.7_)‘
b s (10.49)
ot 22 ) S (1=
2 Cp Cs c? ¢p
2
Ps21‘1cos—i—+ SE 3&:—( +—Ciz—— i (:2 )sn————
4 Cp Cp [ (10'50)
2
Q= 21"2cos—91——|— SE o (2 + —C—s——)sin o
¢’ p ¢ Cp cp c’

e) KoJie6aHus KPyIJIOro LHIHHAPE, onupat-
[OJXOAe CHH3Y BEpPTHKaIbHOH nonepevyHoOH
oryT GHITb MCC/IEJIOBAHBL aHANOTHYHBIM METO-

TMonepeussle (CABUIOBbI
merocss Ha TPYHT, TPH
rapMOHHYECKOH BOJIHBI M

JIOM.
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2. Pewenue X. Tadncumu [348]. PaccMOTpHM KPy B LHAHHID, 3a-
r1yGJeHdbli B MOBEPXHOCTHBIA CJIOH TPYHTA W ONMUPAKOLIMHACA HA MJIOT-
HO€ OCHOBaHHe, U ONpelesuM KoJebaHHsl HHIMHAPA LPH FOPU3OHTAJB -
HOM BO3SMYIIEHHH OCHOBaHMs. Takas 3ajaua BO3HHKAET NPH dHAJIH3e
KoJle0aHuil 3aryiy61eHHOA B IPYHT ONOPBL MOCTA BO BPEMs 3eMJIETpsice-
Husl (puc. 10.24). 3agauy MOXKHO YNPOCTHTH BBEACHHEM Psia lIPeIo-
CBIJIOK:

a) TPYHT OCHOBAHHS CYMTAETCSt aGCOJIOTHO JKECTKHM H COBEpLIAIO-
MM CT2IHOHAPHBIE TAPMOHHYECKHE KOJMeOaHHS B TOPH30HTAJNbHOM Ha-
npaBJIeHHH;

6) NOBEpXHOCTHLIA C/IOH NPHHUMALTCS BSA3KOYTPYTUM CO CJAEAYIOIHUM
COOTHOLIEHHEM MEKIY HaNpPSKeHUSMH H JedopMalusaMHu:

i . 0
T=(p -+ ip —
(H r— )V,
tae T — KacaTeJbHble HaNPAKEHHS, Y — AeQOPMAINK CABHTA;

B) LMJMHAD CUMTAeTCS HEC)KHMAeMBIM, OCHOBaHWEe MMJIHHAPA CBS-
32HO C TPYHTOM OCHOBaHMsI YNIPYTHUMH NPY:KHHAMH U JemidepamH, Boc-
NPHHUMAIOMHUMH MOMEHT. XapakTepPHCTHKH NPYXHH H JeMmudepoB on-
pelessIioTCs, KaK YKas3aHo BHILIe;

I) BePTHKANbHBIMH KOJIEGaHHSIMH B IIPeLeNax NoBePXHOCTHOTO CJIOS
npeneGperaem. B cBA3H ¢ 3TUM KacaTesbHEIE HANIPSIKEHHS 1O IOBEPXHO-
CTH UMJIHHAPA B BEPTHKAJbHOM HAIPaBJEHHH OTCYTCTBYIOT.

. Ilpu ropusoHTanbHEIX KO/MeGaHHSIX TPYHTA OCHOBAHUS B NOBEPXHO-
CTHOM CJI0€ NPOHCXOANT MHOTOKPATHOE OTPakeHHe BOJH. Ecau numuuap
He 3aryy6/IeH B OBEDXHOCTHBII CJIOM, KAPTHHY PACTIPOCTPAHEHHS BOJH
B HEM MOXHO OIPENeNHUTh METOJaMH, DacCMOTPEHHBIMH B pasjene 3.5.
ITpu sarnyGnenHoM NUIHHIpPE HA MyTH ABHXXEHHS BOJH B IOBEPXHOCT-
HOM CJI0€ BO3HHKAeT NPEINsiTCTBHE H NOSBJSIOTCH BOJIHBEI, paclipocrpa-
HSIOIMEC OT UMAHHAPA B PajinajJbHOM HanpasieHHH. B stom ciyuae

CHJIBI, JAGHCTBYIOLIME HA LUJIHHAP, MOMKHO Da3leJIUTb HA TPH TPYIIIHL.
K nepBoit rpynne oTHoCATCS CHIBL, KO-

TOpbIC IIEPEJIAIOTC OT I'PYHTA OcHOoBa- 401 ¢ —
HUS] NIPH €ro TapMOHUUECKHX KoJjebas il
HusX. Bropas rpynma xapakrepusyer 15 -1 hg=0,1
g
1 S
- II f,
A all=1/Y4
T o | 7 05 —c
x| o | \/&
=l f 1
v ‘ A
¢—22~——ﬂ 2 4 00 10

20 w/wgo
Puc. 10.24 Puc. 10.25. CooTHolenue Mexny
! — MoBepXHOCTHBIA caoft; 2 — coioft ocHo- KOMIJIEKCHOR YIPYrofi NOCTOSHHOM
BaHusa

TPYHTAa H 9aCTOTOR ceHCMHYECKHX
KosneGaHuit
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THOI 1M BOJH B TOBEPXHOCTHOM CJIOE.
e, TME;)E?IKFI)‘?)F}IHHOI?; OCTI/?J? msc?slﬂuxaer OT BO3JIeHCTBHS oxpygg;l(;
HaKOHe;l ) ’H’I?a 3a CueT Pa3JIHUUst MEKAY ABHIKCHHSIMII nosepxgoBchpyr
s 1 & yapa. OHa ONpefessieTcst HalpsKEHHAMI B rpyHTe ! yr
O ipa it HgnbpuHOHaana CKOPOCTH IMJIMHJPA, TaK KaK neHCT:yHH
umnmpaa?( rclgna COIPOTHBJEHHS, DTO CBA3AHO € TEM, YTO ﬂeq)oepﬂl\; euno
Hzclzzr;al‘rpyma NPONOPILHOHANBHEL €10 CKOPOCTH, a Iﬁigl\geﬁ;enenmb
Mase COBMANAET CO CKOPOCThio. Bee ;rgn TpyInEL CHJ MO

JTOCTH. ) )
" %jc?cT:r{: ngﬁg?;\;;;gf?;; ggs%yanaTOB pacuera yxasam;on aBbI(l:Ié; 31\;3_
JeUH U anaN3uPyeMOil MOJAETH MOCTOBOH ononp:lu(%ﬁ?@igo%) psat
HOTO C TPYHTOM OCHOBAHHS C IOMOIUBIO npy:x e wacros
CTAHOBUTH B/MSIHHE XapaKTepPUCTHK NOBEPXHO T O ber oL
Zeﬁcmqecxoro BO3/IeICTBHA Ha JKECTKOCTH NPy
' Sy . Ha pucyuke
3aT}1])>§esymTaTb1 COMIOCTABJEHHs TPUBEACHB! HA —pHcckoi)%czTE)n bac rII)ponga-
NpUHSATHL CJACAYIOMHE o6o3HaAUeHUs: Cp U Cg KOO By To-
HEHMSI COOTBETCTBEHHO MPOJOJIBHBIX H nonepey i ocnoéaﬂm; o
Basi yacToTa TapMOHMYECKHX KoJieGaHui TPYH A,
Gaaloas yacToTa IoNepeuHbix BOJMH B noBep e
fugiariarien Ganuii TOBEPXHOCTHOTO CMOST; [1
. — xos(UIUEHT 3aTyXaHHs KoJeOaH O ent atry-
fs — peJNuMHBI, XAPAKTEPH3YIOLLHE JXKECTKOCTE
MOJEJIH CCOPYKEHHH. ——
xaHXﬁanu@ pHCYHKA MIOKA3bIBAET, 4TO NPH nepuc;{lée;1 ggg;ﬁéﬁ et
Gauuh GOJBIIEM, YEM npeo6/1aaiolHi EPHOA o celich
091, JKECTKOCTb MOJENH TeM BBILIE, TEM JTUH O
t}{‘gg}(zncxﬂxo;leGaﬂnﬁ rpynta. Ilpu ouenb 60J1bu10Munepgozé;§ ; I;/IerMa o
koneGannii Kos(h(UIHeHT 3aTyXaHHA Koune6aﬂnne I1;/1 éJ(.) e nero Te-
Koraa nepuoji CefcMHYCCKHX KoJie6aHui MEeHbH ocIT)b KT
puosa KoJebauuii [I0BEPXHOCTHOIO CJI0%, }KeCTKomeHHe e et
yecKy MIOCTOSTHAA 1 TeM 0oJIbie, UeM MeHbIEe OT:HHQM e o ceca
J[MEHT 3aTyXaHHs ObICTPO BO3PACTALT C YMeHBbIII O o HCCTe-
gecknx Kosebanuii. IlpuBeAeHHbIC peayanaTblma etk oro T0-
JOBAHHIl SBJSIOTCA BeChMa BazKHBIMH IS aHals
pefeHHs (PYHAAMEHTOB MOCTOB. 5 1. shata 13531 necenosan
3. PeuteHue ¢ UCNONb308GHUEM MK3. H. 8 i eeccona C
6 (e KoneGanus 3aray06JaeHHoro B NOBEPXHOC oy
o oO IUI‘E) MEKD. ITockoJbKy pe3yabTaThl MOy YEHbI ToCJ;;}éHHJéﬁ s
3 .
ﬁigﬂgﬁa sajaul, HX TPYIHO HCIOMBb30BATD gg:e é(gfx?qqlimepecx{bl ouer-
KU KoJieBanHfl peasbHbIX KeCCOHOB. TeM HE M

us ofmero mojaxoja. r xone6a-
o s v, e S ST e

TpeMm gopmaM — TOPHU ) A O

ﬁgﬁqré; oljma (Esp(popM sBJIsIeTCs rlpe06J1anaromeyééH)I(di&e;K;z;;epXHOCT-
Huli NPAKTHYECKH COBNAAALT € COBCTBEHHBIMH KOJIE A

1, KOTJla KeCCOH sarqy6seH B HEro He Gogee 4 v
HS;O gﬁ:l B HeroCpeACcTBeHHOH O/IM30CTH OT KeccoHa Bo:onﬂmg o yGnen
Imem OTHOCHTE/IbHBIE NepeMellenns IPyHTa. Korga kec
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HENOCPEACTBEHHG B rpyHT OCHOBAHUSI, KECTKOCTh Keccona OKaswiBaer
CYILECTBENHOE BIMSIHHE Ha KoMeGamms oBepxHocTHOTO cntod. Ograko
B OYCHb DEeNKHX CIyyasix keccoHms NeACTBUTENLHO 3araybasiores g
TDYHT OCHOBAaHHS U NPHHATHE AJIST pacuera npeanochLLIKy IIPAKTHYECKY
HE YIOBJIETBOp stroTCS .

6) Uucrpymentanbunie Habmoaenns 3a KOJIEOaAHHAMH MocToB
NpH 3emaerpacenusx

Hnst Toro urobb yeranosuty XapakTep paGoTel MOCTOB Npu 3emiie-
TPSACEHUSAX, TPOBOASATCS HHCTpYMeHTanbHble HaGMoneHns ¢ HOMOLIbIO

"y
M = 7). llBa nepsoix mocra HAaXOLUIUCh OT 3NHUEHTpa Ha pacctosyuy
pumepro 60 KM, a mocT Hounna-Oramu — okouo 180 xm.

Mocr un-Kanymmxa OIIHPAJICA HA TOJICTHINA CJIOH IeCKa ¢ 3epHaMHu
CPEAHHX pasmepoB, MocT Xupaw — pa TOJICTBIE CJTOH MeJKO3eDHUCTOro
NecKa 1 nna, a mocr Mommaa-Oramy — Ha CI0H NecKa W rauunl, Pe-
SYJIbTaThl U3MEPEHH}i HPencTaBIeH B Tabn. 10.2.

o nanubv sanucu, Bo BPEMA semnerpsicennit npeoGranany cofier-
BEHHBIE KO/Me6anusi MOCTOB., Makcumanbupe YCKODEHHA TIpOJIeTHLIX

1cex

Puc. 10.26. Axce.neporpamma Kose6anuii MocTta Mlun-Kauymuka npH
3eMaeTpsAceHnd 1 nions 1968 r.

/ — nposietHoe crpoenye B NONEpeuHoM HampaBneuun; 2 —To xe, p BEPTH-~
KaJbHOM HANDaBJEHHH; § TO Ke, B NPONOJALHOM HaNpaBJeHHH; 4 — rpymr

B TIONepeyHoM HaNpaBJeHHH; § — TO Ke, B BEPTHKaJNbLHOM HanpaBJeHHH; 6 —
TO Xe, B NPOACAbHOM HanpasaeHun

274

KoneGanus MocTOB NMpH 3eMIAETPSCEHUAX

Ta6uannpa 10.2

Mocr
Ec?gggfgﬁ”g‘ Hanpasrnenue xoneGanuit I Ka. ‘upan %(;zu;ﬂa.
HYIIHKa
Tpynr 40 100 25
[ponernoe
Bro c1poenye 56 140 38
Orgomexye 1,4 1,4 1,5
MaxcumansHoe
yckopenue, qal Fpyst 10 65 B
Tonepek [poJetHoe _
MOCTa CTpOEHUE 50 65
OrTHouieHye 1,25 1 —
Heus-
HT
fey BeCTeH 0,7 —
Baoab
MocTa
IIponerHoe _
CcTpoenye 0,48 0,8
MakcumaneHui
NepHOx, € Foyin 0.03 04 _
Tlonepek
MocTa
[Ipoaernoe _
cproe}me 0,21 0,67
Iepuonr c06-
BIX KO-
C;ngzl}:nﬁ, c 0,36 0,42* 0,29
Bubpauvonunne B)éOﬂ;
HCNBITAHHA Moc S
Kos?z?g’xanua 0,066 0,129% 0,11

ble MCNLEITAHNA MOCTa XHUPaK [P0 BOJHIUCH Ge3 npHrpysa onop nNpo/eTHHIMU
iY
. BHGP&KHOHH Ta

CTPOEHHSAMH,

2715
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Prc. 10.27. AkcenteporpamMma xoseGauui Mocra XHpaW NpH 3eMie-
TpsACeHHH | nionsa 1968 r.

I—6, kak nna puc. 10.26

CTPOEHHH Obliy ipuMepHo Ha 40% Goubure MakCUMAJIbHEIX YCKOpPEeHH
rpyHTa.

Cnenyer MOUEPKHYTL, 4YTO H3MepeHHbIe BO BpEMS 3eMJICTPSICEHHIT
HauGOJIbIIHE TepHOALI KOJIEGAHMH MOCTOB GBIIH HAMHOTO GoJb1e IEpHO -
OB COGCTBEHHBIX KoJie6aunui, [ONYHEHHBIX HPH BHOPALHOHHBIX HCIBI-
Tauusix. HesnuetnocTs namenenus [ICPHOZOB CBsi3aHa C HOAATIUBOCTHIO

HCIIBITAHUSX.

Cpasnenue xoneGanmii mocra lun-Kanymuka u mocra Xupaun npu
Semserpscennn Xuramu Mauysima TIOKA3bIBACT, YTO AMIJIUTYABL KOJIC-
Gauuit Bo Bropom Cayyae ObLTH 3HAYHTENLHO GoJbIe, HECMOTPS Ha npak-
THHYECKH OJMHAKOBbIE SIHIEHTPAIbHEe paccrosuus. Tlpudnnoir Takoro

Ao

g:'*wxmwwv\,—ww WM,_~
< W

=
7

L N,
G

RN

, R NN AN AN A A
&

R S

-AMMm—tﬂ\Wwva

Puc. 10.28. AliceneporpaMMa KoneGanuit Mocra Houmpa-Oramy npu 3emseTps-
cennit 19 aBrycra 1961 r.

P; —onopa ¢ HenoABHKHoOK ONODHOM HacThio (mo ocy MocTa); Py — onopa ¢ TMONBHKHO

ONCPHOH uacTbis (MO ocH MocTa); G — nespify Geper (no ocy MocTa); G/ — jegmig 6eper (mep-
MCHANKYJISIDHO OCH MOCTa)
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prnt] 4
A

PI/](: e e})() I)aMMbI K()ﬂef;aHHH MOCTAa [/ aHara

29. AKC = . l
- . eMJIeTPACEHHH 6 asrycra 1968 r.; 6 — mpH 3eMJIETPSICEHHH
a opu 3
} — !\‘ 0. Ieﬁé‘lHH;‘( ;aepxa onopsl B INONEPEUHOM HamnpasJieHH

{OJ 3

BEPTHKAJbHO paBaeHHH; .
B HKaJ M Har .
Ka}in;nHOM HamnpaBJICHUH; - e, B NMPOAOJALHOM HalpasJgHHH

;6 TO X

H; 2 — TO. XKe,
BIIC-

- NPOACJABHOM HaOpa

3—rTo Xe, B g—To Ke, B BepTH-
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Puc. 10.30. Axcen

' R epor 9

HHH 9 ceTAGpS 196% r'PaMMbI Konebanuii Mocta Busako-Oramy IpH 3eMaeTpsic
e_

1 —Bep
X ONOPHI B MPOXO,
— Jib )
8 — 10 Xe, B momepeunom HaanOaBgne}:{ixILpaB”eHHH; 2—To e, B BepTHKaJ
bHOM HanpaBJEeHHH:
HH;

Das3iuyust siBas
basaitan an};);cg ;%}I;}(I);clmue yCJIoBust (M1 1 MEJIKO3EPHHUCTHIH eco
O  YIJOTHEHHEBI} g i -
Cmswm @ Xu IHHH-KauymHKay) BIH TIECOK CPEeNHeH 3epHHCTO-
AlHCH KOoJe6aHHy '
wa pat. 10 a9 :H: I\ng?aSEMﬂeTpﬂceHw Mocta HMranara nokasaug
C , 8, HBAKO —
e 1925, ¢ Ha puc. 10.34. Mooy
et o MOCl\Ta:e;bnmb Pa3pesHBIX MPOJETHBIX CTBOCHI/II;I“ I/I(gaHara
coBof rancb MocTa ) IOJIHEHBI KECCOHHBIMH, @ TPYHTHI np@}icr o
SoGoii T ammmyzxﬁl (;,(yrmgﬂxos H HJIa C NPHMECHIO erHb; CoarljrﬂmoT
, osebaHuit Moc ' . por.
poca, AT Ta OBbIIH HeGOMbILH
Ko ngpngao Bce}I:OcJI\Imgecxgx KoJIeGaHul u ysennqnaamhrdcnb né) Vi,
e e K0 e NEIHHHBI‘pyHTa. [o-Buumonmy, 3xecs HMeJIz’ZMHHe-
Paoe CTaJIbeI'X H(;)CT UBaKo AauHOH 1350 M cocTour u3 Tpeh;l(eCTo
E OJIETHEIX CT i -
ey cT POeHHUH U 27 paspesn
ypoeri Koy g%xéirlicgamoro ceuenusi. last onop ﬁocga H;}é;bpsc())gemux
» Oro 1namerpa. Marunuryga 3EMJICTPSICEHU ST cc?cJ;ng
B-
I _

;ma M=17 a SIHIEATPANbHOE
paccrosune 130 km. Heo6xomumo
gTMe’I;I/ITb, YTO AMIVIMTYABL KOJe-
BgHHH MOCTa OBLTH AOCTATOYHO

JIHKHM JUISL TAKOTO SMULEHTPAIIb-
HOI‘% paccTosHus.

. a puc. 10.31 npusenens co-
o1 OLIEHHST MEXIY MAaKCHMAb-

IMH YCKODEHHSIMH TPYHTA U MaK-
JCIHMaerHuMH YCKOPEHHSIMH Oro-
quKOB onop. 3TH JaHHKe noJy-
; HBI TI0 3alHUCSM ceﬁCMorpaq)OB
HZJ)I{I:HI:IX ABHKEHHH, YCTAHOBJIEH-
b 1051, o Ha MOCTax 1o BCeH T
CHMAJTbHBIMH y%i%%lg:::;ﬂemay max- PHH  SInonun. HPHBﬂequEIpH;S;
cnma, rpyara u 3VyJ i

PXa ONOPHl MOCTa (mammme E. Ky- 63,1}01;1];32:3{{ HHCTPQySMeHTaJIbHHX e

0 3a MOCTa
MH. Bce

500

ongoer moema; gal

NI
f=3

1 1 1 1
- 50 L 111 L 1 !
00 500,
Marcumoaeroe  ycxoperue epyHma, gal
] !

Maxcumansnoe ycroperue Beprg

pubasuin)

1 —Bno H

= stom, ocu wocra; 2 noneper ocn o OHM OBIIH BO3BEIEHH HA TpyHTax
OXBATHIBAOWIHX LIHPOKUH nnanai
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MSITKUX CKaJIbHBIX MOPOJA, € KOHCprKLLHHMH

30H OT CBAI3HBIX TPYHTOB JO
yBAAMEHTOB OBBIUHOTO THITA, KECCOHHBIMH H cBaMHBIMH (HYHAAMEHTAMH.

'3a MCKJIIOUEHHEM TPEX MOCTO

_ypoBHEM TPYHTA.
CZyIOILYI0 3aKOHOMEPHOCT
“onop Tem GoJiblue, 4
aus JocTHras 3 mpu HeGoJb
Mepe yBeJHUeHHs] HHTEHCHBHO
a 100 gal ko3duUHEHT yCHICHHS 6pl1 pa-

B, BLiCOTa ornop Obuia He Menee 10 M Hax
Anasua 3TOrO PHCYHKA IO3BOJSET YCTAaHOBHTb CJ€-
b — MaKCHMaJibHble YCKOpeHUs OTOJIOBKOB
eM BblILIE yCKOpeHue rpyHTa. Kosth¢duuuent ycuie-
IIMX YCKOPEHWSIX TPYHTA W CHIMKAJICA IO

cTu KoneGanuit. [Ipn MakcHMaJbHBIX yC-

KOpeHHsIX TPYHTOB MOPAAK
pen npumepo 1,5.

10.3. PACYET BEPXHHX CTPOEHH M MOCTOB
HA CEMCMHYECKHE BO3JAEUCTBUS

1) Beepenue

JIaist TOYHOTO ONpEieIeHHs XapaKTepa paboTHl NP 3eMJIETPSICEHHH
TAKOTO CJIOKHOTO COOPY2KeHHs, Kak MOCT, Heo6X0MMO TIPOBECTH Ae-
OjHaKo Ha TpakTHKe AJsi GOJbIIenpo-

TajbHBIE M CJIOXHBIE DACYETHI.
JIETHBIX MOCTOB IIPHMEHFETCS MOJAMDHIHPOBAHHbL METOL K03(ppHIHEH-
Ta ceficMMUYeCKoii HarpyskH, a Juisi MOCTOB C HeGOoJbLIHMHU TTPOJIeTa-
MH — OBbIUHBI METOJ KO3(huIHeHTa ceficMpueckoit Harpysku'. Todb-

¢ oyeHb GOJbILUMH TIPO-

KO MOCTHI C HEOOBIUHO BBICOKMMH OIIOpAMH,
JeTaMd M CHElHAJbHBIC COOPY2KEHHS paCCqI/ITbIBa}OTCH MeToaMH

JMHAMHKH COOPYKEHHH.
BesHuHHbBl PACUeTHOTO  KO(UINEHTa ceficMHUeCKOH Harpys3kH
OmpeeIstioTcsi HOPMATHBHBIMH JOKYMEHTaMH HJH Ha OCHOBAHHU aHa-
JIOTMUHBIX TIPOEKTOB. B COOTBETCTBHH C MOAH(pHIIHPOBAHHBIM METOAOM
Ko3(ppuIEeHTa cefiCMHUeCKOll HArPY3KH €ro BeJIMunHa Ha3HAYACTCA B 34-
BUCHMOCTH OT TepHojJa COOCTBEHHBIX koseGanuil mocra. MakcumanbHbIe
YCKOpeHHsl DPeaKiH B 3aBHCHMOCTH OT MAKCHMAJIBHOTO YCKOPEHH:
rpyHTa NpHUBEJEHE! HA PHC. 5.12. Cjie10BaTeabHO, AJs BEIIOIHEHHUS pac-
yeToB HEOOXOAUMO 3HAThb NEPHOA coBeTBeHHBIX  KoaeGanuii H Koahdu-
Ient 3aryxanusi. Koraa Haiien pacueTHBIH KOI(PHUHEHT ceficMuyec-
KOl HArPy3KH, CEACMHYECKHE CHJIBI ONpeeJISIOTCs KaK CTaTHYeCKHe Ha-
IrPy3KH U nanbpHefiiini aHalIu3 pacnpejeseHui HANPSKEHUH HUYIEM HE
OTJIMYACTCS OT PACUeTa COOPYKEHHH NpH APYTHX BO3eficTBHAX. ToNb-

KO TpH OLEHKE TPOYHOCTH KOHCTPYKIMI H TPYHTOB HNPHHHMAETCH BO
BHUMAHHE KPATKOBPEMEHHOCTH CEHCMHUECKHX BO3JIeiCTBHI. DTO M0JO-
JKEHHE CIPaBejVIMBO KaK Al BEPXHETO CTPOCHHH, TaK M s OTIOPHBIX

KOHCTPYKIIHA.

OBAHHA MOCTOB AJIA CeficMHYECKHX DPaloHOB,
noApo6HO OCBELleHH B MoHorpadHH

1 MeToAn pacueTa M IPOEKTHD
eHHBIX COOPYXKEHHIt»,

npHHATHE B oTeMecTBEHHOM TNpPaKTHKE,
T. H. Kapuusagse «CeflcMOCTOHKOCTD JAOPOMHBIX HCKYCCTB

Tpaucmopt, M., 1974, (IIpunr. nepeeoduura.)
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2) Paspesnble 6anounsie MOCTbI

Meton kosumuenta ceficMuueckoi Harpysku 4acrTo NpHMEHseTcs
AJI pacyera pa3pesnpiX 6aJOYHBIX MOCTOB. DTO CBS3aHO ¢ TEM, YTO OII0-
PHI TAKHX MOCTOB HMEIOT HeGOJBLIYIO BBICOTY K INPAKTHYECKH BCS Celi-
CMHUECKas HArpyska Ha MOCT IPHXONHTCS HA NPOJIETHOE CTPOEHHeE,
Kaxk npasuio, Bepxnesi rpanuueii HPHUMEHEHHST 3TOTO METOJA SBJSIIOTCS
MOCTEL C MAKCUMANbLHOH BBHICOTOH onop 15—25 M. CeficMuueckue K03(h-
UUKEHTE! ompelensilOTCH MO HOPMATHBHBIM JOKYMEHTaM C y4eTom
CIAeAYIOIHX (aKTOPOB:

1) mnTeHCHBHOCTE U yacToTa TNIPOSIB/ICHHS 3EMJIETPACEHHH B paiioHe
CTPOUTENECTBAE;

2) TPYHTOBBIE XaPAKTEPHCTHKH NIOIEZKH CTPOHTENLCTBA;

3) COOTHOIIEHHE MEXKIY AHHAMHYCCKHMH XapaKkTepPHCTHKAMHU COOpY-
JKEHHUs! U IapaMeTPaMH KosieGaHusl TPYHTa;

4) cTeneHb 5KOHOMHYECKOTO M COLHAIBHOIO ymep6a, AonycruMoro
AJIsl COOPY2KEHHsI TIPH 3eMJIETPSACEHUH.

Chavana kospQuIHEHT CcelicMHYeCKOl HarpyskKu omIpelensieTcss uc-
XOJsl M3 CEHCMHYECKOH ONMACHOCTH I/ MECTHOCTH. BiusHie JAPYyrux
(aKTOPOB yuuTHIBaeTcs B BHAe [IONIPaBOYHBIX KO3(puimenros. Ha-
lpumMep, B NpeIokeHHsIX SINOHCKOH HANHOHATBHON aCCOLHALUH XKe-
JIE3HBIX A0POT KO3(D(PHIHEHT CeHCMUYECKO] Harpysku HasHayaercs C yye-
ToM (axTopos 1, 2 u 4, YKasauHbX Bbllle. Pekomenpamuy, NPUHATBIE
SInonckoii acconuanuei AODOT 11 NPOEKTUPOBAHUSA CTAJIBHBIX H JKeje-
30GETOHHBIX MOCTOB, YYHTBHIBAKOT BCE yeTripe Qakropa. CeficMHueckue
CHJIbI, KaK NMPABUJIO, B 5TUX HOPMATHBHEIX JOKYMEHTAX COBMECTHO ¢ no-
VIESHEIMH  HAarpyskaMH He yuuthiBaioTcsi. OJHAKO AN MOCTOB ¢ Ha-
TIPSPKEHHBIM PeXKHMOM JBHMIKEHHSI OJHOBPEMEHHbIil YUET 3THX Harpysok
HeoOxoaHuM.

Ceiicmuueckue cuib, JEACTBYIOLIHE HA MOCT U paccmaTpuBaemrle Kak
BHEIUHKE HATDY3KH, MOLYT PACKJAiLIBATECS HA JBe COCTaBJISOUHE:
BJloJIb ocK MocTa u nonepek ock. TIpoBepka ycToRunBoCTH COOPYKEHHS
AJIST KaXKIOH COCTaBASIOWEH TPOH3BOAUTCA pasnensHo. CelicMuyeckue
CHJIBI BIOJIb OCH MOCTa, JIeHCTBYIOLLME HA NIPOJNETHEE CTPOEHHSI, Tiepesa-
YOTCH HA ONOPHI Yepe3 HENMOJBHKHEIC ONOPHBIE YACTH. TTosTomy onopet
MOCTOB BOCIPHHHMAIOT YacTh CEHCMHUECKHX Harpysox, NpHXOAAIMHXCSH
Ha NPOJIETHOE CTPOEHUE, H CEHCMHUECKHE CHJIHI, AeHCTBYIOIHE HA camu
onopsl. OnpefesuTs, Kakas YacTb CefiCMHYECKHX Harpysox Ha npoJer-
HO€ CTpOEHHE Mepefaercs onopaM, BeChMa 3aTDPYAHHTENbHO.

Ecaun nponernoe ctpoenue umeer ORHY HEIOABHKHYIO H BTOPYIO NOJ-
BHKHYIO ONOPEI, CEHCMHYECKas CHJa Ha ofe OTIOPbI MOKET GBIThH Olpe-
Ale/ICHA yMHOMKEHHEM MAaCChl NPOJIETHOTO CTPOEHHS Ha K03 dunuenT
CeICMHYECKOH Harpysku. Ta CHJIa YaCTHUHO BOCTIDUHHMAETCS CHJIOH
TPEHHS B MOABHKHOH OIOPE, a4 OCTANMbHAS YacTh — HENOABHXKHOH oIlo-
poii. [l1s1 CKOMIb3sIIEro cTaqbHOTO ONOPHOTO yCTPOHCTBA  KO3(DGHIHEHT
TPEHUs paBer ~ 0,2, a 41 KaTKoBoit onopsl ~ 0,1. Yacrs ceficMHyec-
KOH HarpyskH, BOCIPHHHMAEMOH NOABHIKHOMN ONOPOH, HE MOXKET Ipe-

BBICHTb CHJY TPeHHs. OJHAKO NpH CHIbHOM 3EMJICTPACEHHH KaTKOBasi
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o110p@ MOJKET ONMPOKMHYTBCS, 1 H
)
“rpyska. 1o 06eT

o JeficTBYIOlHE HA OrO
ompeNeNsIOTCs PEKOMER 1AL AMI

a omnopy Oyner nepeaana GoMbIIasT Ha-

TIop MOC-
0SITEJILCTBO CJAEAYET yLII/ITbIBaTb npH pacueTe O p

JIOBKH ONOP H YCTOEB,
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Ha puc. 10.33 npusenennt zamucn CEeACMHYECKHX KoaeGaHuiy Ha
TIpaBoM H JieBoM Geperax p. Apa. Kak Bugno, mna NpaBoM 6epery peky
YCKOpeHNs ObIIM 3HAYNTEJBHO GOJIBILE, YeM Ha JeBoM. 1o HOJIOXKEH o
KOpDEJ/IHDYET C MaHHBIMH O TOM, 4TO BO BpeMst semserpscerus Kanro,

923, umMeHHO Ha npaBom Gepery NoBpexjeHHs ZKEJI€3HONOPOKHOIO M.
CTa _GBIIH OCOGEHHO CHJIBLHBIMH.

Ecan nogoGuas curyanus BCTPCYAETCA B NpPAKTHKE IPOEKTHPOBZ-
HHSl, DaCYETHBIH KOIDPHIHEHT CelCMUYECKOR Harpysku JJs Kaxioi
ONOPHI MOCTa CJEAYeT Ha3HAYaTh OTAEJIBHO, NDHHHMAs BO BHHMaHHe

Teex

a)l_l_1lr1iI(IIIIIIIIvII;LIIIII‘Il
40 _ gal
20
0

b)/«o gal
a MW
! v

Puc. 10.33. 3anncu YCKOpeHHi ma mue p. Apa (semisierpsacenne 6 ¢espans
1962 r.)

@ — Co cTopoHnl AkaGaHe; b — co CTOPOHBI KaBaryuu

AUHAMHYECKHE XapPAKTEPHCTHKH IPYHTA B MeCTe YCTaHOBKH OIODBI, KOH-
CTPYKIHUIO ONOpP U OCOGEHHOCTH HX COTPSKEHHS C NMPOJIETHHIMH CTpOe-
HHUSAMH,

Meroauka onpenenenus CEHCMHUCCKHX HArpysoK Ha MHOTOIIpOJIET-
HBI€ XKEJIE3HOAOPOKHEIE MOCTBI OTJIHYAETCS OT METOZMKH, NpUMEHAEMOH
AJI MOCTOB CKOPOCTHBIX aBTOCTpah. B KEJIE3HONOPOXKHBIX MOCTaX OT-
AC/IbHBIE IPOIETHBIE CTPOEHHS CBA3aHBI pesancamu. ITosTomy BMmecTo He-
3aBHCHMBIX KOJIeGaHHH OTHEeJbHLIX OIIOp B 3TOM c/1yyae GoJlee Xapak-
TEPHbI KOJIeGaHHs MOCTa KaK eXHHOH CHCTEMEI ¢ OLHOH CTemeHbIo CBO-
60,1b1. CaenoBarensHo, IIPH CPABHHUTEJBHO OXHHAKOBOM KECTKOCTH onop
MOCTa BCe ONOPbI GYyT COBEPILIATE OHHAKOBLIE KoJie6aHusi, a celicMHuye-
CKHE Harpy3KH Ha KaxAyIo ONopy 6yayT PYMEPHO OAMHAKOBLIMU, Ecan
K€ KECTKOCTH ONOp PA3/IHYHLI, CelCMHYECKHe Harpyskwu, nepelaBaemole
Ha HUX, TIOYTH NPONOPIHOHAJLHBI HX JKECTKOCTSIM.

Korza ceficmuueckas Harpyska na onopy mocra onpesenesa, YCHJIUS
H HaNpsKEHHs B OTACJBHEIX 31EMEHTaX MOXKHO HaiiTH MEeTOAaMH CTpPOU-
TeJbHOH Mexanuku. [Ipm pacuerax [IONEePEeYHbIX CeUeHHUH 3JeMeHTOR
CJIENYeT IOMHHTE O HEOGXONHMOCTH OGeCIIeYeH s He TOJILKO IIPOYHOCTH,
HO M CIIOCOGHOCTH KOHCTPYKIHI K Repopmupoanuio. 1o stof HpHYHHe
B ONOpax BEICOKHX MOCTOB GoJiee Le1eco06pasHo HCMOJIb30BAHUE CTajle-

KeJIe300ETOHHBIX M 3KeJIe306eTOHHbBIX KOHCTPYKIHE BMeCTO HeapMupo-

BaHHBIX GETOHHBIX H KaMEHHBIX omnop.

IlpoBepka ycrofuusocry YCTOEB NIpH CeHCMHYECKHX BO3JEHCTBHSX

NIPOU3BOAHTCS CaeAYIOMMM o6pasom. Ha puc. 10.34 nokasanm BHem-

HHe HarpyskH, JefcTBYolue Ha ycTos MocTa, K HiM OTHOCsATCS ceficm-
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[IOBEPXHOCTH OCHOBaHus. Ecoy

YHHA X, ONPENETSIeTCs U3 ¢

HO TOURY YMMBI MOMEHTOB BHELIHHX CHJ OTHOCHUTEL-

1
xO - 7 [(xl V1+x2 V2+x3 V3+1E Sil’l %)—

-(yl H1+y2H2+y3H3+y4ECOSi)]
9 .

I/IB yCJIOB A I Q l) HKaJbHas
Hs PaBHOBecH
FOpH3OH a TUKAaJab P
JbHAsA H Be a
COCIaBJIH}()HLHe CHJIBI COHpOTHBJIeHHf{ B OCHOBaH y = H

Ecau npennon P 1o ocHoBanuio um
NNOJOXKHUTE, YTO
. , pacnpenesenne
HI Tpaneuuu ¢ OpANHATAMH p; p2 (puc. 10.35), to cHon eer
. 10.35),

)
7(p1+p2)= P, L_M:x
3 pitps -

3x
Py = o 2P
2 =— ( ; 1),p1= - (2— 5% ) (10.51)

a) b) )

Orciona

Korma x, < /3, p, cranosures
OTPHLUATeNLHOR  BesIHUMHOH. Ilo
CKOJIBKY TPYHT He BOCIPHHHMAET
PACTATHBAIOIIKE HAMPSDKEHHS, pac-
NpelesIeHHe PEeaKTHBHOIO ,ZIaB’JIeHHH
TIPUHATO B BHJle TPEYTOJbHHKA (DHC.

10.35 ;
po3b, 6). Torna u3 ycaosus pasmo-

Py

; v
) 2pll‘—P’?‘l:x0

|

u, CJef0BaTe/IbHO,

P
ne. 1035 V=t p=
Taxum o6p -
a30M, JaBJIeHu
e c

;cg a0, ok ey o b eHn xpl TAHOBUTCH OYeHL G0JIb
B P;é(oam 3a mpejesn HOBerHOC’I?I/I
e CIIOCOGHBLI BBIAEPKATH AaBien

/18 TOPH3OHTA/IBHOTO CONPOTUB

HinM, Kornaa
HOJIO}KI/ITeJIbHO, T. €. IIOKa T(;'-IKa ge

I;)eCHOBaHHH, €CJIM TPYHT UM OCHOBa-
JIer/Ij;I, o&pmsa YCTOsI He npoHcxoaur
XapakTepuayer ;

. Tpeyue
bes o 0603HAYUTE KO3¢pduuHent Tp%HHH qne(f

(10.52)

» pesHbIX MOCTOB.

TOEB NOBEI
it yoron, LIA€TCs PY HANMYMHK TPYHTA Y Nepenmei;
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3) Hepaspesubie GanouHble MOCTHI

Hepaspesnbie MOCTHI YacTO CTPOSIT B TeX CydYasiX, KOraa CTOUMOCTh
BO3BE/IEHU ST KaXKI0H MOCTOBOI OTOPEI OY€Hb BHICOKA. OcHoBHOE IpeuMy-
[IECTBO HEPA3PESHBIX MOCTOB 3aKJIIOUAETCS B NIPEJOTBPALICHHHI obpylue-
Uil TPOJICTHBIX cTpoeHnil. Byecre ¢ TeM NPH 3CMJCTPACCHIH Hankat
NPOMBOLLTH OCafKH (QYHaMEHTa MOCTa Homunorasa, a NpoJeTHoOe CTpo-
eHHe IIPOBHCJO NpHMEPHO Ha 30 CM. B CBA3H ¢ TAKHMH NOBPERACHUAMI

* BOCCTAHOBHTE/IbHEE PAGOTHL BHIONHUTE GBIIO JOCTATOUHO CIOKHO. Jror

npuMep CBUAETEJALCTBYET O HeoOXOAUMOCTH yCTpofICTBa MIPOYHBIX onop

B $YHAAMEHTOB IPH CTPOUTEIbCTBE Hepas-
)

X
-
x
™

I

Jlns mpoBepKH  yCTORYHBOCTH 60J1b-
LIHHCTBA HEPA3Pe3HBIX MOCTOB IPH CeiCMH-
yeCKHUX Harpy3Kax BJOJb OCH MOCTa MOZKHO
BOCIIOJIL30BATHCS METOAOM KO3(h(dHLIHEHTA
celicMuueckoit Harpysku. Kpowme Ttoro, B
CBSI3H C GOJIBIIMMH TIPOJIETAMH HEOOXOAHMO
VUHTHIBATb KOJle0aHus MONEPeK OCH MOCTa,
BepTHKa/bHbIE ¥ KPYTHJbHEIC KOJIeOaHUS.

PaccMoTpuM cHauas1a YCTOHYMBOCTD ONOPHL MOCTa TIPH CeACMHYECKOH
Harpyske BJIOJIb OCH MOCTa. ITpu 5TOM OTPaHHYUMCH TPeMst XapaAKTEPHEL"
MH CAYYasfiMU:

1. Onna HeNMoOABMKHAS M TPH  TIOABHIKHBIE OMOPHBIE  YACTH
(puc. 10.36, a). dromy CayHalo COOTBETCTBYET BOCIPHSATHE CefCMHUUEC-
KOH CHJIBL OT NDOJETHOTO CTPOEHH ST TONBKO HeIoIBHKHOH OMOPHOA Yac-
Ti0. [To/leprKUBAIOLIAs €€ O1opa MOCTa JHOJIKHA OBITh OUEHb DA3BHTA.

9. Ojua HeNoABUKHAs, OJHA NOABHXKHASA M IBE [IAPHUPHBIX OHOP-
Hpix uacti (puc. 10.36; HIKHUI PHCYHOK). B 3TOM Cityuae npofio/ibHast
ceffcMuyuecKast CHIa MepefaeTcs Ha HeNMoJABIKHYIO H [IAPHUPHYIO OIIOP-
npie wactu. Jlosiss HAarpysKu, BOCTIpHHUMAEMas ONOpPOii ¢ HEeNoJIBAKHOM
OLIOPHOIT YACTDIO, O CPABHEHHIO CO CIyHaEM 1 cumxaercs. Onopel MOCTa
TOJ( IAPHUPHBMH OTOPHBLIMH YaCTAM JOJZKHDL BLITOJMHATBCS JOCTATOU-
HO THOKHMH.

3. Bee NOABMMKHbIE ONOPHBIE YaCTH CO CHENHAILHLIMH IPHCIIOCO06-
nenusimu. [opusoHTanbHas CeHCMHUeCKas CHa BOCIIPHHIMAETCsl BCEMH
OHopamyu MoCTa.

B cayuasx 1 m 2 sHauuTeabHAas HacTb ceHCMHUYECKHX CHJ llepesa-
ercss Ha YCTOR MoCTa, UTO JUKTYET HeoBXOAUMOCTh  YCTPOHCTBA
Gonpmux ycroes. IIpH BBICOKHX MOCTaX B 30HE FOpOACKOH 3aCTPOHKH
Gosblipe YCTOH 3aTPYAHSAIOT IBIMKCHHE TPAHCIIOPTa M BBIMIAAAT He-
NpHBJEKATEJIbHBIMI.

YroGsr 136ekaTh TAKHX YCTOEB, IS CONPSKEHH NPOJIETHBIX CTPOe-
Huif M ONOP MOCTOB TPHMEHSIOT ~CIeNHa/bHbIE yerpoiictea.  Ha
puc. 10.37 (neBblii PHCYHOK) TIOKA3aHO CONPSIKEHHE TIPOJIETHOTO CTPO-
eHUsI C ONOPOll MOCTA C IOMOILbIO IPEABAPUTENLHO HanpsiXKEeHHBIX CTallb-
upix npaneii. Korga mposeTHOE CTPOCHHE nepemelaeTcs OTHOCHTEIBHO
OIIOPB MOCTA ITPH H3MEHEHUAX TEMIEPaTypEl, psjid BOB/JEKAIOTCA B pa-
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6oty onoper. Onnako 3a cuer YATMHEHHST NPsifiel STH epeMemmeHust oc.
TaloTCsl B IONYCTUMBIX mpefenaX. IIpOBHCAHUS CTATbHEIX npsiiet BRous,
CKATOH CTOPOHBI NPOJIETHONO CTPOEHHS He NPOUCXOAAT 6/arofaps ux
TIPEABapHTILHOMY Hampsikenuio. Bo BPEMS 3eMJIETPSACeHHST Npsiay
TIEPEIAIOT Ha ONOPH MOCTA CEHCMHYECKHE CHALI OT MacChl NPOJIETHOTo
CTpoenus1. Takum o6pasom, kKaxnaas IPOMEKYTOYHAS OIOPA BOCHPHHHU-
MAET SHAYHTEJILHYIO YaCTh CEHCMHYECKHX CUJT, 1 HarpysKu Ha Geperosrie
YCTOH CHHXKAIOTCH.

Ha puc. 10.37 (IPaBBli PHCYHOK) MOKA3aH OrOJIOBOK OTIOPEl MOCTa
C IOJBAKHOH ONOPHOH YaCThIO U MACISHBIM aMOPTH3ATOPOM, HPHCOEH-
HEHHBEIM K NIPOJIETHOMY CTpoeHH0. B Mac/siHom aMOPTH3ATOPe HCIIO/b-

Puc. 10.37. Coeannene NIPOJIETHOTrO cTpoenHst ¢ omopoit ¢ IIOMOIIBIO TMpejBapH-
T&IbHO HalpAXKEHHBIX Hpsifell (Mebbiil PHCYHOK). CoelHHeHHE NPOJeTHOrO CTpOeHHS
C OMOPO# ¢ MOMOLILIO MACATHOTO amoprusaropa (mpasblil PHCYHOK)

MEIJIEHHEIM lIe(bOpMa[LHHM DaCTsKeHHUSI-CKATH S npu TeMHOEPATYPHBIX H3-

JeTpsicennsi. Baaronaps STOMY NDOJOJIbHBIE CEHCMHYECKHE CHJIbI Boe-
IIPHHUMAIOTCST BCEMH IIPOJIETHBIMU CTPOEHHSIMH.

O6a stux ycrpoiictsa BIEPBEle GbIIH IIPHMEHEHE] DU CTPOUTEJILCT-
Beé aBroctpan B Tokuo. Crenyer TIOYEPKHYTh, YTO PaHee CHEeLHaNbHbE
NPHUCIOCOGNEHHST A1 NMOBLILIEHHS CEHACMOCTOHKOCTH B COOPYKEHHSIX
O01EeCTBEHHOTO TPAHCIIOPTA HE IPUMEHSIJIHCD.

Hanee Heob6xoxumo OGECNeYnTh yCTORYHBOCTD OTIOp MOCTOB NIPH Ceii-
CMHYECKHX CHJIAX NOIEPEeK OCH MOCTA. INpeanonaraercs;, yro IpoJer-

CTPOCHHH TepenaTcs HaruGamomue MOMEHTBl M MONEePEYHLIE CHJIBL.
B cBs3u ¢ stum ruaBube 6anKH HEOGXOJUMO COeHHSITD Mexnay coGoi.
Ceiicmuyeckue chumr, TNIPHXOAsKecs Ha KaxIyio onopy, olIpenesnsior-
€l Ha OCHOBAaHMHM pacuera cTaTHueCKK HEOIPEACTHMOTO COODYIKEHUST C
YUETOM 2KECTKOCTEH HepaspesHmIX 6ajiok u OTop MocCTa.

O6bYHO  ceficMuyeck e CHJIBL  JIIST MOCTOB OINpPEAesSIIoT METOZOM
KO3¢hQHuIHeHTa CelicMUYecKO) Harpysku. s MOCTOB ¢ Gosbuiumu npo-
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TaGanuwa 107

0

I podoasxcenue maba. 10.3

(1) fs fe f fs ® fs fa fa fa
I

8:2& 8:88{252 8:88{2% 8’88883(9) 8 888383 1,00 0,019657 |  0,022436 0,012828 0.012431
0,53 0,001536 0,001755 0001003 - D00900 1,01 0,020464 0,023336 0,013354 0,012941
0,54 0.001655 07001891 ’ 0,000971 1,02 0,021296 0,024305 0.013897 0,013467
0,55 0.001781 0002035 0001081 0,001047 1,03 0.022154 0,025283 0014457 0.014010
0,56 0,001914 0.002187 0,001163 0,001127 1,04 0023038 0.026290 0,015033 |  0.014568
0,57 0.002055 0002348 0,001280 0,001211 1,05 0.023949 0,027398 0.015627 0,015144
058 0,002203 v, 002517 0001342 0,001300 1,06 0,024887 0.028397 0,016239 0015737
0,59 0,002359 0. 00269 0,001439 0,001394 1,07 0,025853 0,029497 0,016868 0,016348
’ ’ ,002696 0,001541 0,001493 1,08 0,026848 0,030630 0,017517 0,016076
0,60 0003504 0,002884 0,001648 0,001596 1,09 0,027872 0.031796 0,018184 0,017624
0o 0 00aa0n 5004081 0,001761 0.001706 1,10 0,028926 0,032996 0,018871 0,018289
0,63 0,003068 0.003506 0,001879 0,001821 11 0,030010 0,034230 0,019577 0,018974
0,64 0.003268 0003754 0,002004 0,001941 112 0,031125 0,035500 0,020304 0,019679
0’6 0 003478 0 oaarad 0,002134 0,002067 113 0,032271 0,036805 0,021051 0,020404
066 0003697 0004294 8,002271 0,002200 1,14 0,033451 0,038147 0,021819 0,021149
0.67 0,003927 0004487 002414 0,002339 1,15 0,034663 0.039526 0,022609 0021914
068 0.004167 0’ 004761 0,002564 0,002484 1,16 0.035908 0,040943 0,023421 0.022701
0,69 0,004418 0’ 005048 oooarel 0,002636 017 0.037189 0.042400 0,024255 0.023510
' ' 0,002795 1,18 0,038504 0,043896 0,025111 0,024341

0,70 0,004681 0,005348 0,003056 0,002961 1,19 0,039855 0,045432 0,025991 0,025194
075 0/00897 02000007 0 oazes 0,003134 1,20 0,041243 0,017010 0,026895 0,026071
073 0005539 0. 006398 0,003422 0,003315 1,21 0,042668 0,048630 0,027823 0,026971
0’74 0005850 0’ 006683 0,003617 0,003504 1,22 0,044131 0,050292 0,028775 0,027895
o7 9000850 0:005683 0,003819 0,003700 1,23 0, 045632 0,051999 0,029753 0,028844
0’76 0006511 0. 007457 0,004031 0,003905 1,24 0,047174 0,053730 0,030757 0,029817
0’77 0006861 0007838 0,004251 0,004118 1,25 0,048756 0,055547 0,031786 0,030816
0,78 0,007226 0,008255 0,004480 0,004340 1.26 0,050379 0,057391 0,032842 0.031841
0'79 0007606 0. 008688 0,004718 0,004571 1,27 0,052044 0,059281 0,033926 0.032892
: ; : 0,004966 0,004811 1,98 0,053752 0.061220 0.035037 0,033970
0,80 0,008000 0,009138 0,005223 0, 005060 1,29 0, 055504 0,063209 0,036177 0,035076
8 R 5000605 0,005490 0,005319 1,30 0,057300 0,065247 0,037346 0,036210
0’83 0009276 0010504 0,005768 0,005588 1,31 0,059142 0,067337 0,038514 0,037373
084 0009733 0011117 0,006055 0,005867 1,32 0,031030 0,069479 0,039772 0,038565
0.85 0. 010208 0011658 0,006354 0,006157 1,33 0,052956 0,071674 0,041031 0,039787
R o oloaes 0.011658 0,006664 0,006457 1,34 0.054950 0,073924 0,042321 0,041039
0.87 0.011209 0012801 0,006985 0,006768 1,35 0,066984 0,076228 0,043643 0,042322
0’88 0011737 0013403 0,007317 0,007090 1,36 0,059057 0,078589 0,044997 0,043637
089 0.012283 0.0140 0,007662 0,007424 1,37 0,071202 0,081008 0,046385 0,044984
’ ’ 014027 0,008018 0,007769 1,38 0073380 0,083485 0,047805 0,045 64
0,90 0,012819 0,014672 0,008387 0.008127 1,39 0,075630 0,086022 0,049262 0,047777
0.9l 0.013833 0,015339 0,008769 0,008496 1,40 0,077924 0,088620 0,050753 0,049225
0,92 0,014038 0,016029 0,009163 0,008879 1,41 0,080275 0,091280 0,052280 0050707
0.9 0’01591 0,016743 0,009571 0,000274 1,42 0.082682 0,094003 0.053843 0.052295
0.94 0015310 0.017480 0,009993 0,009683 1,43 0,085146 0,096791 0,055443 0,053779
0.95 0.015978 018242 0.010429 0010105 144 0, 087670 0,099644 0,057082 0,055371
0.9 0,015068 0,019028 0,010879 0010541 1,45 0,090253 0,102565 0,058759 0,057000
0.7 0,017380 0,019841 0,011343 0010992 146 0092898 0. 105554 0, 060476 0,058667
0,98 0.01811s 0,020679 0,011823 0011457 1,47 0,095606 0,108613 0,062233 0,060374
, , 0,021544 0,012318 0011936 1,48 0,008377 0111742 0,064031 0,062121
1,49 0101213 0,114944 0, 065870 0,053908
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[T podoascenue maba, 103

[Tpodorncenue mada. 10,3
© fs Ts fe fs
® fs fe fz fa
2,00 0,375471 0,420343 0,242458 ©0,236044
5 2.01 0,384627 0,430412 0,248314 0,241769
1,50 0,104115 0,118220 0,067753 0,065738 202 0,393998 0,440710 0,254305 0,247628
1,51 0,107086 0,121572 0,069679 0,067609 5’03 0,403590 0.451244 0.260435 0.253623
1,52 0,110125 0,125000 0,071650 0,069525 904 0,413410 0,462019 0,266707 0,259759
1,53 0,113235 0,128506 0,073666 0,071484 2.05 0,423463 0,473043 0,273126 0.266039
1,54 0,116416 0,132093 0,075728 0,073488 2’06 0.433755 0,484320 0,279696 0,272468
1,55 0,119672 0,135760 0,077838 0,075539 9’07 0,444295 0,495860 0,286420 0,279049
1,56 0,123002 0,139511 0,079995 0,077636 208 0455088 0,507663 0,293303 0,285787
1,57 0,126408 0,143347 0,082202 0,079781 2’09 0,466142 0,519752 0,300350 0,292686
1,58 0,129893 0,147269 0,084458 0,081976 ’ ' ' - .
1,59 0,133457 0,151279 0,086766 0,084220 2,10 0,477464 0,532120 0,307565 0,299752
3 2,11 0,489063 0,544780 0,314953 0,306988
1,60 0,137103 0,155379 0,089126 0,086515 2.12 0,500947 0,557740 0,322519 0,314399
1,61 0,140832 0,159570 0,091540 0,088862 513 0513123 0,571009 0,330268 0,321992
1,62 0,144645 0,163856 0,094007 0,091262 2 14 0525601 0,584596 0,338205 0,329771
1,63 0,148545 0,168236 0,096530 0,093716 2015 0.533390 07598510 0, 346337 0337742
1,64 0,152533 0,172715 0,099110 0,096226 216 0. 551500 0,612760 0,354668 0,345910
1,65 0,156612 0,177292 0,101747 0,098792 217 0,564939 0,627358 0, 363206 0,354282
1,66 0,160783 0,181971 0,104444 0,101416 218 0,578720 0,642313 0,371957 0,362864
1,67 0,165048 0,186754 0,107200 0, 104099 2’19 0.592652 0,657636 0,380926 0.371663
1,68 0, 169409 0,191642 0,110018 0,106811 ’ ’
1,69 0,173869 0,196639 0,112899 0,109646 2,20 0,607347 0,673339 0,390121 0, 380686
2,21 0,622217 0,639434 0,399550 0389939
1,70 0,178429 0,201745 0,115844 0,112512 559 0 637473 0705933 0.409219 0,399430
1,71 0,183091 0,206964 0,118855 0,115443 5’53 0653128 0722849 0419137 0,409168
1,72 0,187859 0,212298 0,121932 0,118440 2,94 0,669197 0,740196 0,429311 0,419159
1,73 0,192733 0,217749 0,125078 0,121503 595 0 635692 0,757987 0,43975) 0,429413
1,74 0,197718 0,223319 0,128294 0,124635 2,96 0.702628 0.776238 0, 450464 0439938
1,75 0,202814 0,229013 0,131581 0,127837 557 0. 720021 0794963 0,461461 0,450744
1,76 0,208025 0,234831 0,131941 0,131110 598 0737886 0814180 0,472750 0,461841
1,77 0,213352 0,240777 0,138376 0,134456 2799 0,756240 0,833904 0,484344 0,473238
1,78 0,218800 0,246853 0,141886 0,137877 : ’ '
1,79 0,224370 0,253063 0,145475 0,141375 2,30 0,775101 0,854153 0,496251 0,484946
2,31 0,794487 0.874947 0,508483 0,496977
1,80 0,230065 0,259409 0,149143 0,144950 5 39 0 814417 0,896303 0,521052 0,509342
1,81 0,235889 0,265894 0,152893 0,148605 5’33 0°834911 0918241 0533971 0 522054
1,82 0,241844 0,272522 0,156726 0,152342 234 0855990 0,940789 0,547252 0,535124
1,83 0,247933 0,279295 0,160645 0,156163 2’35 0 877677 0,963962 0,560908 0,548568
1,84 0,254159 0,286218 0,164650 0,160069 236 0899995 0.987786 0,574955 0,562399
1,85 0,260526 0,293292 0,168745 0, 164062 2’57 0999969 1 012986 0589406 0576632
1,86 0,267037 0,300523 0,172931 0,168146 558 0016694 1037488 0. 604278 0591283
1,87 0,273696 0,307913 0,177211 0,172321 539 0. 970987 1,063419 0,619588 0, 606368
1,88 0,280506 0,315466 0,181586 0,176590 ' ’ ’
1,89 0,287470 0,323186 0,186059 0,180955 2,40 0,996088 1,090108 0,635353 0,621905
5 2,41 1,021957 1,117586 0,651591 0,637913
1,90 0,294593 0,331077 0,190633 0,185418 549 17048626 1145885 0668322 0.654410
1,91 0,301878 0,339142 0,195309 0,189983 543 17076128 1175039 0. 685567 0.671419
1,92 0,309330 0,347387 0,200090 0,194651 514 17102499 1905083 0703347 0. 688959
1,93 0,316953 0,355815 0,204979 0,199425 545 1133777 11236057 0.721685 0707054
1,94 0,324750 0,364432 0,209979 0,204308 2,46 1,164001 1267999 0,740606 0,725729
1,95 0,332727 0,373240 0,215092 0,209302 9 47 1195215 1:300954 0,760136 0,745010
| o | dmm | onmw | enn
, ) , , , ’ ’ 7 0, 785498
1,98 0.357782 0,400869 0231139 0,224981 2,49 1,260794 1, 370080 0,801132
1,99 0,366524 0,410497 0,236735 0,230449
10* 291
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I1podonscerue maba. 10.3

[To pesy.ibraraM AMHAMHUECKOTO pacuera, OTIOPHBIH H3THOATONIH

MOMEHT NPEBLICHJ COOTBETCTBVYIOILIHH CcTaTHYeCKUH MOMEHT B JBa pasa,
cejicMuyeckas cuja B yPOBHE OroJIOBKa ONOpPhl MOCTA — B JlecaThb pas

[336].

[} fs fe fz fs
2,50 1,295957 1,406551 0,822659
2,51 1,330906 1443832 0844914 8’252322
2,52 1.367799 1,482580 0867933 0,851512
2.53 1405996 1,522656 0891753 0875062
2,54 1,445564 1.564197 0916413 0899450
255 1,486572 1.607061 0941957 0924717
2.56 1,529093 1,651534 0968428 0.950910
257 1, 573208 1,697625 0,995877 0.,978075
958 1619002 1,745420 1024354 1.006265
2'59 1666567 1795010 1,053915 1025536
2,60 1,715999 1,846494 1,084620 1,0
2.61 1.767406 1.899977 1,116534 1 108?22‘;2
262 1820901 1.955575 1,149726 1130454
263 1,876606 2.013408 1.184269 1.164692
264 17934653 2.073611 1.220245 1,200359
265 1995187 2136326 1,257741 1.937542
266 2.058361 2.201709 1,296851 1.976336
267 2124345 2.969929 1.337678 1.316842
2 68 2.193320 9.341167 1380332 1359172
2’69 2. 965486 9.415624 1,424935 1.403446
2.70 2,341060 9.,493517 1,471619 1,449798
2 71 2420280 2575083 1,520528 | ’438370
279 2503403 2.660582 1571820 1549321
2.73 9.590717 9750299 1,625668 1602824
2,74 9.682533 2’ 844549 1,682262 1.659070
2.75 2'779197 2943675 1741814 1.718268
276 2.881090 3.048061 1804554 1.780651
277 2’98866 31158128 1870740 1.846475
278 3.102303 3. 974347 1940657 1.916026
279 3.922614 3397240 2014623 1,989621
2,80 3350152 3,527392 2,092993 20676
2.81 3485574 3. 665458 2176165 2. 120208
2,82 3629613 3'812173 2964586 2938446
283 3'783100 3’ 968367 2 258761 2'339933
284 3.946976 4134983 27459263 2432241
985 4129311 4313088 2566740 2539421
2.86 4310324 4.5039C6 9681926 27654215
2.87 4512418 4708837 2.8057C3 2777574
2’88 4730208 4929497 9.9:0022 2910482
289 4.965566 5. 167759 3.083033 3.054075

B kauecTBe npuMepa IPOBEAEM CONOCTABJEHHE Pe3yJbTaTOB CTATH-
4ECKOTO H JMHAMHUYECKOTO pacdyeTa GOJIbLIENPOJIETHOTO HEPA3DPE3HOTO
mocTa. TIaTHIpOJeTHI MocT umeeT AunHY 40--146X3-4-32 = 510 m.
JI/Is CTATHYECKOTO pacyera KOo3(MUIHEHT CeHCMHUECKOH HArpyskH Gbisi
npuuaAT paBubiM 0,15, a Npu AMHAMHUECKOM pacyeTe B KauecTBe CEHCMH-
YECKOTO BO3JEHCTBHS HCIOJL30BaHa akcejJeporpamMma 3eMyIeTpscenust
Tagr, 1952, ¢ MakcnmanbubM yekopenuem 0,15 g.
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4) BanoyHple MOCTBI C BHICOKHMH ONIOPAMU

ITpu BBICOKHX ONOPAX XapakKTep koJieGaHnil TPYHTAa H OrOJIOBKOB

OIIOp TIPH 3eMJIETPACEHHH Pe3KO M3MCHSETCH. CeficMuuecKne Hampaxe-
HHsl HEOGXOIHMO OIPENesTh 10 Pe3yabTaTaM AHHAMHICCKOTO pacuera,
a Tmpouexypa pacyera HaMHOTO YCJIOKHACTCAH. [TosTomy OblIA NPEANIPH-
HSIThl MOTBITKM BHIOU3MEHHTb METON KO3(HuHeHTa ceficMHUeCKOH Ha-

L=180M
L, =54M 1,=72M l3=154m
g | E7=1001010°Tm? | EZ= 11530108 T m? } £7=110000%TM? | D
CTAL - D
[ [
0 3 3 7
i E *
<7 S
Puc. 10.39

TPYSKH TaK, YTO0bl pe3y/bTaThl CTATHIECKOTO pacueta NpUOIHKAIUCE K

JAHHBIM JMHAMHYECKOTO aHamu3a, a Mpocras dopma pacuyera COXpaHs-
fach. VIHEIMH CTOBaMH, A Macchl KaykIoil YacTH COOpY2KEeHHs HAXo-
AUTCS CBOI KO3((UIHEHT ceficmuueckoi Harpysku. Ilocae onpeene-
U CEHCMHUECKHMX CHJI HATIPSKEHHsA B KOHCTPYKILMH HaxolsATcs: 00bIU-
HLIMH CTATHUECKHMH MeTOfaMi. 3ajaud, TAKUM o6pasoM, CBOAUTCA K
OTLICKAHHIO COOTBETCTBYIOIIETO KO3(dHIHEHTA ceficMMYeCKOl Harpys-
Ku JAs Kaxknoi maccel. Tako# METOA HasBaH MOAMGUIHPOBAHHBIM Me-
TonoM KoabduiyenTa ceficMHUeCcKOd Harpys3xH.

Tlast ompenesnenust Kos(pdUIUueHTa celicMHUecKO! HAaTrpy3KHd cHauasla
IIPOBOAUTCA JIMHAMHUECKHH PACUET C ONPEC/ICHIHEM HanpsiKeHUi B Kax-
JIOM 3JIeMeHTe, 3aTeM HaIpPSIKeHHs B SJIEMeHTaXx HAXOJSTCS CTATHUECKHM
METOJOM NPH PasHbIX BapHaHTaX KO3(pOhHUIHEHTOB L5 KaxJ0H MaccChl
coopysxkenusi. Korga pe3y/bTaThl pacyeToB Jydille BCEro COBNALYT,
OKOHUATEJbHO ONpeesAoTCs K03(hhHUIHEHTHI ceficMHUECKOll Harpy3KH.

Accorpanueli CIy0sl CKOPOCTHBIX aBTOCTPal 6bLIO [POBEIEHO HC-
c/lefOBAHHE BIUSHHUsSL BBICOTHI ONOP MOCTA Ha pacrpesienenye CeHCcMHu-
YeCKHX CHJI TIepHeHHKYIsPHO OCH MOCT. CxeMma TpexmpoJeTHOro Moc-
ra naunoil 180 M moxkasaHa Ha pHUC. 10.39, BbICOT@ OMOP H3MEHANACH OT
10 10 70 M. VIaru6Hple KECTKOCTH NI KaXJIOTO 5JeMeHTa YKa3aHbl B

taba. 10.4.
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Ta6auna 10.4

E, T1c/m2 I, m*

J.Ha

Tiponer nponeTa, M EI,tc.Mm2
AJsT cTany |Anisa GeToHa| ANs cTasm [Anst GeToHa

A—B 54 2,1.10710,21.107| 1,167 40,306 1,091.108
B—C 72 2,1.107 10,21.107| 1,448 40,424 1,153.108
C—D 54 2,1.107 {0,21.107 | 1,233 40,468 1,109.108
Ornopst 10,25

40,55

n 70 — 0,21.107 — 207,8 4,364.108

PeayabTaTsl pacueToB mO3BOAMAH AcCcoUMamiH JaTh ofuiue npex-
JIOZKEHHS 10 PacpeeseHHsIM KOS(dHIIHCHTOB ceHCMHYECKOH Harpysku
JJI1 MOCTOB C BBICOKHMH OINODaMH:

1. CeficMuueckue CHJIB Ha MOCT ONDEASNSIOTCS ¢ Ko3((HUIHEHTOM
0,12 Brosb ocu Mocta u 0,1 — B BepTHKanbHOM Hampasaenun. Ceit-
CMHYECKAs CH/IA HA HEMOABHXKHYIO ONOPY ONpeJesIfercst kak cyMMa cefi-
CMHYECKOH CHJIBI OT BCEH MacChl IPOJIETHBIX CTPOEHH H %/g ceficMHUecKoH
CUJIBIl OT Macchl OIOp MOCTA.

2. Ilpu onpenesieHUH HANPSIKEHUI MOCT paccMaTpHBaeTcs KakK MHO-
rosgpycHas mopTajbHas paMa, BOCIPHHMMAIONMIAsl CEHCMHYECKHE CHJIBI

nonepek ocu Mocta. PacuerHnift Kosddu-
7pn HMEHT CEHCMHYECKOH HarpyskH HasHayaeT-

cs caenyioluM obpasom:
. 60 npu 0 << H << 15 M paBen HOPMATHB-
S, HOMY KO3(ppHLHEHTY;
5 50 npu 15 << H <25 M yBennuuBaercs
Ha 5% 1181 KaxABIX 5 M BBICOTH OTIOPHI;
S 40 0npu 25 <{ H << 40 ™ yBeTHIMBAETCA H&
E“L 14% Ha Kaxjaeie b M BBICOTHL ONOPHI U IPH
S 3p 40 << H paBen Ko3a(HIUEHTY ceficMHYe~
S CKoH Harpysku npu H = 40 m.
S —120 Ha puc. 10.40 npuBeleHO B KayecTBe
2 WJIIOCTPAIMH  pacnpeeneHte Koadguiu-
S 10 eHTa CeHCMHYeCKOH HAarpys3kKH MNPH HOp-
= ’ matuBHOM 3HaueHmu 0,2.

Eciu MocT, 3anpoeKTHPOBAaHHLIH IO

MEeTO Kos(pduuuenTa cefic i Ha-
Puc. 10.40. Pacnpeaenenne , o (Pt MIHECKOH 1
PACUeTHOro K03 AIHeHTA I'PYy3KH, 3aTeM UpaCClIHTaTI) ILI/IHaI\queCKHM
celficMHuecKoll Harpysku 1o METOJIOM Ha CEHCMHUYECKOE BO3JEeHCTBHE C
BBICOTE OIOPHI MOCTa YCKOpEHHEM 200 gal npu h = 0,05, Hanpst-
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JKEHHS B apMaType NPeBbICAT JOMYCKaeMble HaNpsiKeHHs NPHMEPHO HA
50%. Ho make npu TakOM [€PEHANDKEHHU MOCT GYJET HAJEXKHO CO-
NPOTHBJIATBCS CEHCMHYECKHM BO3JCHCTBHAM.

Acconuanueil MpoBeNeHbl TAKKE PacyeTkl MOCTOB C ONOpaMH Pas-
HOH BbICOTHl — 42 u 21 M. Pe3ysaptatsl CBHIETENLCTBOBAJIH O TOM, YTO
MGCT € OICPAMH PA3HOH BBICOTHL ¢ TOUKH 3DEHHS PACIPENC/ICHNS HANPsi-
JKEHUil SIBJASETCS] HeVIAuHBIM pemenuneM. B sTom caydae KOs(HUHCHT
CeHCMHUUECKOH HArpy3KH JoJ/DKeH ObiTh yBesauued. IIpeloxeHsl cie-
nyfomue GOPMYJIBl JJIf TOBBILEHHS KO3(G(HIHEeHTa ceficMHYeCKOH Ha-
IPY3KH:

p:O,B—H— npu H<—Hm—; (10.57)
Hm 2
w=0,6 (1 _ A ) npu H> Hm
Hp 2

rie |\ — Ko3(pQHUHEeHT NoBhIIeHNs; Hy — BbCOTA caMoil BeIcOKOH omnophl; H —
BbICOTA JPYTHX OIOP.

CoraacHo 3To# ¢opMyJe, MAKCHMAAbHOE yBeIHUeHHe Kos¢duHeHTa
coctasiser 30%.

5) Acrakannl

B nocaensue rojsl B GOJbIIMX FOPOAAX IIOCTPOEHO MHOTG CJOXKHBIX
scrakal. MHOTOUHC/IEHHBIE OTPAHHUEHHS TOPOICKOi 3aCTPOHKH BBI-
HY2KAA0T BOBBOAHTH BBHICOKHE 3J@HHsI HA IIJIOXHX TPYHTaX, PE3KO He-
CHMMETPHUHBIE COOPYZKEHHs!, MOCTHl Ha KPHBOJHHEHHOM IaHe ¢ Ma-
JBIMH pajuycamu 3akpyrienus. IIpu CTpOMTe/NBCTBE TAKHX COODYzKe-
HUH MEePONMPUSTHAM 10 00eCIeyeHHio HX CEHCMOCTONKOCTH Heo6X01MO
yaensTh ocofoe BHHUMaHHe.

Ha ocHoBaHHH aHa/qy3a PA3JHUYHBIX NMOBPEXIEHHUE COOPYKEHHH MPH
3eMJIETPACEHUSIX, KOTOphie ObIIH PAcCMOTPEHBI B NPEABILYIIHX Pasie-
712X, MOXHO BEUIEJHTH Cjaelylolue NpoOjeMbl, CBA3AHHBIE CO CTPOM-
TeJBCTBOM CJIOXKHEIX COODY2KEHHH.

1. OueHb BHLICOKHE COOPYIKEHHH C TAXKENBIMA BEPXHHMH CTPOCHHAMA
(cM., manpumep, puc. 10.41, a, b) GyayT NMOABEPKEHLl HHTCHCHBHEIM
KoJIe6aHuAM TIpH 3emJeTpsiceHnsX. B caydae HenmpaBuabHOIG Ompelc-
JICHHA CEeHCMHUECKHX CHJI HA BePXHHE YacTH B KOHCTPYKIHSIX MOIYT
BOBHHKHYTb HEAONMYCTHMO BbCOKHe Hampsikenus. CiesoBaTenbHO, Ha-
NpsiKeHUsi B KOHCTPYKIHAX JOJDKHBI ONPELEJSIThCS Ha 6aze noapod-
HOTO aHaAu3a paGoThl COOPYKEHUH MPH 3eMJIETPICEHHH. Cnenyer nom-
HHTb, UTO HAJCTPOHKH Ha KPHIUAX BBLICOTHBIX 3AaHHIT 4aCTO NOABEpzke-
HBl CUJBHBIM DPa3pylIeHHSIM.

9. KoneGanus HeCHMMETPHUHBIX COODYKEHHH (CM., Hampumep,
puc. 10.41, ¢) Bo Bpemst 3eMJIETPSICEHHST SBJISIOTCS 0COGEHHO CJIOKHBIMH.
B HuX BO3HHKAIOT IPOCTPAHCTBEHHLIE (GOPMBI KOJIeGaHHii, 8 KOHCTPYK-
LHH KPOME H3ru6a HCIBITHBAIT AeQOPMAUHH KPYUEHHS. Cnegnyer or-
MeTHTb, YTO HPH OJHOBPEMEHHOM JeHCTBHH H3THOAIOUIMX H KPYTHX
MOMEHTOB COODYKEHHE XYK€ CONPOTHBJISETCS BHEUIHHM HAarpyskam.
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3. CoopyKeHHs Ha pasenbHHX (yHIaMeHTax (cm. puc. 10.41, d) npu
CHJBHBIX 3EMACTPSICEHHAX BO MHOTHX CJIy4asix MOJyYaroT HOBpe;KlIeHHH
B BHAC TPEILHH HaI3eMHBIX KOHCTPYKUHUIT. DTO 06YCAOBICHO HEOAHHAKO-
BEIMH KONEGAHHSAMU OTJeJbHBIX (ylAaMeHToB. CNeIoBaTeNbHO, NpH
NPOEKTHPOBAHHH BaKHO OGECIIEYHTb COBMECTHOCTH PaGOThI (byH,ZL’aMEH-

TOB H CMOCOGHOCTb KOHCT
neopMHPOBAHHIO.

[1) b)

/ ¢)

L}
ITTT

()

ITT —=
1T 1Ll [—
) [t o

%FD-,,,,,, .

9

Pre. 1041

Hi;lIElT};P}IICH.eJIIgAI, ¢ HOKa3aHbl 1BA COOPYKEHHS PA3JIMYHOTO Ha3Ha-
e H 5CTaKajad, BBIIOJHEHHBIE KaK OfHO nesoe. Onopwl
E;’_;él\,m(_j,:;cqup)/}l(ezlﬂﬂ TPyHTOM. B 3ToM ciyyae xapaktep koseGaHuii Hag-
'Mécfez XHCno;xseMHou KOHCTPYKIHMi GyJeT COBEDIICHHO PA3JIHYHBIM, a4 B

OIPSIKEHUS CIELYET OXKHAAT NOSIBICHHS SHAUHTENLHBIX YCH-

ge

104, PACYET ®YHIAMEHTOB
HA CENCMHYECKHE BO3JEMCTBHUS

1) O6uue nonoxenus

dynpa
. priTﬁMMI/eIHIjII‘(I)); g:rﬁgaT J/I51 CONPSIXKEHUST BEPXHErO CTPOEHHS MOCTOB
JISIOTCSL HA TPH OGOJBIIMX TPYIIILL:
o byrToM ¢ PYONH: (yHAAMEHTEI
X CBO}OOO?I egz;K:H;ITHH, rcsanﬂbxe ($hYHIAMEHTHI H KeCcCOHHbIE (DyHAAMEHTEI
) YIIbL NOAPA3JeSIOTCA B 3aB '
pHaJIoB U cocoba BO3BEIEHH. peoeTi ot vare:
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PYKUMH BEPXHETO CTPOGHHSI K HHTEHCHBHOMY

ﬂO CHX HOp CYIECTBYET MHOTO HEpEIIEHHBIX BOMPOCOB, CBA3AHHbLIX

¢ IIOBEJACHHEM (b}/'Hﬂ,aMeHTOB MpH 3€MJIETPACEHUSIX, H CPEIH HHX HeJ10-

craTouHas paspaboTka IPHKJIAJAHBIX METOJAOB JHMHAMHYECKOTO pacyeTa.
[TosTOMY pacueT, KaK NPABHJIO, BBIIOJHSIOT METOIOM KO3(duuneHta -
cejiCMHUeCKOH HArpy3KH, a JHHAMHUECKHE PACYETH! IIPHBJECKAIOT TOJIbKO
B c/Iyuasx, KOTJa peuaiomefl ABJSETCS YCTOHYHBOCTb COOPYHEHHH.
[TocKoJbKY TPYHT Ha IJIOLIAJKe CTPOUTEJNbCTBA BO BPEMA 3eMJIETpsice-
HHS MOMKET PA3IKHIKATBCA, CJAELyeT OGOCHOBAHHO HA3HAYATH PACHETHBIH
Kos(UIHENT ceficMuyeckoi narpysku. Koraa TpYHTBl HE MOTYT ObITb
HCIIOMB30BAHEl B KAUECTBE OCHOBaHMS (DYHAAMEHTOB, Cclemyer Ju6o
CMEHHTH MJIOIIAJKY CTPOHTENbCTBA MOCTa, MO0 MPOBECTH HCKYCCTBEH-
HOE YKpelJieHHe TPYHTOB.

Pasxukenne OCOGEHHO OHACHO [ BOJOHACHINECHHOTO DHIXJOrO
[ecka WJH WA C OTHOCHTE/BHO OJHHAKOBRIM pasMepom 3eped. Cymect-
BYeT JIM ONACHOCTb PA3XKWIKEHHs, MOXKHO ONPEACJHTD 10 FpamyJ/IoMeT-
pHUECKOMY COCTaBY IPyHTa M 3naueHusiM N. Bo Bpems seM/IeTpsCeHHS
HuuraTa oCHOBHBIE NoBpexuenusi 3aanuii r. Huurara GbIH BbI3BaHLI
pasKuKeHHeM IPYHTA, AJs KoToporo N < 10. Tlpu seMm/eTpsCeHHH Ha
Ansicke, 1964 (M = 8,4), Ha paccrosguuu 90—130 kM OT snHIEHTPA
NPOU3OLIO PA3KHZKEHHe NeCKa H H/1a B pyc/lax peK (N < 20). 210
SBUJIOCH NPHYKHHON MOBPEXKAEHHH MOCTOB.

2) PyHaaMEHTHl MEJKOIO 3a/10XKeHus

PacueT (¢yHAaMEHTOB C MCIOIB30BAHHEM METOAA KO3 dHLIHeHTa CeH-
CMHUeCKOil HATPY3KH yiKe paccMatpuBaics B paspene 7.3. Obnanas
CIIOCOBHOCTHIO BOCIPHHHMATH CEHCMHYECKHe HAarpysku, ¢yHAaMeHT ox-
HOBPEMEHHO JI0JI7KeH ObITh IOCTATOYHO PA3BUTHIM, 4yto0bl IPEJOTBPATHTD
BO3MOKHOCTb GOKOBBIX INepeMelleHuii rpyHra ocHosauud. Hecymast
CIIOCOGHOCTD IPYHTA MOJ JeHCTBHEeM CeACMHYECKHX CHT IIPOBEPSETCH, KaK
niokaszano B pasgene 7.5. [Ipu sToM K03huIHEHT 3anaca NPHHIMACTCH
HEeCKOJIbKO GOJIBIINM €IMHUIE,

CJeayerT Jii MOBBHIILIATL KO3(QQUIIHEHT 3anaca npu pacuere dbynagamen-
TOB Ha CEAICMUYECKHE HATPY3KHU 110 CPABHEHHIO ¢ OObIYHBIMH HArPY3KaMH,
PeIaloT B 3aBHCHMOCTH OT I'PYHTOBBIX YCJIOBHH H METOXHKH, HCIOJb-
3yeMoii JUIst IPOBEPKH YCTOHUMBOCTH. Tem He MeHee C Y4eTOM BO3MOK-
HBIX TIOTPEIIHOCTEH HCMOAb3yeMofi B HACTOsIee BPEeMs METOLUKH pac-
yeTa M B CBSI3H C OTHOCHTEJIBHO GOJBINMM NPOIEHTOM IHNOBPEKICHHS
¢yH/aMEHTOB NPH TPOLIIBIX 3eMAETPACEHHAX (NG cpaBHEHHIO ¢ NOBPeX-
JICHHSIMH MOCTOB) TIPEJCTABJISETCS IENeCO00PAa3HBIM HECKOMbKO YBesu-
ypTh Ko3(pduUHEHT 3anaca.

Tlpu npuMeHeHHH (QYHAAMEHTOB MEJKOTO 3aJ0KeHH: ¢ OUMPaHHeM
HUJKE YpOBHSI MOPS HA HMIKHIOIO [OBEPXHOCTb (YHIaMEHTa JeHCTBYeT
BBITAJIKHBAIOILAS CHJIA, KOTOPas CHIDKAET YCTOHYHBOCTH BEPXHETO CTpoe-
HUs TIPH CEHCMHYeCKOM BO3NEHCTBHH. B ciyuae NJIOTHOTO KOHTAakTa
MezK]1y TOBEPXHOCTBIO TIOJICIIBLL QY HAAMEHTA H TIOBEPXHOCTBIO CKAILHOTO
OCHOBaHHSsI IaBJeHHe HA JIOJOIBY QYyHIAMEHTa ONpee/sieTCs NaBIeHHEM
BOJbl, NPOHMKAWIIEH 1O TPellHHaM B CKaJbHOM TPYHTE. Hcxonsa us
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BHAYEHHS KOS(OULUHEHTA HOPHCTOCTH, 3TO JaBJIEHHE MOXKET JOCTHIaTh
nopsinka 50% MakcuMasbHO BO3MOXKHOIO AaByeHus Boasl. [Ipu HenJor-
HOM KOHTAKT€ Ha NOJOIUBY ¢yHIaMeHTa Gyxer npuxoautbes 100% na.-
JIEHHS BOJBI. B npomecce xoseGanuii dynmamenrta pacnperenienne cun
P€AaKUHH MO €ero MOJOLIBE H3MEHSEeTCS. [Tockosbky mpn sTOM O6BEM
IIYCTOT B CKaJbHOM OCHOBAHHH TaKiKe H3MEHSIeTCsl, HHOTZA MOKET BO3-
HHUKHYTb BBICOKOE 1I0POBOE JlaB/IeHUe. B COOPYIKEHMAX, HA YACTH MOJAOLLI-
BBl KOTOPBIX NOSIBJISIOTCS] PACTATHBAIOILHE HaNPSKEHHs, BO BPEMS 3eM-
JIETPSICCHHST MOXKET IIPOU3OUTH OTPHIB (hYHIAMEHTOB OT OCHOBAHHS C HH-
¢$uaLTpanuel Boib B o6pasoBaBLIeecs npoctpanctBo. [ockoabky npu
STOM JIaBJICHHE HA NOJOWIBY (BYHAAMEHTA H3MEeHSIETCS OUeHDL 6BICTpO,
IPHTOK H OTTOK BOAbI B IYCTOTH CKAJTBHOTO OCHOBAHMIS UAH B opocTpas-
CTBO NOJX NOJOIIBOH NPOMCXOMHT HE OYeHb MeNIeHHO. B CBSI3H C 3THUM
CHUHTAIOT, YTO YBEJHUEHHE HJIH yMeHbIIeHHe BHITAJIKUBAIOLINX CHJ OKa-
3bIBAET HEOGOMBIIOE BJAHSHHE HA o0UIYI0 YCTOHYHBOCTh COOPYKEHHS .
Bo Besikom cayuae Touno OIDPEICIHTL BEIHYHHY M paclpeneeHHe

THIDOCTATHYECKOTO JABJEHHS BOABI HA NIOJOIBY (yHAAMEHTA OYEHb
TpyaHo. [TosTomy A/t OTBETCTBEHHBIX COOpPYxEHHT HeOBXONHMO Hpexyc-
MaTPpHBaTb YCTaHOBKY CHEIHANBHLLX NPHBOPOB, NO3BOJSIONIMX KOHTpO-

JIMPOBATh NaBJeHHe BOABI HA NOAOIIBY yHAaMeHTOB, u npuHHMATE Me-

DBl K NOJNEPKAHMIO JABICHHS HHKe ONPEREeIEHHOTO YPOBHS.

3) Kecconnbie pynnaments

K ocropubv 3agawam pacyera KECCOHHEIX (PYHAAMEHTOB Ha CeHeMu-
UECKHe BOSAEHCTBHS OTHOCSITCA OMpejesenye ux HeCYIel crnocobHocTu
H Ilepemenmienysi. PaspaGorana mMetoguxa Onpefe/senust TpeGyemMoi Tury-
OuHbl 3a%eskn DyHIamMenTa ¢ YUETOM €T0 HecyuieH CrocoGHOCTH.

Ha puc. 10.42 npusesiena cxema BHEIUHKX HAarpy3oK Ha ollopy MocTa.
K HuM ortHOCATCH Bec IpoJIeTHOTO CcTpoenust W, Bec omopsl W, Bec

o , keccona W wu cooTBercTByiomme ceiicmuye-
0 CKHE CHJIbI, & TaKkKe DeaKTHBHOE TODPH3OH-
Th TalbHOe naBneHue rpyHTa. Pacmpenesenue

| W, JaBJEHHST TPYHTa NPHHHMAETCH MO 3aKOHY
napa6ostsl

- =

(241—y), (10.58)

TAe p; — MaKCHMaJbHOE JaBJieHHe TpyHTa; Yy —
ITyOHHa, Ha KOTOPOR jocTHraercs Takoe JaB-

JICHHE,

SHavenus p; u Y1 ABJSIIOTCS HEH3BECT-
HBIMH H ONDENeNIAIOTCS M3 YPaBHeHUf pas-
HOBECHA BHEIIHHX CHJ H DEAKTHBHOIO [aB-
JIEHHS.

Ecnu oGosnauurn uepes | — miuny kec-
coHa, W -— Bec keccoma, k£ — KoadpuLHenT
Puc. 10.42 : CedcMHUYecKoil Harpysku, H — ropusonrap-
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I cTa
10 CEHCMHMYECKYI0 CHJY Ha [pPOJIETHOE CTpOeHHe H onopyezggo}la,
}]IV%,-— MOMEHT 3TOH CefCMHYECKOH CHJIbI OTHOCHTEJNBHO Bepxa K ,

TO MOXKHO 3anucarhb:

1
H kW =5”’—‘f— (291 —1Y) dy;
g U (10.59)

1
RWL _ ap— S_EL’L (2y,—y) dy.
2 ) yi

PeieHne 3THX yPaBHEHUH MMEET BHI:

_ Bl—de 4 (10.60)
1= g %

kW1 k_WZ__M .

7 2 391 (10.61)
npu  e= U pr= B

H-4 kW 2y1——4—l

% JIeHHe
Ecau mosyuaemoe U3 5THX ypaBHEHHK Ma;échanbﬂgscéLs:n& maeprl-
MEeHbIIe MTACCHBHOTO JaBJAeHHsl TPYHTA HA IJY ymea i/(gccon o e,
cst ycroituuBbiM. Korja pacnpesesenue asaenus 1 e e
axoiATcsl H3rubamoiue MOMEHTBI H Iepep e CILbl.
Jlemlj?sqgmeﬂﬂaﬂ METOIHKA I03BOJMJIA CBECTH 3aauy pacyer MHoro-
KpaTH:) CTaTHYeCKY HEOolpenesnMoil CHCTEMBI K nggcg)g;x};{/epnaoc:eep )}(/HOCT_
THYECKH OMNpPEAETUMON CHCTEMBL. Kak npasmo},{ Oge e Ty
HBIX CJIOEB TPYHTA SIBIAETCHA OYEHb CJIOKHBIM. plII/;"‘aTb e -
[aeTcs MPH TOTPYKEHHH KECCOHA, H TOYHO pacce PE;CCMOTpeHHaH py1o-
e e teTananer ¢ %a ”KeCuCO: ﬁiczgihggﬁgi' MNOZXOJ0B K PelleHHIO
JAHKa IpejctaBaser co0ou OAH ,

‘ i % HTeJb-
3311%?:1 METOLUKA sIBJSIETCS] BecbMa MPOCTOHU. HOCK}C{);II)}!{{}I; T;;e{:;xggfcﬂ’ -
HOE CTPOeHHe PPYHTA HENOCPEACTBEHHO B pacquaiOT yeaanmM. o
Jyqaemple PacnpejiesieHnsi He BCeraa COOTBeTCTBzI < OETaéTCH 1. Kpowe
TOro, NPH HalJeHHOM TOPH3OHTA/BHOM JaBJEH
Hmé Hepqe;w euéiigga}{i?c%zié sacay:kuBaer GoJee T 1yBOKOr0 aﬂagngaB.
s aéleapempennﬂ IPUMEHSJIOCh HECKOJIBKO npn6ﬂn>;§:1;t;§0nciz]1;e§m:
T. Ukexapa [368] paccmarpuBan KeCCOH Kak )K@;:IT )KI/IHaMI/I. Tpeano
néranocr; YTO KeCcCOH MNOAAEPKUBACTCS YNPYTUMH IIPY T oo

H :  NOJOLIBE, IIPHUEM KEeCTKOCTb OPU3OHTA/ V-
Bonﬂnr?;ggggfnﬁgf{anbﬂa ux ray6une. ConpoTHB/IEHHE TOPU3OHTAIBHOMY
H .
nepeveeo Keccona 10 oot pesymoTatay. Ecit peais-
T. Hkexapa npumen K > o,
OLLIBE KeccoHa JIEHCTBYIOT B Hpejenax '
;Igic;igﬁbi%en%meme Ha GOKOBYIO MOBEPXHOCTH KECCOHA py U MaK
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CHMaJIbHEBIE Hanpsaxenus 41 M gs B KPalHUX BOJIOKHaX NOJOIIBEL PaBHEI:

» S{RWI3+-3HI3 -1 4Mi2 -1 80 Ty (RW - H)J2
1 =

— , (10.62)
4b13 (13- 240 %a3) (RV1--4H14-6M) :
Y= kW 13+ BH 34 4M12 + 8cu Toas (W 1. H) ’ (10.63)
2L (kW - 4H(+6M)
ql}= N 4w + 3ok (le+4Iil—i— 6M) (10.64)
gz 4 b (134 240ikgs)

Hpu pacnonoxenyy PEaKTHBHOH CHJIBL 33 mpexenamy sIApa CeueHus
HOJOMWIBEL Keccona:

3 [EW 13 1-3H/3 H M2+ 8mykad (kW -+ H))2

oy ‘ 4 , (10.65)
4p3 (134-24m ka3 (le+4Hl+6M)
gy = WIS BHIS - 4MI2 1 8m R (kW tH) (10.66)
2 (RWI--4H1 4-6M)
g, = _39F (kW1+4H1+6A£) (14-cos B) (10.67)
b (13 24mykas)

TapajeJbHOM AelicTBHIO ceicMudecKux cuI); 26 — IIHpHHA KeCCOHA (B Hanpas-
JIEHHH, NCPHEHAHKYIAPHOM feficTBHIO ceficMHuecKu X CHIT); o0 — Kos(duuHenT,
OnpeneiaseMeii hopMoli mogormpn KeccoHa (cM. pHe. 10.43); K; — KO3(dH U HenT
POPHBOHTANBHOTO MacCHBHOTO AaBJEHHUS I'PYHTA Ha CAMHHLY TayOunb;, K, — Ko-
SOPHUHENT BepTHRaTbHOrG NaCCHBHOTO NaBJeHHs rpyHTa Ha CAMHHLY ITyGHHbI;

ko= Kg/Kl.
Kosdunnents B, my u m, naxonstes H3 PELieHHsT CHCTeMBI Tpex

YpaBHeHH
6k a® my (kW1 45, --6M)

134-24m, & o3 =N+W;

———

“__1_.3 “sinBcoszﬁ__L _ .

my = 3 sin® 8 s 3 (m ﬁ)cosﬁ,} (10.58)
_ 3 [ n—p R . sin4f

my =~ <\8 +—5-sin ﬁcpsﬁ‘ 5 ) )

B raga. 10.5 NPUBEACHB NPUGIHKEHHbIE 3HAYCH S KO3(pdunmenton
Kiu K,. Jlng GoJiee TouHOrO pacuera koadpunyenTs nesecoobpasuo
ONPEACSATL NPH NOJIEeBBIX HCITBITAHHSIX.

Metoxn! onenky OCTaTOYHBIX IIePEMEIeHH KeccoHa nocse ceficmy-
HUECKOro BO3ZeHCTBHA moka pe paspaGorann. Oguoli us IPHYHH oca-
AOK KECCOHa BO Bpems SCMJICTPSICCHUSN SIBJISIETCS HEIoCTaToyHas mior-

Ceverue nodowber KeCccoHa

a
a
Jrﬁﬂ 1
e I < 5,588
16
a;

1-06430+0,28767°

{ 3
\ —o,0547nb,
|
l ede n=-y
maq,m . i
2 7. sinfscosp 1 - )msﬁ
L5 e sin® - 42( f3 I
BT sindp
N\ :Z(Mv‘—szn’jbcosjﬂ 7
2728 '3 J
A i
10 \ ! -
A
7
My N N
=T ImERE
05 ERNEEEENEmuS
N
N
00“ 50° 100° 150" f3
e 1 Ta6aunma 10.5
a
KoathHuHeHTbl PEAKTHBHOrO AaBJEHHS TPYHT |
3
K,, Krc/cM3 Ks, Krc/cM
I'pyHT
<1 —
OueHb MATKad TAMHA B
i 12
Csa6bifl CBA3HBLL [PYHT, DBIXJIBIH NECOK -
2—4
Prixsbifi necok, Teepjas rJuHa o
4—8
MaJlopHIXJblfl ecoK, oueHb TBEpAAd
rJMHa . .
VY nJIOTHEHHBIH TTeCOK, CMeCh [ecKa —
¢ rpaBueM » i »
i >15
OueHnb NJOTHLIH MECOK, I'PaBHH,
apruJJyur
30%



4) Caaiinble pyHaaMeHTHI

CBa -
| " IIHPOKO l'IpPINiEHH}OTCH A d")YHI[aMEHIOB OIIOp MOCTOB H CO
OPYXKEHHH, ()(;bellHHHI()U.HX CI)yHKH,HH (I)YHlIaMeHT

OB H MOCTOBBIX OHOp
UTO B HACTOMAIIEC BPEMSI MO2KH ‘.
B CBA3H C TEM UT (6] 336HBaIb CBau O4eHb 6().)[]:)
JOH AJIHHBI, OHH 44CTO HCIIOJB3
T YIOTCs HpI/I CTpOI/ITeJIbCTBe C()()[)y}KeHl/]H
Ha CJIaGbIX rpyHTax HecyLU,y
Y IIOBBICHTL 34
cyer yBeJHUCHHUSA FﬂyéHHbI ee 336HBKH. HOCKOJIbe, OJHAaKO, KeCT
, -

p " KgCTb CBail B I‘OpH3OHT3J’IbHOfI IJIOCKOCTH MaJia
o o ’

* /\0 p (0] e%mqmb HX CEHCMOCTOHKOCTb B€CbMa TPYAHO
~— g epemMe i

J P HI€HHA CBaW H HAOPSIXKEHHSI B HEH

NpH JAeHCTBHH TOPH30HTANBHOH CHJBI B YPOBHe
OTOJIOBKA OIPEJENAITCH Kak B Gajake Ha yopy-
roMm ocHoBaHHH. ITockosbKy XapakTepHCTHKH
YNIPYroro OCHOBAHHSI H3MEHSIIOTCS B 3aBHCHMO-
| ! CTH OT TPYHTOBLIX yCJOBHIi, OCHOBHBIE TPYIHO-
X X CTH pacyera 3akK/JI0YalTCs B BHIGOPE HCXOAHBIX
Prc. 1044 NPeANOCHUIOK. B CBSI3W ¢ 3TUM aKTyabHbL HCCTe-
AOBAHHs1 110 COBEPIICHCTBOBAHHIO METOZIOB HCIIbI-
Caast npoctas Mo;g;:n IPYHTOB B IOJEBBIX YCJAOBHSIX.

chutme o Ty YIOPYroro GCHOBAHHSI OCHOBaHa HA INpeINo-
PUHOHAJILHOCTH CHJIBI PEAKUMH NepPEMEIIEHHI0 TPYHTA:

p = kDy, (10.69)

TAe Yy — nepeMelieHue ¢ Ja oy AJHHD _
5 Pe€axKuHHu HA €XUHU cBau; k
Koaipfblluﬂeﬂl BJAHSTHH ST TPYHTOBBIX yCJIOBP[ﬁ; D — JAHaMeTp CBaH ' ’

ﬂH(b(bEPEHI [HaJ/JdbHOE y p
aBHeHne El
‘ 7 . ) - HI usruba CBaAu C 2KECTKOCTLIO

diy
X
Perenne storo ypasuennus:

—=e¢—Bx i
y=e—P*(Cycos Px 4 Cy sinPx) +ebr (C, cos Px -+ Cy sin px), (10.71)

rae Cy, C
1 Cy, €3 n €y — noCTOSINNBIE HHTErpHPOBAHHUS
¥

El

= —kDy,. (10.70)

Ay
B=]/ 2o (10.72)

0

CM.

npu x=0 EJ Py _m-
dx? 0y

—~H, EI

dsy
| dx3
npH X = oo y = (.

C yuer
YUCTOM 3THX I'DaHMYHBIX YC/JIOBHH IE€PEMElLIeHHEe CBaH:

y= %[(%JFMO) cos Bx— M, sin [Sx], (10.73)
302

: JKEHHEM!

a nepemMeienne 1 yroa noBopoTa OroJioBKa CBau:

=1 (Ho
Yo= op2 EI ( B Mo)’ (1074
fo = 2521 gr (Ho+26Mo). (10.79)

MaxkcuMaJbHbli H3THGalomKi MOMEHT B CBae onpejieNsercs BbIpa-

Mmam———i;g— b \/1 + (1 + —2—2’—”0—> . (10.76)

0

TAE Xg — KOOpJAHMHaTa NonepeyHoro ceyeHHsI ¢ MaKCHMaJibHbIM H3rubamliHM Mo-

" MEHTOM

ctg Pro=1+1 My {10.77)
Hg
TlonepeuHoe ceqeH|e CBan ¢ MAKCHMA/IbHbIM U3THGAIONHM MOMEETOM
C/IBUTaeTCsl BHH3, 4 BEeIHUMHA MOMEHTa BO3DACTAET [0 Mepe yMeHbIle-
HHST DEAKTUBHOTO JaBJIeHHs TPYHTd H yBeJMUeHHst UBTHOHOH KECTKO-
CTH CBaH.
Ecau M, = 0, U3 BbIpaxKeH!s (10.74) mosryyaem COOTHOLICHHE MEXK=
Jy TOPH3OHTAILHOH CHJION 1 nepeMeleHHeM:

HO — 253 EIyO' (1078)

Otkryga
K=2BElL .~ (10.79)

'opH30HTa/IbHBIE TPOTHOEE BOJIH3H NIOBEPXHOCTH TPYHTa PE3KO BO3-
pactator. IIporn6 oro/oBka CBaH OJHOCTBIO OIpeJlenaercs H3ruGHON
JKECTKOCTHIO CBAH, A TAKIKE KECTKOCTBIO BEPXHEro ¢/od rpyHTa H CO-
BepIIEHHO HE 3aBUCHT OT I1yGUHBL € [TOrPYKEeHHs. B cBsisu ¢ He6OJb-
[OH JKECTKOCTHIO CBAW M TPYHTA HA IOBEPXHOCTH coopyKeHue, ycra-
HOBJICHHOE HA CBasX, IOJ [eHCTBHEM rOPHM30HTARBHOMN CHJIBL OOBIYHO
JIETKO TIepeMeIIaeTCs.

[Tpu onupaHuu cBai Ha JKECTKHUIl TPYHT H yCTpoficTBe POCTBEPKA 170:¢
JKECTKOCTh, KAaK NPABIIO, CYIIECTBEHHO yBEJIHUHBACTCIL. B srom ciay-
yae MpUHUMAETCsl TPAHHYHOE YC/IOBHE i, = 0 mpu x = 0 1 U3 BbIpAKeE-
nus (10.75)

Mo=— ;% : (10.80)

OTKyJia COOTHOIUEHHE MEXIY FOPU3OHTA/IBHON CHIOH U TepeMere-
e H, = 4p°Elyo (10.81)
! K =4 p EL (10.82)

Takum o6pasom, npH CBOBGOJIHOM OFOJIOBKE CBAH €€ XKECTKOCTD BJBOE
MEHbHIE.
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3nauenye
o CB[a(H oEgﬁgeJmeTcsi NPUJAOXKEHUEM TOPH3OHTAJBLHOH CHJIEL
K Oroic 3HaquHéM pegeHHeM nepeMellleHHsT ¥ CPABHEHHEM €ro ¢ pac-
e . yJABTaTH ABYX HCHOBITAHHHA CBall PacCMOTPEHK
U3 cTaJdbHLIX TpY6 AuamerpoM 50,8 u 101,6 cm npu CBOE

GOAHBIX OTOJ
OBKax ObIIH HATPYXKEHH
7 I FOPH30HTANbHBIM
yeHHBIC 3Hayenust K npuseressl B Taba. 10.6 H cnaan. Hoay-

TaGaunma 10.6
KosuuueHT peaKTHBHOrO JaBJEHUS TPYHTA NPH HCHBITAHHSA -
CBalf M3 CTAlbHBIX TPYO *

Ipynr K, Krc/eg;;i 4 Cpeﬁﬂeir?}c&;gﬂﬂe
I'paBuit 0,5—3,5
,0—3, 2,5
I'paBuii ¢ neckom 0,7—1,8
,7—1, 1,1
IMecox |
0,2—2,0 0,9
[auHa ¢ npuMechio IecKa 0,4—1,5
. 4—1, 1,0
I'nnna |
0,1—0,9 0,5

3HayeHus
Tosrouy ee 1;3; g;ggplfqemem nporufa Oro/IoBKa CBaH YMEHbIIAIOTCS .
oouy B BbIHOJIHeHbIH npoBoAuIHCh Tpu nporuGe 1 cm. Amasoruy-
20 cxt. Peaymorar 1719 2KeJ1e306eTOHHBIX CBai auaMerpoM oT 30 10
BL 9KCIIEPHMEHTOB NPHBE/ICHE! B raba. 10.7.

— Tabauma 10.7
(OHUHEHT pEeakTHBHOrO RABJEHUS TPYHTA NPH HCNBITAHHAX
Keje300e TOHHBIX CBai

5

Tpysar K, Krc/g:ﬂ;; ( AT
Ouenb MATKME WA WJIH TIJRHA
Han wnu rauna N
IlnotHas rausa o
Teeppas rauua .
IMecox N

3—9

Y. Manym

OUCHE pbl)liszz(\)qT%o[SSB}](andeﬂ NONEBbIE MCTIBITAHMS CBAH B IPYHTE C

MbIN HA TAOTHOM Ip fBH OCTHBIM CJI0€M TOJIIHHOH 14 M, pacmnosozxeH-

9-MeTPOBOfi TOMLH Mﬂrrg) ¢ neckoM. 11oBepXHOCTHBI CIOH COCTOAN U3

Snadenme N ot see i DVIHHBI 110 5-METPOBBIM CJI0EM TOP(SHUKA.
ro NOBEPXHOCTHOTO CJI0sI H3MeHs1och oT O 10 2.
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Hazpydxa, TL
=

0
fpoeu, mm
07
Puc. 10.45. 3apucuMocti arpysKa — npo-
ru6 AJs OAMHOUHON CBAH

] — HUXKHAS CTOPOHA; 2 — BepXHAZ CTOPOHA

Puc. 1047
20

pyska, TC

Hae

flpoeud, MM

Puc. 10.48. 3aBuCHMOCTH Ha-
rpysxa——nporué 18 KyCTOB
ceakt

] — HakJIOHHBIE CBaH (onbITHBIE AAail-
Hole); 2 - BepTHKaJlbHHE CBAH (onbiT-
Hole JAaHHBlE); 8 — WIECTD BEPTH-
KaJbHBIX OAMHOUHBIX ceaft

Puc. 10.46

YKeneso6eToHHBIE CBAaX inHoit 15 M, AHamMeTpoM 45 cM ¢ TOJIIHHOM
cTeHKH 7 cM OBUIH 3a0UTHI 10 [JIOTHOTO OCHOBAHHS. K oroJIoBKY cBai
NpHUKJAABBAIach ropu3OHTa/IbHAA CHJIA. Ha puc. 10.45 mpuBegeHa 3a-
BUCHMOCTb MEXK/Y CHJION H FOPU30HTAILHBIM riporuGoM CBaH. B cBsisK ¢
G0oJIbILIOM TOAATINBOCTHIO rpyHTa 3aBHCHMOCTb C caMoro Hadajaa OTJIH-
yasnach OT JHHEHHOH. Ecau suauenusi K BHHUCIATD A5 KaJoro 3Ta-
ia HArpyeHusi ¢ MOMOUIBIO BLIpAXKEHUS (10.74), TO TpH HeGOobILIOM
nporute cBau K =04 gre/em®, a npu nporu6e MopsAka 10 M K =
= 0,23 kre/eM®.

AHaNorHuHbBe HCIBTaHHsd TIpoBeleHH! A1 KyCTOB cpafi. Kak moka-
sano ua puc. 10. 46, @, eCTh cBaii GbIM 3a6HTHL B TPYHT C HIATOM i,lu
1,2 M. Yx orosioBky ObLIH 06beIMHEHE BETOHHBIM POCTBEPKOM BBICOTOH
1 M c pasvepaMi B IJIAHE 3% 3,2 M. Cpau Obl1d 3aBE/CHEL B POCTBEDPK
ua 30 e (puc. 10.47). 3aBHCHMOCTH MeXAY ropyxsomanbﬂoﬁ cuJoll B
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cBau (c
HepeM(emggﬁgHﬁrT)im’ HyBeﬂgquH“M” B wecth pas). s xycra csag
Tockoabky Hepememgﬂo B 2 pasza MEHBIIIE, 9eM A1 OAHHOYHLIX CBajj
CocTanIAes Mprmto 1/Henoznzmormou CBAH C 3aLIEMJIEHHBIM OIOJIOBKON
MOXKHO CUNTATD, U4TO JTs CPEMEILEHHS CBAK CO CBOGOAHBIM Or0.10BKOM
HbI B pocrsepxe’. Ho-BHmeyCTal CBalt OTOJOBKIH NPaKTHYECKH 3amemre-
JIOBKOB CBaji, KAK 570 1y MOMY, POCTBEpK NpensiTcTByer IIOBOPOTY Oro-
Korxa dyHaavenTei I;OHCXOHHT B C/1yYae OJHHOYHLIX CBaji.
MHOTO KYCTOB CBajj aap SBHUTHI B ILTakE 1 B kaz/iom psijly pasmemaercs
racr. Tiostomy Hpe,}IHoJHIfMJIeHHe NPOTHB 1OBOPOTA ellle Gosiee Boapac-
Ta NPUGAHKAETCH K CyM PACTCA, YTO JKECTKOCTh CBAlHOTO ¢yHiamer-
JeHHBMIT OTOHOBKaMHY IY]\MPHOH KECTKOCTH OTAENbHBIX CBail C 3armen-
HOCTb 33KTOYAeTCs B o DY APUMEHEHHN TDYN CBali ochoBHas TpyA-
KMol cBaeii. Vaye egpelleﬂeHHH ﬂongx HATPY3KH, BOCOPHHHMAaEMOl
CPABHUTELEO paBHOI\I;e He HANpAKEHHI] B CBAZX CBUICTELCTBYeT o
KycTe. AHANOTHYHKe PHOM 34arpyxeHHH KamIoH H3 wectw cpai m
TARMAK MOneeh pesyibTaTh nosydens: K. Ky6o [391] OpH Helbl-
1 KPYIHOro mMacmitaba. Takum 06pasom, Takoe pacnpbé»

IIDUMEHSIOT HaK

mpmMeroT CBagOHSHabéii TCBaH. H. Mauymoro TIPOBEJT HCIILITAHHUST KYCTOB

(o oy o 6,,)‘ 20u BIX B TPYHT nox yriom 12°30 k BEPTHKAIH

Sanabuc. 10.46, o). €PX €Bai Gbl1 ycTpoeH POCTBEPK BHICOTOH | M
€XNYy TODH3OHTAJNBHON CHJOH M TNepeMEIeHHeM TaKke

JKecTkoceTh KyCTa HakJIo i
HHBIX CBafl B ropu
ot ecrio PH3OHTAJLHOM HAalpagJe-
U MO Koo;pb?aennum CAeAYIOmuUM o6pasom. st NPOCTOTHI npezlx)nc]);jxlg—
23 ni)eHe6 qu }(;?an OMUPAIOTCS HA MAOTHBIH TPYHT, U ocajkaMmu Mo
PeUb. )XECTKOCTb HAKJOHHOH CBay 06ycJaIoB/IeHa THarona TIH;-

paccMoTpeTh pasgenbHo.
Kectkoer
e Bogx;,HggycnomeHHaﬂ AHATOHAIBHBIM PACMOJNOXKEHHEM CBal
{OBCHHEM DAaCTs2KEHUS B ONHOII CBae u CXKaTHA B 11py1

TO# 1IPH NPHAOKEHUU
FopusonTanbnol cuinl H. C
bl 1. Cocran g
CWJIBL B IBYX HAK/JIOHHBIX CBasix (pHC. 10.49) pasna ona sron

H
P=fr—. (10.83)

2sing
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Feau L — aauna cBau, E — moayas HOHra, A — mJoliaas none-
PEUHOTO CeueHHsi, TO NiepemelleHKe CBaH B NPOJOJIBHOM HANPaBJEHUH

PL
paBno A CiteloBaTe/bHO, TOPU30OHTAJBHOE NEpEMEIIEHHE

y—_PL ___ LA
{EAsina 2FEAsin?a

OTcr0la 3KeCTKOCTh CBail, 06yc/I0BIeHHAsA JHATOHANBHBIM PacnoJso-
JKEHHEM B KyCTe
2EA sin? o

Ki=———.
t L
U3 Bupamxennsi (10.82) xecTkocTb KycTa Ha-
KJOHHEIX CBail OT HX 3aryay6/eHHs

CaenoBatenpHo, KO3(QMUIHEHT KECTKOCTH KYC-
Ta HaKJOHHBIX CBai

in2
K—-2EAsin®e L ougspr, (10.84)
L Prc. 1049
Tje |\ B 3aBHCHMOCTH OT YCJOBHH COIpSXKEHHUS cBall ¢ po-
CTBEPKOM IPHHAMAaeTcs B jManasoHe OT 3 1O 4.

Korga npuMeHSIOTCSl BHCAYHE CBaH, ONPENEJHTD BEIMUHHY L po-
BOJILHO TPYAHO. MOXKHO, KOHEUHO, BLIMOJNHHTb pacdyer, npeanosaras,
yTo B NPOJONBHOM HANpPaBJEHWH CBaW YIPYro oneprsl Ha IPYHT.
OnHAKo TIPH 3TOM HEOGXOIHMMO OLEHHMThH JONYyCKAEMYIO MOTPEIIHOCTD.

B cooTBercTBUU C BhipamenneM (10.84) xecTKoCTb cBalf BO3pacTaer
C yBeJIMUEeHHeM YIJia Hak/oHa. [IpH 3HAUHTENbHBIX YI/IaX HaKJOHAa oce-
Bas CHJIa HA cBalo craHoBuTCs HeGojbiuof. Ilostomy cieayer NpHHH-
MaTb BO BHHUMaHHe, UTO HECYInast ClloCOGHOCTD HAKJIOHHOH CBau B Bep-
THKAJbHOM HAanpaB/JeHHUH MEHbIe, YeM BEPTHKA/JIbLHOH CBaH, a TAKXKeE
YYHTHIBATh TPYAHOCTH 3a0HBKH M ONACHOCTH nsruba cBai, ecaH BO Bpe-
Ms 3eMJeTpsiCeHUs] NPOU3OHIET ocaika TpyHTa.

10.5. APOYHBIE MOCTHI

OCHOBHOH CeHCMHUECKOH HArpy3KoH Ha apoyHble MOCTBHI SIBJACTCH
cuJia, IPUXOASAIIAsCA HA IUIHTY TIPOe3Ked 4acTH, CTOHKH M N105ICa apoOK.
CeficMHUeCKHEe CHJBI B NPOJZOJBHOM HANpapJeHHH BOCIPHHHMAIOTCSH
CaMUMH apKaMH, a Ilepe/alollue STH CHJIbI 3JEMEHTBI paCCUUTRIBAIOTCA
nmo ynpomenHpiM cxemaMm. Hampumep, croiika AC apoyHOrO MOCTa Ha
prc. 10.50 IPHHIMAETCS OTAEJEHHOH OT NOsICOB APKH, MAHETH IC npo-
JIETHOrO CTPOEHHs B BHJC LIAPHHPHO ONEPTOH B TOUKE C 6anxu, a Han-
apouHOoe CTpPOEHHE THNA PAMHOM nagcrpoiiku CGEFH BOCIpHHHMAET
HATPY3KH OT OTHOCHTE/IbHOI TTOABHIKKH ONOP. B 3aMKOBOM CEUEHHH MOC-
ta B pavMHas HaiCTPOMKA M I0sCA aPKH JKECTKO COMPSIKCHBI. Hag-
apounoe crpoenne CGEFH 13 IUIHTHI npoeskel yacTH ¥ KOJOHH NPHHH-
MaeTcss B BHJE YKECTKOH PaMbl C HENOJABHKHBIMH HIKHHMH ONOPaMH.
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{a“OKI\I(/IeHEZIUH CHJ/IBI PE€AKIKH B 3THX OlOpax ABJAAIOTCA HArpy3kaMH Ha
PKH. HCMHYECKHEe CHJIBI HA HaJapoyHOe CTPOEHHE HENOCPEICTBECH Ho

rneperamoTcsa Ha nosica apkKu B cepe/iHe NpoJeTa MoCTa.

BHHHOCKOJIbe HEeHTpaJIbHAA OCh Iosica apOK ONPEAe/AETCS U3 VCI0-
PaBHOBECHS MOMEHTOB OT COGCTBEHHOIO BECA MOCTA, APKH PAaBoTaIoT

B OCHOBHOM Ha cxkartue, a H3I‘H6a}OHLH€ MOMEHTHI B HUX MaJibl.

. OEI;P(I) JEeHCTBHH TOPH30HTANbHBIX CEHCMHYECKHX HATPY30K B MOsCax
p 3HHKAIOT OoabluKe uarubaiomue momenthl. Ha puc. 10.51 B ka-
YeCTBE NIPHMEPA MOKa3aHbl 3MI0PhI U3THOAIOIIHX MOMEHTOB (J1eBasi 4acTh
PHUCYHKA) M OCEBHIX CHJI (IpaBasi yacts). CrjomIHbe JHEHY COOTBETCT-

4 4'

Puc. 10.50 Puc. 10.51

ii};{nc P)I/;HJIHHM OT COGCTBEHHOro Beca, a NYHKTHPHBIE — OT CefCMHYec-
bandon OITII)H KO3(hHINEHTe rOPH3OHTANbHON CEICMHYECKOH HATPY3KH,
pasé]gg; T};i%qﬁzzél{l(\)aomos Ha JIefiCTBHe NONEePEeUHbIX CEHCMHYECKUX CHJI
baspaco JIbKO MeTofl0B. COryiacHO OJHHM, CeHCMHYECKHE CHJBI
PHHHMAIOTCS TOIBKO MOSICAMH APOK, & B COOTBETCTBHH C APYTHMH—
COBMECTHO C DAMHOH NJMTOH Ipoesxkedl yacTu. B mepBom ciayuae cefic-
MHUECKast CAJIA OT INIHTHI NePefaeTcst apKaMm C NOMOLIbIO ONOPHBIX KO-
JIOHH, KOTODBIE PACCMATPUBAIOTCS KAK 3JIEMEHTHI MOPTaJbHEIX paM. ITo-
lcixgomnbxy PEeakTHBHBIE CHJIBI H MOMEHTHI OT OIIOP 3THX PaM TaKKe ﬁepe-
(B Cl;rggﬁ }11131 oiiggr, 4pKH BOCIHPHHHUMAIOT OCEBYIO CHJY, H3rubaoimue
Soine Moo, W H H3 IJIOCKOCTH) U KPYTSAIHA MOMCHTSI. Pacnpene-
ot o Hgl:[ IIPH COBMECTHOM JEeHCTBHH BC€X KOMIIOHEHTOB Ha-
TDysKn MOXHO HBPITH TOMBKO JJIsT aPOK KPYyrosoro ouepranusi, Ecui
e noct cocror Tap;ufa aPOYHBIX CEIMEHTOB, COSAHHEHHbIX TOIIePEeYHLI-
, TaKOH pacyeT CTAHOBHUTCS OYEHb CJACKHBIM. B 3sToM
E;Igf:ae AJis IPOCTOTHl KPHUBOJIHHEHHOE BEpXHEee CTPCSHHEe paccMaTpHBa-
pam}éiﬁe‘;f;cf;ﬂ I;bepma. Coopy:zkenue nocepejiiiHe OMOPHHIX KOJOHH
o A e e ci € YacTH, PAMHYIO IJIMTY NpPOe3:Kel yacTH u rnosca
2o, a ¢ HE HArpys3kH Ha o6e YacTH BOCIPHHHUMAIOTCS 3THMH
ICTPYKUUAMHA pasaensio. [lpu stom, npaspa, ne yzaaercs
KDYTSIHIHE MOMEHTHI. ’ yaeer
vcﬂg’sgix(o;peﬂﬁme BBIILIE METOAL! PacyeTa OCHOBAHEI Ha psjie BEChMa
y peanocelok. JIsis nosnygyenusi 6oJiee TOUHOTO PellICHHS He-
06XOJHMO DacCYHTaTh MHOTOKPATHO CTATHYECKH HEOIPENETUMYIO KOH-
CTPYKUHIO. ITO MOKHO BHIIOJHUTE TOABKO YHCJAEHHBIMH METOAAMH C TO-
mompbio IBM. Meroauka nossoro qunamMuyeckoro pacuera apoyHLIX MOC-
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[oB ToKa ewie He cozfana. OAHAKO ye NPOBEAEHO MHOTO HCCeJOBAHTH
apOK KPYTOBOTO OUepPTaHM:. CorJiacHO NOJYYEHHBIM pe3yabTaTaM, eci
ocbh apPKH CYHTAeTCsl HepacTskHMOH, TO B Hef BO3MOKHO IPOsIBAEHHE
TOJMBKO KCCOCHMMETPHYHBIX GOPM kosrebanuil. Ilpu yyeTe pacTsiKEHHA
HJIH CXKATHS OCH aPKH OT GCEBbIX YCHJH{ MOTYT BOSHHKHYTh TaKiKe CHM-
MeTp HyHblE (GOPME! keaebanui. B 4acTHOCTH, HATYPHbIE HCTIBITAHHS TIOA-
TBEPJHJIA BO3MOKHOCTb CHMMETPHUHBIX KoJebaniil peaibHEIX MOCTOB.

Tlsist GOJIBILEN POJIETHEIX dPOYHBIX MOCTOB C e3L0i1 TOBEPXY Xapakrep-
HBI TAKIKe KoJeGaHHst Tonepek ocu Mocta. Takne Kos1eBaHHs OKa3aJjuch
BeChbMa CYILECTBEHHBIMH NIPH AHHAMHYCCKHX HCHBITAHHAX JBYXILIAPHUP-
HOTO aPOYHOTO KeJEe3HOJLOPOKHOIO MOCTd o6meit 1uHo#l 176 M ¢ pac-
CTOSTHHEM MEXAY ONOpaMy 112 m. UacToThl COBCTBEHHBIX KOIe0aHUH A4
HEe3aTP Yy KeHHOTO MOCTa COCTABJISIH 3,3 1 2 T, B oTyeTe 00 UCMBITAHHSAX
OTMEYeHO, UTO NPH YacToTe 3,3 T'w naGmofanuch 3aMeTHbE KoJieba-
HUsl yacTefl IJINThi IPOe3Kel YacTh HelloCPEe/ICTBEHHO Hal MSATaMH apoK,
a npu 2 'l — cpejueit 4aCTH MOCTa. KoathuiuenT 3aTyXanus KoJeba-
HHH BAOJB OCH MOCTa OLUI PaBeH 2,6%, a nomnepek ocu MocTa — OT 1 50
1,6%. .

VMeHue OLeHHTh MapaMeTphl KosefaHuil Nonepex OCH MocTa oueHb
BAKHO He TOJBKO JJIs obecriedeHHs YCTOMUHBOCTH MOCTa, HO H ¢ TOUKHU
3penusi 6e30MaCHOCTH TPAHCIOPTHBIX CPENCTB, ABMXKYIIMXCS N0 MOCTY.
Hanpumep, IpH HHTEHCHBHBIX NONMEPEUHBIX KoJe6GaHusAX TJIUTH [IpOe3-
kel 4ACTH FKEJE3HOJOPOXKHOTO MOCTA BO BPEMS 3EMJIETPACCHHS COCTOS1-
HHe noesja Ha MOCTy OyJIeT BeCbMa ONACHBIM.

10.6. BACAYHUE MOCTDI
1) TMospexkaeHns: BHCAYMX MOCTOB NpH 3eMJeTPACEeHUAX

Jlo HACTOSILIErO BPeMEHH He HaG/II0an0Ch C1yyaes o6py1eHHs 60Jb-
LIENPOJIETHBIX BHCSUHX MOCTOB IPH 3€MJIETPACCHUSX, OJlHAKO B TE€XHH-
yeCKOH JHTepaType NPHBOJUTCS. MHOTO NPHMEPOB o6pyiueHHst HeGOMb-
JIHX BHMCSIYMX MOCTOB BJOJb MECTHBIX JOPOT B CBSA3H C PaspYLICHHEM
ONop U PaspbiBOM TPOCOB. Bucsiuuii mocT Apakasa uMes TJIaBHBIA Mpo-
ger aauHoft 90 M 1 GOKOBBLIC TIPOJIETHI 1O 52 M. Bo Bpems semueTpsice-
Husa KanTo B ropusoHTabHOMN GasiKe ONophl MOCTA PAMHOTO THIIA TOSIBU-
JIMCh TpewuHsl. Tlosiaraior, 4To OHH 6L BHI3BAHEI GOJIBIIMMH U3THOAI0-
[IIUMH MOMEHTAMH H KpYydYeHHEeM THJOHOB H3-33 HHTEHCHBHBIX OOKOBBIX
KoJsieGanuit Mocra. Bucsiune MOCTHL TakOH JAJUHBI HMEIOT NEPUOAB o0~
CTBEHHBIX KoJeGaHuil nopsiika 1—2 ¢ u NojBepsKEeHbl NPH CHIBHBIX 3EM-
JeTpACEHHUAX HHTEHCHBHON TONEepedHoil packauke (CeHCMHYECKOMY pe-
30HAHCY).

Bucstuuii moct Tomio (¢ ABYMsl MPoJeTamH 110 124 m) 6B TOCTpOEH
Ha a/uoBHAJbLHBIX TpyHTax p. Kyuypsio. Ilpu OykydckoM 3emae-
TPSCEHHH aHKEePHBIH npaBoGepPeKHbIH MACCHB CABHHYJCS B MPOJET Ha
90 cm. Cenyio kaGeJist HABEPXY TIPaBOTO NPOJETa CIABHHYJIOCH B CTOPO-
ny Jesoro Gepera, a BEepXHHUil N0AC GaJIKH KECTKOCTH NOTEPAT yCTO#-
YHBOCTB C AMHHOM Bo/Hbl 14—20 M. OCHOBHO# IPHYHHOH MOTEPH yCTOH-
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4HMBOCTH BEPXHETO 1105Ica CYUTAIOT NMepejady GoJblLIHX HATPY30K Ha bal-
KY »KeCTKOCTH IIOC/Ie CABUra aHKepPHOro MaccuBa (cM. puc. 10.52).

Kak mnokaselBaior HCnbITaHHST MOJesell, MOJIBECKH B CPelHell 9acTu
[poJsieTa 4YacTo pasphiBAOTCA. DTO IMPOUCXOAUT H3-3a TepeMelleHHH
cpenneil TOYKH Kabesasi He TOMBKO B BEPTHKAJBHOM, HO U B TOPH30HTAb-
HOM HAampaBJeHHSIX, B TO BpeMs KaK 0aJKa JKECTKOCTH MepeMelaercs
TOJIbKO BepTHKaJbHO. I1pH 3TOM B MojABeCcKax BO3HUKAIOT 0OJ/blLHE Ha-
NpsKEeHUs, KoTopeie ewle 00/ee BO3PAcTAOT H3-3a HeBOJBIIOH AJHHBL
NOJABECKH B CepeJuHe MPoJIeTa.

Puc. 10.52. Tlospexicuua
BHCsvero yocrta [owo  upu
OyRyHCKOM 3eMIeTPACCHHY
28 nrouda 1948 r.

IlpuBejieHHbIe CAYUAH MO3BOJSIOT BBIIENUTE CJAENYIOMIUE BONPOCHI,
3ac/TyKuBawmue ocoforo BHUMaHAS NPH aHanuse cellcMOCTOHKOCTH
BUCSIUMX MOCTOB: HEOOXOAHUMO OGeCIeynBaTh YCTOAUUBOCTh aHKEPHBIX
MACCHBOB; IHJOHBEI H TPOCH (Kabesau) JOJKHBI 06JaiaTh MPOYHOCTHIO
IJIst BOCIIPUSITHS] CeHCMHYECKHX CHJI; HeOOXOAUMO NpeAoTBpaIaTh pas-
PHIBBI [IOJBECOK B CPEIHCH YaCTH MOCTA.

2) YpapHeHHs KoJeOaHUil BUCAYHX MOCTOB

f /L1s1 Takoro THOKOTO COOPYIKEHHs, KaK BUCAYME MOCT, HaNpPsiKeHHUS
HEOOXOJHMO ONpefeJaTh Ha OCHOBe jAHHAMHYyeckoro pacuera. OcHOB-
HCE ypaBHEHHE KoJeOaHHP MOCTa MOXKHO IIOJNYYHTb CJAEAYIOWHM ofpa-
3oM. Ilycts nmporu6 kalessi ONHCBIBA€TCSI YPABHEHHEM

y= —;f— x(l—x), (10.85)

rge [ — mpoJser Mocra; [ — crpeja npoBrcanus (puc. 10.53):
Yroa HakjaI0HA Kabess

=y A g
tgo= —==—-(—2%
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rOpHSOHTaJIbHaH COCTABJAOILASA TS2KEHHA B kabene IMOCTOsTHHA TIO

Beell ero JUIHHE H paBHa:

Hy=——) (10.86)

Ife § — TOTOHHBII Bec GadKH KeCTKOCTH.
BepTuKajbHas COCTABJAIOAN TAKCHI paB'H\a: H,tg (P.e‘ e
Ecai K 6a1Ke KeCTKOCTH NPHI0KEHE paBj{o?lep‘Ho pacip ;}CLTI) i
HArpy3Ka W, YacTb ee BOCHPHHIMACTCS 6a1Koil, a octabHasg 4a Hal“/ .
kaGemen uepes moasecku. llpy nepenade Ha Kabeab HOFOHHZEHe qgu%
KN p OH nporutaercs. OGo3HAUNM BepTHKAJIbHOR nepeneu}i pe
1, @ TOPH3OHTaNbHOE £ (& oBbIulio Mato 110 CPABHEHHIO € 7).

Pue. 10.53

Cuna TsizKeHus KaGess Takke H3MEHACTCA. O6o3zHaunM npnpauTleHne
rOpPU30HTANBHON cocTapsIoNlell TaxeHHs B Kabene uyepes H. Toraa
BePTHKAJbHAS COCTABJIAIONAA TAKEHHA paBHa:

(Hy + H) d (y + n)/dx.

%3 yCaoBHA paBHOBeCI/IH BepTI/IKaJIbeIX CHUJ, JEUCTBYIOUHX Ha 3J¢e-
MeHT kabens, AJHUHA KOTOPOTO 110 FOpI/ISOHTaJII/I paBHa dx, oJyuaem

4 TH, +H)-Mi“—)—]dx +gdx+pdx=0
dx | dx

Lty en 8 gap—o. (10.87)
(H"‘" 8f ) dx? 12 TP

Tlox neficTBHEM HATPY3KH W -— P Gasika IKECTKOCTH HpOI‘HeTCH.-
Ecau yAJHHEHHEM HNOABECOK npeneSpedb, TO NePEMEICHITs 6§JIKH npne
HIMAIOTCST PAaBHBIMH BEPTHKANBHBIM nporutaM Kabesei. PaBHEHH
u3ru6a GaaKH ¢ KEeCTKOCThIo B HMeeT BHA:

d*
dxt

= W-—p.

Tlocsie HCKIIIOUEHHA P uMeeM

L
dx* . 8f dx? 12
i, npeHedperas NpoH3BeICHHEM Hn;
awn gt @8y (10.88
st &F  dx? 12

3il



Vaaunenne KaGess NpH VBEIHUEHHH TSKEHHs BbI3bIBAET NOMOIHH-
TeJbHBIE MPOTUOHL. Y CJIOBUS COBMECTHOCTH nedopmarni 3AHCIBAIOTC A
caeayomuM obpason. YITHHeHHe GeCKOHEeYHO MAJ0ro 3/jeveHta kabe-
Jisi paBHO:

A — HdS o HLZX
Fhcone ~ EAcwy (10.89)

rae E — Mony.b J ;
e nysab [OHra ;14 Matepraia kabeasi; A — NJ0ILadb ero monepedHoro
r-4 o
yLuLJmHeHHe KaGeJIsi MOKHO TAK:Ke HAfTH 13 FeOMETPHUIECKHX COOTHO-
meHu Mo nporudy Kadess

[ d dy .
A= (_d—x_ cos @ - —d::—sm cp) dx. (10.90)
TIpupasnuBas Buipaxenus (10.89) u (10.90), mveen
H o dE dn .
EAcos? ¢ T odx cos P+ Tdx S,
OTKYL2
& H o H af d
dx EAcos® ¢ dx ter= EAcos3 @ T (I—QX)_d% '
(10.91)
IMocJre HHTErPHPOBAHMST STOTO BLIPAKEHHSI 10 ATHHE IPOJIETa
1
. HL — 4f dm
Bly=———] j(l——Qx)-E— dx, (10.92)
0
rpe
: d
X
L=§‘cos3q> . (10.93)

. IrTOpH TOPH30HTAILHOM NePeMelleHUH § OAHOrO MHI0HA OTHOCHTEILHO
Cpgﬂ ro (ecnu JJIMHA [1POJIETa yBeaHuiBaercs, 8 MOJIOXKHUTEJNBHO) H OT-
YTCTBHH BEPTHKANBHBIX [IePeMellleHHi TPaHHYHbIe yCJIOBUS UMEIOT BHA:

gl =96, mli~=0.
Torna u3s Beipaxkenus (10.92) nonyyaem BeipaxKeHHE

1
HL
8= ——Lyndx, (10.94)

KOT(FJ%)oe XapakTepu3yer YC/IOBHe COBMECTHOCTH neopMamu.
I[O63BpI/II’{F baﬂéglonae KoJIeGaHHI MOCTa B YCJIOBHsI PaBHOBECHS HEOOXOJHMO
Aobart CHCMHUCCKHE CIJIBI OT Macc 6aJI0K KECTKOCTH H Kale-
rogﬁ }Oaccou Kabejs Ha 3TOM 3rarne 6yge1v1 npenebperaTs H 00MYIO MO-
V10 MACCy /71 CYHTATE TPHUJIOKEHHON K GasKaM xecTkocth. Iloacras-
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st pacnpeieseHHyio cefiCMIUECKYIO CHIY B BhipameHne (10.88), mno-

JAyYuM ypaBHEHHE

g g 0y N 9 H=0, (10.95)
d 5 |
0x2 Hyg

oxt g o
KOTOPOE COBMECTHO C BBIPAKEHHEM (10.94) MOKHO HA3BATH OCHOBHBIMHI
ypaBHEHHSIMH kosiebannil BUCAUHX MOCTOB.

3) Mepuonbl cOBCTBEHHBIX KoseGanni u napaMeTpbl 3aTyXaHnd

TIpuvem 1 K [ B (hopme

n=Yet, H = Qefot (10.96)

1 rocJie TMOJACTAHOBKU B (10.95) nosryuHM
ey ay qu? v q =0. 10.97
B dx* Ha dx? q * Ha Q ( )

3nech © — Kpyropas yacrord cOBCTBEHHBIX KoJe0anmuil MOcTa.

Cfuiee pelueHne 3TOro YpaBHEHU

Y = fg +—Clshkx+-Czcl1Xx-szsinpr,—Cwosux, (10.98)
w® Hg
rpe
@ Z4-1 3 z—1 Hq
= 2’”311/2 co=t)/ S
320
Z: ‘//1+ chZ ?

Cy, Cy Cam Gy — NpOU3BOJIbHbIE TOCTOAHHDIC, onpesiesieMble TPAHUUHHIMIT Y€

JIOBUAMH.
HJIH TPEXHPOJIQTHOFO CI/IMMeTpI/ILIHOI‘O mocTa € p83p63HbIMI/I f6anka-

M JKECTKOCTH B KazKJOM TTPOJIETE | kabesem, NOJIePKHBACMbIM Ha Kar-
KOBbIX ONOPax HapepXxy MH/IONOB, (hopMH COGCTREHHBIX CHMMETPUHILIX
KoJie0aHHi HMeT BHA:

A5 KpafiHero npoJsera

o O V7L 0, VZi1l x
T R e

- gQ
7 = 97, +(Zy—1) [ 1k
" wzum[ 1+ )k Tavs vz h
_n VAL )t (¢ w VAT Gy VAL
12 I 2?2 V2 h
+cos?l11£1:—1—.i , (10.99)
VQ Iy
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AJIs1 CPeAHero npoJera

, Q o /7T T
Y :L[QZ_(Z_I)SCI'] CD-L ZTI ch (D—l/foi X

20 ZH, 21/7 v
~(Z+1)secLZ_“1 cos ©VZI-T x 1
V3 vz | (10.100,
U3 Beipaxenns (10.94) YPaBHEHHE COBMECTHOCTH Aedopmalyiii
/2 !
9 (L q @
< ( : le)—Tld— Y de—~;‘;ij1dx:O. (10.101)
0 0

B Boipaxenuax (10.99) — (10.101) sesnunun ¢ muzekcom 1 OTHO-
CATCA K KPauHuM NpoJeTam, a Ges nujiekca 2 — K cpegHemy nponery

mm\]\r\{

i ¥ "

Puc. 10.54

Honcrasass (10.99) u (10.100) 8 (10 '
XapaKkTePHCTHYECKOE ypaBH(eHne : (10100, momyuns cactyiomes

gl ) Z-1 QY ZI1
R/ S S o W hj*‘i
®3(22—1)Z[V2 VZ=1 g( 2v2 ) VZTd thx
xth(qﬂ/zfl )j’+ 32(]12/‘111 &Zr‘ Zy--1 tg (@11/21—1 .
272 OYZi-hz | ys Vi—1 2V%
Z;—1 OV Z,+-1 HE (L 4-2Ly)
th [ X2t =
V71 < YT ” 32V Ea (10-102)

H o [
1edo 5}\;{8 L}:Hogocmm\/IeTquHOH dopme KoseGanuii yesmoBus coBmecTHOCTH
L h
{Ydx=0 nmi (Y, dx=0. (10.103)

] 0

Toraa anst cpeanero nposera wactors co6eTBeHHbIX Kosebannii

2 g i
o lm: I/L(Hd A2 B > n=1,2,3.., (10.104)
12

w

a A KpafHero npoJera

W, = AN g

11 W l%

B nocaennee Bpems ¢ nomouisio IBM craso BO3MOKHEIM NOJIYYaTh
PEIMEHHs 1A Gostee COKHBIX cayuaes. M. Kouunun [402] CMOJETHPO-
BAJT TPEXNPOJNCTHBI BHCSIYHIT MOCT CHCTEMOH 13 93 COCPELOTOUEHHLIX
Mace n npyxuH (puc. 10.54) u nonyuui NEPHOABI H GOPMLI cOGCTBEHHDIX
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(Hd+ n?a? B ) n=1,23.. (10.105)

KoJaeGanuil. [IpH 9TOM VUUTBIBATHCL KoJeGaniist Kak 6aloK KeCTKOCTH,

TaK H THJIOHOB.
B tadu. 10.8 npuBeseHnl nepuoabl COOCTBCHHBIN KOJIeOaHIIT BliCsiye-

ro MocTa co cpefiiuM npoJqaeroM 1300 M v KpaiiHumMu LpoJieTamu o 650 M,

OTMETKOH npoJieTHoTo cTpoedus 108 M u BelcoTolf nuaoHoB 200 M.

TaG6anma 10.8

ITepuojibl coGeTBEHHBIX KOJeGaHUH BHCAYETO MOCTA

CumyeTpuuiible  KosaeGas KococuMMeTpIuRble KosleGaHks
No TTepuo, co6- Kaxoi 2/eMeHT KO- Ne Ilepion co6- | Kaxoit snement Ko-
ToHa CTBEHHBIX nebjercs Haubosee TOHA CTREHHDBIX Jebaercs nawboee
KoJsebannil, ¢ UHTEHCHBHO KoJdebaHuil, ¢ HHTEHCHUBHO
| Iponernr: Ilponersr:
1 11,61 Cpesnul 1 1 9,21 CpenHtit
KpaHuuit
2 6,22 To xe 2 8,88 Kpafinuii
3 4,45 « 3 4,53 cpefHui
4 4.4 KpafiHnii 4 4.4 KpailHHil
5 3,66 cpeaHu 5 3,2 cpexHui
6 3,05 KpafHuii 6 3,07 KpaiiHui
7 2,95 cpeauuit
7 1,3 Iunon
8 1,28 Tuaon 8 0,49 »
9 0,46 » 9 0,27 »
10 0,25 » 10 0,19 »

Ananns TabauuBl NOKA3LIBAET, YTO NPH HU3KHX YaCTOTAX BO3MOZK-
HBI OJIHOBPEMEHHBIE KoJe6aHust CPeJHero H KPailHHX IIPOJIETOB, OAHAKO
pu 6oJiee BRICOKHX YaCTOTaX PE30HAHCHBIE KOJIeGAHHS NIPOJIETOB JIOJIKHBI
HACTYnaTh NPy PA3HBIX YacToTax Bo30yxkiAeHusl. Bmecrte ¢ Tem He Hab-
J0JAJM0Ch CYY4€B OJJHOBPEMEHHOTO Pe30HaHCa NHJIOHOB H GaIoK XKecT-
KOCTH, TaK KaK DPe30HAHCHHIE MepHOAbl GasioK »KeCTKOCTH GoJee 3 ¢,
a sl THJIOHOB MeHblue 3 ¢. Cienyer, npaBaa, OTMETHTh, YTO NIPH HU3IHeH
cuMMeTpuuHOll opme KosieGaHHH IHJIOHBL Takxke KoJaebmoresa. Ilpu
3TOM OTOJOBKH ITHJOHOB NEPEMELAlTCss HaBCTpeuy APYr APYyry, 4To
MOXKET CNOCOGCTBOBATL YBEJNHUEHHIO aMIIUTYJ KoaeGaHHH IIPOJIETHOTO
crpoennsi. [IpumeuaTtesabHO, 4To NPpH APYTHX dopmax HAOMOAAIOTCA elBa
3aMeTHLIe KoJe0aHHsl Bepxa HMHUJOHOB.

Kosddunnenrs: 3aTyxanus kone6aHHR BUCAUETO MOCTA MOXKHO Olpe-
JIJUTh TOJBKO NMPH HATYPHLIX HCNIBITAHHAX. 3HaueHHsT KOI(PDHIIHEHTOB,
HAjiIeHHbIe TIPH HCTIBLITAHHAX SKCIYATHPYEMBIX BHCSYHX MOCTOB C TIPO-
getamu oT 100 10 140 M u GaJIKaMH KEeCTKOCTH, IpUBeIeHsl B Tata. 10.9.
Jast nepBoii GopMbt CHMMETPHYHBIX KoJsebaHHil Ko3dpulUeHT 3aTyxa-
uust pasen 0,004—0,006, a aast Bropoit cummerpuynoit ¢opmsl 0,003 —
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Ta6auw a 10.9

BuGpannonnbie HCNBITAHUS BHCSIYHX MOCTOB
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CooTeeTcTBYeT NEepBoi cHMMETPHUHOi dopMe KonebaHuil

0,016. Viavenernne Ko3(pOUIMENTA 3Ty XAHIH B 3aBHCHMOCTH OT aMIIJIH -
Tyl KoJeGanitil Opl1o HCCIEIOBANO 110 pocty Xapajga. ITH HCNbLITaHust

noxasanu, 9ro A = 0,0028 npu amIIHTyAax 5 mM, A = 0,0032 npwu

6 mm, i = 0,0034 npu 10 Mm 1 A == 0,0035 npu 54 M. Taxkum o6pasoM,

KO3(h(HLHEHT 3aTyXaHUA npH MagblX aMIVIHTYAAX KoseGaHui Bo3pacra-
eT MPAMO TIPONOPIHOHAIBLHO € AMIIINTVIAMH, 8 3aTeM npuOIHKAETCS K
MOCTOSTHHONY 3HAUEHIO. [To namibiN HCAbITanii, 3T0 3HAYCHHE K03(h-
uILenTa 3aTyXaHus paBHo 0,005, TOCKOJBKY naspHeiilee NOrJaouLe-

e SHEPTHH 3a CYeT MAJIOTo TPEHHs Ha onopax HeBO3MOKHO, & OCTOAH-
Hasi Harpyska ot 0ajloK KeCTKOCTH BOCTIpHHHMAETCST KAGeTaMI.

[TpuBejem ewe ojlil HPHIMEp HATYPHLIX AHHAMHYCCRIX HCUBITaHHH
GO LILETPOJIETHOTO BHCSUETO MOCTA. Moct Tyrac B Jlnccabone imeer
CpeiHHit TPOJeT aunofi 1013 M 1 KpaitHuil npoJset 483 m. llinpuna moc-
ta 21 M, BBICOTa [HJIOHOB

179 M, a BICOTa O1OP 87 M. Onopbi MocTa ObL/IH
'cTAHOBJIEHBI 114 6a3abTOBOE CKaJIbHOE OCHO

BaHue, BhIlIE KOTOPOTO Pac-
[OJIOXKEHB CJOH TecKa roquLuHOfl 18 M M CJI0i M/ toauiuHoi 3,4 M.
YpoBeHb TPYHTOBBIX BOA HaxoAmIcsi Ha rayGuHe 27 M. [1py UMIyJIbCHB-
HOM Harpy»eHHU MepHO/L cOBCTBEHHBIX KoJ/eOatifi Obll PaBeH 9¢ a
KO3(DHIMEHT 3Ty XaHH 2

3% KPUTHYECKOTO 3aTyXaHUA. Kpowme roro,
IPOBOAM/IHCH BAOPAIHOHHEL

e MCIBITAHUS OIIOPEL MOCTA 10 COOPYKEHU
munona. Yacrora cOOCTBEHHbIX KoJsieGauuii omopsl ObpLia paBHa 14T
BJOJIb OCH MOCTA H 2,9 'y nonepex ocu Mocta. Kospduinent 3aTyXanus

5% ObL1 OJHHAKOB I OGOHX HanpaBAeHni.

4) BulHyXKJeHHbIE KoJieGaHust

[ToJIaTaioT, YTO NMPU 3eMAETPSICEHHH BHCTUHE MOCTHI paboTaroT cie-
ayromum o6pasom. Ilpu seM/IeTPSACEHUsIX GOJIBIIOH UHTEHCHBHOCTH, HO
HeGOABIION TPOLOJKUTENLHOCTH GaTKU JKECTKOCTH NPAKTHYECKH HE HC-
[ILITBIBAIOT KosleGaHuil B CBA3H C AIHHHLIM 1epHOI0M COGCTBEHHBIX KO-
neGannit. OIHAKO B OTJAEJIbHBIX CAydasx BO3MOYKHBI PE30HAHCHbBIE KOJE-
Ganusl NUJIOHOB € GOBIIMMH AMILIHTYAMH. HanpoTtus, 1pH 3eMJICTPs-
CeHuu ¢ [LJ'IHHHOHG[)HOLLHI)IMI/I KO.He6aHH${MI/I, IIOBTOpS-HOH_LHMI/ICS{ B Te-
yenHe ONpeNeNeHHOTo Nepro/ia BPpeMerH (Hatpumep, NPH CHABHBIX 3€M-
JeTpsAceHusnx u OOJIBLIIHX SMULLEHTPaNbHBIX pAcCTOSIHUSAX), BO3MOXKHbL
pesOHaHCHBIE KosleGanns IPOJIETHOTO CTPOCHHUSL. OnHOBpeMEHHO BO3MOXK-
1Ll Godipllke Harubatouie MOMEHTDI B nunoHax mocra. OnHaKko nocKoJb-
Ky GOJIbLIKE AMITIHTYABE [IPOJIETHOTO CTPOEHUS MOTYT GbITh JOCTHTHY-
Tl IPH AOCTATOYHO AJIUTENLHOM PE30HAHCHOM pexume koJie0aHuil, BO3-
HUKHOBCHHE GOJIBIIMX KOJeOaHHH GOIbILENPONETHBIX BHUCAIHX MOCTOB
BO3MOJKHO TOJIBKO B CJyyae OueHb CHJLHBIX 3eMIeTpsICeHH .

Ecan Kosebanus TPOJIETHOTO CTPOCHHS H [IHJIOHOB TIpH CceficMHuYec-
KOM BO3JEHCTBHH pPAcCMaTpHBAIOTCS PA3NEIBHO, To HauboJjee HHTEH-
CUBHBIE KOJI€GaBus MPOJIETHOTO CTPOCHHS COOTBETCTBYIOT PE30HAHCHBIM
KOJIeOAHHUSIM 6aJOK JKECTKOCTH IO cuMmeTpHuHOil opMme. Arto npouc-
XOJHT, KOTJ[@ yCTOH MO KOHL@AM MOCTa [epeMeIiaoTCs B IPOTHBONO/IOK-
HbIX HANpaBJeHHsX. TaKHe HCKJIOUHTEJBHO He6aaronpHsTube ycao-
BUSl /sl JJHHHBIX MOCTOB MasoBEpOsTHAL, MOCKOJABKY HX YCTOH HAXO-
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JSATCS Ha GOMBINIOM PACCTOSHHA APYT OT Apyra, a pesaned MECTHOCTH H Te-
OMOTHHCCKHE YCIOBUS, KAK NMPABHJIO, COBEPILEHHO Pas/IMyHBbL.

IMycrs nepememenune wacry coopyxenust CD OTHOCHTeNBHO wYacTu
AB (cm. puc. 10.53) noguunsiercs TaPMOHHYECKOMY 3aKOHY

i == q sin wf. (10.106)

Banku xecrkoctu B kaniom IIPOJIeTE BBINOTHEHBl PA3PE3HLIMH, 2 [THJIO-
HBL 3ALUEM/IEHBl BHH3Y M IADHHPHO ONHPAIOTCS Ha KaGesu BBEPXY.

ITpu pesonance Buewnas cuia u napaMeTpel PeaKkIud HMEIOT CABHT
no gase ua yroa n/2. INosromy nporuG uentpa GasJKH KECTKOCTH pa-
BeH:

N~ Yceoswl, m; = Y, cos wt, (10.107)
a TOPH3OHTAJIbHOE TNepeMelieHre BepXa IHJIoHa

0 = A coswl.

[pupamenus ropusonTanbHbx COCTaBJISIFOLUX YCHIIHSI TSXKCHUS B
kabensix GOKOBOTO H CpenHero NPOJIETOB NPHMEM B BHJe

H = Qcos of, H, = Q, cos wf.

ITockoabKy mepHox CcoGCTBeHHBIX KoslebaHuit GOKOBOTO mpoJsera
OGBIYHO OTJIHYEH OT NMepHOAA KoJeGaHmi CpepHero npoJsera, nepemMere-
HHs1 6OKOBOrO nposera OyayT nHeGoabluumu. Ecau npeHebpeub cuiaMu

HHEPUHH A751 [IPOJIETHOTO CTPOEHHSI GOKOBOTO MpoJieTa, TO ypaBHeHHe
€ro KoseGaHHuil npuMeT BHI:

oY, —H, Yy, _}_'inz

B
Y Ox? Hg

Pemnenue storo ypasuenus

Y, — 10113 [l_f%_i.<1_f_>_{h’[hﬂsh mlx-—ch m1x>
EE 2 1 n) ot e L L)’

rpe

m2—HI3/B,. (10.108)

U3 ycnoBust coBmecrnocTn Aeopmanuii 1as GOKOBOro npoJiera 1no-
Jyyaem

L

A= Qi Ly R Yﬂdx
EA Hy ;

H TI0CJ/Ie TIOACTAHOBKH BBIPAXKEHMS /IS Y, HMeem
Q. = A/, (10.109)
L, qf 1} 1 ! | my
= 5 — — - —th 1. 10.110
rae o EA+ H3 [12 pos (l th 2)] (10.110)

i my
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Ha ocnoBanum ypaBHeHHs] PaBHOBECHS TOPHSOHTAJbHLIX CHJ, TIPH-

JIO}XKCHHBIX K BCPXY MNUJOHA
Q=0Q,- 3Eq g
17T S8 ’
rae Egly — n3rubHas XeCTKOCTb NHJIOHA;
S — BBICOTA NUJOHA.
TMToxcrasass 310 Beipaxenue B (10.109), nonydaem
Q=A(2Lele 1Y (10.111)
S3 o

K3 ycsioBusi COBMECTHOCTH Jedopmaruil Y AJTHHeHHE Kabesst cpejHe-

ro npoJseTa

I
Q_L____Sde.—: —2A. (10.112)
EA Hg Y

BripaxeHus Aast Y NPHHHMAIOTCS IO PE3YJbTaTaM HCIBITAHHE MOJe-

JIEH MoOCTa: )
IJist mepBoi (opmbi KoseGaHHi

)|
Y=56 sinz—”{f- , I
f 113
J/151 BTOPOH U GoJiee BHICOKUX (OPM KoJ1eGaHHi l} (10.113)
Y =bsin —tl:-r;i s n=3, 5... JI
CﬂeﬂoaaTemHo: z
ijxzb[S. (10.114)
0

Jlns nepsoit gopmbl f = [/2, a aas BTopo# u 6oJiee BBICOKHX (HOPM
p = 2t (10.115)

nw’
IocJe MOJCTaHOBKH 3THX BejuudH B ypasrenue (10.112)

b dA [(M+L)L —2]

B S8 o ) EA
u u3 Boipaxkenuit (10.111) nonyunm
BEolo L
Q= $ o . (10.116)
T Hy [ 3Eoly _l)i,_‘2
( S8 o | EA

[Tpumem, uTO C1i/1a CONPOTHBJIECHUSA f¢ HA €ANHHILY AJHHBI CPEIHEro
npoJeTa MPONOPIHOHATBHA - CKOPOCTH KoJebaHuii GankH KECTKOCTH

fa = CY o sin of. (10.117)
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DHeprusi, pacceuBaemasi 3a OJMH LUKJ KoJeGaHul, paBHa:

Looo2moe ] ! 21t/ ©
W= \dx S fa @Y sin COfdf:C&zS)” dx S sin? of df = nwCh? y
0 0 0 b o
0.
rie ¢ yyeroMm Beipamenuil (10.113) (10-118)
Y= ?l a4st nepBoft GOPME U
(10.119)

l
Y= - JI1s BTOpOil ¥ Gosiee BBICOKHX (HOPM.

5 PgéoTa BHEIIHUX CHJ AJd CpeAHEero npoJera 3a OQUH HHKJ KoJe-
dHUHU

on/w
V=2 5 Q cos wfaw cos wtdf =2anQ.
0
Ilpu pesonance W = V u noChly = 2anQ.
CooTHOLIEHHE MEXTy TAPAMETPAMH @ H b TIOJNYUHM T10C/I€ NMOACTAHOB-
B 510 paBeHncTBO Beipaxkenns (10.116)

3Eg Iy 1
28ga Ss o
b= ¢
yCoHy L { 3Egly 1 ’ (10.120)
EA ( S8 7.7) —2

rae o, § u y onpegeasiorcss Bepaxenusamu (10.110), (10.115) u (10.119).
Bennuuna C onpejensiercsi napamMeTpaMH 3aTyXaHHs W paBHa:

= 99 (1 _ p—4mh
C e (1— e—4uhy, (10.121)

Ecau pesyapraTel DPUO/IHKEHHOTO pacueTa MO IPHBEJCHHEIM BEHI-
paxeHusiM CPaBHHTh C HCIBITAHHSMH MOJENEH, TO HX COBHaJeHHe

20,MM; 26,eM 6yleT JOCTaTo4HO  XOPOILHM

iz (puc. 10.55).
i . Kouunm [404] gucnenno
10 e s . onpenesua INapaMeTpel  peak-
¢ IIHK BHCSiYEro MOCTA IIPH BXOA-
8 s | 1o lal HOM BO3HEHCTBHH B BHAEC 3aNH-
. 1l cell peasbHBIX 3€MJETPSICeHHH.
o T WM nosnyuenn cjeaymomue pe-

AR ENEEE NN 3yJbTAThHI.
A

2 - Puc. 10.55. CooTHollleHHE MEXAV
0 l J Eggfglé:gu;llé{eewéﬂ;:giig H?IJIOH& H,v'lil
o g7 072 03 04 05 06 07 CTH H HepEM(‘II)IlPHHGIIV[ r?);];?amem o
a0-7 07 2a,Mm ! — onpiTHBIE  JaHHBIE; 2 — pacucTisle

AaHHBIC
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1. Tlepemelnienns aiKepHbIX MaCCHBOB OKa- /T,
B

3BIBAIOT GOJDLILOE BAHAHHE 11d IIPOrHObL H H3- 4 s
ruGaoliEe MOMeHTh B 6ajKax KeCTKOCTH, HO ) T Xa
NPaKTHYECKH He BJMSIOT Ha IJIaBHbIC IHJIOHBI kyG
MocTa. B TO ke BpeMsl IepeMerleHHs OCHOBA- G%’k,,c
HHU{l rJIaBHBIX ITHJIOHOB ONpPeensioT WX Npe- ¢
rubbl H H3THOAWOIHE MOMEHTbI, 8 TAK:Ke NpH- L

paileHusi CHJIbL TAXKeHHs B Kalene, HO OKasbl-
BAlOT HeGOJIbIIOe BauMSHME HA NPOTHOBL 6a-  pye 1056
JIOK JKECTKOCTH M [3rufaloinie MOMEHTBl B

HHX.
0 Bausinge KoJeGaHuil onop MOCTa Ha GajKH JKECTKOCTH MaJo.

3. B cpenneii i BepxHeil 4acTaX IJaBHbIX MUJOHOB HANPSIKEHHS TIPH
peasibHBIX CEHCMHYCCKHX BO3JEHCTBHAX GoJblie, YeM NpH pacderax no
METOAY XO3(GguIHeHTa CEHCMHYECKOH Harpy3KH.

4. Ecau yuecTb, YTO MaKCHMAaIbHbIE CMELICHIA IpyHTa IPH 3emJe-
Tpscenuu cocrapasior 10—40 cM, TO yBeJIHUEHHE TSIXKCHHS kabeseft,
KaK JIPaBUJIO, HAXOJHUTCS B NpeleIax 10—20% cu/sl HOPMAJBHOTO TS~
JKEHUS.

5. TTocKOMLKY IVIaBHBIE MUJIOHBI HE MTOJABEPIHEHDL HHTEHCHUBHBIM KO-
Je6aHHsIM IPH BO3MYLIEHHSX C HUSKHMH HaCTOTAMI (kpoMe HHU3ILeH Yyac-
TOTBL COGCTBEHHLIX KOJeOanuit), YBeTUUeHHE THKEHIS IIPH KoJebaHusaxX
gesenko. OIHaKo NPH BHICOKOYACTOTHBLIX BO3JEHCTBUSAX KOJeOaHHust
MaBHBIX TTWJIOHOB YBEJIHUMBAIOTCH M KaK CJIEICTBHE BO3PACTACT cuaa
TsKEHHsT KabeJei.

Pe3y/bTaThl PACUETOB [OKA3bIBAIOT, 4TO CHJIA Ts2KeHHs NPH 3emJe-
TpACEHHUsIX BO3PACTAET, M AHKEPHBIC MACCUBEL NOJIKHbBI GBITh PacCyrTa-
HBl C YUETOM NOBBIIIIEHHOTO TSKEHHS. OCHOBHBIMH HATPy3KaMHu Ha aH-
KepHBli Maccus. (puc. 10.56) ABASIOTCS €ro Bec, CeHCMHYECKas Ciid OT
MAcChl MACCHBA, CHJA TSAKEHHs KaGesst u NpUpPamleHue CIHJIbL TAMKEHHH
BO BpeMs 3eMJIETPSACEHHUS. Kpome Toro, B OTAENBHBIX CAyYasx Ha Mac-
CHB JIeHCTBYET B3BEIIHBAOMAs CU/IA OT TPYHTOBBIX BOA U ceficMHUeCKOe
naBjieHHe TPYHTA Ha TEPEJHIO H 33]HIOI0 TPAHH maccuBa. B cBasu ¢
GobILON OTBETCTBEHHOCTBIO 8HKEPHBIX MACCHBOB (6,10KOB) 5TH CHJIBI He-
OBXOJHMO YUMTHIBATE CO 3HAUMTENBHBIMU 3allacamit. ITockOJbKY aHKEp-
HbI MACCHB INOJBEDPKEH FOPU3OHTANLHBIM NOABHKKAM, PEKOMEeHyeTcs,
yTOGBI TOPH30HTAJbHAS COCTABJIAONAsT BHELIHHX HATPY30K He NPEBbI-
ana Y, BepTHKaIbHOM coCTaBJSONe, a CHJIa, BBITAJIKUBAIOLAA Mac-
CHB BBepX, Obuia ne ojee 1/, CHABI NPUTPY34.
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