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PekoMmenpanuu no sufopy MerTofioB pacuyera koadpduuuenra
YCTOMUHBOCTH CKJOHA W ONOJA3HEBOr0  AABJAEHHA pa3paboraHul
Ha OCHOBE aHaJH3a CyLeCTBYIOUIHX CRoco6OB pacyera, cpas-
HEeHIIT X TpHMEHHTENbHO K INPAKTHYECKHM  BBIUMCJIEHHAM, a
TaKXe JKCHepHMEeHTaNbHEIX HCCIefOBaHHA, BHINOJHEHHBIX CIe-
LHAaALHO JUIsl pa3pabOTKH HAaCTOAIMHX pekOMeHAalHi.

B pafore npoanajJu3sHpOBaHbl CYyIIECTBYIOL(He cnocoOwl pac-
yera, YCOBepLIEHCTBOBAHEI HX KOHeuHble (OpMYJbl, NpPHBEACHB
peKoMenailiiy No pauiloHajbHOH O6JACTH HCMOJAb30OBAHHA KaiK-
Jore Meroja, no crnocof6aM yvyera AeHCTBHA TPYHTOBHIX BON H
ceficMHUECKIIX BO3MEHCTBHIT, a TakXe NO MNpPHHUHNAM IOCTPOe-
HIS 3MIOPLE ONOJ3HEBOrO NaBJIEHHA,

Pexomennauii InpeanasHavensl MJIA  HHMKEHRPHO-TEXHHYECKHX
PabOTHIKOB IIPOEKIHBLIX H CTDOHTEJbLIIBIX Opralu3auuii

PexoMenpgausin paspaboranst KaHld TexH Hayk JI. K. Tuus-
Oyprom.

© UBHTH Munmonraxcneucrpoa CCCP, 1986.



YCJIOBHBIE OBO3HAYEHHS

— yAeabHBIX Bec rIpyHTta (HHAEKC «i» 0003-

'

vy HayaeT lOMep paccMaTpHBAaeMOro OTCeKa
H3 BCeX, Ha KOTOpLIE YCJOBHO pa3bur
OmnoJi3HeBOH 6JI0K);

Ve — YyHeJbHHIl Bec TBepAblX HACTHI TPYHTa;

Yex — yJlenbHBI Bec ckejera (Bec TBepAoi da-
36l B eJlHHLE o0beMa IpyHTra)

4 — BJIaXHOCTb TPYHTa B NPOHEHTaX;

Yw — yJeJbHHIH BeC BOJAHI;

n - NOPHCTOCTb TPYHTA;

Y8, YPei — YJeJbHHH Bec rpyHTa, B3BELIEHHOTO B BO-
ne;

Yop — YIeAbHHHA Bec TPyHTA, NOJHOCTLIO HAaChl-
uiennoro Bogoil (6Ge3 B3BelINBAHUSA);

e — KO3((PHUHEHT MOPHCTOCTH TPYHTA;

Ci, Qi — YAeJbHOE CLeIJIeHHe H YroJ BHYTpeHHero
TpeHlis (MapaMeTphi CONPOTHBIEHHR CHBH-
Iy Wid CHBHIOBLIE XJpPAaKTEePHUCTHKH) B
YpOBHE TOJOWIBL OTCeKa (MO0 NOBEepPXHO-
CTH CKOJIbXKEHHSI B JalliOM OTceke);

Cei, Qni — CJIBHTOBble XapaKTepHCTHKH TpPyHTa B 3a-
MOYE€HHOM COCTOSiHIH;

—— HOpMaJbHOe HanpaXelne B paccMaTpi-
Oni BaeMO# TOYKe OTCeKa;

— Ko03(pdHUIHEHT CONPOTHBJEHHS CABHIY;

ct
Fp.=tgo:+ ont

Pppi=arctg Fp — YroJs CABHra;

H ~— BBHICOTA CKJIOHA II0 BEPTHKAJII;

B — YroJ HakJOHa NOBEPXHOCTH CKJOHA K rO-
PH30UTY;

l; — JUITHA TIOZOIUBHEI MJH OCHOBAHHS OTCEKa

(manHa NJIOCKOH NMOBEPXHOCTH CKOJbLXKeH!s
B MNpejlesiaX OTceKa HJNl JJIIIHA  XOpAbI,
coelHAOUIel TPAaHHIBI NOLOUIBEI OTCEKA);
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JNHHa JIMHHH CKOJBXKEHHA AJist BCEro pac-
cMaTpUBaeMoro ydyacTka CKJIOHA,

JJIIHA OTCeKa MO FOPH3OHTANH B ILJIOCKO-
CTH YepTexa;

cpeaHsas ToJNUMHA OMOJI3HEBOrO IpPyHTa B
paccMaTpHBaEMOM OTCEKE,

o6beM IpYHTa;

yroa HakJ/ioHa NnonoUlIBbl OTCEKA K TOpH-
30HTY (yrosq HakJOHA MJOCKOH HOBEPXHO-
CTH CKOJIbXeHHUs B IpefiesiaX OTCeKa, a B
ciydae KPHUBOJIMHERHOH NIOBEPXHOCTH
CKOJIbXKEeHHA — YIoJl HakJiola XOpabl, coe-
AlIHsIOEft TpaHiubl NOAOMIBLI OTCEKa),

jiomajhb MOAOIIBLI OTCEKA,

IHPHHA 0f0J3HeBoro 6Ji0OKa B IJIOCKOCTH,
nepHeH HKYNSAPHOR YepTexky;

riIpaBJ/IIyecKuit Hanop B oTceke (CpeiHss
BBICOTA BOAOHACHLIWEHHOl YacTH OTceKka);

nJIOIaAL CEeYeHNsT OTOKA TPYHTOBLIX BOA
B JaHHOM OTCeKe (B NJIOCKOCTH yepTexa);

YKJOH KpHBOH penpecclnt (yroJg HakJoHa
K ropH30UuTY paBHOAeHcIBYlollefi THAPO-
aHHamiueckoro (QuapTpauHoOHKHOr0) aaB-
JeHus);

rujipaBaHyueckuil rpagnent (nageue ruf-
paBJHYECKOro Hamopa Ha eHHHLY IJIHHDI
B [anpaBJIeHHH TEUEHHA);

NosHbli BeCc OAHOTO M3 OTCEKOB, Ha KOTO-
pble pasBiBaercst Omnoa3HeBOH GaoK (C
y4yeToOM BHelLlHell BpeMeHHOH H IIOCTOSH-
HOH Harpysox, HaxoJfIMXcs B mpejestax
oTceKa);

BEC OTCEKa C y4Ye€TOM B3BemIHuBanis BOllOﬁ;
HOpMaJbHasl COCTaBJifgIollass Beca OTCEKa;

CIBMraijoumas cmja (KacatenpHasi coCTaB-
JSIOILAsT Beca OTceka);

cisia TpeHHsd,;



C;=Clll

R1= Tl+ Cz = Nztgfpr*"

+ C;lt = PtCOSChtg(Pr“}‘ Cl[l
jr

E;

Eon

Ky

Ky?

QC: Qci

cujaa cuemsiends (npu npuuHatiu b=1,0),

CyMMapHaa yhaepxupamouiasag KacaTe/lbHas
clJia (COl’IpOTl[BJleHHe nepeMelieHio t-ro
OTCeKa MO MOBEPXIHOCTH C[(Oﬂb}l{eﬂﬂﬂ),

(bHJIpraHHOHHHSI CHJia (mnpozumaMuue-
CKoe Aasneuue) B {-OM OTCEKe,

pesyabTHpYIOUIEE AaBJeHIIE OT OAHOTO OT-
ceka,

CyMMapHoe OrnoJ3iieBoe JasJjenile CcloJj-
3alouero 6J0Ka;

Ko3ddHuuHeHT 3amaca YCTOHYIIBOCTI CKJIO-
Ha (daxrHueckuit kosdduunent ycroiuu-
BOCTH),

3anaBaeMblit KO3 dHUHEHT YCTONUNBOCTH
(Dast yKpenJasieMoro CKJIOHA);

ceficMuyeckas CHJa.



[MPEOVICJ/IOBHE

Benrepcrsie ocsoemist nop crpoiTesibCTBO TEPPUTOPI, KOTOpLIE
paibllle CUHTANHCh HEeNPUrOAHLIMI, BCE Yaluie NPUXOANTCS BO3BOAHTL
3jaliisi H COOPYXXEHH Ha KOCOropax M HeycTofiunBbiX ckJoHax. [lpu
9TOM, KpoMe 3ajlau obecrnevyeHHss HafeXXHOCTH BO3BOLHMBIX KOPMYCOB,
TpeGyercs pewarh BONPOCH COXPAaHEHHsA OKpyKalolled Cpeasl 1 3IKO-
HOMHOTO HcmoJb30BaHHsA Teppurtopui. B pemennsx XXVII cvesna
KITCC, B HoBoit Koneruryunun CCCP, a rakxe B npuuarom LK KI1CC
1 CosetoM Muuncrpos CCCP nocranosaenun «O JONONHHTENbHBIX
Mepax MO YCHJEHHIO OXPaHbl NPHPOALI I YAyUIIEHHUIO HCHOJNb30BAHHSA
NPHPOAHBLIX pecypcoB» yKa3hiBaeTcss Ha Heo6XOAHMMOCTb pa3paboTKil
H OCYyIeCTBNEHHS MepONMpHATHA NO OXpaHe OKpyxawwiell cpeabl,
Bosiee 3KOHOMHOIO HCHOJIb30BaHHSI CBOGOAHBIX 3€MeJib TpPH CTPOH-
TeJbCTBE NMPOMBILUIIEHHBIX H IPaM(ZalCKHX COOpYM<eHil.

B cBs3u ¢ 3THM BONPOC PAaLHOHAJLHOIO NPOEKTHPOBAHHS 1 CTPOH-
TeNbCTBA Ha HEYCTOHUYHMBBIX CKJIOHaX B Hacrosluiee BpeMs mpiiodpen
Haubojlee aKTyaswnHOe 3nadenHe. s opranusaunii MuHucrepcrsa
MOHTAXKHBIX Il CNEIHAJbHBIX CTPOHTE/LHLIX PaboT, KOTOpLIE He TOJb-
KO BO3BOASIT CNeuHaJibible COOPYXEHHS 1ia ONOJ3HEONacHBIX Teppli-
TOPHUAX, HO TaKXe 3aHUMAIOTCS NPOEKTHPOBAHIEM H CTPONTENLCTBOM
CcaMHX MPOTHBOOMNOJ3HEBLIX KOHCTPYKUHKH, BONPOC HOCTOBEPHOL OleH-
KH CTEMeHH YCTOAUHBOCTH CKJIOHA SIBJSIETCA OCOOEHHO BaXKHLIM.

OnHako ueTKiX pexomenianufi o TOM, KakiiMll MeTonamil cJjejy-
eT OLEHHBaTh CTeNeHb YCTOHYHBOCTH CKJIOHA, Ha KOTOPOM HeOGXOAl-
MO BECTH CTPOHMTEJIBCTBO, a TaKke KaKHe CII0COoObl NMPHMEHSITh  JUIs
onpejesenust AaBJeHHs Ha NPOTHBOONOJ3HEBOE COOpYXMeHie, B Ia-
CTOsilllee BPEeMs B HODMaTHBHOM JiiTepaType He cyuiecTByer. Paz6po-
canibie No GOABLUIOMY KOJHYECTBY JNHTEPATYPHLIX HCTOUHIIKOB METOAL!
pacuetTa HepejKO BeCbMa NMPOTHBOPEUHBBI M TPYAHO MPHMEHIMLI AJS
NPAKTHUECKIX BBIYHC/ICHHH.

ITosToMy B HacTOSIIMX PEKOMeHAALMAX NPOaHAJH3NPOBAHBI OCHOB-
Hble H3 CYIIeCTBYIOIIHX METOHOB pacueta, cAejaHbl BBIBOLB O TOM,
JJISL KaKHX YCJOBHH KakHe MeTOABl 1ueJiecooOpasHee MNPHMEHSITh.
Kpome Toro, sce MeTofbl pacuera mpHBeAeHB! K ¢GopMmaM, YAOGHLIM
JJISE IPaKTHYECKOr'o NIPHMEHeHHs.



IIpocToTa BLIBeAEHHBIX KOHEUHBIX (POPMYJ HO3BOJIUT NOJbL30BATHCS
HMH He TOJbKO NMPOEKTHHIM OPraHH3alluAM, HO TaKXe H MOHTaXXHbIM
cneuHajH3ipoOBANILIM YNPABJEHHSAM M TpecTaM, KOTOPbIM Hepelako
TpebyeTcsl ONepaTHBHO OLEHHTb- CTeNeHb YCTOHUMBOCTH CKJIOHA, Ha
KOTOPOM HeOOXOJHMO yCTaHaBJAHBATh MeXaHH3MBl H  INPOH3BOANTH
cneuHaJlJibHble H MOHTaX@<Hble PaGOTHI.

Kpome ueneit Boi6opa HanboJsiee palHOHaJIbHBIX CIIOCOGOB pacuera,
anann3 CyUIeCTBYIOWHX METOAOB IO3BOJIHT, BO-NEPBbIX, O3HAKOMHTb
NPOeKTHPOBLIHKOB H CTpouTeslefi C CyUIeCTBYIOUIMM ypOBHeM 3HaHHH
o AalHOMY BONpOCY, BO-BTOPHIX, HCIOJb30BAaTb HMH CNOCOG OLEHKH
yCcTOfUNBOCTH CKJIONOB TNapaJulleIbHO pasyIHYHBIMH MeTofaMHu  (4To
Jlaer GONLINYIO AOCTOBEDHOCTb ONEHKH), B-TpeTbhux, GJjarogapsi Ha-
CTOSIUIIIM pEeKOMeHNanHsM, BHIOpATh M3 BCEX CYIIECTBYIOLINX HMEHHO
Te METOJbl, KOTOpble B KaX/OM KOHKPETHOM cJiyyae HOMOTyT MNOJy-
unTh HanboJjiee BepHbIil pe3yJibTar.

B pa6oie npuBejens cyulecTByiomue crnocobnl pacuera kKo3ddu-
uileHTa YCTOfYHBOCTH CKJOHa H BEJHYHHBl OMOJ3HEBOro MHaBJIEHHS
B npeob6pa3oBaiHoM (AJig ynoOcTBa NpHUMEHeNnHs) BuIe, pa3paboTaHbl
pekoMenjauin no cpoco6aMm yyeTa FPYHTOBbIX BOJA H CeHCMHUYECKHX
BO3/efiCTBHII, NMPOH3BEJIGHO CPAaBHEHHE pa3JIMUHBIX METOAOB pacyera
I jaHbl pEKOMEHAaUHH nO 0o0JacTAM NpPHMEHEHHS KaXKAOro M3 HHX,
a Tax:Ke no crnoco6aM MOCTPOEHHSI 3MIOPHl ONOJI3HEBOro JaBJieHHs,
1HeoOXOUNMOH  AJisl  NPOEKTHPOBAHHMA  [POTHBOOMOJI3HEBHIX  KOHCT-
PyKILHii.

I. UCXOIHBIE MOJIO)KEHHUI
1.1. OcHOoBHbIE NPEANOCHIJIKH

[Ipi npoexkTHPOBaHUH JIOOLIX NPOTHBOONOJ3HEBHIX MEpPONPHATHE,
Npil CTPOHTEJNLCTBE HA 11eYCTOHUYMBBIX CKJOHAX MJIM HPH pasMellleHHH
MexalH3MOB Ha OTKOcaX, CKJOHaXx HJAH OopTax oBparoB paboThl
CNeAyeT HaunHaTb C OLEHKH CTENeHH YCTOHYHBOCTH HaKJIOHHOH IiO-
BEPXHOCTH 3eMJiH. Takasi oOleHKa NPOH3BOAHTCHA NyTeM BHIYHCJEHUS
TaK ia3biBaeMoro Ko3(@HUHEHTZ YCTOHYHBOCTH, KOTOPBIH Xapakxre-
pu3yercst OTHOILEHIeM CHJ, yTepXUBalOUWMX MAacCHB TPYHTa Ha Ha-
KJIONIOil TOBEPXHOCTH, K CHJaM, CABHraiouiuM 3ToT MaccuB. [as
IIpOEKTHPOBANSI NPOTIBOONOA3NEBLIX Meponpusathit Hepexxo Tpeby-
erca elle onpejesisiTh BeJYMHY AaBJIeHHsT TPYHTA OT CMEILaloerocs
MaccliBda Hla Orpa)XAalomylo KOHCTPYKUHIO (ONoJi3HeBOe AdBJeHHE).
Just Taknx BLIVHCAEHN CylUleCTBYeT oOueHb, OOJIbLIOE KOJHYECTBO
pacueTHLIX METOJOB, KOTOpblE, MO CYIIECTBY, HE pPErJaMeHTHPOBaHbl
HOPMATHBILIMII JIOKYMeIITaMH.

BonbWHHCTBO M3 CyHECTBYUIHX METOLOB pacueTra YCTOHYHBOCTH
ckaonoB 6blio pa3paboTaHo AJAS1 BBIYHCAEHHS Koa(p(dHUHEHTa YCTOo#-
YIBOCTI CKJIOHA. 3aTeM 3TH pacuerhl (KaK NpaBuJO, aBTOPOM JaH-
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Hoft pa6oThl) npeoOpas3oBBIBaJHCh AJS ONpejleleHHs] TaK Ha3biBaeMo-
ro OINOJI3HEBOro JaBJienis, T. €. AaBJeHHs, Nepelaloulerocst OT He-
ycTOAYHBLIX TPYHTOBBIX MacC ONOJI3HEBOro ckJjoHa. [lpu atoM anas
pacyeTa NpPOTHBOOMNOJIBHEBLIX YA€PXXHBAIOUIHX KOHCTPYKIIA paspa-
60TaHLl cnOCOOLI MOCTPOEHHSA 3MIOPLl ONOJ3HEBOro AaBJEeHHS NO npo-
TSMKEHHOCTH OINOJI3HS.

Bce pacueTHble MeTOAB OUEHKH CTeneHH YCTOMHYHBOCTH CKJIOHOB
OCHOBaHbLl Ha INPHMEHEHHH TEOPHH NpeAeNbHOTO paBHOBeCHs, pac-
cMaTpHBaloUled  npejesibHOe  HallpAXKelHOe COCTOAHIe TPYyHTOBOIO
maccusa. B pacuerHoil MogesH npuHHHMaeTcs PSAA  YCJOBHLIX JAOMNYy-
eHH#:

HCHOJIb3yeTCH TIHIOTe3a 3aTBEpjleBlIEro Tesja (MpH3Ma BO3MOXKHOTO
CMeIeHlsl pacchlaTpiiBaeTcs B BHAE 3aTBepJIEBILErO KJIHHA);

paccMmaTpHBaeTcsl y3kasl noJjoca ckJoHa wmupnsHoit 1 m; ycsosus
ee paboTLl COXPAHSAIOTCA [JIsl BCEro CKJOHA;

JonyckaeTcsi onpejenennas (popMa MOBEPXHOCTH CKOJbKEHHS;

TpH MOJIb30BAaHIH OCHOBHBIM KpHTepHeM npounocTH (t=otgp+c)
HanpsoKeHHsl 3aMeHsIOTCA CHJIAMH;

B HEKOTOPLIX MeTOA4X CHJIBI B3aHMOAEHCTBHA MeKAY OTCeKaMH, Ha
KOTOpble pasbnBaercs onossiesBoil 6JI0K, He yUHTLIBAIOTCS;

NPHHHMAIOTCA l3J1araeMble AaJjiee JONYLIEHHS O 3HaYEHHsIX II Npo-
SIBJIEHUSIX JaBJIEHHS FPYHTOBBIX BOA H CEHCMHYECKO# CHJIBL;

B HEKOTOPBIX MeTOAax IpH PpacCMOTPEHHH paBHOBECHS MaccliBa
NpHHHMAETCS OAHO YpaBHEHHE CTaTHKH;

B OTAEJBbHBIX CJydYasX TEeOpPHS HpeAeJIbHOTO PaBHOBECHSI TNpIIMeHs-
ercs K TPyHTOBOMY MacCHBY, HaxOAsiHIeMycfi B 3anpefetabHOM CO-
crosinnu (npu Ky<<l).

Hecmorpa na nepeunciennnle ponyuenist H HCXOAST N3 HCOGXO-
JHUMOCTII OXBATHTb KaK MOXHO OOJIbllle BCTPEYalOLIIXCA Ha NpaKkTHKe
ciyuaeB (pa3HOpPOAHOE TreoJIOrHUecKoe CJOXKeHIe CKJIOHOB, HaJjHule
TPYHTOBBIX BOJ, BO3/leficTBHE CefiICMHYECKHX CIJI H T. JI.), 3TH METOALI
pacuera, XOTsI !l He BHOJIHE MaTeMaTHYeCKH I ()H3HUeCKH CTporie,
HeoOXOAHMBl AJs Pa3pabOTKH HPOCTLIX IHXKEHEPHBIX crnocofoB olueH-
KH YCTOfYHBOCTH CKJIOHOB H OTKOCOB.

Ilpu pacuerax ONOJN3HEBOro AaBJIEHIs MONOKeHIe HauloJjee omac-
HOH NOBePXHOCTH CKOJIbXKEHHSI, KaK IIpaBHJO, TNPHHHMAeTcs YiKe
YCTaHOBJIEHIILIM. CyI.LLeCTByCT MHOXKECTBO HATYPHBIX H TECPETIECKIIX
MEeToA0B YCTAHOBJIEHHST TIOBEPXHOCTH CKOJbXKeHHs. I3 HaTypHBIX
HeOOXOAIIMO OTMETHTH CJEAYIOHIHE METOABl: BH3YyaJbHOro HabJioje-
HHSL 3a HPOXOAHMBDBIMI LipH Oypenni cKsaXuH o ypdoB Mopona-
MH — [0 3epKaJiaM U IUTPHXaM CKOJLXKeHIf, NO HOBBIILUEeHHOM BJakK-
HOCTH TpPYHTOB H T. J.; TIJy6HHHOrO pemnepa H3 OTPe3KoB Tpyod
(E. Il. EMenuanoBOi); rayGHHHOrO LIJIAHFOBOrO penepa; ryGHHHOrO
penepa c anekrpuueckuM ¢uxcatopom cmeuiennil, (M. SI. Bapauopa);
o6paTHOro nomnsaBkoBoro orseca; Meroad M. H. Py6annka; aunamiu-
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4eCcKOro i CTaTHYeCKOro 3CHANpOBanust (OnpexpesieHNne JOBEPXHOCTH
CKOJMbX(EeNHn no 06JacTSM C NOHMXKEHHBIM COMPOTHBJENHeM Iepeme-
LEeH0 30HAA); NJHTEeNbHOro HaGMONEHHS 32 OTHOCHTEJbLHBIM CMe-
LieniteM KoJsiell, KOTOpPbIMH ofcakeHa HabJojnaTeNbHas CKBaXHHA,
n ap. VM3 reoperniuecknx MOXKHO orMmeTriiTh Metonnl b. M. Jlomuse,
H. B. ®enoposa [26], T'. M. laxyusuua [38, 39], I'. JI. ducenko u ap.

Hepenko nopepxHOCTb CKONBXEHHS INpejonpejeseHa CaMHM reo-
JIOTHUYECKHM CTpOeHHeM CKJIOHA, HalnpHMep, Koria MOKPOBHBIE T'PYHTHI
(memosufi) cnossalT NO KOpeHHHIM nopojgaMmM. OJAHAKO B TaKHX
cayyasX K aHaJH3y CcJeAyeT TOAXOAHTh C OCTOpOXHoCThlo. Ecum
KOpeHHBLIMH NMOPOAaMI SIBJSIOTCS MOJYCKaNbHble TPYHTHl {(aprHJJHTHI,
aJIeBDOJIHTBLI, H3BECTHSAKH M T. M.), TO HOBEPXHOCTb CKOJbXEHISA
MOXET NPOXOANTb H BbIlIe, H HHXE KPOBJH TaKux nopoa. B oxou-
YyaTeJbHOM BiAE /sl YIOPOIMEeHHS PacucTOB NOBEPXHOCTb CKOJIbXKEHHS
IpHHIMaeTcs] B BHAe npocTefiniux (OPM — H3 JIOMAHBIX JHUHHHA, U3
ALYl OKPYXKHOCTH H T. I.

[Tosioxenne NOBEPXHOCTH CKOJBXKEHHS, TaK e KaK H 3HayeHHs
INPOYHOCTHBIX XapaKTEPHCTHK TPYHTOB (C H ), YCTaHOBJIEHHBIE MO
MarepHasaM  HHXXEHepDHO-TeOJIOTHYeCKHX H3BICKaHHH, CJeiyeT IpH
NpaKTHYECKOM IIPOEKTHPOBAHUM YTOUYHATL OOpDATHEIMH  pacyeTamy,
HCXOAS K3 3HaueHHs Kod(pduuueHTa yCTORUMBOCTH CKJOHA, nmpubmau-
31TEJbHO COOTBETCTBYIOHIENO €ro 3HauyeHHI0 NpH ¢(akTHYEeCKOM CO-
CTOSAHHIl CKJIOHA {MpH HEeYCTOHYHBOM TOJIOXKEHHH CKJIoHa Ky=1).
IIpin 3TOM, B COOTBETCTBHH C pe3yabTaTaMH HCCJIEAOBaHHR MHOIHX
coBerckux yuennx (M. H. Tonppwrefin, 3. M. Io6pos, 10. K. 3a-
peukuil, H. H. Macnor, TI'. Wi. Tep-Cremausnn, A. §I. Typosckas,
. A. lpiToBHY ¥ Ap.), 3HAYEHHA CHBHTOBBIX XapaKTePHCTHK TPYHTOB
Ha YypOBHE MOBEPXHOCTH CKOJIbXKEHUST MOryT GBITb CHHMKEHBI BCJEf-
CTBHE BO3MOXXHOrO H3MEHEHHS HX BO BPEMEHH C YYEeTOM IOJA3YUeCTH.
Taxkoe cHHKEHHE NPOUHOCTHBIX CBOHCTB TI'PYHTOB (0CO6€HHO TIJIHHH-
CTLIX) B HEKOTOPBIX YCJOBHSIX MOXeT ObIThb 3HAUHTEJNbHHEIM, YTO He-
06X0AHMO YYHTHIBATb IPH IIPOEKTHPOBAHMH.

Jns mpakTHYECKHX pacyeToB BO3MOXKHO MPHMEHSITH MeTOX Yyuyera
peoJsoriueckux cBoOiicTB rpyHroB, paspaboranun#t npod. H. H. Mac-
agoseiM [15]). Kak wussectno, mo H. H. Macaosy conporuBisieMocTb
rpynra cABHTY NpejxCTaB/sieTCs BhipaKeHHEM:

Spw=ptEgew+Sy+c., (1)
rie p — JAeiicTBylollee B MOpoOJEe MO AaHHOH nJoulajike HOpMasb-
HOe HanpsKeHHe;
(pw — YrOJ BHYTpEHHEro TpeHHus Ipu Bjaaxuoctn W;
2w — CBA3HOCTb MOPOABL! BOAHO-KOJJIOHANOH NpHpOAH U obpa-
THMOIO Xapakrepa NpH BJaaxXHoctH W,
Cc — JKeCTKOe CTPYKTYpHOe cUenJieHlle ¢ xapakrepoM Heobpa-

THMBIX CBfi3eil.
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HOJlSyquTb NpoABJAETCH, KOrjaa JeficTBHTEeNIbHBIE CHBHTaloUlHe Ha-
npsaKenna ¥ AexKaTr B npepenax

Pt Qo+ cc<<t<<ptg Qu+ Zw+ ce. (2)

B TakoM chaywae npo4yHOCTb TpPyHTa obecneuuBaeTcs Ha TOT HJH
HHOfl MepHOA, OfHAKO B CBA3H c Jedopmalifefi nmoasyuectH BO3MOWK-
HO Hapyueuye HCOépaTlIMOI‘O cuenJeHua C: BO BpeMeHi C OOIILIIM
najieHHeM NPOYHOCTH TPYHTA.

B peosIorHucCKOM aHaJii3¢ BeCbMa BAaXIILIM OKa3biBaercda pacune-
HeHHEe MNPHCYL(ero IJIMHHCTOMY TPYUTY OOIUNEro CUEMJeHHS ¢ Ha cha-
rapouiiie ero o6parumoe I, H HeoOpaTuMoe (. cuenjenus. 3rtoT
aHajii3 BHIOJHAETCSA NYTEM COMOCTaBJIeHHA 3HauyeHHH comnpoTuBJe-
HHSL NMOPOABI CABHIY B MOHOJHTE H NPH CIABHFe «JIaUIeK» MOPO/bI
N0 HCKYCCTBEHHO NOATOTOBJEHHOH IOBEPXHOCTH. 3areM MPOBOAHTCA
JJIMTE/IbHOE HCNBITaHHE Ha CABHr C KOHTpoJsupyeMo#fi gedopmaliHei
oL ReficTByOlIE HArpys3ko#f v AJs onpeleneHHst BO3ZMOXCHOrO CHH-
XKeHHA 3HAYCHHHA @w, Zu H . BO BPEMEHH H XapaKTEPHCTHK BA3KOCTIf
rpysra.

[To meromuxe H. H. Macnosa Moxer O6bITh BBIMOJHEH NPOrHo3s
CKOpDOCTH IlepeMellleHHR BHH3 N[O CKJOHY ONOJI3HEBHIX Macc Ha HJll-
TeJbHBIA NEepHON H HHTEHCHBHOCTH AedopMmauuii cMelleHus MnOAnop-
HBIX COODYXKEHHH.

B caysasx, xoria 1no MaTepHaJaM HHXKEHEDHO-reoJIOTHYeCKHX
H3BICKAHHH H HMEIOUIHXCH TeOPEeTHYECKHX METOJOB MHOJIOXKeHHe Hal-
Gosee opacHO¥ HOBEDXHOCTH CKOJIBXKEHHS YCTaHOBHTbL He YJaercs,
pacueTHrle MeTOAbLl OUEHKH YCTOHYHBOCTH CKJIOHOB B NpPSIMOM BHJe
IIDUMEHHTb He IIpeACTaBJisgeTCsad BO3MOMHBIM. B rtakux clyyanx cje-
OyeT HCIoJb30BaTh BapHAUHOHHEIE METOJABI pacuera, NpelJoXKeHHble
A. 1. Tupruposeim, M. H. Tonspnwreiinom, A. T'. Lopdpmanom,
VY. X. MaraeessIM 4 1p.

Ilpu pacuerax ycTOHUMBOCTH CKJIOH2 WJIH ONOJ3HEBOrO AaBJeHIs
CNON3AIOMMA TPYHTOBLIE 6J10K YJIEHHTCS BEPTHKAJBHBIMIL JITHUSIMI
Ha pajg orcekoB. OOLIYHO OTCEKHM NPHUHUMAIOTCS TAKHMH, uTOOH 6e3
NOTEPH TOYHOCTH MOXHO ObIJIO B HX Npejesjax NPHHIMATb NOBEpX-
HOCTb 3a TMNJOCKOCTb, a COCTOSIHHE TIPYHTAa, OuepTaHHe CKJIOHa, Heii-
CTBHE BHEIIHHX CHJI M T. Il. IPaKTHYECKH odHOpoAanbiMH. Kak mpasuio,
IIMpPHHA OTCEKOB He JOJI)KHA NpBHINATh 5—6 M.

BeepeM JnonyuieHHe OTHOCHTEJIBHO TOYKH NPHJIOXKEHNHs H Hanpas-
JeHus paBHOjeHcTByloWleH ONMOJN3HEBOro jJasjeHHss. Ecian onossnesoe
JaB/leHHe CUHTAaTh AaKTHBHHIM, TO, N0 MHEHHIO aBTOpd, CXeMa ero
pacnpepeseHusi IO BHICOTE aHaJOrMyHa cxeMe pacnpejeNeHHst ax-
THBHOT'O JaBJIEHHss OT KJiHHa cnonsandss no teopun Kynouwa. Ilpu
BREJeHHY JONYUIEHHS O TaKoil aHaJOrHH BEPTHKAJILHYIO 3MIODY ONOJ3-
HEBOrOo AaBJIGHHS MO BHICOTE PacUeTHOTO CEYEHHS] CKJIOHA  CcJaelyeT
NPHHATL TPEYrosibHOH (3TO NOATBEpMKAAeTCA H TeM, 4YTO Ha YpoBhe
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HOBEPXHOCTH CKOJIbIKEHIIsl JiaBJieHHe sBJiieTcS MaKCHMaJjbHbIM). ABb-
TOPOM TNPOBOJLHMJIMCL BAapHAllMOHHBIE pacCueThi, KOTOpbie Aapaju BO3-
MOXHOCTb MOCTPOHTBH BEPTHKAJBHYIO 3MIOPY OIIOJ3HEBOrO AABJIEHHSI.
Takue sniopbl no ¢opme cobmafajH ¢ TpeyrojbHukoMm. Kpome TOrO,
BeJsilluMlia I1Jleda MpIJIoXKeHHs CHJBl Eon OT HOBEPXHOCTH CKOJILKEHHS
npiu onpenenennn no merogam I'. M. laxynauna u AWWTa, xax
NpaBHao, noayyanach 6JH3KO K OAHOH TPeTH MOILHOCTH ONOJ3HEeBOMH
Tosuin. Takoe ke 3HaueHHe MJleya PeKOMEHAYIOT U APYrHe HCCJaeno-
Batean [17, 26, 39]). B cBa3n cO cka3aHHBIM B JaHHO/i paboTe InpH-
HiMaeTcs JonyllieHHe O pachpefleJleHHH OIMOJI3HEBOr0 AaBJIEHHST 110
BLICOTE pacyeTHOro CceyeHHs CKJOHA B BHAE TPEYroJibHOH SMHIOPHI.
Tak:Ke ponyckaercs, YTO peakKUHs IPOTHBOOMNOJI3HEBOro yJepKupaio-
L1ero COOpYXKeHHsl HanpaBJieHa NO TOPH3OHTalH. B ¢BAsH ¢ 3THM
Jdajee Onpenessercs, Kak NpaBuJO, TOPH3OHTAJbHAsA DaBHOAEHCTBYIO-

1451 OMOJI3HEeBOro AaBJeHI.
Kpome Toro, sapmaguMmcs 3HavyeHHeM Ko3dpduuHeHTa ycTOHYHBOCTH

3

YKpenmiasaeMoro cCkJoHa Ky, Ha KOTOpOe YMHOXKaeTcsi CyMMapHOoe 3Ha-
yeHiie CABHTaOUIHX CHJ IIPH BBIYHCJIIEHHH  ONOJI3HEBOro  AasJieHHs

3
(nanee nokasaHo, 4YTo yMHOXaTb Ha Ky He0o6XOAHMMO HMEHHO CHBH-
raipuiHe CHJbl, a He pe3yJbTHpYIOllee 3HauyeHHe ONOJ3HEBOrO JaB-
aennst Eon).

B cnpaBounnkax mo OCHOBaHHAM H ¢yHAAMeHTaM NPHBOAATCH 3Ha-
ueHHs Koa(p@pnuneHTa ycTOAUHBOCTH Ky NpPH YKpeNJeHHW CKJOHOB C
IIOMOILbIO OOKIYHLIX NPOTHBOONOJ3HEBLIX MeponpuaTHil. Ilpu Taxkom
yKpenJeHHH CTeleHb HeONpeneJIeHHOCTH 3ajayd AOCTATOYHO BLICOKA,
NI03TOMY yKasaunble sHaveniss Ky cpaBHurenbHo Bequku. C noBbiuie-
HIleM TOUYHOCTII pacyeToOB H ¢ INpHMeHeHHeM OoJiee pPaLHOHAJBHBIX
NPOTHBOUNON3NEBbIX KOHCTPYKUi{l 3HaueHne Tpebyemoro koaddHuH-
elTa ycTofiullBOCTIl JOJ2KHO CHHXKAaTbCs.

B oanofi n3 csonx pabor H. H. MacaoB mucaJs, 4T0 BO3HHKaeT
BIOJIHE ONpaBAaHHOE TpPEACTaBJIeHHE O BO3MOXKHOCTH NDH 3aKpen-
JIeHHIl JefiCTBYIOUiHX ONOJ3HeH OrpaHHYMBaATLCA JHIIb BecbMa He-
6oablIM fpenbilienineM 3HaveHnss Ky Hazg enuuuued. B Gosbuun-
cTBe ciaydaeB INpH M0ZOOHBIX OOGCTOSITEJIbCTBAX OKas3kBaercs JOCTa-
TOUNBLIM 3ajlaBaThesi 3naueHusimin Ky or 1,05 no 1,1. Ilpu atom paxe
cjaboe TOPMOIKEHHEe MOXeT OCTAHOBHTDb OMNOJI3EHb.

[IpH nNpOeKTHPOBAHHH YAEPXKUBAIOHMIHX COOPYXKeHHH  ruybokoro
3ajioxeHissi TeM OGoJjiee He CJeAyeT 3afaBaTbCsl CJAHIUKOM GOJIBUIHM
k03¢ HLUHEHTOM YCTOHYHBOCTH, MOCKOJbKY TaKHe KOHCTPYKUHH pac-
CUIITBIBAIOTCA HA BeChb M3OGBITOK CABHIAIOMIHX CHJL.

B cBsI3H ¢ H3JI0XKEHHBIM NPH pacyeTe NMPOTHBOONOJ3HEBOH yaepxkH-
paioniefi KOHCTPYKUHMH 3ajfaBaeMbli KO3((HIHEHT YCTOHUHBOCTH pe-
KOMEHJyeTcs NpHHHMATh B nmpepenax [6]:

1,01 <Ky<<1,l. (3)
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M3 Bcex cyulecTByIOlIMX B HacTosiliee BpeMs METOAOB pacyera
aBTOpPOM OBl paccMOTpPeHbl JHIb Te, KOTOpble Hanbojee MIPOKO
HCNOAB3YIOTCA A BLIYHCACHHST KO3 (PHLUHEeHTa YCTORUYHBOCTI CKJO-
Ha, H Te, KOTOPHE MOJKHO MPHMENHTb AJsL OfpeAeNcHHs OMNOJI3HEBOro
paBneHusi. B pabore He paccMmaTpiBajllich 14K Ha3blBaeMbie MPOCT-
paHCTBeHHbIe METOALI PacyeTd, B KOTOPHIX BLIUNCJAEHH: BeAyTCs He
LN MOAOCH CKJAOHA WHpHHOA ! M, a anag Bcero ofbeMma rpyura.
[To MHeHHIO aBTOpa 3HAYMTENbHOE YCJONKKHEHHE pacuyeToB B TakHuX
MeTOfax lie ONpaBALIBAaeTCS KaKHM-JHO0O YTOUHEHHEM pe3yJibTaToR.
Jeno B TOM, UTO TpyNTOBblEe YCJOBHSI NO INHPHHE CKJIOHAa BechbMa
HEOANOPOAHbl, IIPOYHOCTHBIE XapaKTEePHCTHKH TPYHTOB DE3KO l3Me-
HAIOTCA AaX<€ Ha COCefHHX NJIOWAaAKAaX, CJAeA0BaTeNbHO OODBeANUATH
pasHOpOoAHble YCJOBHA B OAMH pacyeT cMbicsa He HMeeT. DBonee mpa-
BHJIbHBIM OyJeT NPOBOAUTL pacyeT IS XKaxKAOro MONepeyHHka B OT-
JeNbHOCTH (M B HeM NpHHIMAaTb NOJOCY cKJoHa wupuHoil 1 M),
OAHAKO, TaKHX MONepeyHHKOB Ha CKJOHE BBIALJAATH KaK MOXHO 50Jb-
e — AJg BCeX MeCT C H3MEHSIOMHMHCA (DH3IKO-MeXaHHYeCKIIMH I
NPOYHOCTHBLIMH XapaKTePHCTHKAMII IPyHTOB.

1.2, Yuer neiicTBHSI TPYHTOBbLIX BOJ

HefictBie TPyHTOBLIX BOJA Ha COCTOSAHHE ONOJ3HEBOI'O CKJIOHA MpO-
AB/NSIETCS Pas3/IMUHBIMI nyTaMH. Boaa okasbiBaeT B3BeuliBaiollee
JleficTBiie Ha cJlaraooliie cKJAOH NOPOALI, H3MEHssl CIUIBL IpaBlTALINL.
Hacuimas rpyiru, Bona naMensieT Hx (H3HKO-MexaHNYeckile Xapak-
TEPHCTHKH 1, B YaCTHOCTH, CJBHTOBBIE XapaKTEPHCTIKN, YMeHbuias
BeJIHUHHY CONPOTHBJIEHHA cABHTY. IKpoMe TOro, rpyHToBbIe BOILI,
CMauuBasi BO3MOXHbIE NMOBEPXHOCTH CKOJbLXEHNs, B BIAE CMa3KH
yMeHbIIAIOT CcHAbl TpeHus. [Ipi aTOM BOAa, B3BewBasi T'PYHTOBHII
CKeJIeT, CHH)KAeT 3a CueT IIOPOBOrO JaBJjieHHsl HOpMaJbHble uanpske-
HMS @ B TJIOCKOCTH CABNTa H MOXET HPHBECTH K MNOUTH MNONHOMY
CHATHIO BHYTPEHHEro TpeHus B rpyHre {7]. MexauusM 3TOro siBaeuis
ACeH M3 ypaBHEHHSs CABHTra

1= (0 —u)tg ¢p-+c. (4)

Jlerko BuAeTb, 4TO NPH AOCTATOYHOM BO3pacTaliHli MOPOBOro fas-
JIEHHA ¢ BeJHYHHA O — i MOXET OKa3aTbCs PaBHOH HyJIO, I TOrla
CONpPOTHBJIEHHE TPYHTA CABHTY T OyAeT ompeuesaThCsi TOJNBLKO cuen-
JgenueM. TakuMm o6pa3oM, BoOja CHIKAaeT HeCylylo CIIOCOBHOCTb FpyH-
Ta [18].

BaxHBEIM (aKkTOpPOM sBJSETCS TaKXe MNposBJeHne (GHIbTPaIION-
HOrO flaBjenysi TpyHTOBHIX BoA. Kak u3BecTHO, puAbTpALUOHHOE 1aB-
JieHHe CO03JaeTcs BO BCeX CJyuadx ABHXKEHHS NOA3eMHbIX Box. [ e
ecTb rpajueHt, rje HabmiojaerTcsi YKJOH NOBEPXHOCTH CBOBGOAHOrO
NOA3eMHOr0 INOTOKA HJAH JIHHHH Nbe30OMeTPHueCcKOro ypoBHA AJA Ha-
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AOPHBIX BOJ, TaM eCTh NajeHHe Hanopa. [lajeHHe Hanopa BHI3bIBaer-
CA npeojoJieHHeM CONPOTHBJIEHHS TeYeHHIO BOAH B rpyHTe. 3TO CO-
NpoTHBJIEHHE B BuJe peakUHH H co3paeT (UAbTpaLHOHHOE JaBJieHye,
OG6bIYHO NOA3EMHBIfl TIOTOK TeYeT B CTOPOHY MOBEPXHOCTH CKJIOHA.
IMonsitHo, 4TO MpH 3TOM TOJWA, CJaraiouiass CKJOH, HCHBITHIBAET
¢uabTpaulioOHIOe NaBJIeHHe, HMelollee OJMHAKOBOe OCHOBHOE Halpas-
JieHHe C OnoJ3HeBLIM JaBjeHHeM. CrepoBaTesibHO, (DHIBTPALHOHHOE
llasJieHne SIBJsieTc OAHUM H3 GaKTOpoB — noGyAuTeselt K pasBUTHIO
ONOJI3HEBBIX sABJEHIIH.

Puc. 1. Haknouustfi naactT BOAOHACLILEHHOrO
rpyHTa

Pasbepem pefictBie QiibTPALHOHIONO AABJEHHST IS Cjyyas Ha-
KJIOHHOrO IIJ1acTa IpyHTa, 3aJleralouwero Ha BOAOYIOpe, napaJelbHoM
nosepxHocTH (puc. 1). DrtoT cayualt 6naropaps cBoell NpOCTOTE NO3-
BOJIfIET OTYETJAHBO NpPeicTaBHTh CYWHOCTb paccMaTpHBaeMoOro BOI-
poca [16]. Kpome Toro, on nMeer M MpaKTHYECKOe 3HAYEHHE, TaK KakK
BecbMa 4acTO BCTpeyaeTcst B 3afgauax 00 yCTOAYMBOCTH ONOJI3HEBHIX
CKJIOHOB Hi, B BHAe OJHOrO H3 ROMyIieHHH, MOxeT ObITb HCMOJb3OBAH
B GOJIbUIHHCTBE AeHCTBUTEJbHBIX CJyYaes.

ITycte mophl rpyHTa MNOJIHOCTBIO HACHILIEHB BOAOH M JIMHHH TOKA
BOJALI NapaJijieibibl NOBEPXHOCTH OTKoca. Torja mochejHsisi siBjsger-
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cA, BMecTe C TeM, BepxHell JHHHeH TOKa, a TakXe H JHHHell Jaenpec-
CHY, TaK KaK Ha Hee HeNOCPEACTBEHHO JEACTBYeT BO BCeX TOuKax
atMocdepHoe JaBJleRHe.

Kak n3BecTHO W3 THAPABJHKM, JHHIH, NEPNEHANKYISApHEIE K JHHIK
TOKa, NpPeACTaBJAlOT COG0H 3SKBHNOTEHUHAJIbHblE JIHHHM, TO €CTh BO
BCEX TOYKaxX KaXJOH TaKOH JHHHMH BOAa NMOAHAJNACb Obl B NbC3OMET-
pPHUECKHX TPyOKax A0 OXHOTO H TOTO e NMbe30METPHYECKOro YpoBHS.
Orciona caepyeT, 4TO BIOJPE OTPE3KOB JIHHHH TOKa, NpPOBENEHHKIX
MeXAy ABYMsl SKBHMNOTEHUHANbHBLIMH JMHHUAMH, Oyner HabaionaTbes
OAHHAKOBasi Pa3sHOCTb Nbe30OMETPHYECKHX YpOBHeH, a cliefloBaTeJbHO,
H OAMHAKOBasi pPa3HOCTb HamopoB. B jpaHHOM cJjydae pa3HoOCTb Iia-
nopos AA MeXAy ABYMSI COCEJHHMH SKBHNOTEHUHAJbHBLIMH JIHHUSMIL,
Hanpumep, ab H ed, 6yaer paBHa PasHOCTH OTMETOK TOYeK a I e, T. e.
2q — 2. Cnepoparesbio, Ah=z,— z.. CoorBeTcTBYylOIlaA AJIHA JIH-
HHH TOKa OyjeT paBHa:

N TheT
TakuM 06pasoM, rpaaueuT OKaXeTCsl PABHBIM:
= B L2 _ging, (5)
Ho nockxoabky npuusito a=fy, TO
i=sin fg. (6)

Fuppoannamuueckoe (puabTpannoHHOe) JaBJjelle Ha elHHuLY
o6beMa rpyHTa PaBHO rpajaueHTy (pa3HOCTH HAmOpPOB Ha eLHHHIY
LJHHEL, T. e. o6beMy cToJ6a BOABI), YMHOMKEHHOMY Ha YJeJibHblil
BEC BOABIL:

Jenun. = (Yw="Pw Sin Pop. (7)

O6wee nasnenne 11a HeKOTOpHit cyoli rpynra o6bemom V Gyner
paBHoO:

j= vje}lm-j_= V'Yw Sin B"b= V'Yw Sin a. (8)

310 pasjenue yanpasJeHO BJAOAL JMuHUf TOKa, Mapajtenblio no-
BEPXHOCTH OTKOCa, H siBJjgeTcs cABuraioweil cunoi.

ITycTb TNOBEPXHOCTHIO CKOJBXKEHHS SIBASETCS KPOBJSL BOAOYMOpa,
Co6erBenHniii Bec rpyHra B o6beMe V ¢ yueroM B3Bewnsauns Gyaer
paBeH: Pp= (y — y») V. CpBuraiomas cocrabisiomias 3Toro seca Q
TaKXke HanpasJeHa BJOJb OTKOCAa KHH3Y H paBHa: Q=P,sinq, a
HOpMaJihHasl K NMOBEPXHOCTH CKOJIbXKEHHS cocTaBisiomwas N =Pycosa.
Taxum o6pasom:

Q= (y—1yw) Vsina; N= (y —1yw) V cosa. (9)
O6was casuraiomas cuna pasHa Q-j, a yAepXKHBaOmasA CHJa Tpe-

15



unsa T=Ntge (ecan B rpyinre OTCYTCTByeT cClelJieHHe, B NMPOTHBHOM
cayuae cyeapyer nob6asuth cuny cL). Koaddpuuuent ycTOHUHBOCTH
cKJiona Aaasi cjiost oGbemom V Gyaer paseH:

Ke= Ntgo _ (y—1yw) Veosa-tgo __{y—vyw)cosatge
3 Q+j (v — vw) Vsina+Vyw -sina Y sin o
— Y —Vw tg@ . 10
5 wa - (10)

[Tpn oTcyTcTBHI (PUABTPAUNOHHOIO H B3BEHIMBAIOUIEro AaBJAEHHH 3TOT
KO3 puitedT 66y OB paBeH:

Nt vVceosatg tg @
Ky= ge___ - o __ . (11)
Q vVsina tg o
CuenoBatebHO, NPH HACHIUIEHHH OTKOCAa BOAOH KO3(¢HIHEHT YCTOH-
unBOCTH CHIKaeTrcst B—Y pa3, TO eCTh BO CTOJBKO pas, BO
v —Yw

CKOJILKO Bec CKeJieTa TPyHTa B BO3Ayxe OoJibllle Beca cKeJjera ¢ yde-
10M B3BEIIHBAHHS B BOJE.

Jlerko BHIeTb, 4TO Ty e (opMmynay Kos(pdHIHEHTa yCTORYHBOCTH
MOJKIO IHOJIYUHTb, He paccMaTpHBasl OTHA€JNbHO  (HIBTPALHOHHOrO
jJapJyiennsl, a omnpejesfsl CABHCAIOULYI0 CHJY HCXOAA H3 OODbEMHOro
Beca rpynra y (To ectb Beca cKeJsieTa BMecCTe C BOAOI), a YyAepiKH-
BAIOWIYI0 CHJY TpPeHHs — HCXOAS H3 Beca CKeJera ¢ YYeTOM B3Be-
LWHIBAHUST Y — Pyt

-, Nteg o (v —vyw)Vcosatge v—yw . tgo
Ky= = - = . (12)
Q v Vsina % tg o
Taxofi cnocob ouelnKH yCTOHUHBOCTH CKJIOHA OOBIUHO HA3bLIBAIOT «Me-
TOJAOM B3BCLUNBAHNA» H HEPDEAKO MNPHMEHSIOT HPH  NPaKTHUYECKHX
pacuerax. duznuecknii CMBICA 3TOro MeTOfa 3aKJIOYaeTcs B TOM,
4YTO HANOp TPYHTOBBIX BOJA crnocofed OKa3aThb Ha MNOKPOBHYIO TOJILY
nopoj B3BellilBalollee NMPOTHBOAABJEHIIE M TeM CaMbiM CHH3HTh fAefi-
CTBYioLlie B KOHTAKTHOH 30HE CHJIBI CONPOTHBJIEGHHS CABHLY 3a CYeT
CHHKEHHsT CHJ TpeHns. BMecTe ¢ TeM B 3THX YCJOBHSIX BO3HHKAaeT
BO3MOXKIOCTL JOMNOJIHITENBHONO BOJOHACLIIEHHSI TPYHTOB H CHHIKe-
HIISL cOUpOTHBALEMOCTH HX cABHry. CasHraiotilee e yCHJIHE B 3TOM
cayuae ocramnercsi 6e3 l3MeHeHHsl, TaK KaK CIJIbI TPaBHTaUHH coxpa-
HSOTCSl Npeduell BeJHYNHLI (HMeeTcsl BOJOHACHIeHHe He MO Bcell
BLICOTE TPYHTOBOI TOJLLH).

IlTockosbKy nbe3oMeTpHuecKlfli ypOBeHb, COOTBETCTBYIOLIHA KaKo#-
1160 TOUKe IOBEPXHOCTH CKOJbXEHHS, HAaXOAUTCS Ha OTMETKE Mepe-
Ceyelilst ¢ INOBEpPXHOCTLIO JAEMPeCcCHH 3SKBHIOTEHIHAJIH, NPOXOAsIEH
yepes 3Ty TOUKY, TO HeHATpaJbHOe (IIOPOBOE) HaBJeHHE B 3TOH TOUKe
paBHO Yyt (rne h — nbe3oMeTpHuecKasl BbLICOTA B JaHHOH TOYKe)
Ii HanpaBJAeHO IO HOpPMaJll K NOBEPXHOCTH cKOJbXenusa. CJhenosa-
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TEJIbHO, OHO JOMXHO ObLITh BLIYTEHO 13 HOPMAaJibHOrO [HaBJIEHHS, CO3-
JaBaeMOro BeCOM TIpyHTa, HAXOAALIEroCs BhIlIE IOBEPXHOCTH CKOJb-
xenus. ITpu6mnKeHHO MOXHO NPHHIMATB, HTO Nbe3OMETpHUECKast
BbICOTa A B KaXAOH TOYKe MMOBEPXHOCTH CKOJIbMCEHIISi paBHa BepTH-
Ka/IbHOMY pacCTOSIHHIO MEXJAY 3TOfi TOUKOH II NOBEPXHOCTLIO Aenpec-
citi. DTO MOMTI TOUHO AJIS MOJOTHX OTKOCOB (¢ KPyTH3HOH MeHblueil
ueM 1:2,8) u uger B 3amac ycro#fuusocrii misi 6ojiee KPYTBIX OTKO-
cos. Torga yuer neficTBHA BOABI B MOpax NpH pacueTe yCTOHUIBOCTII
MOXET BLINONUATLCA cJeAyloultM obpasom. Ilpu onpepenennn HOp-
MaJIbHOTO JapJleHHs 10 NOBEPXHOCTH CKOJIbXKEHHS OT Hero OTHIMa-
ercs BeJsiHuliHA, paBHas Y,A, a NPH Onpeaeseliil CABITAIOUIINX CIJ
yunTHIBaeTCs MOMHLIT o6bemiublfi Bec rpynra 6e3 papemmnsanus (T. e.
BEC CKeJseTa [AI0C Bec BOALI B nopax). To ecTL omsiiL APHXOANM K
METOAY B3BEIUHBAHHS.

Hrax yuer nmeificTBusi HAMOPKBIX TPYHTOBBIX BOA MOXKET IPOH3BO-
JHTbCST ABYMSI crnoco6aMH.

IMepBrifi cnoco6 yuera AefCcTBHS TPYHTOBBIX BOA — METON HCHOJb-
30BaliA  BeJHUHHB THAPOAHNHAMHYECKOro JaBJieHHs. 3aKJiouaercs
oll B CJeyIOlIeM:

CIBHIOBbIE XapaKTEPHCTHKH TPYHTAa B YPOBHE MOBEPXHOCTIl CKOJIb-
JKeHUsl TNPHHHMAIOTCA AAS CJay4yasi ero BOJOHACHIUEHHsT (Cs  @g);

coOCTBeHHLII BEC IPYHTa BO BCeX pacuerax NMpHHHMAETCs ¢ YYeTOM
B3BEUIHBAHNS B BOJAE YAacTH OMNOJ3HEBOrO OTCeKa MexkKAy KpHBOil
JenpeccHH I MOBePXHOCTbIO CKOJIbIKEHNS;

K BeNHUYHHEe CABHLAOWEH CHJABI A00aBJSETCs] BeJHYNHA THIPOAlHA-
MHUYECKOro JlaBiaeHus j= Vyusinfg.

[TockouibKy, KaK NpaBHJIO, K OMOJ3HEBOMY TPYHTY IPHYPOUCH Tpyil-
TOBBIA NOTOK, pasrpyxaiouyiiicss BOJH3H OCHOBAaHUS CKJOHA, MOMKIO
¢ HeKOTOPbIM NpPHOJNMIKEHHEeM CUHTaTh, YTO B IIpelesax KaX/Jloro
OTCceKa paBHOAeHCTBylomiasi FHAPOAHHAMHYECKOrO JaBJIeHIlsT mapan-
JejbHa AENPECCHOHHOH XPHBOH, a cpeanuii rpajanHenT Hanopa B OT-
ceke i(;=sinfgi, rAe fpi — Yros HAKJIOHA K TOPH3OHTY XOpPADLI, CO-
eJJUHSIOUIEH TOYKH TlepeceyeHls AenpeccHONNOR KpHBOH C rpaHIiuamil
orceka. To ecTh npHHHMaeM, 4TO YKJOH KPHBOH Jenpeccuil coBnana-
€T C HaKJIOHOM paBlojefcTByIOLLelf THAPOAIHAMIUYECKOro JaBJIeHIisl.
Tlonoxenne JAenpeccHOHHOH IOBEPXHOCTH ONpEJesIsIeTCsT 10  MaTte-
pHanaM HHXC@HePHO-reoJIOrHYeCKHX H3BICKaHHIT H JJIITENbHBIX Ha6Ji0-
JeHn#l ¢ nomoublo noponsesomerpoB. Ilo pesyanraTam skcnepilnmen-
TaAbHBIX Aannbix {35] ycranoBJsieno, uTo HampaBJjiellie TPYHTOBOIO
TOTOKAa B CTOPOHY HAamOPHOro OTKoca npubuamxaercst (CTpeMiuTCs)
K JMHHH OTKOCa, NMO3TOMY B Tpeleje rHAPaBJHYECKHH TpaalleHT
HHOTAa MOXKeT ObITb NPUHAT paBHBIM sinfl, raie B — yroa HakJsofa
0TKOCa K rOpH30HTY.

[Tpi BbINOJIHEHHH pacueTOB YCTOHYIBOCTI CKJIOHOB, KaK MNpaBilso,
6yreM NPHHUMATh, YTO HanpaBJleHHe THAPOAHHAMHYECKOIl CHJ/BL Ta-
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pannenbHO NOBEPXHOCTH CKOJbXeNnHsl B NAaHHOM OTCeKe (OCHOBAHHIO
orcexa). B takom cayuae 3Ty chay MOXKHO ueJuxoM (6e3 paaJjoxe-
HUSL Ha cocTaBJjsiionyie) npubaBasTh K CABHralouleii cuie. 1o, pa-
ayMeeTcsi, He COBCeM NpPaBHJbLHO, OLHAKO, 3HAUHTENbHO Yympouiaer
pacyeT W HAET B 3alac NPOYHOCTH. PackaajawiBaTb THAPOAMHAaMHYe-
CKYIO CHJIy DeKOMEeHIyeTcs JHIIb TOrja, KOrja ee HakJoH Oyler
3HaYUTeJbHO OTJHYATBLCSA OT HaKJOHA MOBEPXHOCTH CKOJbXKeHHA (60-
jgee uyeM Ha 10%). Cnenyer oTmeTHTh, UTO INpPH HeOOXOAHMOCTH
passioxeHHA FHAPOJHHAMHYECKOM CHJB Ha cocraBJisiollue (mpi 3Ha-
YHTEJIbHBIX €€ HAaKJOHAaX) erc cjeiyer BBINOJHATL C Y4YETOM rpajH-
€HTOB MOTOKa B COOTBETCTBYIOUIHX HalpaBJeHHAX, OTBEUalOllHX THA-
poaHHaMiueckod ceTke ¢uabTpalHOHHOro motoka. [Ipu paccmorpe-
min merona 0. M. CosopheBa OyfeT MOKasaHo, uTO pasfoikeHHe
rAPOAHAMHUECKOA CHJIBI HAa COCTARJAIONIHE 3HAUHTENbHO YCIOMKHA-
et pacuer. ITOT NepBHIi cnoco6 yyeta HeHCTBHA IPYHTOBHIX BOA O6y-
JeM npeHMYU[eCTBEHHO NMPHMEHATb B TAaKHX MeTONax pacyera ycToH-
YHBOCTH CKJIOH@ HJH BeJHYHHbl ONOJN3HEBOrO MAaBJIEHHs, B KOHEUHBIX
dopMysTax KOTOPBIX HET sIBHO BBIPAXKEHHHIX OTHEJNbHBIX BENHYHH YAEp-
Kusamwoulelt n casnramoineit cua. OaHako 3TOT cnocob npuemJjeM I B
R06LIX APYTHX Cliydasix.

Bropoit cnocob yuera AeiicTBIS TPYHTOBBIX BOA -— METOJL B3Be-
uHiBaHHA. 3aK/Jao4aercsi OH B CAeAYIOLIEM:

CABHIOBble XapaKTEePHCTHKH TPYHTa B YDOBHE IHOBEDXHOCTH CKOJb-
JKenlist NPHHAMAIOTCS JJs cJiyyasi €ro BOAOHACHILEHHSA (Cs, @g);

NpH OonpejleJieHny CHJ, CABHTAIOUIMX MAaCCHB IPYHTa, NPUHHMAETCSH
noJHLHT Bec orcekoB 6e3 yyeTa B3BelIMBAlONIEro AeficTBHS IPyHTOBHIX
BOJ, a NpH onpejeseHuil CHJI, yAepPXXHBAIOIHX MaccHB TpyHTa, NpH-
HIMaeTcsl BeC OTCEKOB € YYeTOM B3BELIHBAIOIIEero NEHCTBUSI TPYHTO-
BLIX BOA B 4YacTH, Haxojsuedcss MeXAy KpDHBOH Jenpeccud M ro-
BEPXHOCTBIO CKOJbXeHHsI (NpH 3TOM B Bec OTceKa BKJIOYAeTCsl NOJ-
HLIfI OObeMHBIH BeC TIpyHTa, HaXOAMILErocs B 30HE KanHJJSPHOro
HaCLIUEeHHS BHIIE KPHBOH Jlempeccuu).

Drtor BTOpO# cnocol yuera peHcTBUSI TPYHTOBLIX BOJ, HCMNOJb3YeTCS
LIt METONOB pacyeTa, B KOTOPHIX Y/JepiKHBaloulMe H CABHrAIOUIHE
CHJILI OKa3blBAaTCA SIBHO BHIpaX(eHHHIMI. B uesoM e o6a paccmoT-
peHHBIX crniocoba yyera AefCTBHSI HANOPHBIX TPYHTOBBLIX BOJA paBHO-
UeHHUBl 1I MOryT B OJIIHAKOBOH CTemeHH NPHMEHATbCS B HIXKEHepHLIX
pacuerax.

[Ipu oTcyTcTBHH HAaNOPHBIX TPYHTOBHIX BOA H HaJHyHH OOBIUHOTrO
BOJOHACHIIIEHHSI TPYHTOB OTKOca B pacdere Koadduumenra ycroi-
YBOCTH HJIH BEJNHUHHBI OMOJI3HEBOTO NABJEHHS YUMTHLIBAIOTCH JHHIB
Bce (HH3NKO-MeXaHHYEeCKHE XapaKTEePUCTHKH NOPOA B 3aMOYEHHOM
COCTOsIHIIN. BapemmBaioilee ke AeficTBHe BOAL HJH THAPOAHHAaMHYye-
CKOe JlaBJieHHe B TaKOM CJy4ae He yYUThIBaercs.

Jssi BO3MOMXHOCTH ONEPHPOBAHHA HMEIOWHMHCST B KaX<JOM KOHK-~
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peTHOM cayuae (H3MKO-MEXaHHUYECKHMH XapaKTepHCTHKaMIl TPYyHTOB
BCOOMIIIIM pa3sJiiyHble CrocoObl ompenenenis o6beMiOro Beca rpyH-
Ta NPH ero BOAOHACHILEHHH HJH ysBjaxueHun. O6beMmHbIE Bec vy
FPYHTa B ecTECTBEHHOM COCTOSIHHH C BJaxHocThio W pasew:

=Y (] 0
Y 1+e( +0,01W). (13)
OGbemHblfi Bec ysp TPYHTA, MOJNHOCTBIO HACHILEHIIOrO BOAOIl (Bec
rpyuta 6pyTTo), onpeaensercs o ¢popmyJe

+

Y6p = Jﬁ;=vu+?w=?cﬂ+nvw- (14)
O6beMHbIt Bec ys TPYHTa, B3BELIEHHOTO B BOAE (B3BEUICHHBHIA 06%D-
eMHBbIfl Bec rpyHTa), Onpefeserca N0 cAeAyiouHM (popMyam:
L/ BOAONPOHHIIAEMBIX TPYHTOB (MecKH, rpasHH, He6eHb, TpelllHo-
BaThle NMOJNYCKaJbHble MOPOALL I T. 1.)
_ Yr — Vuw .

'Ys—‘—"‘—“"'l_'_g ) (15)
AJis HEeMpOHIIaeMblX H CJaGONpPOHHUAEMBIX TPYHTOB  (TJIHHHCTLIX,
MOHOJIHTHBIX CKaJIHCTBIX, Cynecel, MJIOTHBIX MECKOB H T. A.)

Yo=7 — Yw="Pcx — (I —1) yu. (16)

Bce ¢u3nko-mexaHuyeckne XapaKTEPHCTHKH TPYHTOB, B TOM HlCJe
H XapaKTepPHCTHKH COMPOTHBJISIEMOCTH FPYHTOB CABHTY C; H @4, pa3-
JIUHB B OCHOBAHHAX OTCEKOB, HAXOAALIHXCA HHXKe YPOBHS IpPYHTO-
BeIX BON H Buiwe HX. [TostoMy uesecoo6pasHO rpaHiubl OTCEKOB
pacnoJsiarath Tak, 4TOObl 3TH TPaHHUUBl COBMNAfaJH C INEPEXOAOM OT
yacTH OCHOBaHHA OJioKa, HaxojslleficAs Bbllle TPYHTOBLIX BOA, K
YacTH, Haxoisieficss Moj HHMH.

B sakaiouenne panHoro maparpada Heo6XOAHMO OrOBOPHTLCS, YTO
NpHBEJEHHBLIE 3Jlechb CNucoObl yuera AeHCTBHA FPYHTOBLIX BOJI SIBJSI-
loTcsl ganexo He epuncrbedHbiMiu. Hanpumep, M. B. ®egopos ([26]
NpefsIOKHJ Cnoco6 pacuera YCTORYHBOCTH OTKOCOB C YUETOM (DHJILT-
PaUHOHHDBIX CHJI, YAOBJETBODPSIOLHI BCEM YCJOBHSIM CTaTHKIH, Ipado-
aHaJHTHYeCKHM MeTofloM. Hexoropoie ajeMeHTH JaHHOro crnocoba
6ynyT HaMl HCNOJb30OBAaHLI NPH  pPacCMOTPEHHI COOTBETCTBYIOILIX
METOJI0B OUEHKIH YCTOHUHBOCTH CKJIOHOB H OTKOCOB. DTHM € aBTOPOM
[27] npoanaau3upoBaHLl BHIBEA@HHbIE Pa3JHYHBLIMH HCCJEAOBATEAAMII
ypaBHeNlisi JBHXKEHHS BOJAbl B MOPHCTBHIX cpefaXx N MpepsoxeHa AJs
NpaKTHYECKOrO HCMOJIL30BAHHS METOAHKa pacuera 3()PeKTHBHOro
JaBJieHHsl 10 TNOJOIUBE 3JieMeHTa MApU yyeTe (GHABTPAUHOHHBIX CIJIL.

P. P. UyraesbiM BhBefileHBl AH(depeHuHanbHble ypaBHEHHs BH-
JKeHHsI XHAKOCTH B TpPYHTe H TNOJydYeHBl BBIpaMeHHs [Js  yueTa
duabTpaunonubix cua [32, 33, 35]. IIpu npousBosbHON MOBEPXHOCTIH

19



CKOJIbIKeHHsT (06pa30oBaHHON CcHCTEMOH mJjockocrefi) (UABTPaUHON-
Hbie CHJIBI MOXMHO YUHTHIBATH C HCIIOJNB30BaHHEM KOHTYpHOro crnoco6a
WpaunoBa, 1Jis KOTOPOro AOCTATOYHO pPaCnosiaraTb TOJbKO MLAHHBIMH
O pacnpefleleHHH HamnopoB Ha rpaHuuax 64oka. DTHM BONPOCOM 3a-
HHMaJIiCh U MHOTHEe JIpyrHe cOBeTcKHe u 3apybexHbie YyeHble
(H. I1. Nyswmpesckuii, b. U. ITokposcknii, . B. Tefinop, E. 1. Ka-
aomckuit, U. Ope, H. A. Uwutosuy, H. C. Moprynos, K. . ®omenko,
I0. A. Co6onesckuii, M. E. Xapp H Ap.). B HeKOTOpBIX cJayyasx
noayuenibl pelleHusi, orJHyalowuecs Gonablo# TounHocTbio. OnHAKoO,
113-32 OrpaHHYEHHOCTH MecTa, Mbl He Oynem 3aeck NOAPOGHO pac-
cMaTpuBaTh Bce 3TH pewenus. Kak nokasaa 1. B. ®enopos [26],
yuer (MALTPALNIOHHBIX CHJI 1O YNpoleHHo#l (opMmyne naeT HesHa-
uhTeJbHbie pacxowaennsi (no 1,5%) mno cpaBHenuio ¢ TOYHBIMH pe-
nieHisiMi, DTOT cnocob yuera OCOOEHHO NMPHMEHMM B NPakKTiKe, Tak
kak 1e TpeGyer nocrpoenus GuibTpauHonHoii cerxku. JHag yuera
(HHILTPALNOHHBIX CHJI B JAHHOM cjiyyae TpebyeTcsi NOCTPOEHHE JHUIb
KPIUBOM Jlenpeccuu H OmpeaesieHHe yuacTka BbiCAUyHBaHUSA.

Caeayer 3aMerTiTh, UTO OUeHKa KkKo3ad@HuHenTa YCTOHUHBOCTH C
yueroM (HJbTPAaUHOHHBIX CHJ 1O YNpOuieHHOH ¢opMmyse Oyner na-
Barb npueMJ/emble pe3ysbTaThl TOJBKO B TeX cJydasix, KOrjla 3KBHMO-
TelHUHaJblble JIHENE HEeCyNeCTBEHHO OTJIHYAIOTCA OT BEPTHKAJbHBIX
JHIHIL.

B cBs3H ¢ BpILIEH3JIOMEHHBIM AJ1S1 NMPaKTHYECKOTO NpPOEKTHPOBa-
HHST yAep)KHBAIOWHX KOHCTPYKUHH MH OyXeM NPHMEHATb JHLIb NpH-
BefeHilbie B HacrosuleM mnaparpade aBa crnoco6a yyera JAelcTBUS
HamopHBIX TPYHTOBHIX BOJ — METOJ HCIIOJNb30BAHHSI BEJIHYUHBLI THJ-
POAHHAMIIUECKOrO JaBJIeHHs Il METOJ B3BELIHBAHUS.

[Tpumenenne OGosiee CJOXKHBIX METONOB YueTa TI'HAPOJHHAMHYECKO-
ro JjaasJieHus onpasAbIBaeTCsa B TE€X CJydasix, Koraa HMEIOTCHS 3Ha-
YHTEJNLHblE HanoOpbl TFPYHTOBHIX BOA MM KOIJIa CKJIOH OMBIBAeTCS

aKBATOPIiIsiMil, YPOBE€Hb BOABI B KOTODbIX MOXKET pPe3KO H3MEHATLCHA,
HrT O

1.3. Yuer celicMAYecKHX BO3JeficTBHI

Paccmorpum Tenmepb OcOGEHHOCTH pacueTa yCTOHUHBOCTH CKJIOHOD
HJH OTKOCOB B ceficMHuecKux paitonax {16, 20, 23, 39). ITockosabky
MeTOJ/lliKa pacuera B JaHHOH pabore OyAeT NMPHBOANTLCA B OCHOBHOM
NpPHMEHHTENLHO K YCJOBHSIM ONOJI3HeBHIX cKJonos lOxHoro Gepera
KpbiMa, KaBkasa n 3axapnatbs, B 0OJbUIHHETBE CBOEM HaXOASILNX-
csi B cellcCMHuUecKHX paifionax, fefictBue ceficMuku OyaeM VYHTHIBATH
BO BCeX BBIBOAHMLIX (hopmysax.

Cusa 3eMJieTpsiCeHUsi OLEHHBAeTC MO JBeHaAuaTHOaNNbHOR IKa-
ne. Bech Coserckuit Coios paiioHnpoBaH mno celicMmiugoctd.  Jast
KaX/0ro paitoHa yKasbiBaeTcs MaKcHMaJbHas 6ajJbHOCTb, KOTOpOit
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MOXeT NOCTHTHYTh 3eMJieTpsiceHHe B 3TOM pafioHe. Pacuerbl oTkocoB
H CKJIOHOB B pafioHax, AJig KOTOphIX CHJIa 3eMJeTpAceHHs OleHliBa-
erca B 7 6anjoB H Bhlle, NPOH3BOAATCH C YHETOM CEHCMIIYHOCTH.
OnuHako Ha OTAeNBHBIX YyYacTKax OAHOTO H TOro e no 6ajJIbHOCTH
pafiona QakTHYecKaa CHJa 3eMJeTPACEHHA MOXeT OTJHYaThCA OT
CpeflHefi B 3aBHCHMOCTH OT reoJiorHuecknx ychaosHil. Heb6aaronpi-
ATHBIMH B CeHCMHUECKOM OTHOILUEHHM ABJIAIOTCA: HachlileHHblie BOAOI
rpaBHiinble, necuanble i JIECCOBHAHBIE TPYHTBH; MArKONJAacTHuHbE M
TeKyuHe TJIHHHCTble FPYHTBl; y4acTKI MeCTHOCTH € CHJBbHO pacuie-
HeHHBIM peabepoM — oOpuiBHCTHIE 6epera, OBparH, yulesbs; BLIBET-
pesble H CHJbHO HapylHeHHble MOPOABI; Y4acTKH C OJIN3KHM pacno-
JIOXKEHHEeM JIHHW{l TeKTOHHYeCKHX pa3pbiBoB. Menee onacunl B ceiic-
MHYECKOM OTHOLIEHHH HEBHBETpeJible CKaJblble TPYHTH, a TakKike
TJIOTHRIE H MaJIoBJlaXKHble KPpYyNHOOO/10MOUHble TPYHTHI.

[Tpir npoexTHpoOBaHUH YKPENJIEHHS ONOJI3HEBEIX CKJIOHOB HJIII CTPOH-
TENbCTBA COOPYXKEHHH HA HHX clelyeT YUHTHIBaTb HX TeojloTHyeckoe
cTpoeHHe. 3 He6sarONpUATHBIX Te€OJOTHYECKHX YCJAOBHAX, YKa3alHbiX
Bhille, cpeanas ceficMuueckas OadybHOCTL paHOHAa AOJKHA TOBbLI-
maTtbcs Ha oAMH 6aJi; npH 64aronpusTHLIX YCJOBHAX — NOHIKATLCSA
Ha oAuH BaJnJ.

Yuer ceficMHuecKOro BO3JleHCTBHS NpPH pacueTe NPOTIHBOOMNOJ3He-
BHIX YAEPKIBAIOWHX KOHCTPYRUHH OcyllecTBasieTcs: Jo6aBlIeHHeM K
pacyeTHBIM YCHJINSAM TaK Ha3blBAEMOH CEHCMHUECKON cuJbl.

Ceficmuueckass cuma @ npubIHMKEHHO OnNpejensercss Kak HoJs
OT Beca MacChl TpyHTa, KOTOpas npertepneBaer ceficMHueckoe BO3-
nefcTBue:

Qe=pP, (17)

rae p — kosh@UUHEHT AWHaMHUYeCKOH cefiCMHUHOCTH, 3HaUeHIs KO-
TOPOTO PEKOMEHAYyeTCs NpIl pacueTe ecTeCTBEHHBIX CKJONOB
npunrMath no taba. 1. Ilpn pacuere HCKycCTBEHHBIX OTKO-
coB (HacbimH AOPOr, MJOTHHBI T. A.) 3HaueHist KoO3Piui-
enTa p H3 Taba. 1 caeayer (npubANKEHHO) YyBCJAHUHBATL

B 1,5 pasa.
Ta6auua |1
Kosdduuneur nunamuueckoit ceficMuuHocTn p
Ceficmu-
yeckas
Gawab- | 16 7 8 9 10 11 12
HOCTb
pafiona
n 0,00 0,025 0,050 0,10 0,25 0,50 >0,75




HanpaBnenue cuast . pekOMeHJyeTcs cuYHTaTh HaHboJsiee Hebna-
rONpHATHLIM. B cBA3u ¢ 3THM 6ylneM HpPHHHMATb, YTO CHJIBI ceiicMa B
KayK/JIOM OTCeKe ONOJ3HEBOro 6jioka HarpaBJieHbl NMapaJjedbHO OCHO-
BaHHIO OTCEKa, TO €CThb COBNAjaloT C HanpasJeHHeM cABHraloule#
CHJBL B 3TOM oOTceke. Torga npH pasGHUBKe OMNOJ3HEeBOro 6JIOKa Ha
OTCeKH ceficMHYecKHe CHJIBI OyleM yuHuTHIBAThb B OTAEJBHOCTH IpH
paccMOTpeHHH KaXJI0ro orceka (CKJanbBaTb HX €O CABHTalOWHMH
cumamMu). 3TO, KOHEYHO, NMPHHUHIHAJBHO HETOYNHO, HOO HampaBJieHue
ceificMHUECKOro BO3AeHCTBHS ROJMKHO ObITb, €CTECTBEHHO, €AHHLIM 10
JULHHEe BCEro OfOJA3HEBOro 6Ji0Ka (COOTBETCTBYIOUIMM HAampasJieHHIO
yckopeuusi ceficMudeckoiét BOJIHB). OJHAKO AONMyiueHHE O CYLIECTBO-
BalHH B KaXJOM OTCEKe CBOEr0 HAMpaBJIeHHS CeACMHYECKOR CHJBL
3HaynTeJbHO YMpollaeT jJalbHedlIW# pacyer H HAeT B 3anac Mpoy-
HOCTH.

[Ipu cnioliHOM BOAOHACHILEIIHH OOJI3HEBOr0 Maccnpa ceficMHue-
CKile CHJIbl cJIe[lyeT Y4YHThIBATb He TOJNbKO OT Beéca TPyHTa, HO aHa-
JIOTHULBIM 06pa3OM H OT Beca BOJHI.

Ipusenenuntit cmocob yuera ceficMHueCKOH CHJIBI HECOMHEHHO HB-
Jastercst ynpoiteHHbiM. OfHAKO €ro npocTOTa NpPH NPHMEHEHHH B
IICHEPHBIX pacyerax ONPaBAblBaeT HMMEIOLLYIOCA HEeTOYHOCTb, KOTO-
pasi MoxeT OBbITb JINKBHAMDOBaHAa C IOMOLIbIO HIJHMTEJNbHBIX 3KCIe-
pUMEHTAJNBHBIX HccleJ0BaHHH.

P. P. Uyraes [34] npensioxun aas yuera ceficCMHYeCKOro BO3zefcT-
BlIsl pacCUHTBIBaeMbLlfi OMOJ3HEBOH OJOK 1EJHKOM NOBOpaYHBaTh Ha
YyroJl OTKJIOHEHHS pe3yJibTHpylouieli 06beMHOH CUJB (paBHON paBHO-
JeHCcTByIolle#l BepTHKaJbHOH CHJBl M TOPH3OHTAJbLHOH CHJBI CEHCMH-
YeCKoro BO3JeHCTBIA) OT BepTHKaaH. [IpH 3TOM pesy/bTHpyOUas
oObeMHasi CHJla CTAHOBHTCA BepPTHKaJNbHOH. 3aTeM pacyeT BBINOJIHA-
ercs B OBBIYHOM INOpPALKE NpPH BEpPTHKAJBHO AEHCTBYIOLIHX OGBEMHBIX
CHJIaX, HO Uil HOBOTO IMOJIOXEHHS OTCeKa, NpPH KOTOPOM Ha YroJ
OTKJIOHEHHsI MOBEPHYTHl BCE 3JIeMeHThl 6JIOKA — BepXHHH M HHXHHHA
LOHTYPBI, TPAHHLUBI CJIOEB, [AeNPecCHOHHAsl JHHHS, TOPH3OHT BOABI
H T. X Mbl npH paccMOTpeHMHM paCYeTHBIX METOJOB 3TOT ¢nocob
yueTa ceHCMHYEeCKOH CHJIBI HCIOJb30BaTh He OyleM BBHAY €ro CJIOX-
HOCTH.

II. METOObI PACUYETA
2.1. MeTop, XPyriOUMIHHAPHYECKONH NOBEPXHOCTH CKOJIbIKeHUS

Cnoco6 KpyrjouHJHHADHYECKOH IIOBEPXHOCTH IIHPOKO OMHCaH B
TexHHyecKofl Jaureparype [8, 15, 17, 19, 25, 26, 28, 29, 30, 31, 34,
39], onHaKo, He Bcerfa ONMHAKOBO TPAKTYeTCSl Y Pa3HBIX aBTOPOB.

3TOT METOJ, BeCbMa pacHpocTpaHeH B CTPOMTEJIbHOH TpPakTHKe H
HplMeHsieTca C NOMOLIbIO CaMbIX pasjn4yHblx mnpueMmoB. [losToMmy
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Puc. 2. MeToa KPYrIOMHANHAPHIECKOH IOBEPXHO-
CTH CKOJILIKeHHs

cywecTyer GOJbLUIOE KOMHYECTBO HA3BaHUH paccMaTPHBAEMOro Me-
TOLa 1 ero pa3HOBHAHOCTefi: IIBEACKMHA METOA OTCEKOB, MEeTOJ,
B. ®ennennyca, wmBeacKHH MeTOX KPYIJOUHJIHHAPHYECKIIX TOBEpX-
HocTe#t ckousbxeHHs, Meton Tepunaru, merom Tepuaru-Kpes, meron
[Terrepcona, Meron BepTHKanbHBIX 3JieMedTos, meron Hpauosa-Teii-
Jopa, meron Ceena I'ysibTeHa, MeTOZ BeCOBOro AABJIEHHS H T. 1.

Meton KpyriOUHJHHAPHYECKOH NOBEPXHOCTH CKOJIbXKEHHA LeJeco-
06pa3sHO NpHMEHATb, KOTAA OTKOC CJOMEH ONHOPOAHBIMH TPYHTaMH.
Meron npeanoJsiaraeTt, 4ToO CNOJ3aHHE TPYHTa MOXKeET MPOH3OHTH JIIUb
B pesyJbTaTe BPALLEHHA ONOJA3Al0LIEer0o MacclBa BOKpyr uedtpa O
(puc. 2). CrnenoBaTesibiO, NMOBEPXHOCTb CKOJibXeHusi BB B panHoM
caydae Oyjaer npejicraejenia Lyroil HEKOTOPOrO Kpyra ¢ pajgHycoM T,
ouepyenHoru 13 neHrpa O. OnonsaloulHd MaccHB paccMaTpliBaeTcs
NpH 3TOM Kak HexoTOpLlil TBepAulit 6J0K, BCEMH CBOHAMI TOUKAMII
yuacTBYIOIWHA B OXHOM OOLIEM ABHXKEHIH,

CreneHb ycTOAUMBOCTH OTKOCA OUEHHBAETCSA pa3JIHUHbal METO/a-
MH («MeTOA mJjouiagefi», «MeTOA Kpyra TpenHa» u T. 1.). Tlpuuun-
IiaJabHO HanboJiee NPOCTLIM H3 HHX H OJHOBpeMeHHO HanboJjee pac-
NpOCTPaHeHHBIM B Hallefl CTpaHe ABAAETCA TaK Ha3LIBAEMBIH METOR
MOMEHTOB, CYUIHOCTb KOTOPOro 3aKJIOUAETCS B CJERYIOIIEM,

Onoun3aomifi MaccliB HaXOAHTCA NOA BO3JeHCTBHEM IBYX MOMel-
TOB: MOMeHTa Mgy, Bpamjalomero MaccuB, H MoMeHTa My, ynepxii-
Balomero Maccus. Kosdduunent ycrofiunBocTn ckjJoHa Ky onpepe-
JsieTcsl OTHOUIEHHEM 3THX MOMEHTOB, T. e.

MYI!

Ky= 32 - (18)
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I'pynrosple Boabl OKasLIBalOT B3BeILHBalOllee BJHsiHHE Ha HOPOAH
n $uastpaunodHoe (rHapoanHaMHJYecKoe) naBJieHHe Ha Bech Mac-
ciB, Kak ObljI0 OMHCAHO BhIIEe. BpamaouwHi MOMEHT Olipelessercs
YMHOXKEHHeM CABHramiinx chJ Ha TJaeYo A0 ueHTpa Bpawenus O,
a ylepxusaiolinii MOMEHT — YMHOMXEHHeM CHJI CONpPOTHBJIEHHS
cABHTY Ha anaJjornusoe mjieuo. [IpH 3TOM, Tak KaK yrona HaxJoHa
KacaTteabHOll K TNMOBEPXHOCTH CKOJIbXKEHIIA H Beca OTAeJbHBIX uacred
MacciBa He IOCTOSIHHE, NPHXOAUTCA pacyjeHsitb BOOOpaiKaeMblil
onoasuepoil maccus (cnonsatouiiifi GJOK)] Ha 71 pacyeTHLIX OTCEKOB,
OAs1 KaXKAOrQ W3 KOTOPLIX ONpejesisiioT CHJLE CONPOTHBJACHHUA CABHTY
11 capnrawoowie ciabl. Torna xkosddguuieHT 3amaca  yCTOHUHBOCTH
CKJI0HA HaXOAUTCsl KaK OTHOUIeHHe CYMM TeX H APYTHX MOMEHTOB:

Z/an
Ky=—5—. 19
<y E/Wnp ( )
IToapoGuuptit BbIBOA OKOHUATeNbUBLIX (GOpMysa [ OnpefeseHHs KO-
aiiuiteiTa ycToiuNBOCTH METOAOM HMJMHAPHUYECKHX MOBEPXHOCTEH
npuseaelnt y MHorux asropos. IlostoMy Mbl uMx 3aech aajuMm Oe3s
BbIBOJOB.
[Tpi oTcyTcTBHH IPYHTOBBIX BOJA

i=n

3 (Picosaitg ®i+cili)

=1

Ky= . (20-)

lE"(P‘- sirt ai+ Qet)

i=|{

ITpu nmpocToM 3aTonJiennH OTKOCA

:53: ’(lpui cos i tgpait+cnili)
=1
Ky= . (20-6)

i==n
% (Peisin ai+Qcy)

{=1

IIpu Bo3peficTBuN 2 oTKOC QUALTPAUHOHHOrO MOTOKA:

I-_:):“(Pm cos o tgpoitCnili)
i=1
K=" . (20-8)
2 (Pisinai+Qci)

i=1

Kpome yuacrBylomx B HamncaHublX Bbille ¢GOpMyJRax cua, B
FPYITOBOM MaccCiBe HMEIOTCsl elle HEH3BeCTHbe N0 BeJHYHHe Aas-
JleHIst TPyHTa Ha BepTHKaJbHble OOKOBble rpaHi OTceKoB. Ilocnexuue
CilJIL SIBJISIOTCS BHYTPEHHMMH IO OTHOWIEHHIO KO BCeMY CNOJ3al0-
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LMy MaccHBy H BHEIWIHHMH MO OTHOWEHNIO K OT/IEJbIILIM BbijeJieH-
HEIM 3jieMeHTaM. Tak Kak He3aBHCHMO OT BEJHUYHHbLI H HanpasJeHiist
OOKOBLIX INaBJIeHHH CyMMa BCeX BepTHKaJbHBIX CHJ JIOJIXKHA pas-
HATbCS OOWIEMY Becy CHOJI3aIOLIero KJuHa, TO B METOAaX KpyrJo-
UHJHHAPHYECKHX TNOBEPXHOCTEH CKOJbLXMEHHS NPHHHMAETCs, UTO CIJIbI
60KOBOro jaBJ/eHHs, AEHCTBYIOUHE Ha BepTHKaJbHbIE rpaiil OTAeJb-
HblIX 3JIeMEHTOB TPYHTa, MOX>XHO HE YUYHTBIBATh TIPH Onpefesenii
yCJIOBH# paBHOBECHS! BCElO CIIOJ3AI0IIero MacClBa.

Hs zpyrux cnoco6oB, HCROAB3YIOWHX KPYrAOUHUIULPINECKYIO MO-
BEPXHOCTL CKOJILYKEHHsI, CJeAyeT YNOMSIHYTb METOA Kpyra Tpeuis
(npuenst Tynsruna uw  Ilerepcona, Kasarpange, Kpesi, Teitsopa,
TFoabpurreitna, Pegoposa m Ap.), MeTOA MHOroyroJoinka ciin dpe-
nuxa, meroa Kako, merox Uyraepa-Bsasemckoro, wmeron Buuiona
H np. Bce oun sBasTcs cpaBHUTENBHO 3(D(PEKTHBHLIMI JJST OUEHKI
CTeNeHH YCTOMUNBOCTH CKJIOHOB, HO TPYAHO NpHMEHIMBbI [AJst olpe-
JeJieHUsl BeJUIYIIHBl OMOJI3HEeBOro AaBJieHHs. To e cjiefyeT cKa3aTh
0 MeTrojax pacuera YCTOHYHMBOCTH OTKOCA MO KPHBOH CKOJbLMKeHHsl,
nMelouleit (opmy JsorapudmMHueckofi cnupanun (Hanpumep, MeTOx
Pennynuka).

Ha npakruke paccMaTpuBaeMbiii METOJ 4acTO OCAOKHAETCA ile-
OlpelleNIeHHOCThIO B MOJIOXKEHHH ueHTpa BpameHus O. Ero koopaii-
HaThl, a Tak)ke palMuyC r ONPEeAeAsIOTCS TaK, 4YTOGH OTpPas3iTh B
pacyere HauOOJiee HEBHITOAHOE MOJOXKEHHE MPHHHMAaeMoil noBepx-
HOCTH CKOJBMXEHHS, NpH KOTOPOM 3HaueHHe Koa3thdHLHeHTa ycTofiuu-
BocTH Ky mnonyyaercsi MHHHMaJbHBIM H3 BO3MOXHbLIX JJIsT HAHHOFO
ckaoHa (orkoca). OueHn yacTo noJsoXKeHHe UeHTpa (J yCTaHaBJlIBa-
10T moaA6opoM NyTeM INPOBEJEHHS HEeCKOJbKHX pacuelun JUISl OThICKA-
HUSl HauGoJiee OMACHOr0 AJsA [JAaHHOTO CAydas MOJOXKEHHS MOBepXHO-
cTH ckoJbXKeHusi. Takofi Xoj pacyeTa cBfizal CO 3HaAUHTEJLHOI
TPYLOEMKOCTBIO.

WmMeloTca u Apyrue NPHUHHBEL, MO KOTOPHIM MeTOJ KPYTJIOWNJIMIL-
pHUECKOli NOBEPXHOCTH CKOJILXKEHHSA CJOMXHO HCMOJb30BaTb MpPH MpO-
eKTHPOBaHHH HPOTHBOOMOJI3HEBBIX  YAEPXKUBAIOMNX  KOHCTPyKumit
ry6okoro 3anowenus. Hanpumep, 370 cBsi3aHo ¢ TeM, uTo OnoJsie-
BOE TIPOsSIBJIEHNHE Yallle BCero Pa3BHBAETCSl B TeX €CTeCTBeHHbIX CKJIO-
HaX, TOJILA KOTOPBIX CJOMKeHa MiacTaMHi Pas3HYHbIX NOpPoJ (HEPeLKO
co caabuimu npocnofikaMu). [Ias rakiux jxe ciayuaesB HeoAIOPOAHBIX
IPYHTOB pacteT METOAOM KPYIJIOLIJIHHAPIYECKOl MORCPXNOCTII CKOJib-
Weunst He BIOJHe NMpHrolex.

2.2, Meron 10. B, ConosbeBa

B 1962 r. 10. Y. ConoBbeB npenJoOXHJ HNPH pacuere YCTOHUHBOCTH
OTKOCOB B TaKOM IKe THINOTETHYEeCKOM TpYyHTe, KaKOi npuHHMann
IepcesanoB H Tepuarx, BOCHOJB30BAaTbCA MPHHUHMIOM BO3MONHBIX
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Puc. 3. Meron 0. H. ConosneBa:
a — OCHOBHasA cxeMa;, 6 — y4eT (HJbTPALHOHHOTO AaBJEHHSA

nepemettennit {2, 8, 22]. [ToBepXHOCTH CKOJIbLYKEHHS NpPH 3TOM AOJIKHA
paccMaTpUBaThCSl KAK NMOBEPXHOCTh KOHTAaKTa MEIK/AY KJIHHOM 06py-
LeHIst H TMOACTH/IAIOUHM FPYHTOM, 10 KOTOpPOH Ha KJHH JefiCTBYIOT
OJIHIOCTOPOHHIIE CHJIBI CBA3H H BHELIHHe KacaTesbHble CHJBL ClienJe-
st u tpeuust (puc. 3). Koadpdbuumedr ycroflyuocTH ckiioHa mo
I0. K. CounosbeBy mnpencrasisier co0oit OTHOLIEHHe pa6GOT YAepIKH-
BAOUWHX H CABHCAIOUHX CHJ Ha mnepeMellledHH, KOTOpPOe HAA Bcex
OTCEKOB 1{MEEeT OJIHHAKOBYI0 TI'OPH3OHTAJBLHYIO COCTaBASIOWIYIO Uo.
DTo 03Hauaer, UTO NPH CKOJbLIKEHIIH BCErO KJIHHA OH COXpaHsieT
CMJIOWIHOCTE H B HEM OTCYTCTBYIOT PaspbiBh, HO MOFYT NPOHCXOAHTb
KacaTesibible CMEIleHHs MO BePTHKAJbHBIM MJIOCKOCTSM, MO KOTODPHIM,
B COOTBETCTBHH C NPHHATHIM MNpEAroJiOKeHHeM O cBoOHCTBaX THIIOTE-
TIUECKOrO TPYHTA, COMPOTHBJIEHHE CHBHIY OTCyTCTByeT. BoaMoxuble
nepemeniennss S, KOTOpble AOMYCKAIOTCH CBS3SIMH cHcCTeMBl, OYyAyT
NPONHCXOMNHTh BIIOJb NOBEPXHOCTH CKOJMBXEHHs H AJs J11060ro orcexa
OyAyT paBHbI:

S=uy/cos au

Kak 1sBectHo, HpHHLII BO3MOXHBEIX NepeMelieHHid rJaacHT: Heol-
XOAHMOe H [0CTaTOYyiHOe YCJOBHE pPaBHOBECHSI COCTOHT B TOM, HYTO
cyrma paboT Bcex CHJI Ha BHPTYaJibHbIX TNepeMelleHHAX CHCTeMbl
JOJIKHA OLIThb paBHa HYJIO.

HanniieM BbipaxeHnss paboT CABHraloliNX H yNEpKHBAIOUINX CHI
HA BO3MOXHBLIX (BHPTyaJibHBIX) NEpeMeleHHax:
paboTa CABHTAOWHX CHJI
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Agga= [SdQ=[ —*>— . Psinadx;

cos a
Acn=uo[Ptgadyx; 21)
paboTa ylepiKHBAIOMIHX CHJ
o d .
Ayp= — [SdR= — [—— (P cos atgpdete——);
Ayn=— tio] (P1g o+ —5—)dx. (22)

TlockosibKy B NaHHOM cJyvae 3apaHee H3BECTHO, UTO clicTeMa CHBH-
raloUMX M YJAepPXHMBAIOUWHX CuJ B OOLEM clydyae HeypaBHOBelleHa,
TO AJSl TOTO, 4TOOH CyMMa paGOT STHX CHJI Ha BHPTyaJIbHLIX mepeMe-
meHusx OblJa paBHA HYJIO, HEOOXOJHMO CIABHIalouiie CHJbLI YBeJlil-
yuTh B Ky pas, T. e. IOJIOXHTD

Ky'Acnn“'Ayn:O. (23)
DBespa3MepHnblit uHcaOBOll MHOXHTeNb Ky B 3TOM BbIpaXKeHHH 1 ecTh
Ko3(pduuneHT 3amaca ycroiumBocTH. IIpHHHMas BO BHHMaHNe noJay-
YeHHBble BBIpaXK€HHs AJs1 PaboT yAepXXHBAIOWMX H CHBHTAIOLLHX CHJ,
HafiieM

fPtgo+ —S— )dx

= cos

—_ Ayn a
Ky= Acan [Plgadx ¢ (24)

Ecnu npimensiercsi MeTOJ YHCJIEHHOTO HHTErpHpOBaHMsi ¢ pas3bus-
KOH npu3Mbl 0O6pymeHns (omos3HeBoro 6J/0Ka) Ha KOHEUYHOE UHCJIO
37eMeHTOB (OTCeKOB), TO paboTa YAEPIKHUBAIOUMIHX CHJ Ha BO3MOX-
HBIX NepeMelleHHsIX AJsl ORHOro oTceka GyneT paBHa:

o c.li
AYnt =——‘;su—r (P. cOs a; tg (pi—f—C{li) =Uq (P‘ lg Pit —m-'— ), (25)
a paéoTa CABHralomnx CHJ AJs OAHOro orcexka GyILET paBHa:
A o =—os— (Pusin ai+ Qi) =tto (Pilg art — 22t ), (26)

Torpa koshpuUKENT YCTOHUHBOCTH CKJOHA 1O [aHIOMY MeTOLY
OTpeNeNHTCS KaK OTHOIIEHHE CYMMHl DPaloT yAepIKHBAIOMIHX CI K
cymMMe paboT CABHralOWMX CHJ Ha BO3MOXKHHIX NepeMellenHsx:

C,l(

A UoZ (Petg @i —2i—)
Ky= YA . Cos @ (27)
ZACAB( uoX (Pitg a.+._Q_“:.‘_. )
cos ai

H NIPH OTCYTCTBHH T'DYHTOBHIX BOJ BHIPasHTCst HOPMYJION
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i
3 (Pitg gt —Sde
fa=i 5

COos ag
Ky= . (28-a)
T (Pitgai+—32i )
i==y COs i

I1pit 06BIYHOM 3aTOMJAEHHH CKJOHA TPYHTOBBIMII BOAAMH KO3(QHILH-
ent ycroifuyBocTH O6yAeT HMeTb clefyloulee 3HaueHue:

caily

i=n
2 (Peilgpsit+
=t Cos a;

Ky (28-6)

=0 Qe
2 (Psilg i+ —=<&t )
j==1 COS L

BuiBesem 3ty e (QopMmyJsy st cayyasi, KOrja Ha CKJIOHE MpOSsIB-
JsieTcs THAPOAIIHAMHYeCKoe HasJjeHue. Ilpuuem Anast mpumepa mnph-
MeM, YTO HakJoH (PHJILTPALHOHHON CHJIBl 3HAYUTEJNLHO OTJlHUAETCS
OT lakJjolta IOBEpPXHOCTH CKOJbLXKEHHS, B CBA3H c ueM Tpebyercs
pa3faesbHO yuyHTHIBAaTh 00e COCTaBJsOUIHE ITOI CHJBI.

Bec rpyura B Ka)XioM BBbIJIeJIeHHOM OTceke OyaeM NpHHHMATb C
yueTOM B3BeLIliBaHlsl B BOAE (3a MHHYcOM Beca BOAbLl B AaHHOM OT-
ceKe MeK[Iy IOBEpXHOCTBIO CKOJBIKEHHS H JenpeccHONHOil KpHBOIi),
HO npibaBaAATH K €ro HOPMaJibHOH COCTaBJSIIOUIEH BeJHUHHY NpOeK-
Ui THAPOAHHAMHYECKOrO JaBJIeHHs1 Ha HOpMaldb X IIOBEPXHOCTH
cKoabxKeHliss. KpoMe Toro, K CIBHralOWHM CHJIaM A00aBHM NMPOEKLHIO
MAPOAIIHAMIYECKOrO NaBJieHHs Ha HallpaBJieHHe NOBEPXHOCTH CKOJb-
»kedus (cM. puc. 3, 6). Bec rpyHTa ¢ yueTOM B3BELIHMBaHIIA

Pri=vyilicpiai — ywltias;

(l)l[ﬂpraHI{OHHOQ aaBJjenme
ji=ywwii,-=ywhiaii,-.

Ero NpoeKUUa Ha HOpMaJib K NOBEPXHOCTH CKOJIbKEHHUSA:

Ywhiaii; sin (Bgpi — @)
LEro npoexuis na noBepXHOCTh CKOJIbXKEHHSI:

vwhiail; cos (Bgpi — ai).
C yueTroM 3THX CIIJI BuIpa)kelinsi pa6oT A KaXKAOro oTceKa OyAyT:

A ).ni_—.: —-——&————[Pﬂi COs ¢ tg (pg,-+yw/l,-a.-ii sin ([3qn' - (11') lg Ppi-t+

COSs Ui

+lei]=uo{[PBi'{"\’whiaiii s_in_(_[_iui_)_] tg Psit ~€l’"—“——};

COS Qi CoSs a¢
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Acme, =—"°_ [Py sin a;+ywhiaiiicos (Bei — ai) + Qeil=

COos ai
sin a: . cosPayicosaitsinBasina; Qci
=to [Pu: €os o +ywhiail c<;s a; + cosca. 1=
= Uo[Pyi+ ywhiis sin Bpil tg ai+ to (voll.aili cos Bgi+ ——CBQ:—;‘—) .
Torna:
{=n H
T ([Pritywhiais S0 B0—0)  qigq, g Codi
f==1 COos ai COSs Ui
Ky= P (28-B)
3 [(Pa+yuhiaiis sin Bo) tg ai+ywhiaiis cos Byt ??f;"
i=1 N

Kaxk Buanm, Bheipaxcenue AAst Kod(hohHUHeNTa YCTOHUMBOCTH NpH
yyeTe THAPOAMHAMHYECKOrO [aBJleHUs TOJy4aeTrcst CPaBHHTEJbLHO
cnoxibiM. [losToMy, rae 3T0 BO3MOXKHO, NpOINE YUYHTHIBATb FHAPO-
AHHaMHYecKOoe [aBJieHHe, MpHHHMAas HanpabJjeHHe ero AeficTBhs na-
pajaseNbHBIM - TIOBEDXHOCTHT  CKOJLYKeHHst (6e3 pasnoxennss Ha co-
craBasiionine).,

Heo6xonuMo TakxXe MNOMHHTb, 4YTO, KaK YKa3biBaJIOChL Bbllie, Npi
pasjiokennH (HABTPALMOHHBLIX CHJI Ha HamnpasJiednss BepTHKaMl H
KacaTesbHOH K TOBEPXHOCTH CKOJbXEHHSI CJeAyeT Y4YHTLIBAaTb H3Me-
HeHHe TpajHeliTa B PasJNYHLIX HanpasJeHusx. ITo eiue GoJjee
YCJOKHHT pacyer.

B 1969 r. M. H. Toapmnreiin {8] mokasaj, 4To XOTSl MO MOBepx-
HOCTH CKOJIbYXEHHS1 AEHCTBYIOT CHJBI TPEHHS, T. e. CHJBI, He IMelolliie
notenyHana, TeM e MeHee 1 B 3TOM CJyvyae NPHHIIHNT BO3MOXHBIX
nepeMenleHi NpHUMEHHM K paccMartpliaeMoil 3apave. IlefictBurens-
HO, B COOTBETCTBHH ¢ (HOPMYJHPOBKOH NPIHIIINA BO3MOXHLIX nepe-
MelieHH#, panHoit Pypbe 1451 HeoGpaTHMBIX MepeMelleHHit H MPHTrOA-
HOH TaKiKe HJISi CHJI, HE MUMEIOLHX NOTEHUHAJa, MOXHO yTBEPIKAATh,
YTO B COCTOSTHHH INpeJeJbHOr0 pPaBHOBECHS B PaBHYIO HYJIO CYMMy
paGoT Ha BO3MOXHBIX NEPEeMElIeHHsIX BCeX CHJI, AefCTBYIOUHX Ha
CHCTEMY, MOJXKHBL ObITb BKJIIOYEHBl H CIJIBI TpPEHHsl, 3aMeHsIolllie
AeificTBye BHYTPEHHHX CBsideil, cyuiecTBOBaBIUHX B CHCTeMe N0 obpa-
30Balusl ITOBEPXHOCTH pasjieja B BHAE TMOBEPXHOCTH CKOJLXKEHIis.
ATH CHJLI, €CTeCTBEHHO, AOJMHHL OGbITHL NOJNHOCTbIO MOOHJNH30BAlibI.
BaxHoe ycsoBHe NPUMEHHMOCTH K JaHHO{l 3ajgaue npHHIUITA BO3-
MOXKHBIX NepeMelleHli 3aKJIOUaeTcsl B TOM, YTO HDH PacCMOTpenitH
BCero KJiHa oOpyuiennsi He Tpe6oBajoCch YYHTHIBAaTb paboTy BHYT-
PEHHHX CHJI Ha OTHOCHTEJLHBIX TNepeMeUleHHSX OT/ENbHLIX ero 3Jje-
mentoB. Ho B cnyuae rumorernyeckoro rpyura Iepcesamona it npu
YCJIOBHH, YTO OTCEKH SIBJSIIOTCS MKECTKHMH, a HX BHPTyaJbHLIE Tepe-
MeulelHss He HapyUIaloT HMEIOUIMXCA KiHeMaTHdecKHX cBsi3eil, yka-
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3alHOe YCJIOBHE BLINOJHsAeTCA. IIpH 3TOM OYeBHAHO, UTO JHOO mO-
BEPXHOCTb CKOJIbXKEHHSA NOJIXKHa OHITh KpYIJIOUHJHHApPHYecKOH, nu6o
NATHl OTCEKOB HMOJIXKHBLI HMeTb (hOpMYy, NO3BOJIAIOILYIO HM CKOJb3HTh
N0 NOBEPXHOCTH CABHra, He HAKJOHAACH H He gedopMHpysch (Ha-
npuMep, B BHAE AYT, CONPHKACAIOLIMXCSA C NOBEPXHOCTbIO CABHTra B
ONHOH TOuYKe).

Muorpa npoekTHPOBILMKH 3THM METOAOM OMNpPEeleJSiOT ONoJ3He-
BOe JaBJ/ieHHe, INIPEACTaBJAA ero KdK Pa3sHOCTb MeXJy 3HaMmeHarteseM
H ylic/HTENeM B HamHCaHHBIX (opMmysax kKosduuueHTa yCTOHUHBO-
ctu. OpHako Takoe onpejnesieHHe OMNOJ3HEBOIO [aBJEHHSI HeJb3d
CUHTaTh TPaBHJILHBIM, TIOCKOJIbKY YHCJAHTEJNb H 3HaMeHaTedb BhIpa-
eHHst Ko3(QgHIIeHTa ycToiYiBOCTH B JJaHHOM CJly4yae eCTb He CHJIBI,
a paboThl.

2.3. Metopn F,

Meton Fp (npHGaMeHHBIH MeTOL PaBHOMPOYHOrO OTKOCa MJIM
Metonr H. H. MacjsioBa) Gosee mpHMeHHM AJisd NPOEKTHPOBaHHS HC-
KyCCTBEHHBIX OTKOCOB, a He JUISi OLEHKH CTelmeHH YCTOHYHBOCTH ec-
TecTBeilHblXx cKJOHOB [13, 15]. OpHako MBH paccMOTPUM 3TOT METOM,
OCKOJIbKY paspaboTaHHsle B HeM OpHrHHaJbHble NPHEMbl MOTYT
ObITh HCNOJbL30BAHBl IIPH pelleHHH pas3J/IHuYHbIX HHXKEHepHBIX 3ajady.

Meton Fp OCHOBHIBaeTCsi Ha IIOJIOKEHHM, YTO CTeNeHb YCTOHYHBO-
CTH OTKOCaZ HMJH CKJIOHa onpeiesseTcsi MHHHMAaJbHOH BeJIHUHHOH

Dy, nofer?
1}.: f
%ol 2 b 1
5 LRE
7
J
87
40 Ec ]
%W ESS
- 2

Puc. 4. Meron Fp

Koa(ppuunenra Ky M3 Bcex ero 3HaueHHuit o BbicOTe OoTKOca. Bmecre
Cc TeM IJs Kax[oro M3 ropusontoB (puc. 4) Benuunsa Ky ompepens-
eTcq 13 YCJOBHSf

___ tEq’v 29\
Ky= rra (29)
rae B — yroJ HakJOHa K TODH3OHTY OTKOca B paccMaTpHBaeMoii

TOUKE;
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¥p — Yrosl CONPOTHBJEHHA CHBHTY Ha 3TOM TOPH30HTe (HJH
yros cjBura).

Yron conporusieHuss caBHry W, nns chimyuux (3epHHCTBIX) TpyH-
T0B, JHIUEHHBIX cuemieHHs (c=0), paBeH yriiy BHYTPEHHEro Tpemus,
1. e. ¥p=¢. Torna unanucaHHas sbiue Qopmyna npuobperaer mJis
TAKHX TPYHTOB C/eAYIOIHE BHA!

t
Ky=—55- (30)
Tax kak {gWp=Fp=tgoH —;——, TO AJfl paccMaTpHBAaEeMOro

n
cayuas

tgWp="Fp=tg p+——-. (31)

v
ITpu Hanuuun 3a OpoBKOH OTKOCAZ paBHOMEpPHO pacHpefeseHHOl Ha-
TPYy3KH po NOCJe/Hee BhpaxeHune npuobperaer BHA:
4
Fpe=tg o+ ——1 (32)

OueBHAHO, 4TO ¢ H € [LOJXKHBH MOACTABJSATLCS B TpHBeAeHHble
Bbille (HOPMYJIBI NMPHMEHHTENBHO K CBOMM 3HAYEHHSIM AJIs paccMmart-
pHBaeMOro nJjacra ¥ CTelneHH KOHcoJupauui rpyHta. O6bemublii Bec
v ompejeJisieTcss 3JeCb CBOUM CpeJHHM 3HavuenHeM JJIsl Bcefi ToJauL,
nepekpbiBaouiefi NaHHBIH TOPH30HT, C YYETOM B HEOOGXOMHMBIX CJY-
YafX B3BelLIHBaHHs I'PyHTa BOJOMH.

PaBHonpouHblt OTKOC B COCTOSIHHH CBOEro NpejesibHOrO paBHOBe-
cisi no Metody Fp ompefessieTcsi yCJOBHEM, 4TO JJS KaxXJoil TOUKH
OTKOca ¢ rayOuHofi 2 OT CBOGOAZHOM NOBEPXHOCTH Y/OBJIETBODSIETCS
ycJaosne:

B.= II'rpz- (33)

HMupiMu csoBaMH, Ha KaJIOM TOPH3OHTE 2 yroJ HaKJ/OHA OTKOca K
TODH3OHTY f. 4YMCHEeNNO DaBeH yrjay CcONpoTHBJeHHst casury .,
XapaKTepHOMY AUl JaHHOrO rOpH30HTA.

[Tpodunp paBHONPOYHOrO OTKOCA, KaK MNpPaBHJIO, HMeeT KPIBOJIl-
Helinoe oyepraHue, GoJsiee KpyToe B BepxHel n 0Oosiee noJsoroe B HIX-
Heil vacTH.

[TocTpoenue Takoro orkoca, a paBHHIM OOpasoM H OTKOCa C Ha-
nepel 3aaaHubiM 3HaveHneMm Kosdgpuunenta Ky no Buipaxennio (29)
MOXeT ObITL OCyLIeCTBJIEHO rpadiueckH 1 aHaJuThuecku. B mocsen-

HeM cJyyae HCIoJib3yeTcst cieaylouiee Buipaxenune (npod. . H. Mac-
J10B) :

x= —prltgevzteln(tge-pote) —clnltgp(yz+po) +el},  (34-a)
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rae x — abcuucca TOYKH Ha IIOBEPXHOCTH OTKOCA, OTBevaloulas riay-
6HHe 2z pacuyeTHOro rOPH3OHTA OT HOBEPXHOCTH TOJILLIL.
ITpu orcyrcrBun 3a GpoBkoi oTkoca Harpy3ku (po=0) npeas-
Jylliee BbhipakeHHe ynpollaercs:

x=7:§F [tgpyz+clnc—cin (tgopyz+c)) (34-0)
AnanuTHuecknil MeTOJl TOCTpOEHHS PABHONMPOYHOILO OTKOCA SIBJSI-
ercst GoJsiee TOUHBIM, ueM rpaduueckuit. OaHaKko NMpH HAJHYHH B TOJILLE
OTKOCAa HECKOJBbKHX IMJACTOB C pPas3JiiulibIMH MexXaHHUeCKHMH Xapak-
TEPHCTIKAaMII 3TOT METOJ CTAaHOBHUTCS H3JIHIIHE TPOMO3AKIIM II SIBHO
ycrynaer rpaHyeckoMy npHemy.
Cyuinocth rpaduueckoro npuema no Metony [p Gasupyercs Ha
HCMOJBL30BAHII  BbIPAXKEHHs], BBITEKAIOllero M3 paliee HanlicaHHoll
sasicimoct (29):

tgp= le— tg W, (35)

OTkoc paspeJfisieTcsl MO BLICOTE Ha Psf, PAacueTHHIX CJOEB C INOLO-
wBoii Ha raybuuax 2y, 2 .., Zn OT NOBEPXHOCTH TOJIMHU. IIpH yMeHb-
HIEHHH MOLHOCTH 3THX CJIO@B TOYHOCTb INOCTPOEHHS TOBHILIAETCS.
ITpnn Hanuuu B TOJILE OTKOCA NJAcTOB Pa3J/HUHBIX MOPOA COOTBET-
CTBYIOLLIIE PACYeTHbIM CJIOSIM TOPH3OHTH! HOJIXKHBl COBManaTh C KOH-
1aKTaMll 3THX nJyacrtoB. JlaJsiee 1JisT KaXXJOro H3 3THX TOPH30HTOB C
rnyOnnoil z; HaXoAsT 3HayeuHe yrja conpotusieHHsi caBHry Wy,
no Beipaxeunio Wp,=arctg Fp, uepes 3HaueHHe Ko3(duuuenra co-

NPOTIHBJIEHIS CABITY
Ct
Fro=tgoct —0

[Tocne 3Toro onpenesstior cOOTBETCTBYIOIHE MHalfileHHbIM 3Haye-
HHSM yrJjoB conporusJennsi casury Wp, BeJHUYHHBl YIJIOB OTKOCa P,
3a/laBUIMCh TeM HJH HHBIM KO3(Q¢HuuUHeHTOM 3anaca yCTOHYHBOCTH
Ky. B paBnosecnom nosioxkennn Ky=1. B atom cayuae umeer MecTo
cobJuofeHHe paBeHCTBA B, =W p,.

[TocTpoeHne oTKoca HauHHaeTCst C HIXKHEH ero TOUKH AT Zmex=H.
3aech OTKAajblBaeTcss OTBeYAlOUlHH NaHHOMY TOPH3OHTY YroJ B zmar.
ITponomkaem onpeaessiiollyio ero JIMHHIO O II€PeceyeHHsl cO Clle-
ANyIOIIIM TOPH3OHTOM Ha Fay6GuHe 2z;, B TouKe nepeceyenust orTkJja-
lbiBaeM cHOBa yroj f, COOTBETCTBYIOLWHH 3TOMy ropusodty. Haxo-
/M HOBOe nepeceyelllie OnpejeJisiiolieli ero JHHHH C OYepeNHBIM
menee ryyGoKo pacnoJioXKeHHUbIM FOPH3OHTOM H T. A., BIJIOTh HO Bbl-
Xola OTKOca Ha noBepxXHOCTh. llosyueHnible yxasaHlibiM Bblilie 10-
CTpPOeNHEeM TOUKH MNepeceyeHHs] PACYETHBIX TOPH3OHTOB C JIMHHSIMH,
OnpefeIsiOWIMI  yIJIbl OTKOCOB f1, coeflHsieM nJaBHOi  KpHBOH.
Ha stom nocrpoenHe paBHONPOYHOrO OTKOCa rpadHYecKHM METOHAOM
3aKaH4liBaerTcs.
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OTMeTHM, YTO NMPH OTCYTCTBII HAa MOBEPXHOCTH TOJUIH 33 OPOBKOIl
OTKOCA HAarpysku, T. €. NpH pe=0, ¥ NpH HaJWuHH B TpyHnTe jaxe
caMOro HEe3HauHTeJLHOTO CLENJIeHNst ¢ yroj OTKoca $ Ha NOBepPXHO-
cTH TosiuH npd 2=0 crauoBuTcs paBHBIM 90°. DTO nonoxenue BLiTe-
KaeT H3 BBIpaXKEHHS

c

Vy=arctg Fp=arctg (tg o+ ) apu z—o = arctgoo =90°. (36)

vz cx=0

Paccmorpennnifi mMeTod JaeT, KaK Mbl BHIEJNH, BO3MOXHOCTL TMO-
CTPOHTb paBHOMPOUHbIi OTKOC, T. €. OTKOC, Ha BCEM MNPOTSIKEHIH
KOTOpOro 110 Buicore Xoagpduinent ycroiiunBocty oannaxon. Oanako
Mmeron Fp ue moxer OGbiTb NpHMeHeH AJIsl pacueTa BeJHUUHLI OnoJ3-
HeBOro JaBJleHHS.

2.4, Metop, P. P. Yyraesa

P. P. Uyraen [34] sToT MeTOR Ha3biBaeT elile MCTOAOM MJIOCKIX
nosepxHocrefi capura, 160 On MNpHMEHHM JIlIL B CJydasix, KOrja
NOBEPXHOCThL CKOJIbXKEIHs SIBJAETCA TIJIOCKOH HJH  COCTONT 13 OT-
AeJbLHBIX NpsiMoJuineiliiblX y4acTKOB.

B nanuom wmeropme o6o3naualorcsi: g, €y — AelCTBHTeNbHbIE Be-
JHYHHBl YIJla BHYTpeHUero Tpelus 1 ClenJenist, T. €. BeJHYlHbI,
KOTOPLIMH XapaKTepH3yeTcsl paccMaTpHBaeMblii TPYHT; ¢y, Cx — KpPiH-
THYECKHe 3HaueHls Yrja BHYTPEHHEro TpeHHusl H CuemeHns, T. e,
T€ 3HaueHMsl, KOTOpble HAAO NPHAATL TPyHTy, 4TOObI paccMaTphHBae-
MBIH OnoJa3nepoil OJOK NpHUIE] B COCTOsIlE Npeaebloro paBHOBe-
CHA, Ty, Ox ~— KPHTHUECKHE BEJNYIHLI KacaTeJbHOro H HOPMaJbHOIO
HanpseKeHuii, T. e. BeJHUHHBL, KOTOpble NOSIBJSIOTCSI B MOMEHT npe-
NeJIbHOr0 PaBHOBECHS,

3aMeHHB JeficTBUTENbHBIl 3eMJISIHOH OTKOC MOJIEJDbIO OTBEPAEBILero
onon3nesoro 6J10Ka, MOXEM COCTaBHTL JJIsl 1ero, B pesyJsbTaTe pac-
€Ta B COOTBETCTBHH C (POPMYJOH Ti=0xtg @+ Cx, COOTBETCTBYIOUICE
ypasHelile 1pejesbIoro paploBeclisi B BHJle

cx=F1 (tg @) 1M cx=F2 (Pic). (37)

Fpaduueckit 370 ypasuenie npexcrasliedHo Ha pHc. 5 xpupoii ab, xo-
TOopast HasbiBaeTcs KpHBoil cBsizn. Kaxxaas Touka 3Toil Kpusoii paet
HaM mapy 3HaueHHfl ¢x U @x NPH KOTOPBIX paccMatpiBaembiil 6JI0K
HAXOJ/IUTCA B COCTOSIHHNI TpeAesbHOro pasHoBecHsi. Uepes ¢x° obo-
3Hayelo TO 3MayeHle (g, Npl KOTOpoM ci=0; uepes ¢,° obo3naueno
TO 3Hauenne cy, npi koropoM @x=0. Hernocpencrnennnie noacuernt
NOKA3bIBAIOT, UTO KpHBasi cBsi3il ab, Kak npaBHJO, OJ13Ka K npaMoil.

Eciu 3nauenns ¢y W €x KAIOT TOUKY /m, JeXKaillylo HibKe KpnBoil
cBaAsn ab, To paceMatpuBaeMbiil onoJsisneBoil GJOK sIBAsIETCS] Hey CTOil-
YHBLIM, TaK KakK cjarailoliiii ero rpyHTt IIMeeT XapaKTepuCTIKIl C/ABil-
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6 5 4y

tg Ve
tg 13

Puc 5 Kpuspe cpsai

ra Medee KpHUTHUECKNX 3Havenud. Ecan ke BeaHuMnbl ¢q H Cy AAOT
TOUKy 1, JeXKallylo Bbille Xpusoii cBA3n ab, TO paccmaTtpupBaeMbiii
GJOK HaXOAHTCSl B yCTOHYHBOM paBHOBECHIl; NIPH 3TOM ueM AaJblie
104Ka 7 pacrnojiaraercst or KpuBod ab, tem Oosbuinit 3amac ycToOHuM-
BOCTH HMeeT JaHUbIl MacciB rpyHTa.

Uro6bl 1HCNPaBHTh [OrPELIHOCTH NPHHATOH MOJAENH OTBepjeBHIero
Tena M npubJiKeHnHoro cnocoba pacuera 3ToH MOAeJH, & TaKk:Ke MO-
I PELINOCTH B ONpefeseHHH NPIHATHIX JJIs pacyeTa BeJHUHH @g H Cp
HOJIyUeHHYI0 pPacuyeToM NpPsMYI0 CBA3H ab NepeHOCHM mnapaJiiesibHO
caMoii ceGe Ha 1IeKOTOpPOe paccTosiHiie B moJsioxeHue a’b’, 1. e. B TO-
JOXKeHHe JMHIH, NpoBefieHHOf yepe3 3afaHHYIO TOUKY 1 napaidiesb-
HO TeopeTHuecKoH KpuBo# cBsa3u ab. MMeunno sta npsmas a’'b’ ecth
npsiMast CBSI3H, NpOBeleHHasl ¢ HamjexaiuuMm 3amacoM. Hckomubtii
ko3 duuneHT 3anaca Ky AoJ/KeH B anajHTHyeckoi gopme orpaxkarth
nepenoc npamoii ab B nojoxenne a’b’. IloaToMy B HaHHOM MeToje
HpHHHMaeTcst, uTo JUIst BesaHydHHBl Ky MOMHO HamHcaTh, HanpuMmep,
BuIpakennst (cM. pnac. 5):

tg ¢x
Ky= tg(“f“ =2 (38-a)

N
Ky= ‘f;i :—c;— (38-6)

Hanee pacuer ycTORUHBOCTH CKJOHA, OCHOBaHHbIi Ha HCMOJL30OBA-
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HHH Mojend oTBepieBllero 6s0Ka 0oOpyuieHusi, CBOAHTCA K paclery
pAfa NMpOI3BOJABHO 3ajaHHbIX OTceKoB oOpymenns. Ilpu sTom B npo-
llecCe PacCMOTPEHIIsT TOrO HJ HHOTO TNPOHM3BOJBIO 3aflanHoro G6.j0Ka
B O0IeM cJjyyae MNOCJEAOBATENbHO pellaloTcsl JiBe  He3aBIHCHMble
Jpyr OoT Apyra 3ajfauyH:

1) paccunrtpiBaercsi Tak Ha3biBaemasi npejiesibHasi cxeMmMa Jailioro
onosiziieporo O6Ji0Ka, TNpHYEM, HCXOASl H3 YypaBHEHNUS TNPeaesbLlOoro
paBHOBeCHS, OTHOCSILErocst K 3TOH cXeMe, yCTaHaBJHBAlOTCH KPUTII-
yeCcKHe 3Ha4YeHHMsl yrJja BHYTPEHHEro TPEHHS H CHJBl  CUEJIeHIs
rpyHTa;

2) 3nas 3TH KpHTHYECKHE BeJHUYNIHBL, yCTaHaBJBaeTcss Ha lX OC-
HOBe yHcJaennoe 3HaueHHe Kosgduuuenta samaca ycTO{UIIBOCTII Aal-
HOrO OMNOJI3HeBOro 6JIOKa.

B suiBogax P. P. Uyraesa [34] ypaBHeHlie NpeaenLlioro pasliose-
CH JJist Onou3neBoro 6J10Kd, OrpaHHYEHHOrOo CHH3Y TPOH3BONLHOIT
HOBEPXNOCTLIO CABNTA  (06pa3oBannoil HECKOALKHMIT NJAVCKOCISIMIL),
Jlaetcs Jisl HECKOJBbKHX clioco00OB pacuera:

a) crnocoba TrOpPH3OHTaJbHEIX CHJ B3anMolciiciBiisl, OCHOBaHIIOrO
fa ponyiiennd, uto =0, rae v — YroJ HakJoHa K FOPH30HTY Cil7Tbl
E BzaumoneficTBHs, nepefalomieiics OT OAHOI'O BEPTHKaJLHOro oTceka
K cocejiieMy uepe3 GOKOBYIO BePTHKAJbHYIO MOBEPXHOCTb;

6) cnoco6 mnpenesbHO HAKJOHHBIX CIJI B3aliMOAeficTBHS, OCIIOBaH-
Helit Ha aonyuenuHd, uUtTo N=WYy, rae Wy — xpuriueckuil yiou
clBHra (paBHBI B cjyuae CbIyuero rpyHTta BesHuillie (¢x);

B) cnoco6 HaKJOHHBIX cuJs B3anMojeiicTBis, ochoBauubil na jo0-
nymenun, 4to 1= 0,5 px.

Opnaxo npH BboOope HaunboJjee paluHOHaNbHbIX CcHOCOOOB pacueta
P. P. Uyraes noka3sriBaer, uto B cjiyuae OOLIUHBIX 3EMJSIIIBIX OTKOCOB,
xorpa B=<50—60° caenyer nosb3oBaThCsl cnocofOM HAKJOHILIX CHI,
OCHOBaHHOM Ha JaonyueHut, 4to m=0,5¥p, IlosTOoMy MBI OVieM
31ech PacCMaTpPHBATh TOJNBKO 3TOT cnocod.

[IpencraBum na puc. 6 omnossHeBOil OTKOC, OrpamHueNHbIl CHU3Y
3a/laHIlOf  IOBEPXHOCTbIO CKOJbKeHHsi 1 -—2—3—4—35, Kotopasi
o6pa3oBaiia HeCKOJbKHMY TJocKocTamil. Pa3ob6beM onoasnesoflt 6.0k
BEPTHKAJIIMH 12 COOTBETCTBYIOIEe UHCAO OTAECJBHLIX OTCEKOB (mpif-
HilMaeMblX naJgiee TBEpPJbIMH TEJIE]MH). C‘”!THCM, UTo CIHJIL L B3aINMO-
JEeiiCTBHST MeXy OTHEeJbULIMII OTCeKaMH, nepejalolliiecss uepe3d IixX
BEpPTHKAJbHBIE TpaHililbl, HaK/JAOHeHLI K TOPH3OITYy MOA yraamil 1), =
=0,5%p:;. anee crponMm Ha puc. 6 COOTBETCTBYIOILIIC MHOTOYTOIb-
HIKH CIJ, B KOTOPBIX N’y — peakuusi ocuosaiiist B MOMEHT Tpe-
JACJAbHOrO paBHOBECHS!, JelicTByIOlllasl ifa MOAOIUBY i-r0 OTceKa I MNol-
cuilTaHHasi ¢ yuetoM ciii Nyi, Txi, Cxi. 3aTeM cocTaBjsieM ypaBliellis
paBHOBeCHUs, MPOEKTUPYA BCe CHJB Ha ropusgntaabhiylo och. [lpu
3TOM CUHTaeM, YTO INpeaesblioe paBHOBECHe HMeEeT MECTO IIe TO.LKO
B pailOHe MOBepPXIIOCTH CABHra, HO II B paiiole BceX BepTHKAbHBIX

21 35



K—toom—m——————

Puc. 6. Metoa P. P. Uyracsa

Ipaniy, KOTOPLIMH Mbl pa3fuBaeM OnoJi3HeBOH OJIOK Ha OTAebHLIE
orceki. [Ipnyem B mnpouecce AAHHBIX BLIBOAOB 3(pdext aeficTBus
Cchiaocucnaenist 3ameisiercst adQexTom, KOTOpbii noayuaercss B pe-
avapTaTe cOXatnst rpyHtra B OTAENLIIOM OTCeKe BCeCTOPOHHHM HOp-
MAJIbHBbIM daBaeHieM HITEHCHBHOCTLIO

Cu
=—, 39
=Tz en (39)
B peavapraTte onpepesieHHbIX npeobpa3oBaHHil (MOAPOOHDLIA BLIBOA
Mo:kno wpaittn B knure P. P. Uyraesa [34]) mosyuaercs ypapHerie
Hpele’ bHOro papHoBecHs: AJsi OAHOPOLHOrO CBSIBHOrO IpyHTA:

_ 2 (=P Ay
k=3 {Aoilzi clg (o Fqn) Faul} tg ox, (40)
o= st (a FQn) . (41)

cos (. F1,5¢k)

2y — pAa3HOCTL OTMETOK MOBEPXIIOCTH 3eMJIil ¢ JieBOii L. € fIpaBoil
cropou orcexka (nanpumep, Touek 3° m 4’ na puc. 6; ecian orT-
Merka Toukn 4° Gosbiue oTMeTkil Touku 3’, To 2z npuoGperaer
OTpHLLATeJNLHOE 3liauenne).
[Tosb3ysice ypaBHeHHeM 1npegesbHoro  paBHoBecus (40), MoxHO
JIEIKO MOCTPOITh JANfl AAaHHOTO ofoJs3leBoro 6JioKka KpHBYIO CBA3H
ce=[(px). Hust 3Toro, 3nast pasmepnl OJoKa, CJAeLyeT 3a/laBaThCH
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pesinunnoil ¢ 1 3areM no ¢opmyne (40) BBUHCAATL COOTBETCTBYIO-
e 3HayeHHs Cx. 10 ecThb ypaBHeHHe NpelesibHOrO paBHOBeCHS pe-
1aeTcsl TOJAbKO NoAGOPOM.

[1pi paccMoTpeHHH paBHOBeCiHSl OTJEJNLHOrO OTCeKa, Kpome TOrO,

OTBLICKHBAETCSl BEKTOp reomerpuueckoft cymmsel cun E; u E”, nefict-
BYIOUIMX Ha JaHlIbIi OTCeK cJeBa H cCHpaBba:

AE;=E/+E/", (42)

a TaKxe BeJnyHHa ropHaoHTtasbHoii npoekunu AEx; 3TOro Bekrtopa
(11s1 OLHOPOJHOrO CBSI3HOTO CyXOro rpyHra):

AE =+ P;Ai cos (‘)2“ — {Aoicos (;" {2ictg (aiFFou) Fai]+
Nt Cx 4
+ (hl hl )} tE Pre ’ ( 3)
1ne z;, I, hi” — reomctpuucckue pasmepnl, nokasaunpie Ha puc. 6

1y Tperbero orceka. [Ipiuem z; ne ects pastu-
ua mexay hy m hi”, a npesvienne Jnepoil Bepx-
Hell TOUKH OTceKa Haj npaBoil (NIpH HAKJAOHHOI]
NOAOlUIBE OTCEKa 3TO lie OHO I TO JKe).

Beanunnnt 2; 1 (A;” — /) mMoryt ObITh KakK MOJOMHTEJALUBLIMI, TaK
Il OTPHUATEJILHLIMII, YroJ o; Bcerja JOJDKeH CUUTATbCs MOJOXKH-
TeNLHBIM.

[Tpumensin npHHUHIB TEOPHH NpeAeJbHOTO paBliOBecHs K 3amnpe-
JleJIbHOMY COCTOSIHHIO, MOXKEeM JONYyCTHTb, UYTO TOPIH30HTaJbllas CO-
CTaBJsIIOUIAsT CYMMapHOro OINOJI3HEBOrO MAaBJieHHst B KOHUE N-T0 OT-
cexa OyaeT paBHa:

1= n

Eon=2 (ALx:) (44)

i=1
Han

i=n

Eon=3 {{£PiAoi cos —2—~— {A,; cos—L% (2, ctg (@i Fox) Fai]+

i=1 2 2
Cy:
hy" — hy' X ) 45
+( 1 ‘)} tE(Plt}} ( )
B namiicanHbiXx 3aBHCHMOCTSIX BepXHH{l 3HaK OTBeuaeT HHCXO/siicil
{napawoweit), a HKHUl — Bocxouse# (nMoaHHMalOILElicsa) noBepx-

HOCTHIl caBHra. B cayuae otceka, IIMeoUIero ropn3onTaJsibHYIO 1100
UWIBY, MOXKHO TOJIb30BaThCSl MJIH BEPXHHMH 3HaKaMH HJH HIDKHHMI —
pe3yJbTaT pacueTa OT 3TOro le JOJDKeH H3MEHSTLCS.

IIpu onpepesieniil ONOJN3HEBOro JaBJeHHS] B 3anpejesiblioM COCTOS-
HHH CKJIOHA& CABHMIOBble XapaKTePHCTHKI TPYHTa Cx H g C Ompeje-
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JIEHHBIM JONylileHHeM, MOXKHO NPHHHMAaTb HJsS COCTOSIHHS INpejelb-
Horo pasHosecHs. IIpi 3TOM, eciin B CKJIOHE YXKe NOSIBJISLINCL OHOJI3-
HeBLI€ MOJABHYKKH, CJABHIOBble XapaKTEePHCTHKH MOXKHO ONpPeAesifTh
HenoCpeACTBEHHO AJIsl TPYHTa, HaXOAALLErocsi B yPOBHE MOBEPXHOCTH
cKonbXKeHHsA. B Takom csyuae pexkoMeHayeTcsi NPHMEHSITb METOBI
1HaTypHoro onpejesenis ¢ i ¢ HeNoCpeACTBEHHO B mypde.

Hanee mnpeoGpa3oBbiBaeM NpHBEJAEHHbIe BEHIIE 3aBHCIMOCTH JJis
Cllyuast HeOJHOPOANOro rpyHTa, a TakKe yuera (QUJAbTPaUHOHHBLIX H
ceficMIlYeCKHX CHJI.

Caenyer pasanuyatb HEOAHOPOHAHOCTb TIPYHTa B OTHOUIEHHI €ro
o0BLeMHOro Beca H B OTHOIUEGHHIHM €ro NPOYHOCTHBIX XapaKTepHCTHK
(P_—I 11 Cn.

Yuer HCOAHOPOANOCTH B OTHOINEHHH <y OCYUIeCTBJSIETCS OTIOCH-
TeJablo npocto. B ypasuenne npepeashHoro pasHosecnsi (40) u dop-
MyJay omo.sieBoro AasJiiennist (45) BxoasT BeJsunibl coGCTBEHHOro
Beca OTJIe.IbHbIX OTCEKOB, Ha KOTOpble pasCnBaercst AaHunblii onoas-
nesoll G.aox. OueBnjno, uTO B cjyyae, KCria TOT MJH Apyroil pac-
cMarpHBaeMbli OTCEK COCTOHT 13 dacTteH, o0pa3oBaHIBIX TPYHTOM
pasiioro o6beMHOro Beca, BejHuHila KOTOpPOro HaM 3ajaHa, TO BO3-
MOXHO MNOJACYNTATL COOCTBEHHBIE Beca 3THX OTAEJbHBIX uacTeil, a
3aTeM HX cJa0XHTb. HMan e pssi Bcero oTcexka mnpliHiMaTb CpejHe-
B3BelleHHOe 3llayenne 0ObEMHOr0 Beca rpyHra.

Yuer HeORHOPOJHOCTH TPYHTa B OTHOWIEHHH @y H Cy OCVIIECTBJIS-
eTCst B paccMarpliBaeMoOM MeToj/le pacuera cJeAylollM oGpasom.

3 npouecce Bcex BblMICJASHHII TNpHHIIMaeM B pacueT TOJBKO Te
BEJNNYNIbLl Qg 1 €z, KOTOpPHIE OTHOCSITCSL K TIPYHTY, PacloNOXeHHOMY
lerocpeACTBeIHO BOJII3IT NOBCPXHOCTH CKOJIbXeHIsl. 3HaueHHAMH @
11 €y, OTHOCSILIIIMIICA K TPYHTY, PacloJIOXeHHOMY BHYTPH OIOJI3HEBOIO
O.noka (BAajH OT NOBEPXHOCTH CKOJIbXKeHlisi), He HHTepecyemcs. [lo-
3TOMy C lenblo o0JeryHTh pacyer, pa3biiBaeM ONOJI3HEBOIl GJIOK Ha
OTceKil TakHM 00pa3oM, uToOGBl B Ilpejiesiax IIOJOLIBBI KaMHOro ot-
1eJIbHOr0 OTCeKa TI'PyHT Obijl 6bl OJHOPOAHBLIM B OTHOWEHHH @g H Cp.
I(pome Toro, 4roObl He yCJOXKHATH pacuer, OyaeM OPHHIMATL YroJd
casiira Wy, 1ne IJs rpyHTa, pacnoJyioXXeHHOro B pafioHe rpaHiiuHoll
BOPTHRQJ, pacudensiowell onoJizHeroil O6JOK Ha oTcekl (Kax 3To
1peGyetest), a Aast rpynra B paiiolic paccmarpiBaeMoro yuacrka no-
BEPXIOCTIL CKOMBXKEHHs (4acTo 3TH YrJbl 1O BeJuliie cOBHaAaloT).

Caejnyioulee ponyuienie cBS3aHO C BONPOCOM O JOBeNEHIHH Aallio-
10 JIeilcTBITCABHOrO 0noJsHesoro GJIOKa A0 ero mnpejaenbHoOil CXeMBbI.

Uro6bl nonyunTh npeaesbHylo cxemy, npeacrasuMm cebe, 4To npou-
HOCTHbIE XapaKTepPHCTHKH TPYHTA (g H Cy NMOCTENEHHO YMEHbIUAIOTCS
J0 Tex Iop, ToKa paccMaTpHBaeMblil OMOJ3HeBOH GJIOK He NMpHJET B
cocTosnue mpellesbHoro pasHoBecHf. [Ipn 3TOoM cyuraem, 4To B mpo-
luecce TAaxKoro BooOparkaeMOro yMeHbLUEHHSI MPOUYHOCTHBIX XapaKkTe-
PHCTHK BeJNYHHA OTHOLIEHHS MEXAY OTAeJbHbLIMH XapaKTepHCTHKaMII
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(MeXxay OTAENbHBLIMH 3HAYEHHAMH Qg HJIH MeXKAY OTAEJbHBLIMII 3Ha-
YEHHAMH Cy) BCe BpeMs COXpaHseTcsi nocrosiuoil. Tenepb Bbi6epem
NPOH3BOJILHO KAKOH-TO yYaCTOK MOBEPXHOCTH CKOJIbXKEHHS H Ha30BEM
ero ocHoBHbIM. On O6ymer 06JajnaTbh NPOYHOCTHBIMH XapaKTEPHCTH-

KaMH @g°¢ H Cx°°, a NpH Nepexofe K NpefesbHOH cxeMe — KpHTIde-
CKHMH XapDaKTepHCTHKaMH, @x°° H ¢,°°. JlomyuieHile 3akjiouaetrcs B
Pui Cat

TOM, 4TO, €ClU MU KaKOro-To i-ro oTceka paos =& M T =, TO
x R

Pxi . __ . Oy _

Px°° =& n cxoe

CKOJIbXKEHHST 3JleCb XapaKTepl3yeTcsi CBOMM MOCTOSTHHLIM 3HayeHllen

k03¢ duuuentos ¢ U p. KpuByo CBSI3H B LAHHOM Cliyuae NMPHXOLHTCS

CTPOHTL B BlIAe hPHBOH

cxo=[ (gx°¢) uau coc=f{(tg x)oc]. (46)

YuHTLIBAsT TPHHATLIE AOMYILUEHHS, MOXKEM Ha OCHOBaHI OOGULHX
BLIBOAOB {34] HanucaTh ypaBHeHHe NpeleJbHOTO paBHOBECHS [Js CY-
XOro CBSI3HOrO HEOJHOPOAHOrO (B OTHOLUEHHH (g W Cg) TPyHTA B clie-
JylouleM Buje:

Wi. O‘leBllllHO, Kaw quiii Y4acTOK TNOBepPXHOCT!H

S [+ PiAoicos __EiPx°° ]
€00 = 2 . (47)

Eipy©® , " ’ ui
S{Ao¢ cos —_— [2: clg(aiTFeps®) Fa]+ (1 — )} m

rae

___sin (aiFeipx°®) 48
Aoi= cos (ai7F1,5eipx°c) (48)

$lcHO, UTO B 3THX BBIDAXKEHHSX MPOH3BEeNEHHS €;(px°C I ®;Cx°¢ npei-
CTaBJASIIOT cO60# KpHTHYECKHE NPOYHOCTHLIE XapaKTepPICTHKH rpyHTa
B KaXIOM i-oM orTceke. Ec/H 3TH XapaKTepUCTHKI (py;=E€i(x"C U
Cxi=WiCk®® MOTryT ObITb KaKHM-JHO0 06pa3oM oOnpeje/ieHLl, TO BO3-
MOXKIIO MOJIyueHHe ypaBHEHHH DPAaBHOBECHs J[JIsl OCHOBHOrO yuacTKa:

i
£ 00 = 2 [+PiAoicos (D; } ' (47-a)
3 {Aoi cos (D2M [zi ctg (¢iF@ui) Fail+ (h” — hi’)} tgu(:»u.
rae
Ao sin {(@iF ki) (48_3)

= cos (@i F 1,5 - puar)

CoOTBeTCTBEHHO OMON3HEBOE AaBJICHIIE BHIPA3HTCA (POPMYJIOL
39



1=n

Eon= 3 {{+P Am COS~—/(— (p.“ {Aoz COS'——*— [Zi ctg (aFFcpm) :Fai]+

=1

+ (" — )} o). (49)

B cnoco6el yuyera (puabTpauHOHHOH M ceHCMHuyeckoil CHMJIL, INpei-
qaoxennsle P. P, YyraeBpiM, BHeceM Hexoropnie pamenenus. Ieno B
ToM, uto P. P. Uyraes paccmarpuBaer Jauilb cjayuan yCTOHYHBOCTIH
OTKOCOB 3eMJISIHBIX IJIOTHH B THAPOTEXHHYECKOM CTPOHTEJLCTBE.
s taknx coopyxkenuit yuer AeHCTBHS BOAbI, pasyMmeercsl, ropasio
cjaoKHee, yeM AJISI ecTeCTBeHHBIX CKJIOHOB C HEeNOJIHBIM BOJIOHACHILle-
nneMm rpyura. B rujporexnuyeckHX coopykeHisix Tpefyercsl yYyHTbi-
BaThL JelicTBHe AaBJieHlsl CIUIOLWIHOH akKBaTOpHH ¢ OAHOH CTOPOHBI
HACLII, BO3MOXHOCTh OBICTPHIX CMNAZOB ypOBHSI BOAM B BONOXpaHii-
Jiule, NHTEHCHBHYIO (IJabTpalillo HapyXKy OTKoca 11l BHYTPb €ro
H T & Mul ke paccmarpubaeM JIHWIb AeliCTBHe TPYHTOBLIX BOA, Ha-
XOMSIUIIXCA B €CTEeCTBCHHOM CKJIOHE B TOKOe HAH (PUAbTPYIOLIXCSA
papyxy oTKoca (nepefKo Jaxke B BHAE OTAeJbHBIX CTPYHUYaTHIX mno-
10k0B) [loaromy Mbl ynpocTiitM cnoco6 onpenesielust TiApaBiIHuecKoil
cual j,, npepaoxennnit P. P. UyraesviM, n nmpumeM ero Takum xe,
KakK 1l AJs APYriiX paccMaTpHBaeMblXx HaMH MeToloB pacuera. BoJee
npocto OyleM yunThiBaThb Il cefiCMHyecKHe BO3JefiCTBHsI (TaKXe aHa-
JIOTHUYHO yuYeTy B IpPyrHxX MeTolax. pacuera). B paGore ke [34]
P P. Yyraes npeanaraer ocoGuit cmoco6 pacyeta ycCTOIUHBOCTII
OTLOCA C VYETOM CeHCMHYeCKIIX CHJI, la3BauHbll M cnocoGoM NOBO-
pora orkoca (cMm. Bbiwe). B npouecce ykasaHILIX YNpoOUIeHHH OT-
AedbHO HAaKJOH paccMaTpHBaeMBIX CHJ He OyJdeM YUHTbiBaTbh, TakK
KaK 3HauilTeJbHOe YyCcJO0XHeHHe pacueTa Ie ONnpaBAbiBaeTcst NoJay-
yaeMbIM YTOUYHEHIIeM.

[Tpn Taxux ponyuweniusx ypasileille NpeAeabLHOro pasHOBeCHS It
(bopMmyJia OMOJI3HEBOrO AaBJIeHHsT AJSl CBSI3HOTO HEOLHOPOAHOrO TpyH-
Ta C Y4eTOM THAPOMAIHAMHYECKOH H ceficMHYecKOf CHJ BbIpasarcs
Bbipd.KeHHSAMN

Ef[’kioc .
T{+PA, T 9 et
00 [+ { COS 9 +/i+Q ] (50)
o {Am cos ﬂ"‘l—— [2. th ((lz:stpltloc)q:a!]+ (’“” — )} tg E(‘;:“t)c
1=n
Egqn= X {{iP,AO,cos_‘f%. + 1+ Qer — {Ao cos%—x
1=|
X [ZL Ctg (uiirpm) :Faz]+ (/lt” ’—hl,) }—ﬂl_}} (51)

tq Par
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Pacyer ycrofiunBocTH OTKoca (onpegneneHHe Kosdoiuiienra ycroii-
yusoctH Ky) mo Merony P. P. Uyraesa (mpu Hcnosib3oBaHII CIIOCO-
6a HaKJIOHHBIX CHJI) CTPOMTCA cJjeiylomiM oOpa3oM: HCXOASt H3 CO-
OTBETCTBYIOLLEr0 YypaBHEHHS MNpejesibHOr0 paBHOBECHS, COCTaBJIEHHO
ro JJs paccCMaTpHBaeMOro omnoJisHenoro 6/i0Ka, HaXOLMTCA BeJsHuHHA
tg @ (Mu @x), 3aTeM no ¢opmyse (38-a) uau (38-6) Bwluticiinercs
HCcKoMmas BeauynHa Ky.

[Tpn sToMm, Kak npaBuJIO, pacueTy cJeAyeT MOABEpraTth He 3ajali-
Hblfl OlON3HeBOH 6JIOK, a HECKOJbKO YMpOILLEHHYIO €ero cXemy: pa3-
JUYHBIE JleTaJsIM, KacalollHecs, HalpuMep, OYepTaHls OTKoca Han
IPYHTOB, CJaramiouiliX ero TeJo, NMPH pacyeTe C/ejlyeT OnycKaTb, ecJl
3apaliee OUEBH/AHO, UTO OHH He MOTLYT CYIIEeCTBEHHO BJHSITH lla OKOH-
yaTeJblibie pe3ysabTarthl pacuera. [lpn Borunenennu tg g« (11 ¢«)
o6BIYyHO TpHMeHseTCA cnocob npoOHbIX monbiToK. ast aToro Moxewm,
HanpuMep, 1CNOAb30Ba1L rpadyuecknil npueM, NpencrtaBiB ypashHe-
Hile mnpeaenLbHOIO pasHoBecust B BHIe ¢yHkuuH [ (px). Ocobennio
3T0 yi06HO B cJayuae OAHOPOANOTO CLIMYUCro rpyuTa, KOrpa cx=0.
Torpa Benununny F(gpx) NOACUHTEIBAIOT VISl Pa3JIHUHBLIX YIJIOB @k I
cTposT KpuBylo F (i) ma rpaduxe sasucumocti F(opx) OT ¢ Hc-
KOMOe 3HaueHHMe @y Oyner TO, NpH KoTtopoM Bennununa F(¢,) obpa-
1aeTcss B HY/Mb.

Oxnako BO3MOXKHO onpejensaTs Ky cpady, 6e3 MpOMeKyTOYHOrO
onpejeneHis @x. B TakoMm cayuae KO3(pQUUHEHT YCTOHMIIBOCTI CKJO-
Ha onpejensiercss (nofx6opom Han rpadHYecKH) H3 ypaBHEHIs

Fi(Ky) =F2(Ky), (52)
rae (yuuthiBas ppipaxkeHus (38-a) u (38-6)

Fi(Ky) =2[* P,Aoi cos 2([)1?; +ji+ Qe.l. (53)
Fa2(Ky) =2 {Aoi cos g&- [zictg (aF &) FQi+
y y
Cn(
+ (he” — by —Fr— (54)
tg "‘—]g;
B sTHX 3aBHCHMOCTAX
sin (0, F —2
Agi= Ke ) (55)

cos (aiF1,5 —%)

Janee, 3anaBasic, pa3jimuHbBIMH 3HaveHnsMH Ky=10; 1,1; 1,2;1,3;
1,4, na obuem rpaduke crpoarcs Kpusble Gyukuuit Fi(Ky) u Fo(Ky).

41



Touka nepeceyeHIiss 3THX KpuBHX (pHC. 7) DaeT HCKOMOE 3HayeHHe
Ky. To ects xospduunent ycroitunBoct Ky paccMaTpHBaeMOro CKJo-
Ha paBeH 3HAaUYEHHWIO, NPH KOTOPOM CTAHOBATCSH TOMXAECTBEHHO paB-
npiMi Gyukuun Fi(Ky) u Fa(Ky).

5 Ilnst oJHOPOAHBLIX TPYHTOB YypaBHEHHe NpPeNesibHOrO paBHOBECHS
OyleT HMeTb BHJ

T{*£PiAoi+ji+Qei]

Er= 3 {Aoi[2i ctg (aiFox) Faif} tg ow (56)
rie

A sin (@iFQx)

cos (aiF1,5px)
Filiy) B Takom cayuae HMeeTcs eille OAHH
i) - cnoco6 onpeneneHust KoadduurueHra ycroii-
iy F, () ynscerd Ky, Hdast 3Toro no  ypaBHeHtio
1500 T~ b (5G) crposT rpaduk-kKpuBYyI0 CBA3I (CM.
i . N puc. 5), 3amaBascb NpPOH3BOJBLHBIMH 3Ha-
100 4y YeHHAMH @y H Onpefesisi Cx. Bce Toukn
/Q;@) ! KpHsofi CBA3H ANA RAHHOrO  OINOJI3HEBOTO
5 t 6J0Ka ya0BJIETBOPAIOT yesioshio Ky=1. Ha
0 ! rpadgnK HAHOCHTCH TakXe TOYKa 1 C HOp-
Wy RABY W #y  MaTUBHBLIMIL 3uavenHamu tge u ¢, depes
Pitc. 7. Onpenenenne Ky KOTOPYIO TIPOBOAHTCS JIHHISA, NapaJiebHas
setorom P, P, Yyraesa KpHBOJi CBSISH M JyY On uepe3 Havajlo Ko-

opanuar 0 rpaduxa. Janee rosdduuiient
YCTOHUHBOCTI CKJOlA oOmnpelensieTcss MO OAHOMY H3 COOTHOLIeHI::

__ o8 oa on ig ¢pn Cx =
Ky= o6 — oa  ono  tge@x  Cx (57)

[Tpn 3azannoM Ky (TO ecTb MpPH NPOEKTHPOBANIN YAEPMKIIBIOIHX
KOHCTPYKUHH, o0ecneyusaiouiix Tpebyembit kosdduuHenr 3sanaca
yCIO{iulIBOCTH HO CPaBHEHHIO C MpefeNbHBIM COCTOSIHHEM) OMOJ3HeBOe
Zasslediie MoxeT ObiThb NpeicTaBJeHO BbIpaXeHHeM

i=n
Eo= X {{=P;Aoi-cos ‘29"(‘ it Qei —
i—1

y

Cut
I - _x - ” ’ Kv
— {Aqicos é;w [zictg (aiF 7(<PTi ) Fad+ (b —hi)} ——— 3, (58)
e =R
rne
B Px
Agm 0OT T ) (59)

1
cos (a.-=F1.5T';‘)
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B naHHOM BLIpaXEHHH @y; H Cyxi — 3HauYeHHS MPOYHOCTHBIX Xapak-
TePIICTHK TPyHTa, ONpeAesieHHble HaTYPHLIMH METOAaMIi AJSl KaXKAOro
H3 OTCEKOB OMo0JI3HeBOro 0Jioka, Tpebywoouero ykpenseulist (TO ecTb
HaXOASILerocs B COCTOSHHH, OJIM3KOM K npepenbhomy). Ecan ke
npeanosaraercsl yKpenJjenne CKJAOHa, COCTOSIHHE KOTOPOro B AaHHbBI
MOMEHT YCTOHUYHBO, HO MOXeT NpPHOMH3HTLCA K TpeAesbHOMYy B pe-
3yJbTaTe BHEIIHHX BO3JeficTBHA (MOApe3dKa CKJOHA, HArpy:enie ero
H T. A.), TO AJs TaklX yCJAOBHH HATYDHO YCTaHaBJINBAIOTCS (g 1 Cy,
& 3aTeM ONpefessloTCA @x H Cx C IIOMOILBIO ypaBHeHHSA NpeiesLHoro
paBHOBecHS (MeTOJOM NPOGHBIX MONBITOK).

[ToacunteiBats aaBsenne npu Ky=1 1 3ateM yMHOXKAaTb HTOrOBYIO
uuppy Ha KO3phHUHEHT YCTOHUYNBOCTH HeJb3st, TaK KakK 3TO Hens-
0eXHO 3aHHMXKAET CYMMAapHYI0 BeJHUYHHY OMOJ3HEBOrO JaBJIEeHHs,
Tlpn nocsnenoBaTesbHOM CYMMHPOBAHHH TIO ypapHennio (58) Benuunn
JUIsL Ka:kKAOro MNOCJeAYIOWero ceueHMsl c/eayeT INPOBepsiTb 3HaK MO-
ay4yaemoii cymmbl. Ecin aast kakoro-au60 ceyeHHs! pe3yJibTHPYIOLIAs
cymma Oynaer paBHa HyJ/i0o HIH mpuobpereT OTpHUATEAbILIT 31aK,
OTCEKHl BBILIC 3TOr0 CEYEeHHSI NPH CYMMHPOBAHHH He Y4NTbIBAIOTCS,
1aK Kak HMeloT coberBenunlii  3amac  ycrofiuuBocti  (paBHbil nau
GosbuInii Tpe6yeMOro) M He OKa3HLIBAIOT JaBJeHHsl Ha HuKejexalie
yYacTKH.

Paccmorpennniii Meron P. P. UyraeBa HMmeeT Bay<HOe TeopeTiue-
ckoe 3nauyennte. ONaKO B NPaKTIIYeCKOM CMBIC/Ie OH 6oJiee MpPIMEHHM,
Kak MBI yKe BHJIe/NH, LJIsT HCKYCCTBEHHBIX OTKOCOB THAPOTEXHHYECKIX
coopy:keHnid. Hssi pacuera ycTOHYIBOCTH eCTECTBEHHBIX OMNOJ3HEBDLIX
CK/JIOHOB €ro HCMOJb30BaHHE MeHee ONpasfaHo Mo CJAeAyIouliM Mnpi-
ypHaM. MeToj HCXOANT H3 TOrO, YTO B MOMEHT pacuera YCTOHUHBOCTH
OTKOCa MPOUHOCTHbIE XapaKTePHCTHKH cJjaraioulero ero rpynra GoJiee
KhPHTHYECKHX — TeX, KOTOpBHIE BO3HUKHYT B 5TOM XKe TpylTe npi
JIOCTHKEHHH HM COCTOSIHNA NpeldenbHOro pasHoBsecnd. To ecth, pac-
CYITBIBAETCS OTKOC, KO3(h(pHIHEHT  YCTOHMNBOCTH KOTOPOro, Kak
npasiyo, 6oJsice epnnnibl. I1poekTHpoBaiiie e yaepKiiBaloulnx Kol-
CTPYKUHfl 1 NMPOTHBOOMOJN3HEBLIX MeponpHATHIt BeleTcss OOLIUIO AJIs
YKpenneHuss HeyCTOHUHIBBLIX HJI OHACHBIX B OMOJI3HEBOM OTHOLIEHIII
CKJIOHOB, Y KOTOPHIX OOBIYHO KO3Gh(HIIEHT yCTOHYHBOCTIL Melce I
6MI30K K eNMHIIle, a 3HaueHHs oOnpeleieHHBIX HAaTypHLIM NyTeM B
JlavHBIT MOMEHT NPOYHOCTHBIX XapaKTepHCTHK OJH3KH K KplTHue-
cknM. Tlo cyTH, B TakOM cjayuae HaM H3BECTHLI (x M Cp 11 HEH3BECTHDI
Qo W Cn, Tu ecTb Ky 3THM MeTOAOM ompefennTh HeBo3MoXuo DPasy-
MeeTcsl, MOXIIO BO3DPa3HTh, YTO NpPH HAMNUHH (x H Cx KO3 pHuUneHT
ycTOfiuliBOCTII AO/MKeH paBHATbCS earHiue. OANAKO BCMOMINB llalle
JONyuleHlte O NpHMEHEeHHH MNPHHLHIOB TEOPHI MNPeAeJbHOTO pPaBiO-
BeCli K 3amnpeesbHOMY COCTOSIHHIO, TMofiMeM, uTo Ko3(duitHenT
yCTOMYHBOCTH CcKAOHA (C KOHGHUrypauueii, KOTOpPYl0O Mbl emy coli-
paeMcsi npulaTb, BOCCTAHOBHB INOcJe OMNOJ3anisg H yKpPennB yjep-
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KiuBaoumef KoHcTpykuuefi) Moxer ObiTb H Melee eanHuub. Cheno-
BatenpbHo, npumensarr Meron P. P. Uyraesa pjas pacuera kosddu-
tlieHTa YCTOHYHMBOCTH HEYCTOHUNBBHIX HJH MaJIOYCTOHUHBBIX CKJIOHOB,
Ge3 n0moaHHTeBHEIX Npeo6pa3oBaHiil, HECKOJbKO HeBEpHO.

Cnoco6 e onpeneseninsi ONOJ3HEBOTO AaBJIeHHS 110 HamHCaAHHOR
ebiie dopmynae (58) caepyer onpofoBaTh B CpaBHEHHH C APYTHMH
paccMaTpiuBaeMbiMH B JaHHOH pafoTe MeTORaMH.

Heckoabko tepsier meron P. P. Uyraeea W B TOM OTHOUIEHIiI, YTO
ypaBHeHlie NpeiesbHOTO PaBHOBECHsS pellaeTcd (B OTHOLIEHHH ¢y H
Ky) setopom nopbopa. Kpome Toro, Meroinl yyera AEHCTBHS TUADPO-
JlHaMiueckoil 11 ceficCMHYyeckoft cuJ, BIIOJIHE IMIplieMJieMble AJIg CAaY-
ydaes pacueTa TIAPOTEXHHUECKHX COOpPYMKeHHH (AJsi KOTOpPBIX OHH H
paspaboranpl P. P. Uyraesbim), aasi pacyera OOLIYHLIX €CTECTBEH-
LbIX CKJIOHOB HeOlpPaBJaHHO CJOXKHBI.

2.5. MeToj rOpH30OHTAJBHBIX CHJI

Hpyrue ynorpeGasieMble Ha3BaHls atoro crnocofa pacuera [13, 195,
24, 26]): meton MacsoBa — DBepepa, wasxafickuii MeTOA, MeTOL Tro-
pH3ouTaabliblx cua Macjosa. [Ipumensiercsi B cayuasix, Koraa OTKoC
CNI0XKeH pa3HOPOJAHLIMH TPYHTaMH H OIOJ3eHb IPOHCXOAHT MO H3-
pecTHOli npoN3BOMLHOIT noBepxHOCTH cKoJabeHHst. [lpeanonaraercs,
MTO 3T NOBEPXHOCTb CKOJIbXEHISI (MOJOXelHe H OuepTaHHe) YKe
ycranosigeda xoTa Obl Ha YacTH ee NPOCTHPaHHA  KakinM-a1u60 u3
OMBLITHBIX HJII TEOPETIYECKHX crnocobos. Ha Heussectnoit yactu no-
BEPXHOCTb CKOJIbXXEHIST YCTaHaBJHBaeTcs MeToAoM noabopa. B yc-
JOBIAX TNJOCKOH 3ajaunl 3Ta KPHBOJHHEHHAash TOBEPXHOCTb CKOJbXKe-
HUA C HEKOTOPLIM npubJInKeHiieM MOXeT GbITh 3aMeleHa B MJIOCKOCTI

CHOMMERUS

Puc. 8. MeToa ropusoHTaNbHBIX CHA:
a — OCHOBHON NpEHURN; 6 — HcHOAb3OBaHile IJiA pacyera yCToilunu-
BOCTH CKJORA
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yepTexa TOM HJH HHOH COBOKYNHOCTbLIO NPAMBIX JHHHI — JHuni
CKOMbXeRHA. B cooTBeTCTBHN C 3THM BeCh MaccliB TPYHTa BO3MOXKHO
pa3butb Ha oOTAeJbHbie orcekd. IlpaxkTuyeckH mnoctynaioT HaoGopoOT:
MaccHB IpyHTa pa3fie/ifioT Ha OT/leJibHble OTCeKH 113 TakHX coolpa-
KeHui, ytoObl KaXkAbli pacueTHbI OTCEK COCTONJ, MO BO3MOXHOCTIH,
n3 GoJiee-Melee OAHOPOAHOro rpyHtra (MJist NPOCTOTLI BHIUNCAEHMUIT).
Kaxmyxo JHHHIO CKOMbLXEeHHSsT B OTAENBbHOM OTCeKe NPHHHMAIOT 3a
npsimyio Junuio (puce. 8, 6).

Ha pucynke 8, a cima N — nopmajblnas K NOBEPXHOCTH CKOJb-
XeHHsl cocTapJjsiowlasi pearuny Beca P HeKOTOPOro BbIIEJNEHHOro
pacueTHOro orceka, npu ycJsosni, uyto ¢=0 1 ¢=0. Cuna N’ — rax-

JKe peakuus P, 110 npH HaJnunH B TPYHTE Ha NOBEPXHOCTH CKOJbLXKe-
HUSI Tpenust W CLemJenis; nanpasjeune cuan N’ onpepeasercs
yrJioM TpeHnus ¢ WJIH yraoM casira W, nmpu HaJIHYMH B rpyHTe cuef-
Jgeunsi (c=£0).

Cuna H kak npoexkuHsi Ha rOpH3OHTAJbHYIO OChb cllibt N mpejcrtas-
aser coboil pacnop, T. e. JAaBJjielle Ha BEPTHKaJbHYIO CTEHKY Bblje-
JeHHOro mo puc. 8, 6 HHXKepacmoJOXKeHHOro oTceKka NPH OTCYTCTBHIL

B rpyHTe TpeHus 4 cuemjenusi. Cuna R — wvacrte pacnopa f, soc-
npuHHMaemasi TpeHieMm I cuenneniem; E — mnenmoraulennast uacth
pacnopa H.
Ouepnpno, uto
H=Plga;
E=Ptg (a—W¥yp); (60)
R=H—E=Pitga—tg (a—"Vp)]
Hanomuum, uro yroa conporusiennst casury W, =arcigrl,, rae
Fp — xo3ad¢uuienT cOnpoTHBAEHS CABHIY, onpeessieMblii mo ¢op-
myJe
c
Fp=tgo+ 5 (61)
Sra (opMyna nojsyyeHa H3 ypaBHEHHS! MPOYHOCTH
(4
Tn=0nlg@p+Cc=0n (tg(p+—0—)=0an, (62)
n
npHYeM B KaXKJOM OTCeKe
P i

L

3uak cuapl H; onpenesercs 3HakoM yrjia HakJoHa NOBePXIOCTH
CKOJIbXXEHHA ;i K ropusonty. [IpH coBnajeHHH HanpasJentii nosepx-
HOCTH CKOJILKEHIsl H CaMoro oTkoca YroJ ai, a CcJejoBaTefblio H
ropusonTaibHas cuaa H; uMelOT NOJOXHTeAbHOE 3laueHne, H la-
obopor.

Pacnonarass Besnyunamun TH; u TR; no orcekaM BCEro omnoJisie-
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Boro 0.J0Ka Mbl MOXKEM BBIYHC/UTL OTBevalouliii eMy Kosa(QpuuHEHT
3anaca ycToiluliBOCTH (C y4eTroM ceficMHUeCKHX ClJ):

Kym——2Ri G4

y ZHi+5Qcy (64)

[Tpu Haanuin B ck/OHe QUABTPAUNONHOrO NMOTOXA OH BbI3HIBAET

1a ono.I3aiouWie Macchl pylTa AOMNOJHIITENbHOE JaBJeHHEe j, ompe-
Jdensemoe no ¢gopmyse (B YCJOBHSIX NJOCKOH 3ajauit)

ji=Ywoisin Bpi. (65)

Hanpapaeune JjHHHN He#cTBHA (GHALTPALIOHHON ciibl j; B Tpe-
Aeqax Kaixioro H3 OTCEKOB NpHHHMaeTcs napaJJesibHbIM I{pHBOi’l
aenpeccuit B panHom orceke. Takum o6Gpasom onpenensieTcst yroJ
Pwi, KOTOpLINl OOpasyeT JHHUA AedcTBHs j; ¢ ropusoHtoM. Koaddiu-
wienT 3anaca ycroiiunBoctu Ky onoJsi3nesoro Ttesia B JadHOM cJjyuae

(npn yyete (IJIbTPAUHOHIIONO AaBielist) GyneT onpejaensiTbcsi cle-
JYIOLIHM BBIpaKeHHeM:

— ZR;
KY—- SHi+Zjicos Ppi+ZQci ° (66)

B passepuyTom BuAe (OpMyJibl BbIUHCAEHHS KO3(¢HUHEHTa YCTOl-
YHBOCTII METOAOM TFODH3OHTAJILHBIX CIUI HMEIOT CJAeAYIOUHH BIiA.
De3 yuera GubTpaluOHHOrO AaBJeHiis

i=n

X Piltgoi —tg (ui— W)

i==1

Ky= . (67-a)

i=n

2 (Pitg ai+Qcr)

t=1{

C yuetoM (UILTPAUNOUHOrO AaBJICHIINA

'3 Piltg @ — tg (0 — )]
Ky= ik . (67-6)

te=p

2 (Pl t,q (Li'f‘jl COSs ﬁd)i+QGl)

[opusouranviioe papaeune [£; oT pacueTHOro orceka Ha HiKepac-
nocoxennstit (cM. puc. 8, 6) OyneT paBHO PasHOCTIl MeXAy pacno-
pom M, n cinoii conporusaennst R; Hcnoassyst dopmynsl Koapdii-
lienTa ycTofiunBoCTH, Mbl MOJAYUHM CJejylollee. BuipaXKedie mJs ro-
PU30HTAJNBLHOrO JabJenis:

Ei=Ky (Hi+Qci) — R, (68)

a npir HaJaiHu ([mnmpaunolmoro JAaBJIeHUA:
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Ei=Ky (Hi+jicos Byi+ Qei) — R.. (69)
Hanpassenue ceficMitueckoff cHsIbl, Kak H B NpeRbAYyIMIX MeToAax
pacyera, B 3amac NpUHHMaeM COBMNALAIOLIHM C HanpaBJieHlHeM OCHOB-
HOil CABHrawuwel CHJADLI. CJTEHOBBTEJH)”O, CyMMapHOe ropn3oHntanbHoe
ONoJI3HEBOE LaBJeHHe 6yILET paBHO!
6e3 yuera (hPHABTPALHOHHOTO AaBJEHHA

Eon=KyZPitg ai-+ KyZQci — ZPitg ai4+2ZPitg (ai —Wpi) =
=(Ky— 1)ZP, tgai+ KyZQci+ZPitg (ai— Upi);

Eon= 3 [(Ky — 1) PiAg ai+ Ky Qi+ Pilg (ai— )} (70-a)

i=1
C YueToM (lmnbrpaunouuoro AaBJIeHHsA

Eon=KyZPitgwai+ KyZjicos Bpi+ KyZQei — 2P tg ai+
+3Pilg (ai —Wpi) = (Ky— 1) ZPitg ai+ KyZji cos Bpi+
+ Ky2Qci+ZPitlg (ai— Wpi);

i=n 8 k
Eon= 3 [(Ky— 1)Pitg ai+ Kyj: cos i+

r=1
+ Ky Qi+ Pitg (ai — Wpi)l. (70-6)

Kak BuAHO u3 HamucaHHblX ¢opMyJ, mnpu omnpenejeHHH Eon Mbl
CABHTAIOUIHE CHJIBI yYMHOXaeM Ha Kosp@uuueHT ycroliunBocTi Ky,
yTOObLl YyAEepPXKHBAIOULYI0 KOHCTPYKHHIO PAaccUHTLIBATH Ha pacyeTHble
ycHaUsA, a He Ha (axkTHyeckoe AasJjieHHe. B Takom cJsyuae Besnuiina
Ky npuHHMaercss B 3aBHCHMOCTH OT KJacca BCEero COOpYXKeHHs, THna
CKJIOHa, TPYHTOBBIX YCJOBHH W T. A. (cM. Bbipaxkenune (3) 1 moapas-
Hen 5.3), W ero B HamHCaHHBIX BHIpaXKeHHsix cJjeayer oGos3nayarh

3

yepe3 Kjy.

Cyieayer OTMETHTH, YTO npu onpepenenun Eyy; cyMMupoBaHlie o
OTCeKaM HeOGXOAHMO BeCTH MOCJeAOBaTe]bHO, HauHHasi € CaMoro
BEPXHEro, AJisi TOrO YTOOBI BLINOJIHSJOCH OCHOBHOE YpaBHeHle cTa-
tHKH. [loppoGuee sTOoT Bompoc Oyjaer pa3obpaH Hpil paccMOTpeHlit
anansutuueckoro merona I'. M. lllaxynsauua.

[Tpu Boiuncaenun Ky Han Eoy OpM HaJHYHH TPYHTOBBIX BOJL (B Ji0-
6oMm BlJe) sl onpelenenus yraa casHra Wp; npHuuMaloTcst caBll-

ropble XapaKTepHCTHKH Cp; N (p; AJSI TPYHTA B 3aMOUEHHOM CO-
CTOSIIIHH.

Kak 11 pauee, npir 3anaunTeJbHOM pacXOiKAeHIl MENAY HaKJIOHaMII
JNEenpecCHOHHON KpHBOA ((PIALTPALIIOHHOTO AaBjenns) I AOBEPXHO-
CTH CKOJIbXeHIis, NnocJje HaXxoxXJeliisi BeJHUIHb 1T HalpaBieHHs pasn-

HoneficTBylomwie cHJa  (HABTPAUHOHNOrO  AaBJjeHisi 1a  KaXAblil
pacyeTHbIi OTCEK, PeKOMeHAyeTcsi YYHThIBaTb yMelibLIeHle Beca pac-
YEeTHOrO OTCCKA Ha BeJNUHHY BEPTHKAaJbHOH cocraBJsiiolled paBHO-
JeficTByiomefi THAPOANHAMIYECKOro JAaBJelilis 1 yBeJiueilHe TOpH-
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30HTaJbHOFO CABHFAKOLUEro YCHJAMS Ha BeJHUIHY  TOPH3OHTaJIbHOH
COCTaBJASAIOWEHR 3TOro AaBjeHHst (C yyeTOM H3MEHeHUsl THApaBJiiue-
CKOro rpallieHTa B pa3HbIX HalpaBJeHHsIX).

MeTton ropn3oHTaNbHBIX CHA BecbMa 3(dekTiuBeH N YCJIOBHH
paccmaTtplBaeMoif HaMH 3aJauM, MOCKOJIbKY JaeT BO3MOMHOCTb OII-
pedesieHiisi BeJNHYHHBI pe3yJbTHPylOUiell CABHralOUiHX H yOepiKHBalo-
WX CHJA AJS cJyyass pa3HOPOJHOIl OMoA3HeBOil TOJMWH TPYHTOB H
NpON3BOJLHOrO OUEpPTAHHSI MOBEPXIOCTH CKOJbXKeHusi. IIpnyeM MeTon
3TOT BBLITOAHO 1ICMOJbL30BATb, KOrAa KOHTYPbl HOBEPXHOCTH CKOJIb-
Jenlst onpeacJennl lejocrTaTouito uerko. Hanpumep, xornia nopbepx:
HOCTb CKOJIbXKEeHHSI yacTHUHO CcOBHajaer ¢ Kakoii-ii6o ocyabJseHioii
NOBEPXHOCTLIO, KOTOpast He BBHIXOAHT Ha MOBEPXHOCTb 3€MJIH HJIH Bbl-
XOUIT JajeKo oT GPOBKH CKJIOHA.

2.6. Metop, KacaTeabHBIX CUJ

YnorpebJasiemble HasBaHisi MeToja I ero pasuosnanocteit [14, 15,
17. 19, 24, 30, 38, 39]: o6uiunbiii Merox, merox I'. M. axynsuua,
MeTOA mplicaoHennbix orcekos, merton Ilerepcona, merton aJjre6Gpan-
UCCKOTO CYMMIIPOBAllisl, MeTOM MJOCKHX rnoBepxHocreil CABHra, MeTOA
aareGpallyeckoro CJOKCHHS  CHJ, MeTOA  NPHCJOUEeHHOro OTKOCa
HT. I

Meron Hanbosee uyacTO NpHMEHsIETCSl, KOrAa MOBEPXHOCTb CKOJIb-
Wensi KakuM-Ji6o H3 HMEIOULIXCSl MeTOAOB YeTKO oOllpejeseHa Ha
pceM mporsbkeHun. Hanpumep, Koria nesoBHH crnoJidaer no KOpeH-
HbLIM [Oopojaam, H KpOBJS IOCJAeAHHX NPHHMUMAaeTcsi 3a MOBEPXHOCTh
CKOIbzkeHHs. B TakoMm cayuae ynoOHO yuyHTbIBaTb (PaKTHUECKH CABH-
raioutie CHJLI, HanpapJ/eHHble MO KacaTeJbHOH K MOBEPXHOCTH CKOJb-
wentisi. [Ipn 3TOM NOBepXHOCTb CKOJbXKeNHS MPeACTaBJiAIOT COCTOS-
nieii 13 psjga MIOCKHX yuacTKOB, TO ecTh B BIAC JIOMaHoH JIHHHH.

[ M. llaxyusinu, nanpumep, NpeJioKHJ HCIOJAL30BATL JJis Onpe-
pedenns xKosagdiuuienTa ycToHYHBOCTH Macciipa FpyHTa, CroJsaloue-
ro 1no HKCHPOBAHNOH MOBEPXHOCTH CKOJIbXKeHHs, (POPMYJy, NMOJyUeH-
HVIO A48 KPYrJIOUHAHHAPIYECKOH MOBEPXHOCTH:

n
Nitg i + Zcily

z 71
=1 i=\
[<y= o ( )
% Q
i=1
K raxkomy cnocoGy o6pamaniicb H MHOrHe ApYyrie aBTOpPHI, XOTS

MaTeMaTHYeCKH OH He COBCeM CTpOr: B HaHHOM cjayuyae HHoOrjga ckJa-
AbIBAalOTCS pa3HolanpapJieHHDbIE CHJIBI.

OG6pawasch K pasnomenno i, npeicrasjenoMmy ma puc. 9, a,
€ yUueTOM CefiCMIUeCKOro BO3/EHCTBIISt NOJAYUHM:
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MPH OTCYTCTBHI TPYHTOBBIX BOA

i=n
2 (Picosaitg pi+cili)
i=si
K=, ; (72-a)
(Pisinait+Qci)
t

i=

npHu npocToM 3aTOMNJIEHHH CKJOHa

; (Psicosaitg eai+caili)
i=t
- : (72:6)
T (Psisinai+Qci)

i=1

Ky=

TIPH BO3AEHCTBII HA CKJOH (PUNLTPALIOHHOTO MOTOKA

i=n
. z (Pni cos ui tg (pui+cni[t)
I\Y= i=}

i (72-8)
S (Pisin ui+Qci)
1

i==

Kak 1t paHee, Bec rpyHTa € yueTOM B3BellliBaHHsi paBeu (mpi npo-
TAXKEHHOCTH BLIPE3aHHOTO y4YyacTKa CKJ/IOHA, PaBHOIl eflHnue)

Poi=vilificp.i — vwlibti= (pificp.i — ywhti) Li. (73)
Bec rpyHTa 6e3 yuera B3BelUIIBaHHsI
Pi=?ilihcp.i- (74)

Ecan B npegenax pacMarpusaeMoro orceka (Ha MOBepPXHOCTH CKJIOHA
HaH na 6poBKe) HaxXOAATCA Kakue-Ji16O COOpYKenrln, TO HX BeC cje-
ayetr n06aBJsATh K Becy rpyHTa B JaHHOM OTCeEKe.

B uacthoM ciiyuae, kxoraa (HKCUpPOBaHHasi MOBEPXHOCTb CKOJIbIKe-
HHS BCEro OMOJI3HS IJIOCKasl, KaK mpeAcTaBJdeHo Hha puc. 9, a, B
HanHcaHHbIX (POpMysax TpHroHoMerpuueckue (YHKUIH yrja HakJo-
Ha 3TOH MOBEPXHOCTHl K TOPH3OHTY (sina H cosa) MOryr GbiTb Bbi-
HeceHbl 3a 3HakK cyMMbl. Torga B ciayyae OAHOPOAHOrO rpyura (no-
CTOSIHHbIE CABHIOBble XapaKTepHCTHKH) A/ Bcefi onoJg3aroliefl mpu3mul
¢dopMysia OMOJ3HEBOro AaBJeHUs HMeeT npocToil BHA (NnpH OTCYyT-
CTBIHI I'PYHTOBBIX BOA):

Eon=Ky(Psina+Qc¢) —tgp Pcosa—cL, (75)
rie P — Bec Bceil cnonsaiouiefi OpisMeL;
L — nansa njiocKOCTH CKOJIbXEHHS,

Yaure ke Ha npaktHke OblBaeT, UTO NOBEPXHOCTb CKOJILIKEHHST iie
sIBJIsieTCA MJOCKO{l, a MoXer OBITb TMpeAcTasjeHa H3 OTAeJbHbIX
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0

Piic. 9. Meroa KacaTelbHBIX CHJ:
@ — cayuail TJIOCKOH MNOBEPXHOCTH CKOJAbXeHHsA; 6 — cayyail Jo-
Manoi HOBerHOCTH CKOJbXXeHIis

y4acTKOB, HMEIOIUHX pasJjiiuHble HaKJOHbI K ropH3onty. B atom cay-
yae yA0OHO onpeaensiTb ONOJI3HEBOe JaBJjeHHe [Js OTJeJbHBEIX OT-
CeKOB, a 3aTeM CTpPOIITh 3MIOPY ero H3MeHeHHs.

[IpeanosnoximM, 4To OHOJI3HEBLIE MAacChl ABHXYTCS IO MOBEPXHOCTH
abcde (puc. 9, 0). Hnsa onpegesennsi xosd¢puuiientTa ycToHYHBOCTH
Il BeJHYHHbl ONOJI3HEBOro JaBJeHHst pa3bHBaeM BeCb OIOJ3aIONHMA
MacCHB Ha psAN OTCeKOB TaKHM 006pa3oM, utoOLl B npejesax KaXIoro
OTCeKa NOBEPXHOCTb CKOJbiKeHHs Oblyia mJjockofi. OnpepensieM pajee
Bec Ka)<ioro orceka P; W packjajbiBaeM ero Ha HOPMaJbHYIO H Ka-
cartesibHyIO COCTABJISIOUIHE K IVIOCKOCTH CKOJIbXKEHHSI AaHHOro OTceKa.
st onpeneneniis onoJs3HEBOro AaBjieHHsT pacCMOTPHM YCJIOBIsl paB-
HOBeCHsI OTAEJILHBIX OTCEKOB ONOJI3HSI, B3siB CYMMY INpPOeKUHH BHeul-
HIX CHJI Ha HampaBJeHile JBIIKeHIs] Kayaoro orceka. s ynoGersa
ilaulieN 3TO paccMOTpenie c Bepxiero orcexka I, 3ateMm nepeiigeM K
coceaHemMy 2 u T. A.

Jlas orcexka I Hajo B3fITb CyMMY NPOEKHHH Bcex CIIJI Ha MJIOCKOCTh
CKOJIbIKEHIIsl ab, BKJIOYAsi H HeN3BeCTHoe JaBJieHHe €O CTOPOHBI CO-
cejliero orcexka 2, 1 npupasusite ee HyJawo. Takum o0pa3om HaiijgeM
BeslynHy peakiiil £y, xotopas Ao/kHa OBITL NpHJOMKKEHA K OTCeKy
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1 co cropoHsl orcexa 2 mo HanpasJieHHio ab, uro6ul orcexk [ Haxo-
Auacs B pasuosecins. Beanunna E; u ABasieTcsi onossienbiM jasie-
HHeM.

[Tpunsis o6o3navennss, ykasanuble Ha pne. 9, 6, nafinem (nepsoua-
yajibHO 6e3 yuera rpyHTOBbLIX BOA H CellCMHUECKOH CHJIbL):

Eit+tg oiNiteoily — Q,=0;
Ei+tg ¢1 Pycos a;+cyly — Pysin a; =0,
OTKyla NOJYuYHM
E,=P,sin a; — tg ¢:P, cos a; — cl;.

ITpn paccMmMOTpenrun paBHOBeciA OTceka 2 HEOGXOMUMO YuecTh
neiicrsue cuast £y, Ho ¢ o6parneiM 3HakoM. TouHO Tak e paccMar-
PHBAIOT YCJOBHUA pPaBHOBECHA MAJIA BCeX OCTaAbHblX orcexkos. B o6-
eM cJydae AJist ONpeleseHHA OMOJ3HeBOro naaBaeHist Juoboro or-
ceka onos3ist GyAer cCrpaBeiIHBO BhlpaXKeHie:

Ei=P;sinai—tg @iPicos a. — ¢,li+ Eiy, (76)

rie E;_y — npoexuus onoJI3HeBOro JaBJIeHIsT NpPeAbLULYLIEr0 OTCeKa
Ha HampaBJieHHEe CKOJIbXKEHHS paccMaTpliBaeMOro OTceka.

Onpenenns BeNHYHHY ONOJ3HEBOTO AaBJIEHHS AJSl OTAENBIHBIX OT-
CeKOB OION3Misl, MO MOJNYYEeHHbLIM AaHHBIM CTPOIIM 3MIOPY ONOJ3HEBBIX
npasaennit (puc. 9, 6), neo6xonumyio ajasi Bbibopa no AJiHe OMOJM3HSI
MecTa 32aJ10MeHHST YAEepKIBAIOUIero COOPYXeHUsl, KOTOpoe pallio-
HatbHO PacCHoOJIOXKHTb B CeYeHHH ¢ MuHHMyMoM E; Jas nonyueuns
TpeGyeMOro 3amnaca yCTOHYHBOCTH Mpil BbIYHCJEHHIl ONOJ3NIEBOro Jas-
JeHisi, Kak H panee, CABHIalOLHE CHJAbl YMHOXaeM Ha pacyeTHLll

3
Ko3douuneut ycroiiunsocta Ky.

B «o6piuHoM» MeTone pacuera HepeAKO E;_y MPUHHMAIOT PaBHLIM
peayJbTHpYIOUlell KacaTesibHOH cHJe B MNpelblAyuleM OTCeKe, a He
NpoeKuiiil ee Ha HANpaBJieHHE CKOJbXEHHs pPacCMaTplBaeMOro OTceKa
IMpn pasiiue B yraax HakJoHAa K TI'OPH3OHTY JHHHIT NOBEpXHOCTH
CKOJIbXKeHHst B cocenHnx orcekax Menee 10% ommbka npit Takom
cnocobGe pacuera moJyuaercs HeaHaunrtesapnofi. Ilpn pesxnx xoseGa-
HHSX HaKJOHa TOBEPXHOCTH CKOJBXKEHIsl 3TOH pasnnueii npeuedpe
ratb Heab3s. OfHaKO, NMOCKOJAbKY MBI paccmarpiBaem «Meron kaca-
TeNbHBIX CclA», HanumweM (JOpMyJabl AJsl ONpefeseHliss OlNO0J3HEeBOro
JlaBJenns B cJydae IPOCTOrO CyMMIDOBaHNs KacaTe/bHbIX chJa. Ecun
ne 3a6pIBaTh O TOM, YTO CYMMIpOBaHie O0S3aTeNLUO AOJKIIO HATH
nocJeORPaTeNbHO, Hayulliias ¢ CaMOro BepxHero orcexka (Tak, utobLi
E._y Bxoanao B cymmy), T0 HOpMYsabl sl ONpeaeseHiisl OnoJ3ieBoro
Jasaenusi OYAyT HMCTL CJeAylouiHilt BHA.

Ilpii oTCyTCTBHH TPYHTOBHIX BOJ,
1=n 3

Eon= 3 [Ky (P:sin a4 Qc) — (P, cos artgqpi+c,ll)] (77 a)

=1\
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np” IpoCTOM 3aTronaeHHn CKJIOHa
Eon= X [Ky (Pgisin ai+ Qci) — (Pyi cos i tg @si+ Coili)]. (77-6)

i=1
[Ipn Bo3pelicTBHH HAa CKAOH (HILTPAUHOHHOrO NMOTOKa

Ean= % [Ky (P.sin ai+Qci) — (Poi cos i tg oui+Caili)).  (77-8)

i=1

2.7. Anaantnueckuii meron I'. M. WlaxyHsaxna

Hanpnuiii meton [23, 36, 39], xak u npeaslayutnii, yno0Hee Bcero
HpHMEHsTb, KOUAa Komdurypauns nosepxiocTH CKOJLXeHIsi Ha BCeM
npoTsiKenin yxe ycranosiena. Merop I'. M. Ulaxyuanuna B ueaom
anaJjornueil MeToAy KacaTesibHblX CIJI, OJIHaKo B JAaHHOM cJjyuae
GoJjiee cTPOro coOJioJienbl 3aKOHBl CTpPoOlTeJbHOlT Mexaunku. Kak u
panee, onoasuesofl 6JIOK AJst paCueTOB MBICJASHHO WIEHHTCS 1a Dsij
orcexoB. OO6biuiio OTCeRH TNPHUIIMAIOT Takumu, 4robul 6e3 npaxrtive-
CKOIf MOTEepH TOYHOCTH MOXHO ObIJIO B HX Mpeleax NPUHHMATb I1O-
BEPXIUOCTbL 3a IJIOCKOCTh 11 YTOOLI COCTOsIIHE TpyHTa, oueprauie
CKJIOHA, AeficTBie BHEUWIHHX CHJ H T. I. OBUIH NPaKTHUECKI OXHOPOJ-

HbIMI.

Piuc. 10. Aranurnueckuit meron I'. M. Ulaxynsnua

Dynem onpejensitb yCTORUHBOCTL OJIOKa INIPH IPOU3BOJBLHON TI0-
BEPXHOCTIl BO3MOXKHOro cmewenusn (puc. 10). Paccmorpum ycsosie
pasuosecus Jo6oro i-ro orceka (Hampumep, BToporo). Bce BHewnie
4aKTHBHbIE CHJL!I (Bec rpyHTa B OTCeKe, BHELIHsAs Harpyska H T. I.),
aefictylomnte na i-if OTCex, NPHBOAHM K paBHoaedcTaylouwleil P;.
Ilocsnenniolo packsajviBaeM B TOYKE €e MpPIHJONKEHHs1 Ha COCTaBJSIO-
utie: nopmadneiyio N; 1 TanreHunadbHyio Qi K MJOCKOCTH BO3MOXK-
noro casira orcexka. I'. M. Ulaxyusauy B oGuieM cayuae npHHHMaeT,
UTO paBHOJAEIICTBYIOLIAs] BHEIUHHX AKTHBHBIX CIJ HaKJOHEHa K Bep-
TuKaad nop yraom ©; Mmu aas ynpowenns paccyxnenuit  6ynem
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paccMaTpuBaTh cayuyali, xorna cuja P; pepTukaabua, To ectb yroJa
0:=0, Torna

Ni=P;cos ai; Qi=P;sinai. (78)
Ilpu maleHHH HOBEPXHOCTeli CKOJMLXKEHHS B Iipefejiax KaXAoro orce-
Ka B CTOPOHY BO3MOXHOro cMeulenis 6Jjoxa 3nauveunns a; 6epyrcsi co
3HAaKOM MJIOC, NMpPH MafeHHll NMOBEpPXHOCTeH CKOJbMeHHUs B oGpaTHylO
CTOpPOHY — CO 3HAKOM MHHYC.

Cneayss OCHOBHHIM 3aKOHaM CTPOHTENbHON MeXaHHKI, BLIACJIB
JAJISi pa3fieJIbHOrO DPacCMOTpeHHst i-# OTceX, Mbl ODS3aHbl 3aMeHHTb
BJlsIIME Ha Hero polesexsamefi yactu 6aoka cuqoii E;_;, a sansauie
HHXKeJiexkaueil 4acTh — anajornuyHo cunofi E; B o6mwem cayuae
I'. M. llaxynauu npunnmaer, uro cusaa E; ¢ nanpasnena nop uexo-
TOPHIM YIJIOM TMi—y K TOPH30OHTY, CHJa E; — 1O yrjioM v K ropu-
30HTY It T. A. Mbl XXe B NaHHOM cJydyae JONYCTHM, YTO cHAbl £; na-
npaBJiedbl N0 NPRMBIM, NapajesbHbiM HanpaBJeHllo peakuuit yaep-
XKHBajouleli KOHNCTPYKUMH, KOTOPOE NpHMEM FOPN30HTAJNLHEIM (KaK
3TO OOLIYIIO MPHHHMAETCS NPH  BePTHKAJNLHOCTH Tpali  KOHTAKTA
rpynta c yaepxusaloume#t xoncrpykuuefi). Iloatomy sce cnam E;
paccmMatpHBaeM OpPHEHTHPOBAHHBIMII TFOPH3OHTAJALNIO, TO ecTh m;=0.
ConpoTHBASAIOTCS CABHIY i-TrO OTCEKa MO IJIOCKOCTH ero OCHOBalliis,
HAaKJOHEHHOIl MNOA YrJOM «; K TOpPH3OHTY, cHJja cuenjenius c¢,/; u

H n
cuna tpennus S; tgg: (rme S; — HopMmasbHas peakuis ocnosauis).
Tak kak Benuunna E;_y siBnseTcs, Kak 310 GyAeT mokasaHo jaJee,
H3BECTHON H3 pacyera NpeAbAYLIEro OTCEKa, TO HEH3BECTHBIMII Cli-

n
JaMli oKasblBaloTca Juwb S; u E;. JIas HX naxoxxaeHuust A0CTaTOuHO
HCMOJIb30BaTh ABa ypaBHeHHs craTHkH. [IpoekTipysi Bce cuiaul nia
HOpMaJib K OCHOBaHII0 OTCeKAa M Ha HanpasJieHlie caMOro OCHOBaH!is,
HOJIyUlM:

Hj
Si =N;+ (E;sina; — Ei_; sin ) ; (79)
"
Qi=Cili+S"tg(pl+ (E, coSs (li——Ei._l COS~(1.[)- (80)
H
Hoacrasass uaiimennoe 3Havenne S; B BeIpaKeuue uas Q; 1 yse-

3
JUUHB Tnochennee B Ky pa3, noJyunM ypaBHEHHe 1Js olpejeJne-
nust E;:

K, Qi=N: tg oi+cili+ [Ei(cos ai+tg @i sinar) —
— Eiy (cos ai+tg g sin ai)). (81)

3
3navenre Q; yBesuueno B Ky pa3 ans Toro, urofbl o6ecrneuniT KaxK-
LOMYy [-My OTCEKy B CTaGHJH30BaHHOM MaccuBe 3ajanublii Ko3hdi-
uneHT ycrtoiumsoctn Ky NpOTHB cABlra no cBoeMy ocHosauiio. B
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3TOM cJdyyae 1 Bech 0JIOK BO3MOXKHOro cmeuienns Oyper 1MeTb B
e 10M TOT ke KO3(p(pHUHEHT yCTONUHBOCTH.

B panpHeiilieM 3Ty TaHreHUHaJAbHYIO COCTaBJAAOUYI0 (; BHELIHHX
AKTHBHBIX CHJ Pj ecqH OHa CTpeMHTCS CABHHYTb OTCEK N0 CBOEMY
octioBatliio, 6ygeM oGo3Hauath uepe3d Qi—cx Ecan Ta ke rtaureHun-
ajbHast coctasJasiowass Q; Hanpas/JeHa B CTOPOHY, oOpaTHyio Ha-
1IPABJIEHIIIO BO3MOXKHOrO cMelleHisi 6710ka, To oua Oyaer y:Ke CHJIOH,
yiepiKiBaioweil OTceK OT BO3MOXKHONO CMELIEHHS, I €e He CJEAyeT

3
ypeanunsatsh B Ky pas. O6osnaunm B 31oM cayuae Q; uepes Qi—yx.
[Tpeabinyulee ypaBieHHe MOXKHO yHOPOCTHTb, MOMHS, YTO
€OS @i COS (pi--sin a; sin gy cos (o, — ;)

cos ui+tg qisinai= <05 ¢F = oS 71 . (82),
[Tocae caedanHbix nosicHeuift HafjgeM 3Haudenue Ej:
3
Ky Qicen — Nitg @i — cili — Qi—ya) cos q
Ei= (Ky Qi—cx itge i Qi—yn) pi +Ei~1- (83)

cos (a¢— i)

Huast orcekoB, y KOoTopuix Qi=Qi—cx, B (popmyne (83) cuaejpyer 3Ha-
veititst Qi_yz NMPHHIMATL PaBHBIM HYJIO; B ciayuasx, korna Qi=Qi—yn
c/jelyeT IPIHHMATh PaBHBIM HYMO Qi—cp. I10CKOJLKY B GOJbUINHCTBE
IpaKkTIyecKlX clyuaeB Hanpab/leHHe MafeHisi MOBEPXHOCTH CKOJbXKe-
HHSL MO Bcell MPOTSIKEHHOCTH COBIAajaeT ¢ HampasJiedlieM BO3MOXHOTO
CMelleHIlsl OmnoJisHeBOro OJioKa (TO ecTb sIBJISIETCSI MOHOTOHHBLIM), B
Jdadapteiimnx popmynax y Hac O6yayTt ¢urypuposaTh JHIub @ KoOTo-
pbie Mbl 6yneMm noapasymeBath Kak Qi—cy 8 Qi—yn OyleM NpHHHMATH
pasupiMi Hymo. OnHako B Ka)XAOM KOHKPETHOM cJyuyae INpH BHI-
HoJHelN pacuyeToB CJAEAYeT NOMHHTb O BO3MOXKIOCTH INOSIBJEHHSA
el Qivy.

Peaxkuuu E; uactu O6J0oKa, Haxoasulelcs HuxKe i{-ro orceka, B 00-
uieM c/hydyae MOXHO ONpeAeJHTh [OCJel0BaTeJbHbBIMH pacueTaMmH,
sl OT [epBOro orceka, st Xoroporo E;_; paBHO HyJIO, K NoOcJael-
nemy. [locsenoBaresniioe onpenesenve cua £; ocobeHno uenecoot-
pasHo, Koraa 6e3 pacuera HEBO3MOXKHO 3apaniee OTAeNNTb Ha none-
peuyHlKe YCTOHYNBble YacTH CKJoHA OT HeycroHunsbix. [lepsblil Hu3
OTCeKOB, AJs1 KoTtoporo E; NMOJNYUYHJOCh PaBHBIM HYJIO HJIl Jaxe OT-
pPHLATEJILHBIM, OTAEJsIeT BbILIeJe)Kallyio YCTOHYHBYIO yacTb OJ0Ka
(Balouast ceGst) ot minkesexaweit. Ilpn negonywenun B rpyuHre
pacTAriBalollIXx HampsKennit diKesaexauas vacTb JoJKHa pac-
cMaTpuBaTLCS OTAebHO. AHaJH3NpPYs  TNOcJefoBaTe/lbRO 3HaueHus
L,, nerpymito ycranosHTh MecTa BO3MOXILIX Da3puLiBOB rpyHTta (Mec-
10 nepexosia- ot ycrofiuwBblx K meycrofiunBbuiM uactam GJoka), Mecra
1CICCO06Pas3oro  pacnojioxKenist yAepKIBalouHX KoucTpykunil (ua-
npiiMep, Mecta HaliMeHbWNX 3HaueHuit E; H yMepeHHBEIX 3HaueHui
TOJUHH CMEeNalouerocs cjaos) i T. 1.

[Tpn npunarun Qi—ya=0 nocnennsas Hanucauxass namu ¢opmyna
npuMeT BIA:
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Eie (Ky G—Nitgor—cljcos@_ | g (84)
cos (i — P4)

Ina nepporo orceka Ei—1=0, ciegoBareybHo

3
E = (Ky Qi — Ny tg @ — &ily) cos ¢
e cos (uy — P1)

Ilast BTOpOl"O oTceka

Ey= (Ky Q;— Natg @2 —caly) cos @2 - (Ky Qi — N, tg ¢ — cily) cos @
cos (az — P2) cos (ay — 1)

2 3
=3 (Ky Qi — Nilg @i —cili) cos @i
o cos {(a; — Pi)

B ofumem cayuae onoJsneBoe HaBJieHHe PaBHO:

Eon =i§n (Kay Qi — Nitg @i —cili) cos @i . (85)

i—1 cos (s — @)

OueBujaHo, 4TO y CBOGORHOrO OTKOCa cHaa Eon noAlepikiiBalonlas
nocaeaHuft orcek, AOJKHA OBITh paBHA HYJO (TaK KakK HHYTO He
nOjJepXKUBaeT 3TOT mnocjefnuit orcek). Mcexomss n3 sroro, moxmno
A4Js1 cBOBOAHOrO OTKOCA MOJYYHTL 3HaueHHe KoshduuHentra ycToium-
BoctH, npupasusis Eou=0 (B AanHHOM cJayuyae, KOTAa peub I1A€T O
CTeNneHH YCTOHUHBOCTH CKJOHA, a He O BeJuuuue 3amaca ero ykpen-

3
JeHus1, 310 6yner Ky, a He Ky):
i=n

Ky 2 Q‘_ﬁﬂ__z'zi’iv, tg pitcil) 250

(] cos (i—@i) cos (a—q,) ’

IE'(‘N tg it oidi) C€OS @i

2 { P i cos (o—

Ky= i=1 ) . (86)
i=n €os ¢y

. E IQ‘ cos (ai—u)

Ecan moBepxHOCTb BO3MOXIOILC CMEIIEHHS — NJOCKOCThL € HEeH3-
MEHHBIMI XapaKTepHCTHKAMH ¢ I ¢ I pa3GHBKIl 1A OTCEKU AeJaThb He
TpebyeTcs, TO OnoJI3leBOe AaBJeHlie onpejesisiercss no (popmyae

3
Eon= Iy QCOSI:(:E::)’) L cos Q. (87)

Taxnm 06pa3oM MOMHO ONpeesuTh He TOJbKO aKTHBHOe masJeliiie
TpyiTa Ha yaepiKuBaloulee coopyxenie (o6paTHOe MO HanpasJieiliio
peaKmm xouctpykun) Eg=E,y HO H maccusuoe aasnenne (OTiop)
Eo=Eon Taxk xaxk npu oTnope TanreHunanabuas cuna Q craHosutes
CHJION, COMPOTHBJSIOLIEHACA CABHFY, TO NPH 3TOM CJelyeT NpLHATH

Ky—‘:l
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Makcumanpioe 3uayenne Ly 1 MHHHManabloe 3Hauenne E, Moryrt
Eon
du
yeHiil BTOPOIl NMPOH3BOAHOH B NepBOM CJyuae M I0JOMHTEeJbHOM BO
BIOPOM.

Hast yactHoro cjayyass OObIYHOrO KyJIOHOBCKOrO AaBJieHHsi (mpi3Ma
o0pylIeHlss y MOANOPHOIl CTEHKH C TOPH3OHTAJbHOM MOBEPXHOCTHIO
3aceinkit) apH Ky=1 yka3danubiM cnocoGoM mnoJsyunMm oOlueH3BecT-
nyio gpopmyay:

Lon= 5-yH?tg?(45F &)+ [plg(45F ) —c) 1 lg (45F ), (88)

o d
ObITh HafigeHbl 13 yCJIOBHST — —=0 — npn OTpHUAaTe/JIbHOM 3Ha-

rie p — BepTHKaJbLHAS narpyaxa HAa 3acCbilKy 3a CTEHKOi1. 3,!1@(3[)
Bepxiie 3HaKiH OTHOCSITCSE K cJayyalio E(,H=Ea, a ITHKIIe — K CJIyllal()
Enano~

Taxkum oGpasom, merox I'. M. Ulaxyusinua sipasiercsi eflHBIM Kak
aast pacueta Ko3(pHUHEHTOB  yCTOHYHBOCTH  ¢BOGOAHLIX  OTKOCOB
(ckJI0HOB), TaK I AJsl ONpedeJieHlsl CliJj, nepegaBaeMbix Ha ylepixll-
Balouille KOHCTPYKILIH.

Benitunna ¢puabrpaunnonuoii cHabl j, NpH HaJHUYHII THAPOAHHAMH-
YCCKOro naBJjielilsl, H BeJluHHa ceficMHYecKOH CHJbl (¢, TMPH pacro-
JIOXKEHI CKJOHZ B celicMHYecKOM pafioHe, OMpeaensiorcs, Kak I
paitee, no gopmyiam

ji=ywwisin Bpi; Qeci=pP:. (89)

B stoM MeTome Taxxke Oyjaem mnojarath npuoJjikenno (B 3amnac),
yto QuiabTpauiionnas H ceficMilyeckas CHJbI fBJAIOTCA CHJIAMIl CABI-
rajowiMia (T. e. HanpaBJEHHbLIMH MapaJJje/bHO OCHOBaHIIO OTCEKA).

Benonnns Buipaxeuusi (78) cocraBasiowinx N; H Q; uepe3 OCHOB-
HV1I0 ciay P, mojiyunm oxonuatesbhbie GHOPMYAbI AJNS  ONpPeAESenis
Ko3(pduunedTa yCTOAYNBOCTH CKAOHA M BeJIYIHBI ONOJ3HEBOro aas-
Jenns. IIpn oTCcyTCTBIHII FDYHTOBHIX BOXA

. COS ¢
Z (Picos aitg gitcly) ?F(a_,ﬂqn)
Ky= ) , o2
ji=mn . cos P
'EI(P; sin o+ Qo) <53 (0—2)

i=n

Eon= I [[(S.J(P,-sinai-%‘Qci) —
i=1

— (Pf COS ¢; tg(pi+c,~l,-)] ?:2(5(1_‘(11}_(?5_ (91-a)
[1pi OOLIYHOM BOAOHACHILEHHH CKJOHA
f=n COS (i
.-Z=|(PB‘ 08 i tg puitcoili) 05 (@ — pui)
Ky= (90-6)
t=n ] COS Py
“2-=(IP81 S+ Qel) s T — oo (% — par)
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l=n 3
Eon= 121[Ky (Ppisin ai+ Qci) — (Psicos aitg @si+ caili) | ¥

COS Qs
cos (@i — @si) ° (91-6)
Tlpu BO3mefcTBII Ha CKJIOH (QUABTPALHOHHOrO NOTOKA

X

{=n

CcOos
2 (Pai cos autg guit-caili) Pet

cos (i — Pny)

Ky=

(90-8)

COS (Pai

i=n
‘EI(PM sin ar+ Qei+ji) 205 (01— @)

i=n 3
Eon= 2 [Ky(Puisin ai+ Qi+ i)~

— (Pgicos aitg ([)ni‘l‘lei)]‘Ei(%" (91-1)
Hepenxo na npaxtike BCTpeualoTCsl cayuail BO3AEIiCTBIA HA CKJAOH
CTPY#iYaThIX NOTOKOB FPYHTOBLIX BoJ (nanpnmep, na [Oxuom Gepery
Kpema nin cxaonax Kaskasckux rop). B taxkom cayuae ruapopitia-
Milyeckoe fabJjellie HeOOXOAUMO YYNITBIBATh, a B3BelUlBamile Fpyl-
Ta — He YUYNTbIBATh, TaK KaK CIJIOIIHOE HachlllleHlle IPYHTOB ckJona
orcyrcTByeT. To ecTh caeayeT mpHMeHATE (POPMYJILI TONALKO C YUETOM
$uaLTPalIoONHOro JaBaelns:

~0S

i=n

T (P tg pitcld

i=(l icos aitg pitedi) tos (o — )
Ky=

z{ ’ (90-1)
= (Pisin @it Qertfi) — 08Pt
=1 cos (o — ;)

Eon= fz [Ky (Pi sin ai+ Qi+ j1) —
COS ¢

.EES—‘(UJ’—‘ (Px) (QOT)

ITpu BuiBose dopMyst AJAsi Onpefedeliist ONOJ3HEBOTO AABJell I
ko3 duunenta ycrofiunsocTi 6L HCNONL3OBANLl  [BAa  ypasnlieiist
cratikd. Tperbe ycaoBne cratuki (ypasleniie MOMENTOB) AaeT BO3-
MOXHOCTb ONpe/eIITh TOUKY MpHJoXenis peakuni Eon yaepikiusaio-
mwero coopyxenus (uman cuawsl E; aas mo6oro i-ro orceka). 1o pe-
IWeHlle SIBASETCS TOYHBLIM NPH KPYTVIOUIJIHHAPUYECKON MOBEPXIOCTI
CKONLXEeHNs1 B NpHOGAN3NTeJILNIEIM B APYTHX cnyyasx. YKazanuwii npn-

eM ONHCal Mpif PACCMOTPEHHIl MeTOAa MHOTOyrompiiikos cit T'. M. Ula-
XyHsHua.

— (Picos aitg gi+cily))
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Haniicannele pacyeTtble GOpPMYJILl MOTYT GBITh HCIOAB30BAHBI TaKXKe
A8 CXeMbl, qumsa;omeﬁ, yto cuasl E OTK/IOHEHH OT rOpH30HTAaJ N
Ha YroJ 1, MOCTOSIHHLII AJs1 BceX OTcekoB. [TocKoJsibKy yrosa m orpa-

nnyey Besnynuamn 0<n<yp (rae p — yroa ciABira), To oH MOXKeT
npib/aXKeHHo npHHiMaTeest pasHeiM 0,549. Ins 3Toit cxeMbl B pac-
s

YeTHBIX (opMyJiax BbipaikeHlie ———EL———(OTBeqaiomee n=0) same-

cos (a—p)
cos
tisiercsl Ha ¢ (rne n=const).
cos (a—n—e)

2.8. I'padoaHadnTHYCCKHI METOR,
muoroyronbuukos cua I'. M. llaxynsanua

Ecann nosepxinocTb BO3MOXKHOIO CMeIlleHIs H3BecTHa, HarplMep,
npeponpeaesena reosormuyeckoil CTpYKTypoff cKaoHa, ycTaHoBJeHa
1P BLINOJIHEHIT HHXKEHePHBLIX H3LICKaHHil IJIH NpHHATa ¢ NOMOLUbLIO
pPasjHYHLIX TeopeTHYecKHX METOAOB, TO pacueT YCTOHYHBUCTH MaccCH-
Ba HepelkKo Leaecoo0pa3HO BeCTH CMNOCOOOM MHOTOYrONbHIUKOB CHJI
[23, 38, 39].

B ocHoBe pacuera coxpansercs riHilore3a 3arBepienliero TeJsa.
dra riunoresa Hapyluaercsl, €CJiH MOBEPXHOCTb CMeLeHlst He TJjoc-
KOCTb 1l He MNOBEepPXHOCTb KPYrJoro WIWIHApa (Mo KOTOpPLIM Bhllle-
Jexaulil MaccHB JAEHCTBHTENbHO MOXKET CMellaThCsl, KaK OHHO Ue-
Joe), Tak Kak npn Jio6oM HHOM odepTallii NMOBEPXHOCTH NPH CMe-
LIEHII B MaccliBe BO3HHKAlOT MecTHbie Hanpsxkenus. Ho atH mecT-
Hble HAaMpsZKeHHsT MOrYT Ipl ABMIKEHHIl MacchHBa CO34aBaTh JHLIb
qlcTo MecTHbI addexT B BHAE OTAEbHBIX TpPELiHH pa3pbiBa HJIH
MeCTHBIX yMJOTHeHlll rpynTa. Tak Kak pacueT BejeTcsi AJds olpeje-
Jeniist ycaosnilt ycroiiuliBOCTH MaccliBa, TO NPEACTaBAAeTCs] BO3MOX-
HBIM COXpanHTh Kak paboyylo THIOTe3y TMpeAnoJioXKeHle o 3aTBep-
lesilem teje. JlaHHoe npeplnonoxKehnHe JIeXHT B OOBLIYHBIX paMKax
TeX [OMYyUleHil#, KOTOpbie NPHHATBH NPAaKTHYeCKH B OOBIUHLIX pacue-
TaX CTPOINTeJbHOIi MexaHuKkH. B GosiblloM KosiiuecTBe cayuyaeB CTPOIi-
TeJbHBIX pacueTOB [eTaJb paccMaTpHBaeTCsl KaK ORHO UeJjioe H pac-
cyuTLIBACTCst Ha oOuile Haupskeuns. Ecan TpebyeTrcs, To AONOJHH-
TeJdbHO YUHTBLIBACTCS BJNSHIIE MCCTHLIX HAaUpPsIKeHH.

JrtoT cnocoG mnoxka)kem Ha NpHMepe oONpejeseHlss AaBJjenins Ha
YAEPKHBAOILYIO KOHCTPYKIIO, HCXOAS H3 MNpPeANOoNOXKeHHs, uTo Oe3
B3aliMOAeiiCTBHSI C 3THM coopyXeniieM MaccHB OyfeT MaJoycTOfYHB
111 HeyCTOolluiB.

Ha puc. 11, a npeacraBnen rpyHTOBBIH MacclB, Ha KOTOpPOM IMe-
I0TCs1 Kakie-JH60 coopy:KeHHust (Iia pHCyHKe He rnokasaHwl). Maccus,
noAfepiBaeMplil MPOTHBOONOJN3HEBOH KOHCTPYKUHEH, HaXOZHTCHA B
pasnosecni. lHeo6xomliMo onpene/nTb JaBjieHHe TPYHTA Ha yaep-
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Puc. 11. Meroa MHOrOyroasHHKOB CHJI:
ad — paC'ieTllﬂﬂ cXeMa ckJona, 6 — cxeMa oAloro n3 OTCEKOB C MHOl’Oyl‘OJH)IIIIKOM
cun, 8 — JAeraJib noaoumiBLI OTCEKa, & — ob1niiii MHOTOYFOJILHHK CIlI
JKIBallee cOOpyKeHie, paBHOe IO BeJiuiie it obpaTHoe nMo Ha-
NpaBJeHuIo peakiliil 3TOro COOPYXKeHHs.

Paso6beM Bech MaccHB Ha psifi oTcekoB. B Beca nosyuyenuuix oT-
ceKoB P; BkJiouaeM Bec TPYHTA H COOPYXKeHHIl, HaXOMSIUIIXCS Hajy
KaxaniM orcexkoM., Ha kaxawlfi oTcek AeficTByeT Taunrenunanasuas Q;
H HopMmaasHas N; cocraBjsioumie Beca oTceka P;. Beipexem Muic-
Jenno Kaxkofi-ni6o orcexk H3 MmacciBa (manpmmep, 3 — cMm. puc. 11, 6)
I TNPIJIOKIIM K HeMy, KpoMe yKkasaHHBIX cni, cuapt L, 1 L5, 3anme-
HsI0llle BO3JeilcTBHe Ha Hero cocedHux orcexkon. Ilo nopepxnocTti
AB BO3MOXHOro cMelleHls1 OoTceKka AeflCTBYIOT peakiulil cO CTOPOHbI
3TOIl TIOBEPXHOCTH, DaBHbLle, B YCJOBHSIX NpeAeSblioro paBHOBecHs,
cilaM cuUenJeHis ¥ TpeHHst 110 3TOff MOBepxHOCTI  (MpH  YCJAOBIII
MOJIHOrO MNpOfIBJEHHsS] 3THX CHJ), H Hopmasasnasi peakuus. Cuay

cuenserusi ofosznauum uepes Ci=c3l3. Cnny tpenns T3 B nHopMadb-
)]

Hylo peakuuio S; mnosepxuoctit AB 3amenuM 1x pasuogefictpylouteil
R
S3 (cm. pne. 11, 8). Cnna tpeunust T3=S3tges, a paBHogeiicTByionias

H
S3=VT32+ S =VYS3" tg? g3+ S3"2 =Y I +tg? ;- S;. (92)
Yron nakjaoHa paBHoZeficTRylomeii S; K HOpMaJii K NOCEPXHOCTH

AB Gyner mpn 5TOM paBeH Yriay ¢ BHYTpeHHero TpeHis rpynra Mo
rpyHTy Ha nosepxuoctn AB (cm. puc. 11, 8), Tak kKaxk Taurenc 3to-

H
ro yrjia paBeH OTHOWIEHHIO cHJbl Tpeuusi Ty=tgpsS; K HOpMaJbIiOi
H

peakuun Ss.
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Bech MacciB Oyner nmeTb 3aAaHHbll KO3((}HUHEHT yCTOHYHBOCTH
Ky, ecan gns kaxpaoro orceka OyneT BblAepiKano 3To ke Tpebopa-
Hlie.

ChJjaMii, CABHTaOUIIIMII BeCh MacciiB MO MNOBEPXHOCTIl CKOJBXEHIIS,
OynyT TaureHunasdbHble cocTaBasioinie Q; cua P, ecan onn uanpas-
JieHbl B CTOPOHY BO3MOXHOro cMelleHlfi MacciBa. Bce ocrajbHble
CHJBI, B TOM 4HCAe il peakuilss YAepMHBAIOWEro COOPYXKEeHNs, ABJf-
I0TCst CIJiaMH JIHGO HEemocpejACTBEHHO He BJHAIOWHMHI Ha yCTOfiufi-
BoCTb (Kak ciabl N,), anbo conpoTHBASAIOUIIMICA  BO3MOXKHOMY
cMellleHIo.

Paccmarpusaem ko3gduuileHT ycTOflYHBOCTH B OTHOLIEHHH BO3-
MOIKHOTO CMeUIeHIIsi Kaj)kJA0To OTCeKa MO HOBCPXHOCTI CKOJIBXKEHIs
(npunnmaeMoll JUIst Ka)KAoro oTceka 3a IJIOCKOCTbL) KaK OTHOLWEHHe
Becex TaHrenunajbLlbBiX CiJ1, yAepKnpaoouinx maccns (Ryy), K0 BceM
TaureHUHa blibIM ClllaM, CTPEMSILIIMCS  BbLI3BaTh  CMeuleHie  ero
(Qean). Torna modHO 3anicarb, 4TOo AJast obeclleuelilis 3aAaHHOTO
ko3¢ diiuitennTa yeToifunBOCTIE 11€06X0AHMO, YTOOB

Ryz— KyQean=0 (Ky= g Ryn=KyQom). (99)

I{iaue roBops, 3amauyy oGecnedenist 3aganHoro kosddiuiilenra yc-
toffunBocTit Ky MOXHO cBecTH K OOBIUHBIM YCJOBHAM  paBHOBeCIs,
ecai npi paccMOoTpedHl AeficTBHS CIJI BMECTO CABIralOLWHX Talrem-
UHaaAbHLIX citl 6paTbh cuasl B Ky pa3 Gosbuilte no BesuMliHe 1 xeit-
CTBYIOLIle B TOM Ke HanpaBJleHHII.

[TosToyy mpuHiiMaeM IpH cOCTaBJeHHII YCJOBIl paBHOBeclsi BMec-
TO TaHreHuunanabHoit cocrapasiouiefi Q; cuasl P, Beanunny KyQ,,
ec cilita Q; cTpeMiiTCs CABHHYTh MaccHB (KaK 3TO HMEET MeCTO B
orcexkax /, 2 1 4). 3uavenie cuasl Q, nprnunMaercst 6e3 H3Melemnns,
CC/IL OHa COMPOTHBJSIETCS CMelUleHilo (Kak 3To 1IIMeeT MeCcTO B OTce-
Ke 3).

[Tpn nposegennn pacuera jgonyckaem, 4To clabl E; HanpasJeHbl
MO MNpAMbLIM, MapaajesbHblM HalpaBJ/eHIllo peakuHll yjaepiKiipaolle-
ro coopy:xenus Eoq. Ha puc. 11,a pearunsi Eon NpPOTHBOONON3HEBOIR
KOHCTPYKUHIT TPHHATA HanpaBJeluHoH TopH30HTAJbHO, MO3TOMY BCe
cipt L, oplenTHpoBanbl ropiuiolntanbHo.

Pecluast 3amavy OTHOCHTENBIO KaXAOIL0 OTCeKa CaMOCTOSITENbIIO
(cat. prc. 11,6), caeayer cunrtaTh IJas1 KaxAoro orcexka cijbl Qi
C. n E.., nssecruniMi. Ilpn atoM cmia L, H3BecTHa B pe3yjbTare
pelucHiis 3afaun st NpeAbiyllero oTceka, Mes B BIAY, UTO B mnep-
BOM OTcexe cusa orcyrcrByer. HeusBectibiMH cHaMI B KaXAZOM OT-
ceke SBJSIIOTCS, cliefoBaTebHo, Ciibl £; 11 S

OcraB.1s1s 11a BpeMsl B CTOpOHE BOMPOC ONpefeneHlist TuueK MNpIJo-
JKCHIIST CIIl, pellliyM 3ajauy no onpefeneninio peanunu cua £, n S,
KoTopule 3ajaunl CBOHMI HanpasjaeHusmn. [lAsi 3TOro  A0CTaTO4HO
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JBYX YyCJaoBHII cTatHKd. DTta 3afauya MoxeT GbiTh pelleHa KAk aHa-
JuTinyeckn (cMm. npeapaymuil crioco6 pacyera), Tak I NoCTpoeHiieM
MHOTOyrosnbHiika cus. ITociefuee peulenne oOLIYHO rapantTupyer AO-
craToynylo ToyHocTh. OHO I MOKasaHo JJs TpeThero oOTcexa Ha
pic. 11,6, Hast Bcero ckaona 3afaya peuraercsi rpagiyeckit ot or-
cexa K OTCeKy, MOCTpoeHHeM ISl KaXXAOro N3 HHX MHOrOYroJbHIIKa
e, Ha pue. 11,2 2TH MHOrOyroJbHHKH TMOKa3aHel HeNpepLlBHO Clle-
AYIOULHMHE OAlH 3a ApPYrHM ¢ o6uiefi CTOPOHOH MHOrOYrOJBHIIKOB
E; — nns nannoro orceka H mpeasiayuero. Ilpn mepexome oT oaito-
ro oTceka K JIPYyroMy cliefyeT JlL MensiTh HamnpasJaenie ciisl E,
(aBastioutefica peakulieil painioro orceka Ha fpeablaylinii) na o6-
paTuoe, Tak Kaxk B 3TOM ciyyae cia E;_, nepenaercst or mpeabiay-
HIEro OTCEKa ita AaHHbIil.

Cuna E, onpeiesenHas AJst Hocjaeliero orceka, n 6Gyaer npep-
CTaBJsTh CcOBOH [MOJHYI0 peakuilio, KOTOpYIO AOMKHO obecnedliTb
yaepxlBalollee coopyxenHe, yToObl Macclp HMesJ 3aAaHblii Ko3(]-
¢uunenr ycrofiunsocti Ky.

B cBsi3H ¢ 3THM MpH pacyeTe caMoro ylep:KUBAIOUIErO COOPYIKEllis
clefyeT Tpe6oBaTh JHILIb BLINOJHeHNsT OOLIUHBIX YCJOBHIL pasiione-
cus, 6o kosddrunent ycrofunBoCcTH yiKe yUTeH NpH Onpejpesenii
el Eon

Touky npnyioxenusi peakuinn yaepxusaioulero coopyxeuus Lg,
yKe 13BecTHOIl 10 BeJHYIIHe [ HaNpaBJeHiio, MOXHO MNpH6Ji3ii-
TeJIbHO HaiTH, HCMOJb3Ysl OCTaBlleecsi TpPETbe YCJOBHE pPaBliOBCCIsI
Onst atoro cneayer Halitin uwenrp KpyroBoit kpuoil, BO3MOXKHO Gali-
XKe copbnapawoouleii ¢ ¢akTHueckoli KpHBOil cKoabXeitnsi  (nHa pic
11, a 3amensioulas ayra kpyra paamnyca r ¢ uenrpom O noxazana
nyHkripom). [lnedo or uentpa O no nanpasaenns ciinl Loy — pe-
aKkuny yAepiKiBaollero coopyxenis — o6o3lnaveno depes z.

Bepsa MoMmeHT BCex cill oTHocHTenbHO Ientpa O, nojyunm:

Fonoz=r (I(ZQicn-—2C,—2Z35,sinp,—EN g p,—2Q,n);
K)'EQlcnn“‘ZCI—'zSISin(pl‘-'ENllg(Pt—ann
7 .r. (94)
on

MHOroyro/ibHHK CHJI AaeT BO3MOXHOCTb ONpENesiTh TaK¥Ke o Iail-
Jyyulee MecTO pachnoJOMeHHs yAepIKHBAIOIero CoOpyXKeuns, 1
Mecra nanboJsiee BepoSITHLIX Pa3pLIBOB MaccliBa, I MecTa BO3MOMKILIX
BO3NNKHOBeHN{T 6YrpoB N Teppac BLIMNPAHIST B cayuae crnoJ3ainis
Mmaccina (to ecrn npu Ky<l), 1 pajg aApyrix BONpoOcOB, INpeacrtaBn-
JAIOUIX Ha NpakTiike HepellKo 60MbUION nHTepec.

k3 paccmorpemns pucynka 11, e BinaHo, wanpumep, uro Gosee pa-
UHOHAJbHBIM 6bLIi0 OBl pacnosoXKeHle yAepKHBaoLWell KOHCTPYKILIIT
Ha rpaHlille He YeTBEepPTOro, a TPeTbero OTceKa, TaK KAaK MNPl 3TOM
6bl1a 6b1 Meliblure peakuus Egon, HO60 oHa paBusaack 6ul L3, a ne £y
(a 13 muoroyrospuiika ciijt BuAHo, uto E3<<Ly).

2=
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Ilpi moctpoeHns MHOroyroabHiKa cial HeOGXOAHMO CJAeAlTb 3a
TeM, HEe CTAaHOBHTCH JH B KaKOM-TO i-OM OTC€Ke CHJia pPaBHOI HYJIO
11 o6paTHOro 3HaKa, TO ecTh He Hcye3aeT J't OHA HJH [axce He CTa-
HOBIITCS] J1Hl BMECTO CHJIbI MojjaepKuBaioweil ciofl casuraiouteit. Ilo-
cilefHee (U3lYecKH ObITb He MOXeT (ecJM B FpyHTe He MOryT BO3HII-
KaTb pacTArHBalolllie HaNpsaXeHHs) H MOKa)eT JHIUb, YTO UacTb Mac-
CiiBa OT HauaJia U [0 IPaHHUBLI The-TO BHYTPH AAHHOro OTCeKa liMeer
He TOJIbKO 3anaHnblil Koah¢iinieHT YCTONYHBOCTH, HO naxXe 11306bLITOK.
Taxinm oGpa3oM, npil NOCTpOenil MHOTOYroJibHiKa CHJA HemocpeicT-
BelHO ONpefe/sIOTCH I'PAanlILl YCTOHUNBLIX yyacTkoB Maccnpa. Ilpn
HaAJIYNIL OTPIILATeJBHOTO 3HaueHHs CiJbl (KOrAa oHa IIMeeT Hanpas-
Jeliie B {-OM OTCeKe B CTOPOHY CMeEULeHHs) I MOCTPOEHIH MHOTOYroJb-
HiKa I Aads chejyioliiero otcexa i+ 1 cuna E, B 3TOT MHOrOyroJib-
HIIK He BrJiouaetcst (MpH YCJOBHH HeAOMYLICHIHsl PACTArIBAIOLLIX Ha-
npsikeHtl; Npil JORNYLIEHHI DacTArNBaloONIX HanpsixkeHnHii  Moxer
YUHTLIBATLCS JIUb Ta 4acTh cHjanl £; NpH KOTOpoil pacTsriBalouliie
HalPsKeHIsl He 1PEeBOCXOAST JONYCKAaeMbiX).

Onncannblil NpieM NOCTPOEHHSI MHOTOYTOJbHHKOB CHJ MOXKeT ObITh
nplveHen H AJsl pelleHlls] 3anaydil: 1MeeT JII JaHHbil MaccHB Ko3d-
(puunenT ycTol4lIIBOCTH HEe Mellee 3aJaHHOro?

Ecnn maccus ne Gyner nmerb 3amgaHHoro Kosddgiuunenrta ycrofiun-
Boctii Ky, T0 cuna Eyy, paBuas, HanpiuMep, B pacCMOTPEHHOM cJjaydae
E,, xoTOpyio Halo NPHJIOXKITbL B KOHUE MOCJAefHero orcexka, YTolhl
obectie4iiTh MacciBy 3ToT kKosdduuuent, 6yaer Hanpasjena Ha HOA-
Jacepakanite MaccnBa. Ecan ¢axtiueckni xoagguuieHT ycToilynBocTH
MaccinBa paBeHd Ut Goslee 3ajannoro, To cuna Eop=£F4 Gyaer 1an
paBna HYJI0 Il HanpaBJieHa B CTOPOHY BO3MOMKHOrO cMelleHIisi mac-
cipa. [locneniiee mokassiBaer, YTO IJIL TOFO, 4TOOL  (paKTIHUECKIH
Ooabwoil kodggrimenT ycToiiuBOCTI CHI3UTL A0 3aAaHHOr0, HYIKIO
HPIIOAITL caslraomyio cuay Ea=E4 B pasoGpauiom mnpumepe
MAacclB 1e lIMeeT 3ajanHoro noadgpnuitenta ycroiitisoctin Ky, Tak Kak
ciivia Lon=E4 B MHOroyroJibHiKe cIjl OoKa3aJjiacb HamnpapJenuoil na
nojilepranilie OTKOCA.

[Ipit HaaHYHI HA CKJIOHE TPYHTOBBHIX BOJ| iJIII HEOOXOAIIMOCTII ydyeTa
ceilcMIYECKOro Bo3aeficTBisa Cilbl j; 1 Q¢ K06aBJASIOTCS HemnocpeacT-
Benno K ciylam Qg 1 taxjiM o6pasoM TaKXKe yuacTBYIOT B Tpadiiue-
CKOM mocTpoennn. Dapewmnsanne rpynta  yunTeBaeTcss  aHaJloriynio
T0MY, Kak 3TO OblJIO OMIICAHO B NPeAblAyUIIX MeToAaX pacyera.

Kax puano 13 ckasamnnoro, pacCMOTpPeHHBII METOL MHOFOYFOJIbHII-
KOB CI1 JAaeT BO3MOXHOCTb HENoCpPejCTBEHHO OfpefessiTh BeJitilly
011013HEBOro AapJenlisg, Ha KOTOpoe AOJIXKHA pacCyliThiBaTbCA MPOTII-
BOOMOJI3NEBAst YAEePIKIIBAIOWAsT KOICTPYKILISA.
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2.9. YckopenHspiit cioco6 pacuera
meropom . M, Waxynanua

Kak nokasasa npakTiika pacyeToB, BHUTOJHABWIHXCA MPH MNPOeKTH-
pPOBAHHH MPOTHBOOMNOJN3HEBBHIX YNEPHHBAIOUWHX KOHCTPYKUN ray6oko-
ro 3ajoxenus, aHainrtiueckift Meron I M. Iaxyusnua Bechbma 3(-
¢exTuseH. Coopy:KeHIisi, pacculiTaHHble Ha OrOJI3HEeBOe JaBJielllle, Bbl-
YicJeHHOe JalHbIM METOJOM, HOPMaJIbHO 3KCNIYaTHPYIOTCS B Tedeiie
psna Jger. Ocobenno yNoOHO npHMeHeHIe HAamHCAHHBIX Bbllle GOpMYyJ
npi ncnoab3oBannn SUBM. B Takom ciyuae BoulcaeHus no paspa-
60TaHHLIM THOOBBLIM MporpamMmMamM TPeOyioT MHHHMANBUBIX TPYAOBHIX
3aTpar.

Onnako HepedKo elle NMPHXOAHTCS BHIMONHATH yKa3ahHble pacuersbt
Bpyunylo (npu orcyrcTBin IBM, npi Bbinosneui NpHKIIOUHBIX pac-
YeTOB, NIPH CPaBHEHHH BapHAHTOB, NPH BHIMOJHEHNH pPacueTHBLIX Npil-
KUJIOK HENOCPeACTBEHHO B HaType B npotiecce oGclesioBalis OHoJi3-
Heil, PH pelieHHIl BONpPOCAa O BO3MOMKHOCTH YCTAHOBKII MEXAHI3MOB
Ha CKJOHE H T. A.), KOrga Tpebyercs onepaTHBHBII cueT H HET CMbLIC-
Jla HJH BO3MOXXHOCTH BbIXOANTH Ha MaiuuHy. B Takom cayuae ¢opmy-
aut I'. M. llaxyHsiHia BHITOAHO NPHMEHATb B HECKOJbKO npeolpa3o-
BaHHOM BH/E, NMPeAJioXKEeHHOM aBTOPOM JAaHHOIt paGotst [3].

Yemubie
H 0R&eHU

2\ e
Tt ayf2 .
~ Rl Onopaesvd |

MNosepxsocms
CHONBNEHUR

Eong

oa(g+9)
5
Puc. 12, Yckopenuwft cnoco6 pactieta MetoaoMm
') M. [laxyusiua:
a — ofwmas pacuetHan cxema ckjaoua; 6 —
3MI0pa OMOJI3HeBOro JlaBNeHW
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[Tanumem Aaa ckAOKa, NpeACTaBJEHHOro Ha pic 12, BhiBegeHHYIO
paunee ¢opmyay (91, e)

1=n 3
Ew= 3 [K, (P:sina 4 fi) — (Pocos aitg po4e,l,)] —mdb__,
ol e [ \ ( ¢ . Qu } ]z) ( 1 FRE A 11)] c0s (& — @)
[Toncrasus B 370 ypaBnenile 3uavenns: P,=y,a,ficp, (npnuenm ¢
AOJLAHO YUIILIBATL HE 10JbKO o6LeMuuil Bec rpynra, no it Bec BHelll-
nefl Halpysw Ha oTcehe UpH  ee HaMUUM); Qe =yt /icp.p; ji=
= Yo 5Hi g, HOCHE  HECAOKNBIX npenbpasopanuilt nonyunm

1=n

E()ll= E ?\(a‘ [Ylhcp t (eo. - C;i "" ](y }L) + ](zr vw,l; Sfﬂ ﬁ(l“]. (95)
i—1

3aecy ofo3naycib:

3
eor= Ky sin a, — cosw. tg @,;

C| .

Cor= hepicosa; (96)
€os

l1= e 1 P

cos (a,— @)

Jast 31X tpex cootnowennii ¢ nomouipio 3LBM  wMoiyr 6uith  mO-
cTpoenui 1padukil no THY npeAcTaBlenHbplX Ha prcynkax 13, 14, 185,
obJael yalollie BbOJIEeHHe BLitMIiCAeHHIl.

I3 ypaduxa na puc. 13 sicna nHTepecHast AeTanb: NpH BO3pacTaHUl
Vida Hax/oHa oBepXHOCTH CKOJLXKEHIIS o BJAHsIHIE II3MeHelus yrja
BHYTpEHHEro TPeHlA ¢ yMeHblaeTca ITO eCTEeCTBEHHO, 16G Npil BO3-
pacTamii yrjia @ oCHOBHYIO pC/ab HaYHHAIOT HIFPaTh CiJibl TPaBlTAIllH,
He 3aBlicsailiie OT NPOYHOCTHLIX XapaKTepHCTHK TPYHTOB

Ecan npu peimosneniin peansibiX pacdcTOB KOHKPETHLIT CKJIOH He
VAOKHTCA B HpHBeAeHHOe Bbllie JOoNYlleHile 0 MOHOTOHHOCTH T0BepX-
HOCTH CKOJMBLXKEeHIsl 11 B KaKOM TG 01CeKe OHA OKaXeTCs He icianalo-
e, a Boc\oAsuledl, 10 370 MuXKeT OblTb  Y4TeHO HpUHATHEM €, 13
1padguka Ha piic 13 npu oTpuUATENBHOM yriae o,.

ITpu cnaownom nosenaceilieHun TPyHTa, rae 310 Tpebyercs, ciaeny-
eT npinuiuMath GU3HKO-Mexaniyeckiie XapakTepHCTIKH MOPOA € YueToM
I\ 3amMaulBanisi BOAOIM: yu,, Cui, (s, B TAKOM ciyyae ceficMitueckiie
G cAefyer yUNTLIBAalb He TOJABKO OT Beca FpyHTa, HO aiasoridibiM
06pa3oM I OT Beca BOALIL

Kpose npusesennnx spadukos, aBropoMm jaunofi paboTnl cocran-
acunt taban 1—3 {(cM  upnaoxeune), cHocOOGCTBYIOHtIIe BLITOJMHERNIO
Aocratouno Tounbix pacteiros Kpome 1oio, B Tabanuax npuseaeHl
HeoOXoAnMbBIC AaHHbie AJasi Gosiee WIIPOKO10, yeM B Ipadukax, Anana-
30Ha MCXOAHLIX llapaMeTpoB.

[Tpn pacnosoxeniin cksnona B HeceficMIiyeckoM paiionie mpiHnMa-

64



Bo

130 u ];, A
120 RS
110 . A A
1.08 #i-p (cj.ﬂﬂ)\ =z / Za
19 I A %
uao% 003N\ N\ L AATA ,5/7’;,.}_
|| (0% Y
060 NS 7.0,
050 //%‘7 2 %
oK 22K A
030 7 av
0 7z
P00 04% 0390720 010 740,
2pa0_25 20 15 105 4/ ) I
N 2 3035 4G 4s 30 55 o9 B 70 75 2pad, .
045573 0 oz/sz D46 Q2 05N 0638 0785 0673 0560100 1% 1222 pad
402
4
i
% 271040 K =120
% 0 — L)
A 50 —— K =140
A4 970 Y
P #
7/ a - %0
T 030
K 100
o2l 110
: %0

i
s .
Puc. 13. T'padukn sanicumocT eoi=Ky sin a; — cos wi ig g

eTcst p=0, npH OTCYTCTBHH NOTOKA TPYHTOBLIX Boj — /1;=0. B Takom
ciyyae ¢opmyna (95) mpunumaer BHA:

f=n
Eon=lzl;\«ial‘yihcp-i (€oi— cvo‘: ) (97-a)
WIH, YTO TO e camoe
i=n
Eon=‘zl}vipi (€oi — (;o" ). (97-0)

lel NOJb30BAHHN MNMpHBeAEeHLBLIMH BbIpaXEeHHAMH cleayeTr NOMHIITD,
4TO AJist onpenesieHHst NMOJHOTO OIOJI3IIeBOro napJaeHHsT B KOIllle i-ro
OTCE€Ka OT YacCTH OIoJI3HeBOTro 6JiOKa, pacnonox{elmof‘t Bbole no CKio-
HY, HEOOXOAHMO nocjaenoBaTteJibHo CYMMIPDOBAThL BCe OMNOJI3HEeRHiEe JaB-

Jennst oT Ka’kKAOro H3 BbillieJIe)KaUiHX OTCEKOB, Haulnasi ¢ IepBoro
(camoro Bepxiero):
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Puc. 15. Tpadnki 3aBHCHMOCTH Aq= —— oo 0i ____
cos (@i — i)

h=1{—1
Eon‘i:Ei‘*‘ 2‘-:<E.'¢ (98)

he=l

C nomolbio 3THX (OPMYJ CTPONTCS 3MIOpPA ONOJA3HEBOro JlaBjeHist
1o JJIHe BCero CkJoHa (cM. puc. 12, 6). Buiuncnenns npn atom pexo-
Melyercsl BBLIOJIHATL, HCHOJbL3YSl 3aroToBku taGua. 2 n 3.

Heckonbko ynpouiena npn 3tom cnocoGe MoxeT GHLITL 1t (hpopmyJia
(90-r) mnst onpegenenns koddpirunenta ycroiiunsoctin cxkaona. Iloc-
Jie HeCJOXHLIX Npeobpasonanitit ona nprobperaer cJjeiyloninii BIi.
B ofmem cayuae:

i=an

Z l(Yi cos a; lg @i+ coi) athep.ih
==
Ky=

im=n ; (99-8)

:_E; (v:sin @i+ yi+ Yo :

M sin Bae) ailtep.ihi

tep.t
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IPH OTCYTCTBHH TPYHTOBLIX BOJ, B HecefiCMHYeCKHX paiioHax:

i=n

‘ El (v: cos ar tg @+ coi) ailtep M
Ky= (99'6)

i=n

2 yesina.aicp M
i=1

Bhluncaenns xosdguuiienta yeTofiuiBocTH pPeKOMEHAYeTcst BLioJ-
HATB, HCIOJAL3YA 3arotoBku tabu. 4 1 5.

2.10. Ipadocratuueckuit meton JI. JI. Tlepkosckoro

Haunpiit MerTon, mo MieHuio ero astopa [19], yaoBaeTrBopsieT nsym
TpeGOBaHUAM, KOTOPHIM lie oTBeyaeT OOJBbIUIHCTBO HHBIX MEroioB pac-
yeTa:

a) YUHUTBLIDAEeTCs B3aNMO/IeiCTBIIE MeXKAY OTceKamil;

6) YHLOBJIETBOPSIIOTCST OCHOBIibIE TPH ypapueHust cratnki: Zx=0;
2y=0; ZM=0 (a He TOAbLKO OAHO I TO HE B noJuoii Mepe, Kak 3To
lIMEET MECTO, HANpIIMEP, B METOAE KPYTAOUIANHAPHUYECKO noBepxHo-
CTH CKOJIbXKelIHs).

CylWHOCTh ero 3aKJiouaeTrcst B TOM, UTQ AJS BLISICHEHIS COCTOSIHIIS
YCTOHYHBOCTH 3eMJSSHOrO MaccHBa CTPOHTCA MHoroyroabuuk ciur. Ec-
JH OH 3aMBbIKaeTcst, TO HMeeTcsl Wil paBHoBecHe MaccHBa, I cayuail
paBHOMEpPHOro JABIDKeHHs. LEcai B MHOroyroJibHIKC HOcJelufisi clijia
(?Ta cnna peakTHBHas) He NOCTHraeT TOMKH 3ambikanis (Touka U na
pic. 16), ToO 3TO 3HAUHT, YTO MACCHB HeyCTOHYIB, YTO IiMeeTcst H30Ll-
TOK CABHFaIOIHX CHJI, YTO JOJXKHO ObIThb ABHXEHHE; ecJIl TOocJeiss
cHsia mepeifieT 3a TOUYKY 3aMbIKaHHS, TO 3A€Ch HAANUO I30LITOK yaep-
XKIUBAOILKX cHJl, T. e. Ky>1, 110 ABHXKenus He 6yneT, TaK KaK 3TO H3-
O6bLITOK NACCIIBHBIX, PEaKTHBHLIX CHJI.

Habbimon_ydeprues-
Hujiex tun

Puc. 16. I'padocrarnvecknii meron JI. JI. Ilepkosckoro
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[TocTpoetitie cHIOBOrO MHOTrOyronbHHKa B rpadocTaTiiyeckoM MeTo-
e 6GaszHpyeTcsi Ha MOJIOXNeHilll, YTO CHJB B3aHMOAEICTBHS MEXKAY
pacueTHLIMH OTCEKaMH HampasJelbl MapaJjenbHo HOBEPXHOCTH CKOJb-
Keuna. Kpome Toro, specs koydduuiienT ycToilunBocTil onpefensercs
HENOCPeACTBLHIIO H3 MHOFOYrOJbHHKA CHJ IyTeM  NPOEKTIPOBAHHS
BCOX JefiCTBYIOULIX HAa MacclB CHA Ha HEKOTOPYIO YCJOBHYIO JIHHHIO
AB (cMm. puc. 16) — nunnio o6uiero nanpasJjeHnst CMeuieHiust ~— H He-
uHcJeHiss OTHOIUEHHS MEXAy CyMMaMmill yIepiKHBaloumiix H CABHralo-
UiHX npoekunii ciu.

Ha piic. 16 npusesen cxemaTnanpoBanHblii pa3pe3 olnoJ3HEBOrO Mac-
CHBa, YCIHJeHHOro KonrpbamkeroM. 3Aech Ke MOKa3aH MHOTOYroJbHHK
cin. Kourpbanker i oTHOCAIAsIC K HEMY YacTb CHJIOBOTO MHOIO-
YrONbHIKA HaHeCeilbl NYHKTHPOM.

W3 puc. 16 BHauno, 4to npH oTCyTCTBHH KOHTpOAHKeTa MHOTOYTOJib-
HHK cisl 3aMKiyT (Ky=1); nocae coopy:eHusi KOHTpOaHKeTa MHOrO-
YrosibilK CIUT AesiaeTcsi He3aMKHYTHIM — «MOCJeAHss cliia 3auuia 3a
Touky O», T. e. NOSIBHJICA H3OLITOK YAepKiBaloWHX cui 11 Ky npesnl-
CHJL efNHILY.

Beseacrsite Toro, 4To rpadocraTHiaeckuii METOH YYHTHIBAET B3aHMO-
pefictsie Mewny orcexami, xosd¢uuiedT YyCTOHYNBOCTH CTAaHOBHTCS
foaplue, YCM B chyuae OHpefeseHis ero, HanpiMep, No OO6bIYHOMY Me-
TOAY.

Caenyer OTMeTHTL: It HELOCTATKH PACCMOTPEHHOIO MeTOAa:

YCAOBHOCTL BuOOpa JHNIT OOUEro HanpapJeHliss CMelUtenis, Ha Ko-
TOPYIO IIPOCKTHPYIOTCS Bee Civibt (H OT KOTopoil, cliegoBaTesibHO, 3a-
BHCST BeJHYIIHLI NPOEKILLl 11 COOTHOIEHHH MeXAy HHMHU);

CJIOJKHOC1b NMOJY4aeMOro MHOrOYTrOJIbHHKA CHJ NPH GOJIBIIOM KOJIH-
yecTBE OTCEKOB;

OTCYICTBIIE B NpPSIMOM BIiAe HTOrOBOIl BeJIHYIHBI ONOJM3NEBOro AaB-
anennst (Eqn) ua muoroyrosnsike cui  (Kak, Hanpumep, B MeTole
. M. lllaxyusinua);

OTCYTCTBIIE YETKOCTH H MPOCTOTHL 113-32 HEOOGXOANMOCTIH CUSITHS MO
maciutaly BeJHYHH npoekiitii, HuHoraa Hax/AaAbIBAIOMLIXCs O/lia Ha
apyryio Ha iy AD;

TPYAHOCTL yuyeTa AelfiCTBHA TPYHTOBBIX BOJ.

2.11. Metop Gaoka u NPuU3M

Ilepeaxo nenocpejicTBelino B OCHOBAHHH OTKOCA ZJaJieracT  IJIacT
TpyHTa C SIpKO BbipaX<eHiofl MOHINKeHHOIl CONPOTHBJSEMOCILIO CHOBH-
ry. B Taxofl a6cTatoBke MOryT BO3HHKHYTb YCJIOBHS, CIIOCOGCTBYIOLIHE
NocTynaTeNbHOMY nepeMelleHHio ONMOJM3HeBOro MaccHBa GoJblie, ueM
BpaiareannoMy. IInsa nogo6HbIX yCJOBHI NMpuMeHsieTcst MeTox OJioka
n npusam [29].

B 3ToM ciytae npHHHMAETCs, YTO OMOJ3HEBOMl MacCIB caaraercs H3
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ueHtpajibHoro Gsoxa B u aByx mpusm A uw E (puc. 17). Ileutpans-
HbIH OJI0OK B BBIMOJIHAET A0 HEKOTOPO# cTenmeHn (yHKUUH rpasurauli-
OHHOHM MOAMOPHOM CTEHKH, KOTOpas HOAAepIKIBaeT TOJLULY rpyura, Ha-
XOASILEroCsi ¢ Jiepoil CTOpPOHB To rpanu ed. Bec rpynrta B npname A
] . OKa3biBaeT Ha UEHTpaJiblbiil
610k B 6GOKOBOe maBJetilie,
KOTOpOe H3BECTHO NOJ Ha3Ba-

e )l e T - HUEM aKTHBHOTO  JaBJieHiis.
|— Pl —7/' ] OueBHAHO, YTO 3TO AaBJeEHIe
| [ e CTPEMHTCA BHI3BaTh MOCTyNa-

. en cohury TeJibHOe JBHXeHHe OJoka B.

STOMy J[BHXEHHIO MPOTHBO-
Puc. 17. Meron Gnoka n mpusm (pacuetHas  JefiCTByeT nacCHBHOE jaBJe-
cxema) HHe (oTnop), pasBiBaeMoe
npusmoit E, a Takxe conpo-
THBJICHHE CABHTY MO MOAOUIBE ueHTpaabHoro 6aoka. Ilpu 3tom ycro-

BUH Ko3ddHuHeHT 3amaca YcTOHYHBOCTH OTKOCA MOXET ObITh oOlipe-
JieJieH 110 BHIPaXKeHHIo

Ky= cLb+Ptgo+Ep

E, , (100)
rae P — Bec Guoka B Tommunoft b;
E, — naccuBnoe namseniie (otnop), neiicTBylouiee na 6ok B;
E. — axkTtusnoe naBienne ua 6ok B.

OcrasbHble 0603HaYeHHS IpEXKHITe.

,ZIJIH ynpouenHbX YCJIOBII}UK nocJjegHiie BeJNYHHBI ONpeNesisfioTCst
0 BLIpaXKeHHUAM

_ yH? 1—sing . yh?  ltsing
£o= 2 1+sing °* Ep= 2 l—sing ° (1o1)

OnosnsneBoe gaBJjeHHe N0 JAHHOMY METOAY MOXKCT ObLITh ofpejeJe-
HO cienyiominM o6pasom (npumem b=1,0):
_ _ yH?*  l—sing gk l+sing
Eon=Eq—cL —Ptgo—Ep= 2 1+sing 2 1—sin ¢
—cL—Pligo. (102-a)
[Tpu nannuuu ceficMiyeckoro Bo3AefCTBIS H HATOPHLIX TPYHUTOBHIX
BOZ BbIpajellie NPHMET BHA:

_ yH?  1—sing , yh? l+sing p X
Eon‘— 2 14sing +Qc+] 2 < l—sin @ cL tg P- (102 6)
EcrecTBenHO, naHHbIii MeTOA NMPHMEHIM JHUlb NPl HECJOXKHoil KoIi-
(l)HI‘yan.HH nonepeyHoro ceyeHus CKJAOHa H MOJOroM 3aJjierani IJa-
¢Ta TpyHTa C INOHHXKEHHO! COMpPOTHBJASEMOCTbIO CABITY. Bonay ero
NPOCTOTHI METOA MOXKET NPpIMeNHAThCA A NPHKHA0YHBLIX pacueTos.
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2.12. Metogn J1. I1. Scionac

Croco6 [12, 40] cocilonr B cileayiouieM: 1mpepnoaraercs, YTo BCE
OMOJI3HEBLIE Macchl MBHMKYTCA €JHHLIM MaCCHBOM MO MOBEPXHOCTH
ckoabxenisi. [as oipeneneHiss ONOJN3HEBOro jlanjeHlsi pacCMaTpH-
BaIOTCSl YCJOBHSI paBlioBecisl OMOA3HEBOIO MACCHBA B MPOEKLHSIX BCeX
ClIJ Ha HanpasJ/eHne ABH¥eHils.

Januslit Merog paspa6oran AJsi KOucehBeNTHLIN ONOJ3HEeH.

Jas npoBeacuiiss pacyera YCTOHYNBOCTI BeCh OIOJ3EHb (paccMmar-
puBaeTcsi, Kak M panee, 1 M NIHPHUBLI €ro) B COOTBEICTBIII C Xapak-
TepOM MOBEPXHOCTH CKOJbLXKeNUNst AeJHTCst na orceki (puc 18), B npe-
JAesax KOTOPbLIX cJjieji HOBCPXHOCTH CKOJIbXKEHHsI MOXKeT ObITb NMPIHAT
3a npsmyio. [lanee B kaxaom orcexe onpeneasiercsi Bec (P,=y.a.ficp.i),
Taureninanpuas (Q,=P,sina,) 1 sHopmansuana (N,=P.cosa,) ero co-
crapiistioline 1 yaepxnpawouiie cuas: Tpenns (7,=Ntgyp,) n cuen-
aenis (Cr=cly).

’%“'}?‘w( E
NG Goxd,tgy, 55

ronss

7]

Puc 18 Meron JI I1 Slcwnac.
@ — c\ema aJeMeNnTapHOro ofbeMa, 6 — CXeMa OMOJ3IeBOro
CKJIOHA, 8 — 3MI0Pa OMOJI3HEBOTO JAaBJeHis

3ateM, 1L cBepxy BHH3 O1 OTCEKA 1, paccMaTpuBaeTcsi nocaeno-
BaTeJbHO paBHOBECHE KamxAOIO OTceKa, IIpH 3TOM GepeTCH cyMMa
npoel\umi BCeX CcliJl Ha HamnpasJieHlie BO3MOXHOro CMeleHid. Hep-
BoHauanbhio Obljo NPHHATO B KaHHOM crnocobe onpeaesisiTb CymMmy
npoelmnf’l BCeX CHJI HA TOPH3OHTAJDb IiJIiI Ha HEeKOTopoe ofulee Ha-
IipdBJicHlle CMelleHlisa OlUlaKO NnpH pelieHuH 3ajadyd B IIPOEKUHAX
Ha 3I0 HallpaB/leHlie noJiydyaJlch HEH3BECTHBIMH peakulii CO CTOPOHH
HeCMeliaeMoro ocHoBaHiuss. B cBfA3l C 3THM B 3TOM MeToae CTaJiH
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paccMaTpHBATbCsl YCJOBHS PaBHOBECHA OTHOCHTEJIbHO HallpaBJenis
BO3MOXKHOIO CKOJIbXKEHHSI BHYTPH KaXXJAOro oTceKa H NOTOMY noJayua-
IOTCS1 NMPOeKUHH ONOJIBHEBOro AaBJEHHS Bceil Bbllllesexkaniefl yacti
OMoJI3HA, BKJIOYasl Il paccMaTpHBaeMbiii OTCeK, Ha HanpasJiellle CKOJb-
JKelisi B 3TOM OTCexe.

3ajnava pemiaeTcsi, Kak YKa3blBaJoch, NOCAeNOBaTeNbHO HO OTCe-
kam. Tak, ans orcexka I GepeTcsi cymMMa NpOeKUHH Bcex CHJ Ha Ha-
npasiaedHe a —b. Orciona onpejensiercs Beanunsa peaxuwin E,, xo-
TOpast AOMXKHA ObITh NpHJIOKEHa K oTceky I co croponul orcexa 2
Ha HanpaBJeHHll a— & aasa oGecnevennss paBHoBecnst orceka {. Be-
JiYinHa 3Tof peakulll paBHa JlaBJEHHIO, NepejlaBaeMOMy OT NepBOro
OTceKka BTOpPOMY. AHaJIOrHYHO paccMmaTplBaercs paBHoBecile 2-ro, 3-ro
H T. J. OTCEKOB B IIPOEKUIIsIX HA COOTBETCTBYIOLLHE HanpaBJielHst C
y4eTOM COOTBeTCTBYIOWHX naBaeunit E,, E,, E; 11 T. K. oT Bblllcaexa-
mux orcexoB. TakiMm oGpa3oM onpejensieTcsi ONOJ3HEBOE JaBJeliile
B KOHIle Ka)XXAOT0 OTCeKa OT rojiosbl (BepluiiHLl) A0 MOAOWBLI OHOJ3-
H (Eon).

Jnst warasanoro npefacrasdetiiisi 00 H3MeHeHN ONOA3NCBOTO AaB-
JIEHI N0 JNMHE ONOJ3HS 1B AJs HaXOMKAEHUS JAaBJellist B uHrepsasax
MeXJy TrpaHHilaMli OTCEKOB 3JeCh e, NOJ pa3pe3oM NHo OloJ3NIO,
CTPOINTCSI 3MIOpa onoJ3ienoro pasnenns (cm. puc. 18). IDroit snopoit
MOJXIO TaKXe MOJb30BaThLCA, KaK OyJAeT MoKasaHo HIKE, AJsi Bubopa
MecTa 3a/10XKeHHsI COOpPYKeHs 1o AJiie Onoasus.

Kormza sni6pano MecTo 3a/oXKeHHsl YAepPXKHBalOIero coopyKeriis
1 onpejescHa COOTBETCTBYIOULAst 3TOMY MeCTy BeJunpa onojsiieso-
ro nasJjienus, nocihennee, no JI. [1. fcionac, 3atem yBenanunnpaercs
B Ky pas, rae Ky — 3agaunnii xo3d@uINeHT ycToilunpoctH, I Ha
BeJUYHHY 3TOr0 AABJEHHS NMPOH3BOANTCS pacuyeT yaepKiBalouicit KoH-
crpyxunn, OnHako, Kak BuiTekaeT 13 paborwt (6], ymuoxkenie na Ky
Be/HYNHL  pe3yAbTHpYyIowel ciiinl (BMECTO cyMMapuoil Beanuiib
CABHTAIOUWINX CHJI) 3HAUYHTEJNBHO CHHIKAeT PacueTHyio BeJHuIIy O[noJ3-
HeBOro nasJjieHns. 1o BbinojHenHoMy HaMi ananan3dy npit neonasuioil
pasHiile MeXAy CABHTaIOWNMH H yaepxkupaowimu cuaamn (1o 20%)
ONOJI3HEBOE JRaBJjienne MoxeT ObTb 3amipkeno B 6—7 pas. [loatomy
TaKoe HCloMb3oBaHue Ko3ddminenTa ycTOMUHBOCTH CJAeAyeT culTaTh
HenpaBivibibBIM. 3TO BIHAHO 11 M3 CJEAYIOLHX COOTHOLUENHIL:

Ky= —g—; Eon=K;Qi—Rs. (103)

Hast ynpowenns Buiuucaenuit JI. I1. flcionac ucmonndyer nousitie
eAHHHYHOro OmoJi3HeBoro masJjenus. M3 pucynxa 18, a, npoextipys
Bce Cl/ibl Ha HanpaB/eHHe NMOBEPXHOCTH CKOJIbJKEHHs, ToJyyaeM Be-
JIMYHILY €HHHYHOTO OIOJI3HEBOrO NaBJIeHHS OT TPYHTOBOro MaccliBa
JUIMHOH, IIPHHON M TOJILIHHOMN, PaBHLIMII eAHHHLE!
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. Ci Yi
€on.i =i SIN Wi — Vi COS &y tgpi— fiep.acus w, = os G X

. 1 .

~/ . ( PR ; iy T T
K (s1n s COS @i COS «;i Sin @;) hepacos ar ’
oTKyA4

eV G (a0 —a
€ou-i = oS (i sin ((1‘ (P‘) hep.acos oy

(104)

BoluiTaemMoe B HanncaniuoM BbipaKeHIIl TNOJYUYeHO H3 CJAeAYIOULIX
cooGpaxenitii. Tloanoe cuenseule no mnojouise i-ro 0OTceKa paBHO
cil;. Ilna nosiyuennst cuelyienns 1Mo NOAOLUIBE eANHHYHOro 06bema
noJiHoe cuciJieHne HeoOXOAHMO pa3je/iiTe Ha 00beM OTceKa:

cili cily Cy

hepati  hep.ilicos ai hep.a COS @

Onoasnesoe aapjacyile oT GRHOIQ OTCEeKa pPaBHO!:

Ei=P;sinai— Picos a;tg @i — cili=vyiaihcp.i sin ai —
— i Gilicp.i cos ui t@ i — cili=[yisin a; — yicos a: tg i —
cily Vi L ]aihcp~i- ([05)

———1a,ficpi= _—
ailtep.t Jaficp.i [coscp. hep.1 COS @

sin (a.- — (pi) —_

Kak nokasaHo BLIle, BLIpaxeiie B KBaJpaTHHIX CKOOKax ecThb Eon.i,
cJ1e/10BaTeNbHO

E{=eou.iaihcp-i. (106)

Onpeueﬂelme OHQJI3EeBOI'c  JdaBJI€HH paccMarpiiBaeMblM METOAOM
MOXKET BbLIHIOJHIATLCH ABYMS CHOCOGBMH. HO HepBOMy H3 HUX ONoJ3-
Hepoe papJjellie OT OAHOrO OTCeKa BbIpaxaeTcsi uepe3 ero Bec

ciq;

oS cos oy (107-2)

Haun ¢ yuyerom kovyddunnenta ycrofiunpocti, ceiicMilieckoro Bo3sjeii-
CTBHSI If F'NAPOINAMHYECKON CHJIbL

-
i =

sin (U.i - (pi) —_

E.= Ry [ 22 sin (i — @ni) + Qe+ ji — —2% ], (107-6)

cos @y cos oy

Kax rtosbko uro 6uijo norasano, e crporo B 3Toil gopmynie To, UTO
na kos(pduuient ycToiiMiiBOCTH YMHOXeHbLl 1I CABHraiouiie i yaep-
XiBatolitite rpapiTaitionbie ciuapl. Opnako Mbl ocTaB/iseM A5 aHa-
Jusa (popMyay B TakoM BiAE, B KaKOM ee ICMoJb30BaJl aBTop.

[lonioe ononsHesoe jaBJjieHlie B KOHUE KaXKJAOro OTCeKa CKJaaJbi-
BaeTCsi 13 OMOJ3HEeBOro JlaBJjeHIlsi OT JAHHOTO {-ro OTCeKa JIoC I1po-
CKIIISL HA HafpaBsJeillie NOBEPXHOCTH CKOJIbXeNlsi B 3TOM OTCeKe YCH-
JIist OT Bceli BblleJexkalleil YacTH ONOA3HA:

Eouni=Ei+ Eon(i-1)cos|ai-1 — ail. (108)
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Hanpashienne pAeflcTBHSI 3TOrO ONOJNI3HEBOro AaBJieHIsT MapaJJenbHO
MIOBEPXHOCTH CKOJIbXKEHHS B [-OM OTCeKe.

ITo BTOpOMY cmoco6y HcmoJb3yeTcsi eAHHIYHOe OrNoJ3HeBOe naBJe-
Hue. M3 paccmoTpenisi BoipaKeHHS €on.i CAEAYCT, UTO:

eJHHHYHOe ONOJ3HEeBOE AaBJjeHIle He 3aBICHT OT JAJHHbLI OMOA3is,;

BBHAY HaJIHUIIsi B ONOJI3HEBOM TPYHTE Ha MOBEPXIHOCTH CKOJLIKeHIs
cilelvieHHsl eJHHHYHOe JaBJjeHHe 3aBHCHT OT MOUIHOCTH OI0JI3aloulHX
MacC; ¢ YyBeJHYeHHEM MOULHOCTH OMOJ3AI0WHX Mace ficpi BJIIsiHIIE
CUeINIeHHsT YMeHbliaeTcs,

NpH yrjax HakJoOHa IJIOCKOCTel CKOJIbXKeHisi, paBHbIX yriam Tpe-
HHSl TPYHTA IO 3THM IVIOCKOCTAM (a=), Aa¥e MpIl HeyueTe BJIISIHIIS
cremieniist (¢=0), elHHIYHOEC ONOJI3HEBOE [aBJieHlle paBHO HYJIIO,
NpH yueTe XKe ClLeNJeHHs AaBJieHile OTpPHUATeJbHO, T. €. IIMeeTCsl He-
KOTOPHIil «3amac» CHJI CONPOTHBJEHHS CABHIY. YuYeT 3TOro 0OCTOSI-
TeAbCTBA IMeeT GoJblloe 3HayeHHe HPH [POeKTHPOBaNHI YIepKil-
BalOUIIX COOPYXKeHHil M NJaHHPOBOUHBIX pabOT HA OMNON3NNX;

JJsi cjlydyaeB, Korjaa eanHilyHoOe OnoJi3HeBoe JlaBJieHlie OTpHHAaTesb-
HO, JOMOJIHHTE/NbHAS HAarpy3Ka Ha CKJOHE He NpHBeAeT K HapyILeHIo
ero paBHOBECHS.

OnoszueBoe paBJjeHHE OT Ka)KAOro oTceKa onpejenntcsi no ¢op-
MyJe (NpH HaJHYHH THAPOAMHAMMYECKOH CHJIBI H ceiicMHUYeCKOro BO3-
BefcTBH)

Ei=Ky (eon.i@ihcp.i+ Qei+i). (109)

[Tpn yueTe ruapoAHHaMHueckoro pasJjeHns (GHaAbTpaulnoHuoit c-
Jibl), CO3/1aBaeMOro CIVIOMIHBIM IIOTOKOM TIPYHTOBBIX BOJA, OOBbeMHbIit
BeC I'PyHTa cjejfyeT NPHHMMAaTh B3BeweHnusiM B Boje. Ilpu crtpyiiua-
THIX NOTOKaX IPYHTOBBIX BOA GOBeMHBIl BeCc rpyHTa cjaelyeT MNpHHI-
MaTh B €CTeCTBEHHOM COCTOSIHMH. [IpH OTCYTCTBHH TPYHTOBLIX BOJ B
Hanucannoi ¢opmyse npuuumailor j;=0. Ilpn pacnosoxeiHi ckjaona
B HeceilcmiueckoMm pafione — Q¢;=0. Ky B ¢opmyne (109) raxxe
ocranaselto, Kak y JI. Il. Slcionac, MHOXIITeNEM KO BCCMY BbIpasKeHio,
[Tonnoe omosisHeBoe naBjieHHe B KOHUE Ka)K/AOro oTceka, Kak M pa-
Hee, PaBHO:

Eoni=Ei+ Eonii-1y c0s| 01 — ail.

Taxkum o6pasoMm, nocienoBaTesbHO AoGapiisisi (HauiliHas OT BepXHCry
orceka) K Eon; 3u1aYeHNsT NPOCKUHH HA COOTBCTCTBYIONNE HANpaBJe.
Hust Bcex Eonqi—y), onpenenasietcsi ZEon, T. €. 3hayerilie OHOJ3HCBOTO
laBJjieHHsi B KOHLE COOTBETCTBYIOWIEro i-ro OTceKa oT Bceil BbiLleJie-
XKauei yacTif OMON3NS HA HarpaBJeHIUl OBEPXHOCTI CKOJIBKCHIST B
JallHOM oTceKke. 3ateM, Kak OblJI0O NMOKa3aHO BLILIC, CTPOHTCA 3Miopa
ONOJ3[1EBOT0 AaBJEHHS.

. Y — —_a
Ennununoe onosisseBoe NaBlieHHE eomi= cos 7 sin(a; — @;) fenrcosa
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JI. T1. Slcionac npeanaraer omnpepgenaTh C NMOMOLIbIO rpapiKoOB 34Bi-
ciiMocTell KaX/J0To H3 Y/eHOB JaHHOrO ypaBHEHIs:

yMelblIaeMoro -— OT ¢; NPH Pa3JIHYHBIX 3HAYEHHAX a; (AJS KaxK-
JOT0 KOHKDETHOTO 3Ha4yeHHs y;);
BLIUHTAEMOIO — OT ¢, NPH pasinuHbiX 3nauennsax ficp, (cosa; B

topmyne JI. T1. Slcionac orcyTcTBOBaJ, Tak KakK HAep.; NPHHIMANOCH
neplel ALKy pHO NOBEPXHOCTH CKOJIbXKEeHIs).

[Tockonbky mcpBasi 32BHCIMOCTb CTPONTCS A KOHKpeTHOro o6b-
eMIIOru BeCd FPYHTA vy, TO Takue rpaguxkn yupobubl UL A8 CKJIOHA,
CAOXKCHHOTO MOJHOCTBIO OAHOPOAHBIM TpyHTOM. B npoTiBHOM ciyuae
HeOONOAHMO AJsl KaX»XAO0ro OTceKa CTPOUTh CBOI 3aBIICHMOCTI, YTO
HepauHoHaJLHoO.

O6mne 1pagukin Aast pasilyHbLIX NpaKTHYECKIX cJyyaeB aBTOPOM

fle OLL IHOCTPOEHHDI.

2.13. MeTop, JUHTa

Haunwiii Meron paspaGoran Ha xadeape ocHoBaHUl u ¢yHAamel-
ToB JlHenponeTpoBCKOIrO HHCTHTYTA HHXKEHEpPOB TpalcrnopTa aBTopa-
mit B. B. BecenosckuM, A. I. Hopdpmanom, II. B. CmupHoBLIM H
M. I1. llleByenxo nop pyxopoacTsoM A-pa T. H. M. H. Tonpawreiina
(1, 9]

Mertoa paer BO3MOXKHOCTB pAacCHlITHIBATL ONOJI3HEBOE jgapJieliHe N
VCTOITYIIBOCTE CKJIOHA NPOTHB Tepernon3aHHs TpyHTa uepe3 YyAepiKil-
BAOILYI0 KoHCTpykinio (obutnil xosddguuiedT ycTofiuBOCTH CKJ/OHA
THM METOLOM He BLIYIICJAsieTcs).

Pie 19 Meron HHIiiTa:
a — ofioa3neBoil CKJOH, 6 — cxeMa {-T0 OT-
ceka
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Iast onpepnesieHHst OMNOJ3HEBOro AaBJEHNS M TOYKH MPHJOXKeNIs
OM0JI3HEBOH CHJIBL BECh MAaCCHB TIpYHTa, OFpaHNYeHHblil ¢BOGO/HOI
NOBEPXHOCTLIO CBEPXY M NOBEPXHOCTHIO CKOJNbXKEHHT CHH3Y (KoTOpas
npejnosnaraercsl 13BecTHoil), pasGupaercs nHa otcekn (pnc. 19, a).
[Ipn 3TOM cuHTaeTcst, UTO IPYHT BAOJbL MOBEPXIIOCTH CKOJILIKEIIsS Ha-
XOAMTCsl B TpeJeJbHOM COCTOSIHHI.

B coorBercTBHI ¢ 0603HaYeHHsIMH, MpHBefenublMn na pic. 19, 6,
pasMephl i-ro OTCeKa TAKOBbI:
hrp,, i=/lhrp,,i-1 — aitg a;H—aitg C12i=hrp,, i—1+a; (fgazi——tg au) ' (1 10)

he={ a; a

Iyp., 1= Zah (tg aor—tganr); li= cosan’ y li= oS Um N

heg,, 1=y 4-fop, 1 Tep, i1 +hep, i+ @ (tg an—tg ay)

=hrp. i—1 -—;’—-~ (tg Qi — tg (‘l-;i) =hrp.i — {; (tg Qgi — tgan) +

k=i

+—— (lgagi—tganu) = Zah (tg aon —tg ajn) —
— (tg agi—tg (11[).
Nep.i; hrp, i-y — rpamifulble BepTHKaJbHHE pa3mepsl otceka. Bec oT-

CEKa paBeH:

h={

Pi=aivi£§f11¢ (tg aon — tg ajn) — i — tg ai)] (111)

Cuanl, ZeficTBylomlue Ha OTCeK, nokasaHbl Ha pic. 20, a. Cuene-
HHUE 3aMENEeHO CKHMAIOUIHM HANpAXKeHHeM
- c
i=Ge - (112)
ITono6uo ToMy, kax 3To Jgenasnock B Merode P. P. Uyraesa, npiu-
HHIMAaeTCA, YTO peakuliH no GOKOBBIM TpaHAM OTCeKa OTKJIOHAIOTCS
oT HOpMaJau Ha yroa ¢f2. [To ycnoBusiM paBHOBECHSI CHJIOBOII Muoro-

yroibuik 3aMkHyT (cM. puc. 20, 6).
Paccmarpnsas Tpeyronmnnm HAXOMNM:

CB=gj s om ; KC=gailg agi; BK=ga;
t
£ CAK=arctg e, (113)
N'up=AC=V(P:+qa:)?*+ (Faitg an)?;
t
Bi=/DAC=qay; — ¢ — arctg ",f,‘fq;"; (114)
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Pite. 20. CxeMb cua:

a — cuapl, fieficTByiOUUde HAa OTCeK; 6 — CHJAOBOA MHOTOYTOJbHHK
_ 9 __gqaitgon |
Bo=« DCA= 5 5 — +arctg “Pitiar
3
Bs=LADC=n— By — Po=—5— + —5— » — 0ai; (115)
8 Einp _ N'up - a0t (Fa. 3z sinfi .
m—mﬁ; i AEimp=V (Pi+Gai)?*+ (Gaitg ax)? sin s (116)
k=i
Einp=Ei—-l,up+AEinp; Einp=hz lAEknp; (] 17)
NK2=Einp sin q; ) CK2=Einp cos (g ’ 1<2M=EianOS —g——l—]‘hrp..i;
E,=Y (Einp sin—5— )2+ (Einp cos —g—— hep.i)? (118)
rae Einp — mnpnBenennoe 60xoBoe AaBJieHlie;
E; — pasuogeiicTByiouias OlNoJI3HEBOTO AaBJICHHS.

Yron Hakaona pasHojfleficTBYIOlEH K TOpH3ONTAJH ONpelessercs
no qopmysne

1
Einp sinTp

(119)

O=ZNMKy=arclg

Eqnp cos %—f]‘hrp., I}

Paccrosiniie ;A oT HinKiell TOYKH OTCeKa A0 TOUKH MPIJIOIKEHHS

cimst Ey pasHo 2; (puc. 21, 6). Jlas nepeoro orceka u3 puc. 21, a
1iMeeM:
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a

2= (5—+—3—tgan g) tg@i= —F—1g O+ —3*  tgax;

2= —3— (tgOi+tgan). (120)

Ins Bcex ocTasibHBIX OTCEKOB 2; ONpelessieTcsi CeAyoliM o6pa3oMm.

Koopnuuata AJZl ToukM npuioXKeHns papHofeficTByiouieil onoasie-
BOTO JaBJIEHHSI ONpeJieisseTcss H3 YCJOBHSI PaBelcTBA HYJI0O MOMEHTOB
cun E; m E;_y orHocntenndo ToukH Oy. Ilaeun cun £ 1 E;_, oGo3na-
YHUM COOTBETCTBEHHO uYepe3 L; 1 L;_;. YcaoBle paBHOBecHs 3amniuler-
cq B BUJE

Ei_lLi...|+E,'Li=0. (121)
Pacuer Bezercsi nocsejoBaTesibHO OT NEPBOro N0 MOCJAEAHEro oTceKa.
Jas i-ro oTceka uMeeM:
Li=0;C"; Li=0,Cs.

M3 pacyera i-— l-ro orceka H3BECTHBHl ILIeUN NPHJIOKEHHA CIJIBI
Ei—l . L,i-1=0i_.1C/i-1 I 2i-1'—"-A1F.

N3 puc. 21, 6 umeewm:

2 12t L Bt
E¢ Eeyl o
4 &y 46 [
-~ ke g
-~ / G
// p’ ol N / \ @ n
-~ ok 3
(X B e 42k 5 \ y lE
B S N R P NI
4/ LN
M .,
Lol D,
a §

Puc. 21. Onpenenenne TOuKH npuioxenusn cunnt Ly:
a — Ui NepBoro orceka, 6 — AaA i-ro oTceKka

ai ap
FM= —— tg sy AM=z_,+ 5 lg o (122)
Han onpenenenns nieuya L; coeanusiorcss Touxky npujoxents £
H E; ¢ Toukoit O; orpesxamn A,0; n AQO;; n3 toukn O; NpOBOMANTCS
ropugonTaablias JHHHIS KO mepeccucnns ¢ Jaxnneit peficrousa cuant E;.
W3 noayyenneix TPEyroJbHHKOB HAXOMATCS:

Si= éMA]O;: arctg 9z, &

1+aitg ay '
a a
A10i= 7;”’1—-6:_ ZOiAlc,i= ) —_ @i—-] —6(;
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sinZ 0;A,\C’i=cos (0;_1+8:);
Li_y=0:C’, = cos(Bi—1+8:); Li= %‘J‘Ll—l;

2 sin &;
Li= 254 . % cos (0i+6:);
tTE; 2sin 6; =1 th
) L R TR
£ABO=6,; 0O.B~= sine; A ~ sin e, 2
All= (2 ——% yip o, (123)
TN sm 9y 2 g Y.
AJl — opnuHaTa 10uKi {IPHJIOKEHIs ONOJ3HeBOro AaBjenns. Pac-

CTOStHIIe 2, OF HUMHefl TOYKH CTCeKa A0 TOYKH MpHJOXeHHa cuiabl E;
BLIpaXKae rcsi oKoHuareabio hopmyJoii
a; N
2= ( mffe‘ ——% ) tg 8t —3— tg s (124)
Takum 06pasom, MOJHOCTLIO Olipefesena Mo BejHyliHe, HaNPaBJeHHIO
Il Touke lipiHJoXKeuns paslojeficTByIolas ONOJI3HEBOro AaBJeHlis.
Has onpenpenenyis BO3MONHOCTI Nepenoa3ania rpynra depes yunep-
)KHBEHOIIL)’IO K()HCprKIUHO ])HCCMaT[)HBaIOTCﬂ HEeCKONbKO llpll3M BbI-
nopa H IJs KaXAaoi naxopurcs TpeGyemoe nasiseniie Er, (kputiye-
CKasi CHJIA, CONPOTHBJSIOLIASCS BHIOPY, IJIH CHJA BLINOpa), KOTOpoe
3aTeM CpaBHIIBaeTcsl ¢ ONOJA3HEeBLIM AangenneM Lon. Ecan Eqp>Eon —
Buinopa tier, eciit Epp<{Eqo; — NpPOHCXORUT BHIIOP TpyHTa I nepe-
nojisaHile ero 4uepe3 yAepKHBawILyi0 KoHCTpykumio. [Ipeamonaraer-
csl, UTO JIHHISA BBHIOpAa — MNpsiMasi, H, HaulHasi ¢ OTCEKOB, MPIMBIKaIO-
X K yJAepKHBaoulell KOHCTPYKUHH, HaMeyaeTCs HECKOJbKO INpI3M
Buinopa. CorsacHo puc. 22, ¢ onpefensiioTcst reoMeTpiucckiie pa3me-
pbl 1 Bec KJla BblHpaHus (Ha pHCYHKe 3awTpuxosan). [Ipm stom
pasmepbl rpaHHYiBIX CTOPOH KaX/JOro OTCeKa, B 3aBICHMOCTH OT €ro
MeCTOpacilo/IOXKes, ONnpelesiloTcsi Mo OAHOH H3 caeayiomnx ¢op-
MY

el

Qo1 O Q)

e#‘-’L

DN

e gy
¥
'l N
&y Ny
a
Puc. 22. Onpepesenite CHAEL BHINOPA:
a4 -— cxema Kjauna Bunupanns; 6 -— CHJIOBOIl MHOTO-

YTOJNBHHK
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k=1

hrp,, i—l=h0+ (tg (I.|+tg Gz)hzlah; (125)

k=1
hrp., i=he+ (tg a; — tg ay’) T ax, (126)
A==
rie fip — BBICOTAa IpaHil OTceka, HmpuUMbIKatomieli K yaepxupaloueii
KOHCTPYKUHH;
Nty —— BLICOTA OTCEK2 B 'rOYKe I3JIOMAa MOBEPXHOCTI CKOJbLIKEHIS.

h kst
Bec xauna P= —V—é"'—"—-ZaK, napaMeTpsl JIHHHH BHIOpa:
k=1

ho=={
'l/ h=t P Nrp., 1 —tg o )'sz-z_,.l
lc= SElak)2 + (hrp.,i—‘tg a,hE lak)Z; Bl=aTCtg — (127)

Ea;
Re=1l

Ha puc. 22, 6 nocrtpoeH CHJIOBOR MHOrOyroJibHHK, B KOTOpPOM
AC=P; BC=C=cl;=gq (cuenjeHHe rpyHTa 1O MOBEPXHOCTH BLIMH-
panus); AB=N’mp — papHojeficTBylomiasi Beca M CuemnJjenus;
BE=Nn, — peakuHsi HeNoABHXHOro MaccuBa rpyHtra; AE=E;,;, —
TpeGyemoe naBisienHe. Peakunsi Npp OTKJIOHSETCS OT HOPMaJi K MJO-
CKOCTH CABHTa Ha YroJ BHYTPeHHero TpeHHs rpynra ¢. Cuna, HeoG-
XoAuMass AJsl TOro, YTOGBl MpPOM3OUIeN BHINOP, Erp OTKIOHSETCS OT
ropH30HTaNH Ha yroa © (crmoco6 ero ompejeseHHsi H3JIOXEH BhIlle).
HononnutenbHo nposoaurcst orpesok AB_ 1 AC. U3 paccmorpenns mo-
JYYEHHBIX TPEYrOJbHHKOB BHITEKAET!

CH=gsinpy; AB=gcosP; AD=P+gsinp;

geos By,
N'ep=7V (P+qsinp)? + (qcos p)% LAAB=arctg Fyqsnpr

LACB=—2L+[3,; ZABC= ; _(B]Jrarctgﬁ%%r );
£CBE= % y; ZBAE=—%— 40 —arclg 5rgamng:

08
LB = g — £LABC+@=0+p,+arclg 'Pi;siglﬁl ;

LAEB=y— / BAE— LABE=n——3—— @tarctg plrosbi: —

g cos B, n
— @— By — arctg Poqgsinp 2 —8—9—B:

4—1808 81



N'up - E:p
sin<AEB sin<ABE

BblUlCAAeTCs 1o ¢opmyse

in<ABE T
Ewp=snzapp ¥ (P asinp)*+ (g cos i) (128)

Janublii aHanUTHUYECKHH METOJ OnpefesieHds OMOJ3HEeBOro JiaBJe-
1NA MOXeT OLITh NplMeHeH K pacyeTaM ONOJI3HeBbIX CKJOUOB, HMEIo-
UlX pasjiHuHbple penbed H ¢GopMy MOBEPXHOCTH CMeLleHHd, Jioboe
reojornyeckoe crpoenne. IIpn 3TOM B pacyeT BBOAATCA XapakTepi-
CTHKY TPYHTa, NOJYYElHbIe C YUeTOM yDnJjiajKieliiss OnoJji3lenuX CKio-
HOB I II3MEHEeHHs HX B pe3yJbTaTe CE30HHBIX KoJebaHuil Kaumariiie-
ckix ¢akropos Boumy Toio, 4TO BbiBejelHble GOPMYJb AOCTATOYHO
HPOCTLY, TPOrpaMmipoBaHiie pacyeTa Hne BbI3LIBaeT OCOOBIX 3aTPyA-
neunii. [Iporpamma Boiupc/ieHHIT COCTOMT H3 onepauHii  nocjejosa-
TeJIbHOUI O OlpedcJenlst BCeXx napaMeTpoB, YUACTBYIOIINX B pacueTe.

ABTOpLI IaiOro Meiofga He NpiBedi crnocofa yuera ceficMityeckoil
H l'llll[)()l[l“{uMH'ICC!\Oﬁ cia. Mig IpH BBHIYHCJACHHH HAaCTOAWIIM METO-
JIOM OIOJI3HEBOrO AaBJieHiist B ceficMHUeCKHX paHoHaxX H NPH HaJHYHH
IOTOKA TPYHTOBLIX BOA OyAeM, C HEKOTOPHIM NpHOJANMKeHHEeM, NOJb-
30Ra1Lest opMyJsoil ass pacyeTa INpHBENEHHOr0 GOKOBOro AaBJIEHHS
B KaX/[OM OTceKe:

[To TeopeMe CHHYCOB , OTKyZa CHJa BHNOpa

h={
Emp=hz l(AElenp‘f' Qex+jx), (129)

rae Qcx I jx — COOTBETCTBEHHO ceficMHYecKass H THApPOAHHAMHYe-
CKasi CHJIBI B KaXJOM OTCeKe, olpejeJisieMble CNOCO-
6aMH, H3JIOKEHHBIMH B INpeJblAYLIHX MeToxax pac-
yeTa.

ABTOpLI He NpHBEJH CTPOHHOro ajJropHTMa IJs BBHIYHCJIEHIS OMOJ3-
HEeBOro JasJeuiisi BPYUHyi0. 3TO He [aeT BO3MOXHOCTH HCMOJb30BaTh
JaHublil MeToJ MPH OnepaTiHBHBIX pacuerax 6e3 mpumMenenns JBM.

K wemocrarkam MeToma cieayeT OTHECTH H OTCYTCTBHe crnocoba
yuera TpebyeMoro ko3¢ ¢uunedTa YCTOHUHBOCTH MNPH BLIYHCJAEHHH
pacueTHON BeJIHUYHHBI ONOJ3HEBOro JaBjeHHsi (TaKk KaK CABHraiouiie
Il yaep:KuBaoUIHe CHJALl 34ech He pasaensiiorest). Kak Obis10 mokasa-
HO paiee, yMHOXeHIie Ha Ky mosyuyaemo#t BennuiiHel Eon siBASieTCS
nenpapiyibHeIM. OaHAaKko B BBHIUHCJAEHHSIX, KOTOpble HaMl OYAYT BHI-
NONHSITHCA AJIA CpaBHEHHS pacCMaTpHBAeMbIX MeTOHOB, Mbl, 3a He-

liMeHlleM HHOro croco6a, 6yaeM onpeneJsTb pacueTHOe ONQJ3HeBOE
napJeniie o ¢gopmyne

b
Eon=KyEon. (130)
B unenom ke MeTon Moxer OblTh Onpo6OBaH A/Ms pacyeTa NPOTIBO-
OMOJI3HEBLIX yAepXKHBaAIOMNX KOHCpr}(uﬂﬁ, XOTs OH II Be€CbMa CJAOXKeH.
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2.14. OnpepeseHne 1aBJeHHS OT NPH3MBI
oGpywenus no teopun Kysona

Kak u3BecTHO, B CTPOHTEJALHOH MeXaHliKe AaBJeHHe Ha NOANOPHYIO
CTE€HY OT OTrpa)XJaeMOoro el rpyHTa NPHHATO, OCHOBBIBASICH HA TriMoO-
te3e Kysona, onpejessiTh Kak aKTHBHOE [aBJieHlle CHIIyYyero Tesaa.
Ipennosaraercst KeKOTOpas; BecbMa He3HauHTeJibHasi MOABIIKKA cTe-
Hbl OT MacCHBa, KOTOpas BbI3OBET OTAeJeHle OT Chiyuero Tejaa He-
KOoTOopo# nmpuamsl rpyHrta. [Ipit 3TOM npeanoJaraercs, 4To CABHL IIpoO-
HCXOAHT IO IUVIOCKOCTIH 1i Chiyyee Tejio B 00beMe YMOMSHYTOI NI
cApuracTes, mpunas (gopmy 3artseppesutero kanua. Ilansenite £,
NPOM3BOAIUMOE CHIAYUIIM TeJOM Ha CMeuialoiyocst CTenky, To ccTth
JaBJieHHe OT 3TOro 3aTBepAeBlIEro KJHHA, Ha3biBaeTCs aKTHBHBIM
napaenyem rpyHra. Ha ato namienne E, OOBIYHO H pacCyHTHIBAIOTCS
NOATIOPHBIE CTEHBl, YCTOH MOCTOB, HaGepexkuwle H T. A. HaoGopor npn
HaJBHJKKe MORIOPHOM CTEeHB Ha FPYHT (HanpliMep, B YPOBHe 3aiesikn
CTeHbl HMXKe JHEeBHOIi IOBEpPXJICCTH) BO3HIIKAET TAaK Ha3biBaeMoe mac-
cuBHOe AaBJjeHne rpynra E,. B wacTHOM cayuae, npi ropusonrais-
HOH ITIOBEPXHOCTH Cchilydero Teja (IpyHTa), BepTHKaibHOil 3ajaneil
rpaHy NOANOPHON CTEHBl H OTCYTCTBHH CUENJIeHNs, 3TH AaBJeHHs, Kak
H3BECTHO, DaBHBI

Ea= - yH?tg? (45°— -L); Eu= — yH2tg? (45°4+ -2).  (131)

Ilpu cBsiznoMm rpynTe (HaJHMYHH CUEMJIEHHA) STH pe3yJbTHpYIOoue
JIaBjerns BoipaxaoTes GopMyaaMu:

Ea= Y tg2 (45°— 2) —2cH tg (45°— L) + 22,
(132)

Y
En= Y g2 (4504 -2) +2cH tg (45°+ -2 ).

IlpakTHka moKasajsa, 4TO HECMOTPs Ha pAR ponyuiennii, pacuer
Ha aKTHBHOE JaBjeHHe IpyHTa B GOJbIUNNICTBE CjyuaeB [aeT AOCTa-
TOYHO HajeXHble MOAMOpPHbLIE CTeHHI.

Opnaxo Tak peluaercsi 3afavua B OGBLIMHBIX (HEOMOJ3HEBBIXK) YyCJ0-
BHSIX.

B npaxTHke NPOEKTHPOBANHS YAEPIKHBAIOUWUIX KOHCTPYKLIIT T
NOAMOPHLIX CTEH Ha ONOJ3HAX TaKXKe HepeLKO NpH onpejeseniin jias-
JIeHHS 11a TaKoe COOpYyIKeHHe OT ONOJI3HS COBepUWeHHO (e30CHOBATEJib-
HO IOJIB3YIOTCSt MpuBefeHHOil Buiwe (OpMyJsolf aKTHBHOrO jabJelilis
ChLIyyero TeJsa, He HMEIOWEro HHyero oGLIero ¢ JAefiCTBHTENbHLIM JaB-
JieHlleM Ha KOHCTPYKIUHIO B Takux cayuasnx. Takoe onpezaesnenie onons-
HEBOTO [aBJjieHlst AJSI pacyeTa NPOTHBOOMOJM3HEBBIX COOpYIKeHIil aB-
asieTcs rJy6oKo OWINGOYHBIM H BLITEKAET H3 HENpPaBHALHOIO NpejcTan-

44 83



JIeHIIs1 O CYIIHOCTH axKTHBHOTO HaBJIeHHsI M JlaBJleHHs OT ONOJI3HS HA
yCTpaHBaemyio Ha HeM YAepPXKHBAIOLYI KOHCTPYKLHIO.

Onon3HeBoe paBjeHHe ONpejeNseTcds H3 pPacCMOTPEHHs YCJIOBHH
paBHOBecHS BCero OMOJI3HEBOro MacclBa, a He YacTH ero, B TOM YHCJe
B BIiA€ KJHHA, KOTOpbIfi, KaK JIerKo NMOHATb, HA OmNoa3He (HeyCTOHYH-
BOM 11 TpefylolleM yHaep)KaHHs]) He MOXKeT HMeTb 3HayeHHA. 3jech
JOJKHA TpejanojaraTbCsi HeKOTOpas MHKDOMOABHXKKA YAepXKHBalo-
neft KOHCTPYKIMI, npii KoTopoit nponsoiiier cMelleHne, HO He YacCTH
MacclBa B BilJle KJIfHa, a BcexX Onoj3HesBulXx macc. B takoMm ciyyvae
JUist ofecnedeniiist ycToii4iBOro COCTOSIHIIS ONOJI3HA YCTPOIICTBOM yjep-
)l(nnznmuei’{ KOHNCTIPYKIIMH nocaennast A0JKHa Agatb B CTOpOHY, 06pa'r-
Y10 ABIZKCHIIO ONOJI3NA, pPeaKUHio, paBHylo pasHOCTH MeXAY aKTHB-
HLIMIT (CABITAOMLIMIE) I pPeakTHBHBIMIL (CONPOTHBJSIIONIHMHCSA CHABH-
ry maH yAepHUBAONUINA) CHJAAMI 1O Bceil NMOBEPXHOCTI CMellleHist
onoasust Takan KOHCTPYKIlUST HpHBEMACT ONOoJI3eHb B COCTOsIlHE PAaBHO-
Beciisi. Ha seauunuy cuinl onoJ3HeBOro JaBJieliHsi, paBHOIi 9TOH mo-
TpebHoil peakul, ¢ yueTom HeoOXoaumoro ko3gpuunenta 3anaca
(uan Tpebyemoro Koa(dQHuHeHTa yCTORUIBOCTH) H [OJKHA ObITL pac-
cuiiTaHa NpOTHBOOMOJN3HEBasl YAEPKHBAIOIAA KOHCTPYKUHS.

AxTiBHOe naBsiedile rpyHTa no Teopun Kysona u omnonsneBoe pnas-
JieHle OT HeycTOYHBOTO TPYHTOBOrO MaccHBa - BeJHYHHLI COBep-
IleHHO pasJilyHbie I HX He cJelyeT CMellHBaTb. YHCJEHHO OHH MOTYT
COBMajaTh, Kak MBI YBHAHM B JaJibHeHuleM, JHIIb B TeX CJAy4asx,
Korja o 3aKOHOMEepHOCTSM OIOJI3HEeBLIX NpPOLLECCOB paccYHThiBaeTcs
BePTIKAJLHLI OTKOC € TFOPH3OHTAJbHBIMH (BepxXHeil W HHIXKHeH) ©O-
BEDXHOCTSIMH TpyHTa, NMPH ORAHOPOJHOM CJIOXEeHHHM ckJaoHa, 6e3 yuya-
CTHsl THAPOAIHAMHYECKNHX Il ceficMIldecKHX cHJ. IIpuuem B rpyHTOBOM
MacciiBe NpH 9TOM He AOJXKHO OLITh HHKaKOH HHOH ocsnabieHHOi no-
BEPXHOCTH CKOJIbXKeHIs, Kpome mnoJyuaitouiefica no teopun Kysoha.

Kcrarti, coBepuieHHO HEMOHATHO, 110 KAaKHM COOOpaiKeHHsIM TNpOeK-
THPOBUIIIKH ONpeReJsioT , ONOJ3HeBOe [aBJieHHe HMEHHO KaK AaKTHB-
Hoe. [TockosbKy Becb TPYHT HaJBHTaeTCst HA YHEPXKHBAIOWYIO KOHCT-
pykuuio (4To aHaJOrHYHO HAABHXKKE KOHCTPYKUHHM Ha TpPYHT), TO JoO-

ChOMINEHYS

Mpu3mg afpg
no meoguy Kysoo

Piic. 23. Meroaw, OCHOBaHHBLIE Ha Teo-
pun Kynoua
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rHyHed yx Obljio Obl OnpefessTh ero Kak NaccHBHOE, XOTSl, pa3yMeeT-
cfl, H OHO He HMeeT HHYero oOGUIero ¢ ONOJN3HEBHIM AaBJAEHHEM.

Uro6sl B AanbHellIeM y NMpoeKTHPOBLUIHKOB He BO3HIKAJO HCKYLle-
HHA NPHMEHATb THNOTe3y KyJsioHa AJis onpefesieHlsi ONOJ3HEBOro J1aB-
JIeHHs, Mbl BBelleM B ofllee YHCJeHHOe cpaBHeHlle paccMaTpliBaeMblxX
MEeTOJIOB M NaBJIeHHA, onpefesieHHble, KAK aKTIHBHOe H macchBioc io
Kynony. IToBTOpsieM — pnenaercs 3TO TOJABKO AJist TOrO, UTOOLI Bhi-
SIBUTH, HACKOJIKO BeJHKa pa3HHlla MeXAy 3THMI crmocoGamil pacyera
W MeTOLAaMH ONpeNeJeHHs HCTHHHOIO ONOJI3HEBOro JaBJjleHMS.

dopMyanl [Js onpejeseHns aKTHBHOrO H IMacCHBHOro JaBJjenlist
CBSI3HOTO TrpyHTa TIpPH HaKJOHHOI ero moBepxuocTit (puc. 23) n npn-
HATHH yrJja TpeHHs 00 yAep:KHBAIOWIYI0O KOHCTPYKIIHIO PaBHLIM HYJIO
Bo3bMeM 6e3 BHIBOJOB H3 HOpMAaTHBHOM JuTepaTtyps [21]:

oy cos B sin g . cosBcosq

Ea= 2 cos (ag+P) tg (ao+ @) 2¢H sin 2 (ao+ ) °* (133)

c

Py si Lcos 5T
p o Losin (et ®) H L oS o Ty (134)
cos (a+ )
rge Po — Bec NpH3MBI BHIIOPA;
L — piMHa NJIOCKOCTH BHIIIOpA TPyHTA.

Benuunnu Ea U Ey mo HanucasHHLIM ¢GOpMyJiaM OHpeReJsiioTcs noj-
6opoM Ui HECKOJNBKHX BeJIHYHH YIJIOB 0o M 4. 3a pacueTiioe Mpil-
HHMaeTcsl HauGosbllee H3 BHIYMCJIEHHBIX TAaKHM o0Gpa3oM 3HaueHnit
E, wau E; Ilpu 3ToM mpH onpejesIeHMH aKTHBIOrO JaBJjelllisi pac-

YyeTsl METOJOM NoAGopa peKOMeHAYeTCst HauYHHaThb C yrJja ao=45°—~;v

a NMpH oNpefieJleHHH NMAacCHBHOro JAaBJleHHs — C yrJja a=45°-———g (yr-

Jbl HAKJIOHA IIJIOCKOCTH CKOJbXseHHsl no teopun KyJona npu ropusos-
TaJbHOH MOBEPXHOCTH TPYHTA).

[Ipn HanMuuM BOAOHACHLIIEHHsT TPyHTa (H3HKO-MeXaHnnyeckie Xa-
PaKTEpHCTHKH NPHHUMAIOTCS /sl TpyHTa B 3aMOYEHHOM COCTOSHIUIL.
Ilpn Ha/HYHH HHTEHCHBHOrO NOTOKA TPYHTOBBIX BOJ K 3HaueuisiM Ej,
uan Ey caepyeT n06aBAATb BeJHYHHY THADOAHHAMUIUYECKON CHJIBL,
onmpefesielHOA TNpHBeJeHHBIMH Bhlllie MeToAaMH. TakXe He0OGXOAHMO
nocTynaTb M ¢ CeHCMHUYeCKO# CHJOH NpH pacCMOTPEHIil CKJAOHOB B
ceiltcMHueckux paitonax. KpomMe Toro, gonyciaercst ypejidenioe 3ia-

YeHlie JaBJeHHS FPYHTa OT 3eMJICTPACENls ompejegstTh no Ghopmyne
[11, 16]

da,n= (1+2p, tg @) Eq n, (135)
Tle fgn — COOTBETCTBEHHO aKTHBHOE MJIH MacCHBHOe AaBJjerile rpyit-
Ta;
p — KO03(p(]HIIEHT celicCMHUHOCTH;
Ean — aKTHBHOe HJIH TacCHBHOe JaBJjenHe rpyHra Ge3 yuera
cefiCMHYHOCTH.

5—1808 85



Iil. AHAJIU3 U BbIBOA bl
3.1. CpaBHeHHe METOLOB pacuera

JAs yHCASHHOrO CpaBHEHHs NMPHMEHACMBIX METOLOB pacyera oOmnpe-
AeJsuiichk (akTiiyeckue KOI(D(PHUHEHTH YCTOHUUIBOCTH I ONOJI3HEBLIE
HaBienls s OATH peajbHbIX CKAOHOB. Bosabuioft o6beM BLIYHC/IH-
TeabHoil paboThl Obla npogenan ¢ nomowsbio IBM «Munck-22M». Ha
OCHOBAaHIMN 3TNX BLIYHCJAEGHHH RJIsSI BCeX CKAOHOB MOCTpOeHLI IMOPHI
onoasienoro AasneHust (puc. 24—28), xoToprle H paccMaTPHBAJIHCh
NpH alaJjiii3e MeTO0B pacuera.

ITo smiopaM onpenensiyinch BeHYHHBLI ONOJ3HEBOrO AABJEHIST S
cevernfi 1—1, 8 KUTOpbIX MPOEKTHPOBAJNHChL NPOTHBOONIOJ3HCBLIE YAep-
KUBAIOIIC KOHCTPYKIIHH TAyOOKOro 3anoXeHnHs. DTH BeJNYIHb, Tak
e Kak H 3Hayenus PpakrTuiecKnx Ko3(pQHuuienToB yCTOHUIIBOCTH KaX-
JOro ckJiona, npliseseinst 8 Taona. 6.

I{a pucynnax n B Tabu. 6 KOHKpeTHbIe ONOA3HEBLIC CKJAOHLI 00031ia-
venp! ycjaosHbiMH wndpami. B paspe3e ckJoHa NOCTpPOeHLl ABe HO-
BEpPXHOCTI CKOJIbXKEHNS: CIJIOWHON JHHHell — IepBOHaYaJbHO HaMme-
uyapluascs N0 MaTreplHajaM HHXeHepHO-reoJOrH4eckKHX H3bICKaHHH,
NYHKTHPHOI — pacueTnast (3KCTpeMaJib}, MOJyYeHHAs] B pPe3ynAbTaTe
BaplaullOHHbIX pacyeTos.

K coxanennio, B HaTypHBIX YC/IOBHSIX AeHCTBHUTE/bHbie MaKCHMaJb-
Hble ONOJi3HeBble NABJEHHS NMPAKTHYECKH ONpefesIUTbh He yAaeTcst Ha-
3a jecosBepuieHCTBa H3MEpHTeJNbHBIX NPHOOPOB, CJOXKHOCTH YCTAHOB-
JEHHN MOMEHTa noAu/eHHs NpefebHOro (KPHTHYECKOTO0) COCTORHHA
B ckJioHe 1 T. . Bce e B onvom u3 cknonoB (KT-1859) aBrtopy yaa-
JIOCh 3aMepHTbL OMNOoJi3HeBoe JlaBjleHHe KOCBeHHbLIM MNyTeM — ¢ To-
MOLILbIO H3Mepelts HalpsKeHU B TEH30CBasAX, OCTAaBJIEHHbIX B TPYyH-
TOBOM MacciiBe Ha JjJHTeqbiimit cpok. Kax Bruawo n3 tabn. 6, senH-
yiHa 3TOro JAabJjeHns npubJjuxKanacbh K 3HAYEHHSM, ONpeieseHHBIM
merogami H. H. Macaosa n I'. M. Waxyusnna. Ecan yuects, uto
MOMEHT [pefesbHOro COCTOSHHIA B CKJOHE MOr OBITh ellle He JOCTHI-
HYT I (aKTifyeckiie [aBJieHHs CO BpeMmelleM OKaXyTcs OoJibile 3a-
MepeHHbIX, TO CJeAyeT CYHTaThb pe3yJbTaThl, MOJY4YeHHLIE MEeTOJaMH
I1. 1. Macaosa (ropusouransupix cun) n I'. M. Ulaxyusauna, nau-
GoJiee OJN3KIMI K AeiiCTBUTE/NbHBIM.

B octaspHBIX cayyasx aHanH3 MeTOAOB pacyeTa INpPOH3BOLMJCH,
HICXOAsl 113 peasbHOro COCTOSIHHSI CKJOHOB. Hanpumep, no uMx onoss-
HeBLIM NOJABHIKKAM OpPHEHTHPOBOYHO YcCTaHaBJHBAJICH KO3IGQHIHEHT
yCTOUNBOCTH, KOTOPHI CpaBHMBAJICS C BeJIMYHHAMH, onpeleseHHbIMH
pasnnynbiMH MeTofamu. [IpH HaJHYMH OMOJI3HEBBHIX NOJABHXEK M SIB-
HOMt akTHuecKOH HeyCTOHYHBOCTH CKJIOHOB (HJIH COCTOSIHHA, GJH3-
KOro K npejejbHOMY) HempueMJeMblM CUHMTAJICS MeTOH, KOTOPBIH xa-
BaJl OTpHUIATE/ibHbIE BEJHUYHHBI ONOJI3HEBLIX KaBJEHHH.

BaxusiM ¢axkropoM npH aHaiu3e MeTOAOB pacyera sBJAAgach H

86



Egn (TIM)

ol
10 - 10
0,0 b
10 PR ad
20 |- {‘*\3?{\,,
nf F
] SN
50 434870\
60 -
70 |~ 71.7153
B0 F=75 1962
0}~
170 1.-100.6470
10 -
120} .
130} g . Y
cnagnsie g803HAYEHUR -
'EDHMM)! —O0——p———  Memod fciomwac AN
——X——X—  Cpasnumenpuui memdd
Vo Memod feproscrozo 1.1
— e Memod AUUTa
--------------- Memod nacamensHsix cun
e Amanumuvecsuil memnd Waxynsnua N M. ye xapennyd

Memod v 2pa@orHE AUMUYECHUT
Memod eopusonmansneix cun Macnosa HE
Memod Yyeaesa F.P.

Pue, 24, CpaBHeHHe 3MIOp ONOJ3HEBOrG RAaBJeHNA, PaccuTITaHHOrO pas-

JIHYHBIMH MeTOoRaMH

87



KT - 1859

118
16
154

111
110

45 {(m)

401 431893

601

[ 76.2982
8of

90!-
E(r/m)

Puc. 25. Tlpogonxenue cpaBHeHHA

aGCcoJIoOTHAsT Besuulliia NoJyvaeMblX OMNOJ3HeBLX nabdaeHuil. $cHo,
YTO NpH NPOUIIX PaBHBIX YCJOBHAX MPEANIOUTEHHEe AOMIKHO OTAAaBaThCH
TeM MeTojaM, KoTopele gaior 64JbliHe BesHunibl. Torpa aio6as HMeEI0-
IasIcst HETOMHOCTh B HCXOANDIN FIOJNOXKEHHSIX B Ipolecce BLUIOJHEHHS
pacueTtoB nofiier b 3amac.

Kpome Toro, yuureiBamich ofULile pacyeTHbie NPEATOCHIIKH, I0JO-
Ketlible B OCHOBY KdiKjoro meroupa (yAaoBieTBOpeHHe TpeM YpaBHe-
HISIM CTATIIKI, YUeT B3aHMOLeliCTBHSI OTCEKOB, NPaBHALHOE BBeJeHle
3ajlaniioro Ko3Qgmuienra ycroftunsocrn u T n.). llanpumep, nas
CpaBHenist Cnocosal yyera 3afatuoro kosdiuienta ycroit4HBOCTH
B 06uil aHa/ii3 6blyl BBEAEH TaK Ha3biBaeMblil CPAaBHHTEJLHLIT METOA
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Puc. 27. Tlpoaonxenue cpaBHeHHA

a8
pacyeta, B KOTOpOM Ha Beanunny Ky yMHOXajacbh pe3ysabTHPYIOllast
BeJIYHHA MAaBjieHHsi, a He CABHraioumHe cuabl. IIpoBepka Ha MHOTHX

3
CKJIOHAX NOKa3aja HeBEepPHOCTL TaKoro cnocoba yyera Ky.
Ananusuposasuck H (OPMBI 300D ONOJ3HEBOro [aBJeHis, NMpHBE-
JeHHbX na puc. 24—28. SlcHO, YTO JIMHHS 3MIOPbl, KaK MNpPaBHJO,
LOJIXXHa, BO-NEPBLIX, ObHITh OTHOCHTENDBHO IIABHOH, BO-BTOPBIX, BO3-
pacTaTh MO HANpaBJIEHHIO OT GPOBKH CKJOHA K €r0 MOAOUIBE, B-TpPeThb-
BX, He I[epeXOAHTL Ycpe3 HYJEeBYIO JIMHHIO B cJyyae, KOrja CKJOH
HaXOAHTCA B COCTOSIHHM, OJII3KOM K NpelNesibHOMY.
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Puc. 28. ITponosxenne cpaBHeHus

3.2. PekoMeunalun N0 NpUMeHEHHIO

Ila ochose npoBesienlolv apajH3a cAejaanul CAEAYIOBUIC BLIBOLLL.
Jnsi npoexTipoBaHiisi NPOTHBOONOJN3HEBBIX YAepPKIBAIOUIHX KOHCTPYK-
il ray6oKoro 3aJjoxeHHsl HauGojee NpPHEMJEMBIMII SIBASIOTCS MeTo-
nui H. H. Macaosa n I'. M. laxynsnua. IIpnuem npu BbINMOJHEHHH
pacueros Ha DBM chenyer npiMeHSTb METOA TFOPH3OHTAJIbHBLIX CHJI
H. II. Macnosa nan asaanrtideckufi I'. M. Hlaxynsnna. I1pu pacye-
TaX BPYYHYIO pPEKOMeHAyeTCsi HCMOAb30BaTh pa3paGoTaHHbIl aBTOPOM
YCKOpeHIbiii cnoco6 onpejeseHllss ONOJ3HEBOro AaBJIEHIsT METOLOM
I'. M. UlaxyusHua.

JlocToBepHOCTb MpHHSATON METOAMKH npoBepeHa GoJiee uyem Ha 60
NPOTHBOOMON3HEBLIX YAEPKHBAIOWIX KOHCTPYKIHAX, 3aNpPOSKTHPOBAH-
HBIX H NMOCTPOeHHBIX 3a nocjedine 12 jer. CraTHcTHueckast o6pa6or-
Ka pe3yAbTaTOB pacyeToB, a TaKXKe HaGJIOJeHHs 3a MOBeJleHHeM 3KC-
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NJyaTHPYEMBIX COOpY:KeHIl moATBepAHJaH, yTo MetoAn laxyusnia n
MacnoBa pator uanGosiee 6aHu3KO OTBedaol(ie [AefiCTBUTENLHLIM Be-
JHYHHBI OMOJI3HeBOro mamjenns. B Ykpcneuctpoiinpoexre paspaGora-
HBl IPOrpaMMBbl I BBINOJIHEHHsT 3THX pacyeroB Ha IBM.

HanGonee onacnas moBepXHOCTbL CKOJIBXKENNs (IKCTpeMasib) MOXKeT
6bITh YCTAHOBJEHA METONOM HPOGHLIX MONBITOK — MYyTeM pacyeTa Ko-
3¢ GHUHEHTOB YCTOHYMBOCTH CKJIOHA JJis PA3AHUHBIX ToBepxHocTeil 1t
NPHHSTHS TOH, IJsi Kotopoll Ky MHHHMaJeH.

Korpa moBepXHOCTb CKOJLKEHHs He Npeloripeneeita reoJioriye-
CKMM CTpOEHHEM cKjoHna I HanGoJiee onacHoe ee MOJIOXKEHIe HeJIh35t
YCTAHOBHTb MO MaTepHaJaM HIKEHePHO-TeoJIOrHYecKklX H3bICKaunii,
OII0JI3HEBOe N AaBJieHHE MOXKHO ONpefeNifATh BapHaUHOHHBIMII METORAMH
pacyera, KoTopble B HacTosule#i pa6oTe H3-3a OrpaHHYEHHOCTH MecTa
HE PacCMaTpHBAIOTCH.

Hansn onpenenenns koadduienra ycTodunBoCcTH CKAONA, KPOMe Me-
toxos I'. M. Ulaxyusnua u H. H. Macnosa, nonyckaercss npimensrs
METOJbl KPYrJIOUMIMHAPHYECKON! NOBEPXHOCTH CKOMbKeHHs (Kak mnpa-
BHJIO, B ofHOpoAHuX rpynrax) i IO. M. Cosnosbesa.

3.3. IpUHUMNBI OCTPOEHHS 3MIOPbI
OINOJI3HEBOrO AaBJieHus!

B cBsisn ¢ ocBoeHnem TeppHTOpHi, KLTOpLIE panblie CYHTAJNICH He-
NPHTOAHLIMH, B MOCJA€JHee BpeMs BCe LIHpEe BBIMOJHSIOTCS ClelHallb-
Hble MOHTaXXHble paGoThl, CBi3aHHble C YKpeIVIeHHeM  ONOJ3HeBBbIX
CKJIOHOB.

Ias pacueTa NPOTHBOOMOJI3HEBHIX COOPYIKEHHI¥ I NMPOBEpPKIl YCToil-
YHBOCTH CKJIOHA [0 €ro YKpelsIeRusi M mocje TpeGyeTcs No KarKAoMy
H3 pacyueTHLIX IONEepevlHKoB, KaK 3TO YKa3blBajoCh BhILIE, MOCTPONTD
aniopy omnoj3Hesoro gasdennsi Loy (prc. 29). Iloctpoeniie a10ii amio-
pbl JOMKHO NPOH3BOMNTBCS C OZHOBPEMEHHBIM YTOUHCHIEN CHBNIO-
BHIX (I TIPOYHOCTHHIX) XapaKTEPHCTHK IPYHTa B ypOBHE MOBEPXHO-
CTH CKOJIbXKEHHS (yI1a BHYTPEHHEro TPeHMsi @ M YAENbHOro cliefuie-
HHA c), NpHYEM II0JIOXeHHe caMoil IMOBEPXHOCTH CKOJIbXKEHIS TaKKe
yTO4YHsieTCsl MeTOAOM HoaGopa. BriuiciaeHne 3suayeHHii OnoJ3neBoro
JaBJieHHs] B KaXXJIOM OTCEKe, Ha KOTOpble YCJOBHO pa30liBaercst
ONOJ3HEBOH CKJOH, MPON3BOANTICH TIO (OPMYJiaM, B KOTODLIE, KaK MBI
BHJEJIE paHee, HelOCPeNCTBEHHO BXONAT BEJMYHHBI MPOYHOCTHBIX Xa-
paKTepHCTHK TPYHTOB. B CBfI3l C 3THM INOPSAAOK YTOUHEHHs XapakTe-
PHCTHK H IIOJIOJKEHHSI MOBEDXHOCTH CKOJIbXKEHHsl, a TaKxe BbINoJie-
HHe BCeX MpPOYNX pacyeToB HMeeT BaXKHoe 3Hayeuwe. Hinke nanara-
ercs MOC/AefOBaTeJbHOCTh NPOBENEHHS BHUNCJAEHHH, ycTanossiennas
Ha OcHOBe GOJIbUMIOTO OMbITA MNPOEKTHPOBAHHSI IPOTHBOOMNOI3HEBLIX
coopyxeHHH H HaOJIIOJEeHHs 3a NOBeJeHHEM YKpenJieHHbIX CKJOHOB,
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[Tono:kenne oBepX-

HOCTI CKOJMbKEHIA, TaK XKe

KaK H 3HayeHHs1 MPOYHOCT-

HbIX XapaKTepPHCTHK TpyH-

108 (@ H c), YCTaHOBJIEH-

d HbLle 110 MaTepuasaM IHxKe-
HEPHO-TeONIOTHUYCCKHX  H3bi-
ckaunit, caenyer npH npak-
I THYECKOM MPOEKTHPOBAHHI

i yTO4YHATb OOpaTHBIMH pac-

1 JEon UCTAMH, HCXOAs 13 3nave-

i J/LLU/(/! nua koadduuienra ycrTo#-
YHBOCTH CKJAOHA, npubaI-

3UTEJIbHO COOTBETCTBYIOLILE-

Puc. 29 P i nomepesix (a) ro ero 3HayeHHio MpH ¢ak-
He. . Pacuernmit mo annk  {a t )
3N10poil omoAa3uesoro fapaena (6): THUECKOM COCTOAHIH CKJ/IO

6

I — nosepxiocts ckaoua: 2 — mnosepx- 1a. IIpH 3TOM  HCmosb3y-
HOCIb CKOAbLXKeHIA; 3 — KouTyp 3mopu JOTCA [13BECTHbIE H3 BblLIE-
ONOA3HEBOro RapiieHHA IIpHBEEHHOrO COOTHOUIe-
HS:
Z Ryn
=t 1
Ky=30us (136)
3
EOH=I(Y Zann _ ERyn, (137)
Ky — 3apnaBaeMbifi k03¢ PiuHeHT yCcTOAYNBOCTH;
3
Ky — 3apaBaeMbiii Ko3¢pduuueHT ycroiYHBOCTI;
ZRyx — cyMMa yAepXHBAIOUIMX CIJI BJOJAb MO CKJIOHY (B pac-
YETHOM MNONepevyHHKe);
2Qcxs — CYMMa CABHTAIOUIHX CHJ.
Ha npaktiike MOryT BCTpeuaTbCsi CACAyOlllMe BapUaHTHl PacyueTos.
1-#f cayualt — CKJOH HeycTOilUHB (NpOSIBASIOTCSE YeTKHe OMNOJI3He-

Bule noasixkki). Ilpit 3toM no dakTuyeck ycTaHoBJA€HHLIM B Hpo-
1ecce  HHMKEHepHO-reoNorHYecKilX H3blIcKaHHi [OBEPXHOCTI CKOJbXKe-
WSt 11 NPOYHOCTHLIM XapaKTeplCcTHKaM TPYUTOB MO pacyeTry mnoJjyua-
ercsl, uto Ky<{l, T. e, pacuersl cOOTBETCTBYIOT (PaKTIIYECKOMY COCTOR-
o ckgaona. B rakom ciyuae npnHIIMAIOTCA AJisl pacueTa oOrnoJj3He-
BOIO paBjeHisl NPOUMHOCTHLIE XapaKTEPHCTHKH T[PYHTOR, ONpefeseH-
Hble 110 MalcpHasaM HHKeHepHo-reoormuecKinx nasickaunii (npu canit-
re o0pa3uos B eCTECTBEHHOM COCTOfMUII, 0TOGpalibIX HA YPOBHE Npes-
nosaraeMoi MOBEPXHOCTH CKOJBMCEHUA): = Qgaxr; C=Cpaxr, 4 MONO-
denne HanboJsiee omacHOil NMOREPXHOCTI! CKOJLIKEHHST YTOHHAETCH MO
3THM XapankTepHcTiikaM MetofoM mnoxgbopa (sTor Mmeron OyneTr oOnH-
can HiKe), MOCKOALKY OnpejaeseHHass H3BICKAHISIMH  NOBEPXHOCTb
CKOJLKeHHs1 MOXeT ObiThb He camoil omachHoif. dnopa ONOJI3HEBOro
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HABJIEHHST CTPOHTCA MJisT HanboJiee OMACHOH NMOBEPXHOCTH CKOJbKEHIs
11 IIPOYHOCTHBIM XapaKTEePHCTHKAM @ = Qgaxr, €= Cparr-

2-it cayvail — CK/IOH HeYCTOMUHB, OIHAKO 10 YCTAHOBJIEHHLIM B NPO-
necce H3LICKAHHH TOBEPXHOCTH CKOJNbXKEHHS H NPOYHOCTHHIM Xapak-
TEPUCTHKAM TPYHTOB B €CTECTBEHHOM COCTOSINHH (Qgawr, Cpaxr) MOJNY-
yaercsi Ky>1. DTo roBOpHT O TOM, YTO B Tpoiiecce HHIKEHepHo-reo-
JOTHYECKHX H3BICKAHHH KaKHe-TO NapaMeTphl YCTAHOBJIENBI HE JIOCTO-
BEepHO H TpeGyIOT YTOUHeHiisi o6paTHLIMH pacyeTamH, HCXOAS 113 yC-
aoBua Ky~ 1, ubo 3To ycjoBHe 03HAaYaeT COCTOSHIEe TNpPefeJbHOro
paBHOBecHs. B TakoMm ciyyae yTouHeHHe TOJIOXKEHHSI TOBEPXHOCTI
CKOJIbXKEHHS METOAOM MNojafopa M NPOYHOCTHHIX XAPaKTEePHCTHK TpyH-
TOB NPOH3BOANTCA CJAEAYIOIIHM 06pa3oM.

CHauyajia Mo yCTauOBJEHHBIM (aKTHYECKHM (IJsi ecTecTBEHHOTO CO-
CTOSHHS I'PYHTOB) TIPOYHOCTHBIM XapaKTEPHCTHKAM Qgaxr H Cgaxr OCY-
WeCTB/SETCA JOHCK Hanbojiee ONMacHOl IOBEPXHOCTH  CKOJIbIKEHIS.
C sTo#t Ueablo CTPOAT Ueablll pSA BO3MOMHBIX NOBEPXHOCTEll CKOJb-
xkennus (puc. 30), KOTOpble HAMEYalOT HCXOAS, BO-NEpPBLIX, H3 pealib-

oI 1Y u

Puc. 30. Haxoxnpenne 3KCTPeMaJbHON  NOBEPXHOCTH
CKOMbIKEeHNA:
I — mnoBepxHOCTb CHONbXKEHMS, HafileHHas B Tpouecce
HH)KEHEPHO-FeoNOrHYecKHX H3bickawnil; [/—VII — r1o-
BEPXHOCTH CKOMb)XEHHsl, HaMeuaeMble B TIpollecce HaXOM-
JEHHA SKCTpeMasH MeToAoM noabopa

HOTrO CJOXeHHd CcKaoHA (YYHTLIBAIOTCH 3aKOJblible TPeuwiHIibl, HMelo-
muecst ocJabJjieHHBle MOBEPXHOCTH, YYACTKH BO3MOXKHOFO CKOJIbXKEHHS
CnOS MO CJIOIO H T. A.), BO-BTOPHIX, H3 NOJYUYEHHST AHANA30HA BeJHYHH
Ko3dpHuneHTa YCTONYIBOCTH C YMeHbIIEHHEM H yYBeJHTYEHHeM ero npi
ABHXEHHH C BO3MOXXHBLIMH TOBEPXHOCTSIMII B 0Ge CTOPOHBI OT NEpBO-
HayaJbHO HaMeYeHHOH MNpJy reoJiornyecknx H3pickanusax. Ecuan oGpa-
TuThes K pHC. 30, To nano naiitn taxkne (GOpMLI MoBepxHocTeil CKOJb-
XeHHsl, YTOOLl, HanphMep, BHINOJHSJINCH COOTHomenus:: Kiv>Kin<
<Ku<Ky Ki>Kv>Kwvi<Kvu, rae Ky, K, Kun ... — xosdp@runenTs
YCTONUMBOCTH CKJOHA IJIS COOTBETCTBYIOULIX NOBEPXHOCTEH CKOJIbMKe-
Hua. ITocie HaxoxAeHHsi ceMeilCTBa TaKMX KPHMBBIX VISl JaJibliefilmix
pacueToB OCTapjsieTcsi Ta NOBEPXHOCTb CKOJABXKEHIS, JJst KOTOPOil
Ko3(hpHUHEHT yCTOHUYNBOCTH cKiaoHAa MHHHMaJeH (Kymin). Taxas mo-
BepXHOCTh CKOJBIKEeHMsI CKJIOHa HasnBaeTcs 3KcTpeMaJabioil. Juas
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sTofi MOBEPXHOCTH CKOJNbXKeHHs, npiuuuMas aian nee Ky~1, obpar-
HBIMH pacyeTaMil YTOUHSIOT 3HauyeHHs ¢ 1 ¢. [Ipy STOM NPOYHOCT-
Hble XapaKTepHCTHKH NoAGHPAIOTCS B Jlana3oHe:

Pmin <P<Ppaxnr.; }
Cnun < C<Cpaxr., (138)

e Quun, Cmin — MHHIMAaJIbHBIE  TIPOYHOCTHBIE  XAPaKTEPHCTHKH
ITPYHTOB B YpOBIie TOBEPXHOCTH CKOJbXKeuus,
oilpesesensible Mo ob6pasuaMm rpyuTos B Jja6opa-
TOPHIl NMPH HCOLITAHHU HA CABHT, KAK NpaBuHJIo,
MO cXeMe «Mialika Mo maaiike» MO CMOYEHHOH
UBEPXHOCTH,

¢, C — TMPOYHOCTHBLIE XapaKTePUCTHKH TPYHTOB, NpPHHH-
MaemMble AJAS AaabHellIHX BbiYHCAEHNIT (yTOuHs-
I0TCA ¢ MOMON(bI0 00paTHBIX PacyeToB);

(Pqaxt, Cpaxr — TNPOUHOCTHLIE XAPAKTEPHCTIKII TPYHTOB B €CTeCT-
BeHHOM cocTosinHl (onpenenasiorcs Jjabopartop-
HBIMH HJIT HATYPHBIMIL METOHAMM).

3atem no uaigenHLIM BejuuiliaM @ H ¢ AJs 3KCTpeMaJbHOH mnoBepx-

HOCTH CKOJILXKEHHST ONpe/lesisiioTCA 3HAYeHHST OMOJI3HEBOro JaBJeHHS B

Ka)0M OTCEKEe pacyeTHOro nomnepeyHHka I MOJ HHM MO 3THM 3Haue-

HHSIM CTPONTCA 3MI0pa ON0J3HEBOro AaBJeHIis.

3-% cayuait — CKJIOHN YCTOIulB, B CBSI3I C ueM HEeHCTBHTEJBbHOH IO-
BEPXHOCTII CKOJIbXKEeNIlsi B HATypHbIX yCJOBHAX He cyuwecrByer. OaHa-
KO Ha cKJolle TpeOyeTcsi BHINOJAHHTbL KakKiie-TO NJaHHpOBOuHble pabo-
Thl, NPUTPY3UTL €r0 3AaHUSIMH H COOPYXKEHUAMH HJH y4ecTb BO3MOXK-
Hoe N3MeHeniie TIIPOAOTHUCCKUX YCNOBU{, B pe3yabTaTe yero Hamnps-
JKeHloe COCTOsIHIe TPYyHTUB CKJOHA u3MmeHurcs. Ilpn atom no pacue-
TaMm (C NPHUATHEM Qgakr, Cpaxr H HEKOTOPOIl BO3MOXHOI MOBepxio-
CTII CKOJBXKEHIIsI) II0Ny4yadeTcs, YTO TMOCJAe YKasauHHuiX  H3IMeHeHHH
CKJOH MOXKeT NPHIITI K COCTOsInHIO, OJNII3KOMY K NpelellbHOMY pPaBHO-
Beclito. B Takom cayuae ass HOBOH KOHGpHTypauuH CKJOHA (C yueToM
NNaHIPOBOYHLIX PabOT) € yYeTOM NPHTPY3KH OT COOpPYXKEeHHI HAH H3-
MeHeHHsl THAPOreoNIOrHYecKHX YCJOBHH MNPOH3BOAUTCS NOUCK Hanbo-
Jiee omnaciioii NMOBEPXHOCTH CKOJbXEHHS MeToAO0M MNoABopa H YyTouHe-
nile o6paTHLIMH pacyeTaMli ¢ H ¢ HOpH 3KCTPEManbHO# IOBEPXHOCTH
CKOJIbXKEHIISl — aHaJIOTHYHO TOMY, KaK 3TO OMUCAHO JJsl 2-TO cayyas.

4-i cayvaii — CKJIOH YCTOI'IHB NPH €CTECTBEHHOIl €ro NoBepXHOCTH
I ¢ yUeTOM MJIaHNPOBOUNBIX I MPHIPY304iLIX paboT, a Takxe Mpo-
rHO3NPYCMBIX ThAporcosoriteckix yeaosiit. OAilako 3TOT CKJoOH Ha-
X0AHTCA B ceficMiyeckoM paiioHe M ec/liH y4YecThb ceHCMHYEeCKHe CIJIBI
A5t cooTBeTCTBYOMLell 6aaablIoCTH pailoHa mo ceiicMiiKe, TO pacyeTsl
NOKAa3blBAIOT, UFO CKJAOH MOXKET MPHHATII K COCTOSAHHIO, OJNH3KOMY K
npenejbLHOMY paBlioBecHI0. B TakoM ciyuae Becb pacyeT NpOH3BOJAHT-
Csi aHaJIOrYyHO ONMHCAHHOMY BO 2-M cJyyae, OAHAKO, BO BCEX BBHIYHC-
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NeHHAX YUHTBIBAaeTca ceHcMuyeckasi cuna. C ee yyeToM ycTainaBJiiBa-
€TCsT 9KCTPEMaJbHAast MOBEPXHOCTh CKOJIbKEHHS, YTOUHAIOTCA MPOYHOCT-
Hble XapaKTepHCTHKH ¢ H ¢ (ucxoms Hz Ky (c yuetom ceficmiki)

1) H 10 HHM CTPOHTCS 3MIOpa ONOJ3HEBOro AaBjeHHs (NpHYeM TpH
onpenenesun Eop TaKKe yuHTHIBAETCS CefiCMHKa).

6- cayvai — ckJIOH, HaxoAsiHiics B celicMHueckoMm paiione, ne-
yCTOHYHB NO pacyeTy jgaxe Ge3 yuera ceficMHYeCKHX ciul. B Takom
cjiydae BCe pacyeThl BBIIOMHAIOTCS aHAJOrHYHO OMHCAHNBIM BO 2-M
cayyae, 6e3 yyera cefiCMHUECKHX CHJ — BILUIOTH JO NOCTPOEHNS 31I0-
pbl omosi3HeBOro pgapJsenus. [IpH onmpexeneHHH Ke OMOJ3HEBOro JAan-
nennst Eqp YUHTBHIBAIOTCS ¥ CeliCMHYECKHE CHJIBL.

6-it cayuyait — B CKJOHe ACHCTBYeT THAPOAHHAMHUEcKoe aapJicHile
rpyHTOBLIX BOA. B 3TOM c/yuae Bce pacyersl BBIIOJHSIOTCA aHaJjQ-
THYHO TpeAbIAYUIHM, OJHAaKO, BO BCEX BBIYHCJEHHSX noGaBasieTcst Be-
JHYHHA THLPOANHAMHYECKOTO HaBJIEHIHS.

KcraTd, ruapoiHHaMHYecKoe HRaBJeHHe AOJXKHO YUNTBIBATLCS BCe-
rha, Koraa ecTb HaKJOHHAS AelPeCCHOHHAf KPHBas YPOBHSI TPYHTOBLIX
Box (puc. 31). Hast yuyera ¢HIABTPAUHOHHBIX CHJ YNPOMIEHHBIM CIIO-
cofoM, Kak yKasbBaJjoch B rjaBe I, TpeGyeTcs JHIIb NOCTpoeHiie
HMEHHO 3TOH KpHBOH Aempeccuii. HanomuuaeM, YToO 3TOT ynpouleHHHBI
cmoco6 3akjaovYaercs B CJAeAYIoLIeM:

CIBHrOBble XapaKTEPHCTHKH I'PYHTA B YPOBHE NOBEPXHOCTH CKOJIb-
KeHHs NPHHUMAIOTCA AJs cJaydast ero BOAOHACHILLEHHS (Cp Pn);

ia%..‘_ ___a_\iﬂiv\

Puec, 31. Yuer peficTBuA I'PyHTOBHIX BOA

COGCTBEHHBI BeC TpyHTa BO BCEX pacuyeTax NPHHHMAETCS C y4YeTOM
B3BEUIMBAHHSI B BOJE YacTH OINOJI3HEBOro OTCeKa MeXAY KpHBOIl nem-
pECCHH H HOBEPXHOCTBIO CKOJIBXEHHS, T. €. OGbeMHbIH Bec rpyHra npi-
HHMAaeTCs 3a BLIYETOM OGBbEMHOrO Beca BOJAH (y—7yw); pasyMeercs,
B3BelIHBaHHE BOLON TpeGyeTcsl YYHTHIBATH IJIsl TeX CJOEB omoJi3iie-
BO{f TOJIIUM, AJASI KOTOPHIX OHO OOBIYHO YYHTHIBAeTCSl B MeXaHHKe
TPYHTOB (HanpuMmep, AJs TJIHH B3Beilnpaioliee AeHCTBIE BOALI OGDIU-
HO He YUYHMTHIBAeTCH);

K BeJlYHHe CABHralouleff cHJbl B KaXJAOM oTceke HoGaBJjsieTcsi Be-
JIMYHHA THApDOAMHaMHyecKkoro AasjeHus (cM. dopmyay (8) ):

ji=aihiyw sin By, (139)
97



rge sin fgi=i; ecTL rpajadent, T. €. MajeHHe Hamopa Ha eAUHHLY
AJAHELL TOKA BOABI (MPHHIMAETCS, UTO YKJIOH KpH-
BOff menpeccili COBNajaer ¢ HAKJOHOM paBHOJeH-
cTBylolleil THAPOAMHAMHYECKOro JaBJIeHHs);

a,, h, Py — mnapameTpnl, NOHATHBIE H3 pHC. 31.

ITpi oTCyTCTBHI HaMOPHBIX FPYHTOBBIX BOA H HaJHYHH OOBIYHOrO
BOJOHACHIEHIIA TPYHTOB OTKoCca B pacuere KosQiguuueHta yCToHYH-
BOCTIl ILJIII BeJIYHHBI ONOJI3HEBOro HaBJeHlisl YYHTHIBAIOTCS JIMIIbL BCE
¢u3HKO-MeXaHHuecKlie 11 MPOUHOCTHLIE XapaKTEepPHCTHKI NMOpPoA B 3a-
MOYUCHIIOM COCTOSIHII, B3BEUNIBAlOINlee e HeficTBile BOALI HJII THAPO-
JliHaMliyecKoe fgaBjeHile B TAKOM CJAYy4ae He YYHTLIBAIOTCS

Hepearo BuisbipaeT 3aTpyduenile yTOYHeHUe MPOUYHOCTHLIX Xapakre-
PHCTIK TPYHTOB ¢ MOMOIUBIO 0OPATHBEIX pacyeros, 160 He BCerjaa siCHO,
YTO BapblUpoBaTh —- ¢ HWIH €. OCLITHO COOTHOLIEHHE @ H ¢ HOJIXKHO,
KAK NMpagiao, HCNOAHIDL 13 UPHHEATHA OLHOTO H3 MHHHMAaJbHBIX 3HA-
yennit @ 1t nogbopa ¢. Oxnaxo 3neck BO3MOXHBI BapHaHTH — NpPH
npeobaanainileM Komivyecrse NeCYaHbIX YacTHLW B rpyHTax, pacioJo-
JReHHLIN B YPOBUC TIOBEPXHOCTH CKOJLXKEHHS, caefyeT MHHHMH3HPO-
Barb , A HpH TAHHHCTBIX TIpYHTax cjasfyeT MHHHMH3HPOBATH C.
3aech 1HeoOXOAHMO pelliaThb BONPOC, HCXOAS H3 KOHKPETHLIX YCJIOBHH
1 npocunuthiBag Ha IDBM paannunble BapuauTel. B camoM Hauwaje
pacuyera, BepoOsiTHO, lehecoofpa3Ho HCXOAHTH H3 YCJOBHS, 4YTO B
rpynTax, KOTOpble MOXXHO OTHEeCTH K Iue6eHHCTHIM, CyllecyaHLIM, nec-
KaM It T. A. caelyeT IPHHIMAaTh MHHHManbHOe 3HayeHHe @ H C NOMO-
Hmbplo 06paTHLIX pacyeTOB YTOYHATb C; B TPYHTaxX, KOTOPHE MOXKHO
OTHECTH K TJIHHHCIBIM (CYrJIMHKH, TVIHHBI H T. J.) HeOGXOHHMO NpH-
HIMaTh MHHHMAJblOe 3HauyeHlie ¢ H YTOUHATL 3HaueHHe ¢@. [lpm
3TOM CABHIOBble XapaKTEPHCTHKH II0 OCHOBHOH TNPOTAMEHHOCTH IO-
BEpPXHOCTH CKoJabXeuns (8c Ha puc. 29), Kak npaBHJIO, NpPHHHMA-
IOTCA NMOCTOSIHHBIMH, a Ha Hucxoasuel (as) n Bocxonsmedn (cd) Bet-
BSIX TNMOBEPXHOCTH CKOJbXKEHHA MOTYT NPHUHMATHCS CBOH CHBHTOBBIE
XapaxTepiCTHKH, onpeAeseHHble HelNOCPEACTBEHHO IJisi Tepecekae-
MBIX TIOBEDXHOCTBIO CKOJILXXEHHS TPYHTOB II CHH)KEHHBE C YyYeToM
HX BO3MOXHOro 3aMadHBaHHs.

Kcrath, npn pacuere ycTOHYUHMBOCTH CKJIOHA Ha TNepenoJ3aHHe
yepe3 FMPOTHBOOMOA3NEBYIO KOHCTPYKIUHIO CABHTOBBIE XapaKTepHCTH-
Kil OpHHIIMAIOTCA: JJisi TPYHTOB B YPOBHE OCHOBHOI TPOTSIXKEHHOCTH

MOBEPXHOCTHH CKOJbXKEHHA -— XapaKTepHCTIKH, YTOYHEHHBIC odpaT-
HBLIMII pacuyeramil no YCTOﬂqHBOCTH BCEro CKJIOHa, aJi TpYHTOB B
ypoBHe BOCXOJslleH BEeTBH NNOBEPXHOCTHH CKOJIbXXE€HHs1 — CABHTOBLIE

XapaKTeplUCTHKH I €CTEeCTBEHHOrO COCTOSIHHS TPYHTOB.
I'lpn NOCTPOEHHH 3MIOPbLI ONOJI3HEBOTO JAAaBJIEHHA 4YaCcTO BaXHHIM
ABNAETCA YueT OTMOpa TPYyHTa, PACMOJONKEHHOr0 HHXKe NPOeKTHpye-
MBIX YAEpKHBAOWHUX KOHCTPYKUHIL.
Besnunita oTtmopa omnpefesseTcss H3 PacCMOTPEHHsS YCTOHYHBOCTH
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YaCTH CKJIOHA, DaCMOJIOXEHHOH HHiKe caMoil HHXHEHR KOHCTPYKUIIH.
Hanpumep, /151 CK/IOHA, NMpeACTaBJEHHOro Ha puC. 32, BelHYHHA OT-
nopa MoXeT OBHITH ONpefeJieHa M3 PAacCMOTPEHHS YIePIKHBAIOUIHX 1T
CABHTAIOLIMX CHJ JJIs1 YacTH ckaona C/:

Eorn=2Qyncm—KyormZ Qenacay, (140)

rae Kyormy — KO0a(ppHUIEHT YCTOHYHBOCTH CKJAOHA, NpPHHIMaeMbil
IJIs1 LaHHOTO pacuetra (CM. HHXKe).

[MTonyuarowasics BesnnunHa oTnopa Eorp MOXET OTHHMAThCs OT op-
JUHAT paHee MOCTPOEHHON 3MIOPHI OMOJI3HEBOrd JAamJjenis, pase-
JISISICh TIPONMOPUHOHAJBHO, HATIPHMED, XKECTKOCTH YAePIKHBAIOWHX KOH-
CTPYKUHH, NOJ KOTOPBIMU 3TH OPAHHATLI PACHOJOMKEHDL.

Ileno B TOM, YTO BO BCeX HCIOJNb3yeMbIX MeTOAaX pacueTa ycToftui-
BOCTH, KaK GBLIO YKa3aHO Bbillle, MPHHHMAETCsl THIIOTe3a 3aTBepliesn-
IIero Tejia — MpPH3Ma BO3MOXKHOr0 CMEleHHs paccMaTpHBaercst B Bil-
Ie 3aTBepieniuero kJaHHa. IIpH TakoM ponyuienuu B pacdere oGugeil
YCTOHYHBOCTH CKJIOHA YYaCTBYIOT BCe CHJBI 1O BCeil HPOTSIIKEHUHOCTH
CKJIOHA, B CBSI3H C Y€M OTNOP MOXeT ObITh OnpeaeseHHbBIM 00pasoM
pacnpefiesieH MeXJy CHJaMi, IeiiCTBYIOLINMH B BHLleJeskaieil uacTi
CKJIOHA.

[Tocie OTHATHA CHMJI OTNMOpA MNepBOHAYAJNBHO MOCTpOEHHAs 3Miopa
abcd onon3neBOoro NaBJeHHsT 3aMeHseTCA  yMeHbUIGHHOR  3Mopoit
ab’c’d’” (cM. puc. 32) 1 pacueT yAepxKHBAWIHMX KOHCTPYKUHil BepeTcs
Ha ycusiis, n3obparkaeMpie yMeHbUICHHHIMH Ha BeJIYliHYy OTNOpa Op-
Munatamu (BMecto ob—b’; BMecto o'c—o’c’).

. . uBemmxmbr ko3¢ uienToB yc-
TOHYHBOCTH CKJIOHAa, B COOTBETCT-
BHH C yKa3aHHbIM Bbille H pabo-
tamu [4, G, 10], npunumaorcst 8
3aBHCHMOCTH OT Ha3HaveHns HX
HCMOJIb30BaHHsS: AJIsl ONpelesienis

s
Sk L= OTMOJI3HEBOTO JaBjaeHns — Ky =
n L =1,01—1,10; nna onpegeneuns
BesqHYHIbl oTnopa — Kyermm=1,1—
Puc. 32. Yuer oTHopa HIipKenemallero 1,2; mpn pacuere oGmeii ycroiiun-
rpyuTa BOCTH CKJIOHA JlORycKaemulil Ko3(-
¢dnunent ycroitunpoctin [Ky]=1,2
(8 3aBHCHMOCTH OT KJiacca COOPYXKEHHIl Ha cxJjione).

Tpi pacuere Kosd¢uuueHTa YCTOAYHBOCTI YKDEIJIEHHOro CK/IO-
Ha YYUTLIBAIOTCS YJEepaKHUBAaIOUIHE H cABNTajoiile cibl, aeiicTByio-
LHe B TPYHTAX MO MOBEPXHOCTH CKOJbXKENHs, a Takxe Jaio6oe apyroe
NPOTHBOJEHCTBHE CMEIEHHIO TPYHTOB MaccHBa, BHIpaKeHlloe B CILIO-
BOit Hau momentHoit ¢opme [10]. Ilpn yxkpensennu ckJjona mnpoTiBo-
ONOJ/I3HEBBIMH  YIAEPKHUBAIOLIIMH CBAfHBIMH KOHCTPYKUHAMII Takoe
npoTHBOAeHCTBIle yHOOHeH BCero BHpa)KaTb B BiLe ycuanii cpesa
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cpail, B TO BpeMst KaK caMH KOHCTPYKIHH, AAs1 oGecreueils X YCToii-
YHBOCTM, CleAyel pacCUHTBIBATL Ha H3TrHO OT AefiCTBHS rOpH3OHTAJb-
Hoil cusbl onosdnesoro nasienns. Jonyckaerca mnporusofeficTBHe
KOHCTPYKWt y4YHTBIBaTL B BHAE CHJAbl BOCNPHHIMAaeMOro IMH OIOJI3-
HEBOIO JIABACHIA.

Caenyer oTMeTHTb, UTO Ml noJjb3oBannu ¢opmynamn (136), (137),
(140), a Taxkxe BuIpaxxeHUAMH AJIS ONpejesieHHs ONOJ3HEBOro HAaB-
Jenns no Mmeronam Macsosa wan Ulaxyusnua, 1eo6X0AUMO NPUMEHATD
Ko3(pnulieHThl COYETAaHHsI HAarpy3OK, HaJeXHOCTH I ycJioBHH pabo-
101, npnseacHivlie B nncipyxunn [10], yBa3uBasa 1ux co 3uayenusiMy

3

npuniiMaeMolx kos(pinentos Ky 1 Kyomy [6].

W(Ef/{\i T
m

3 5 6 8

Puc. 33. CxeMa onossneBoro CckJioHa

B Tulame:

1 — OpoBKa CKJAOHa; 2 — KOHTYp

ononsus; 8—8 — pacyeTHnle mole-
PEUHHKH

Tpebyercs emle OTMeTHTb, YTO YKa3alHbie B HACTOAHIEM maparpa-
¢e pacyeTbl AOJMMKHBI Ha KaX{AOM KOHKPETHOM CKJIOHE BBIIOJHSThLCS
Ui Cepli pacueTHLIX nomnepeyHHKoB (pHc. 33), KOTOpHE HaMeualoTCH
H3 Taknx coobpaxennii, uTo6b KaK MOXHO MOJIHEe OXBaTHTb BCE pas-
noo6pa3sile HHIKEHePHO-TeOJOrHYecKUX YCJOBHE IVIOLAAKH, KOHQHrY-
pauiit MOBEPXHOCTH CKJAOHA H MOBEPXHOCTH CKOJIbXEHHS, BO3MOXKHOe
l113MeHeHIle KOHTYPOB ONON3Hs B nJaaHe (Ha nepcnexkTHBy) H T. A. Pac-
nonioMellie XapakTepHLIX NONEPEYNHKOB, KaK NPaBHio, NOJXKHO ycra-
HABIBATLCST B Npouecce IKeNepHo-reoJOrHyecKiX H3bICKaHHii, 11 HUX
noapoGubie npopuiin Heo6XOAHMO NPUBOAHUTH B OTYeTe MO H3LICKA-
wisiv. Ecoin B npouecce mpoexTHPOBaHHA NPOTHBOONOJ3HEBBIX KOHCT-
pyKIil cTaneT sicHo, Mro NPHBEAEGHRHX B OTYETE HOMEPevHIKOB He-
JLOC1aTOulio, YTOOLI NoJiHee OXBATHTb TEPPHTOPHIO CKJAOHA, HA KOTO-
poifi BO3MOXNKHBI ONOJI3HeBLIE ITOABHIKKH, NPOEKTHPOBUIHKAM CJefyeT
caMliM CTPOHTb JONOJIHHTE/bHbIE MONePEeUHHKH, HCXOAS H3 HMEIoiIHX-
Csl B OTYETE MO HHXKeHepHO-TeoJOrHYeCKHM H3bICKaHHSM OTMETOK Io-
BEepPXHOCTH CKJIOHA, I'eOJIOrHYeCKHX BHIPabOTOK, pPaclosIOXeNHs JHTO-
JIOTHYECKHX C€JIOeB, YPOBHA NOA3EMHBIX BOA H T. A. B Jsio6oM cayuyae
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BCSl TWIOWIA[b OMOJ3HEONACHOR TEPPUTOPHIH CKIOHA AOJKHA ObITh 0G-
CYHTAHA TIO0 CEPHH PACYETHBIX MOMNEPEYHHKOB B COOTBETCTBHN C H3JIO-
JKEHHBIMH BBILIE TIOJ0XKEHHSIMH.

[Tpn coGmiojileHHH TNpHBeJEHHBIX MPHHIINOB TMOCTPOEHHST 3MIOPHI
OIIOI3HEBOro JaBJeHHS H pacyeTa NPOTHBOONOJ3HEBBIX COOPYIKeHNil
Mo THM BeJHYHHAM [AaBvieHHil, KaK NMOKa3blBaeT OMbIT, ofecneuiBaer-
Csl HafleXKHOe YKpeNJIeHHe CKJIOHOB.

3AKJIIOYEHHE

Hacroamue pexomeHzanin Ho BLIGOPY MeTOROB pacuera xo3(dii-
LNIEHT2 YCTOMUYHBOCTH CKJIOHA H BEJHUHHBI ONOJI3HEBOTO JaBJieHis
NpefHa3HaYeHb! AV MPOEKTHPOBAHHSA TMPOTHBOOMOA3HEBBIX MEPONpIisi-
THH H yIep:KHBAIOIIHX KOHCTPYKLUHH, a TaKKe yCTaHOBJIENHsI CTefleli
YCTOHYHBOCTH CKJIOHOB, Ha KOTOPBIX NPON3BOASITCHA CIEUHa/bible I
MOHTaXIble paGoTH.

ITo cyurecTBy AaHHLIE PEKOMEHRALHH 3aMEHSIT MONHCK HeoGXOMHMbIX
cnocoGoB pacueTa B TeXHHYeCKOil JHTepaType, KOTOpBIl HEOGXOANMO
6blJI0 MPOM3BOAMTH B KaXKAOM Cjydyae pacueTa yCTOHUNBOCTH CKJOHA
1 BeJINYHHBI ONOJI3HEBOrO AaBJICHHS.

Pexkomenayemble MeTOAbl pacuera, BO-TIEPBBIX, NPOBEPEHHl C IO-
MOIbI0 TEOPETHUECKHX Il IKCMEepHMEHTAaJNbHbIX HCCJeNOBaHIli, BO-BTO-
phIX, anpoGHpPOBaHbl C MOMOLLbIO GOJIBIIOrO KOJHYECTBA fIPaKTHUYECKIIX
CJyuaes.

Ha ocHoBe npHBeJeHHBIX peKOMeHAauUHl YKpcueucTpoiinpoexToM
3aNpOoeKTHPOBAHL! NPOTHBOOMOJ3HEBLIE MEPONPHSITHSL H NPOTIIBOOIONS-
HeBble YAepXKHBaolllie cBaiiHble KOHCTPYKUHH Gonee yeM Ha 200 o6b-
extrax B KpoiMy, nHa KaBkase, B 3akapnarckoii oGmaacri, B CMosen-
ckoii obnacTH, Ha YKpauHe H BO MHOrHX ApYyrux Mmecrax. Ha Bcex
3THX O0BEKTaX YKpelJieHHble CKJIOHBI HOPMAaJbHO 3KCIJYaTHPYIOTCH.

B cBasu ¢ 3THM npeasiaraeMble MeTOABl pacyeTa H MpPHHIUHIBL 1O-
CTpOEeHHSl 3MOPLI OMOJI3HEBOrO HaBJeHHS MoOryT GbITh peKoMenjoBa-
Hbl K CAMOMY IUHPOKOMY NpHMEHEeHHIO.
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= NPHIIOXLHHL
e TABJAWUDbI OJA PACUETA ONOJN3HEBOITO DABJEHUA YCKOPEHHBIM CNOCOBOM
Tabanua |1
3uavenus e, =K sina,—cosa, tg g
a e, Ny @, Brpan (pan)
rpan 0 4 6 6 10 20 24 28 30
(pan) (0) (0,0698) | (0,105) | (0 140) 2(0,174) 0209) (0279) (0,349) | (0,419) | (0,489) | (0.524)
ny=1,00
—30
(—0524) —0,5000 |~05606 |—0,5910 |—0,6217 {—,6527 |—0,6841 |—0,7483 | —0,8152 | —0,8856 | —0,9605 |—1,0000
—25
(—0 436)] —0,4226 |—0,4860 |—0,5179 |—0,5500 |—0,5824 |—0,6153 |[—0,6825 |—0,7525 |—0,8261 |—0,9045 | —0 9459
—20
(—0,349) | —0,3420 |—0,4077 |—0 4408 }—04741 |—0,5077 | —0,5418 | —0,6115 |—0,6840 |—0,7604 |—0,8417 [—C,8846
—15
(—9,262) | —0,2588 | —0,3264 | —0,3603 |—0,3946 | —0,4291 |—0,4641 |—0,5358 | —0,6104 | —0,6889 {—0,7724 | —0,8165
—10
(—0,174) | —0,1736 | —0,2425 —02772 |—0,3121 | —0.3473 [—0,3830 |—0,4560 | —0,5321 |—0,6121 |—0,6973 | —0,7422
—5
(—0,0873)| —0,0872 | —0,1568 |—0,1919 | —0,2272 | —0,2628 | —0,2989 |—0,3728 |—0,4497 |—0.5307 —0,6168 | —0,6625
0
(0,0000) | —0,0000 |—0,0699 ;—0,1051 |—0,1405 |—0,1763 |—0,2126 |-9,2867 | —0,3640 |—0,4452 | —0,5317 | —0,5774
5
(0,0873) 0,0872 0,0175 '—0 0175 | —0,0529 | —0,0885 |—0,1246 {—0,1985 | —0,5754 | —0,3564 | —0,4425 | —0,4880
10
(0,174) 0,1736 0,1048 | 0,0701 0,0352 0,0000 | —0,0357 {—0,1087 |—0,1848 (—0,2648 | —0,3500 [—9,3949
15
(0,262) 0,2588 0,1913 | 0,1573 0,1231 0,0885 0,0535}{—0,0182 [—0,0927 {—0,1712 | —0,2548 | —0,2989
20
(0 349) 0,3420 0,2763 0,2433| 0,2100 | 0,1763 0,1423 0,0726 0,0000 |{—0,0754 |—0,1576 |—90,2005
25
(0,436) 0,4226 0,3592 0,3274 0,2952 | 10,2628 0,2300 0,1627 | 0,0927 0,0191 | —0,0593 |—0,1006
30 i
(0,524) 0,5000 | 04394  0,4090 | 0,3783 | 0,3473 0,3159 0,2517 | 10,1848 0,1144 0,0395 0,0000
35
(0,611) 0,5736 ' 10,5163 0,4875 0,45851 0,4291 0,3995 | 0,3387 0,2754 0,2089 0,1380 0,1006




£ol

TIpononxenne taba. 1

., |

€o. NpPH @, Brpaxn (pan)

(E‘Zili | (g) (0,0%98) | (0,1605) | (0,?40) (0,112'4) (0,12%9) (0,559) (0?:?49) (o,?ﬁg) (0,?4889) (0,35024)
40

(0,698) 0,6428| 05892 | 0,5623 | 0,5351  0,5077 | 0,4800 | 0,4231 | 0,3640 | 0,3017 | 0,2355 | 0,2005
_(0:17585) 07071 { 06577 | 0,6328| 0,6077| 05824 | 05568 | 0,5043 | 04497 | 0,3923 | 0,3311 | 0,2989
(0,58073) 0,7660{ 0,7211| 0,6985| 0,6757| 0,6527 | 0,6294 | 055817 | 0,5321 | 04799 | 0,4243 | 0,3949
(0?9560) 0,8192 | 0,7790| 10,7589 0,7385 | 0,7180 | 0,6972 | 0,6547 | 0,6104 | 0,5638 | 05142 | 0,4880
(1%050) 0,8660 | 0,8311| 0,8135| 0,7958| 10,7779 | 0,7597 | 0,7227 | 0,6840 | 0,6434 | 0,6002 | 0,5774
(1?1538) 0,9063 | 0,8768| 0,8619| 0,8469 | 0,8318 | 08165 | 07851 [ 0,7525 | 0,7181 | 0,6816 | 0,6623
(1,72025) 0,9397 { 09158| 09037 | 0,8916| 0,8794 | 10,8670 | 08416 | 08152 | 0,7874 | 0,7578 | 10,7422
(1?3512) 0,9659 | 10,9478} 0,9387| 0,9296{ 09203 | 09109 | 0,8917{ 08717 | 0,8507 | 0,8283 | 0,8165
(1,%1000) 0,98481 0,9727| 09666| 0,9604| 09542 | 0,9479 | 0,9350 | 0,9216 | 0,9075 | 0,8925 | 0,8846

Ky=1,03

—30

(—0,524)| —0,5150 | —0,5756 | —0,6060 | —0,6367 | —0,6677 | —0,6991 | —0,7633 | —0,8302 | —0,9006 | —0,9755 | —1,0150
(-:),24536) —0,4353 | —0,4987 | —0,5306 | —0,5627 | —0,5951 |—0,6279 | —0,6952 |—0,7652 (—0,8388 |—0,9172 | —0,9586
(—-—0,23049) —0,3523 | —0,4180 | —0,4510 |—0,4843 | —0,5180 | —0,5520 | —0,6217 | —0,6943 | —0,7707 | —0,8519 | —0,8948
(_E’:%z) —0,2666 | —0,3341 | —0,3681 | —0,4023 | —0,4369 | —0,4719 | —0,5436 |-—0,6182 | —0,6966 | —0,7802 | —0,8243
(—0,174) | —0,1789 |-—0,2477 | —0,2824 | —0,3173 |—0,3525 | —0,3882 | —0,4612 | —0,5373 \—0,5173 —0,7025 | —0,7474




FOI

Tponomxenne Ta6a. |
o eo, NpH @, Brpan (pan)

rpan 0 4 6 8 10 12 16 20 24 28 30

(pan) (0) (0,0698) | (0,105) | *(0,140) | (0,174) | (0,209) | (0,279) | (0,349) | (0,419) | (0,489 | (0,524)
-5

(—0,0873)! —0,0898 | —0,1594 | —0,1945 | —0,2298 | —0,2654 | —0,3015 | —0,3754 | —0,4524 | —0.5333 | —0,6195 [—0,6649
(0.0(2)00) 0,0000 { —0,0699 | —0,1051 | —0,1405 | —0,1763 | —0,2126 —0,2867 | —0,3640 | —0,4452 | —0,5317 | —0,5774
(0,00873) 0,0898 0,0201 | —0,0149 | —0,0502 | —0,0859 | —0,1220 I——O,IQSL‘ —0,2728 | —0,3538 | —0,4399 | —0,4854
(0,11074) 0,1789 0,1100 0,0754 0,0405 0,0052 | —0,0305 ] —0,1035 | —0,1796 | —0,2596 | —0,3448 | —0,3897
(0_12562) 0,2666 0,1990 0,1651 0,1308 0,0963 { 00613 l——0.0104 —0,0850 |—0.1635 | —0,2470 |—0,2911
(0,23(219) 0,3523 0,2866 | 0,2535 0,2202 0,1866 | 10,1525 0,0828 0,0103 |—0.0661 |—0,1474 [—0,1903
(0,24536) 0,4353 03719 | 0,3400 0,3079 0,2755 0,2427 0,1754 0,1054 0.0318 |—0,0466 {—0,0880
(0?5024) 0,5150 0,4544 0,4240 0,3933 0,3623 | 0,3309 0,2667 0,1998 01294 0,0545 0,0150
(0‘:3651 1) 0,5908 0,5335 0,5047 0,4757 0,4463 0,4167 0,3559 0,2926 0,2261 0,1552 0,1178
(0?6098) 0,6621 0,6085 0,5816 0,5544 0,5270 0,4992 0,4424 0,3833 0,3210 0,2548 0,2198
(0?7585) 0,7283 0,6789 0,6540 0,6289 | 0,6036 0,5780 0,5256 0,4710 0,4135 0,3523 0,3201
(0?8(_)73) 0,7890 0,7441 0,7215 0,6987 | 0,6757 0,6524 0,6047 0,5551 0,5028 0,4472 04179
(0?9360) 0,8437 0,8036 0,7834 0,7631 0,7426 0,7218 0,6793 0,6350 0,5884 0,5388 0,5126
(1,60050) 0,8920 0,8570 0,8395 0,8217 | 0,8038 0,7857 0,7486 0,7100 0.6694 0,6262 0,6033
(1?1538) 0,9335 0,9039 0,8891 0,8741 0,8590 0,8437 0,8123 0,7797 0,7453 0,7088 0,6895




a0l

Tipononxesue Tabm. 1

Qi

eo, NpH @; BTpax (paa)

(?:ﬁ (8) (0,0?398) (o,?os) (o,im) (0,11(;4) (0,12%9) (0,12679) (0,2:);39) (0,%419) (0,3%9) (0,%024)

70

(1,225) 09679| 09440 09319 09198 09076| 08952 0,8698| 0,8434| 08156| 0,7860 | 0,704
(1,73?12) 09929 | 09768| 09677| 09585| 09493| 09399 | 0,9207| 09007 | 08797 | 08573 | 0,8455
(12?00) 1,0144] 1,0022| 09961| 09899| 09837 | 09774| 09646 | 09511 | 09370] 09220 | 0,914l

Ky=1,05

—30

(—0,524) | ~0,5250 | —0,5856 | —0,6160 | —0,6467 | —0,6777 | —0,7091 |—0,7733 | _¢ 8402 | —0,9106 | —0,9855 | —1,0250
(——0,24535) —0,4437| —0,507 |—0,5390 | —0,5711 | —0,6036 |—0,6364 | —0,7036 | —0,7736 | —0,8473 | —0,9256 | —0,9670
(—_0,23?49) —0,3591 | —0,4248 | —0,4579 | —0,4912 | —0,5248 | —0,5589 {—0,6286 | —0,7011 | —0,7775 | —0,8588 | —0,9017
(——0,12562] —0,2718| —0,3393 | —0,3733 | —0,4075 | —0,4421 | —0,4771|—0,5487 | —0,6233 | —0,7018 | —0,7854 | —0,8294
(——0,11074) —0,1823 | ~0,2512 | —0,2858 |—0,3207 | —0,3560 | —0,3917 |--0,4647 | —0,5408 | —0,6208 | —0,7060 | —0,7509
(—070273) —0,0915} —0,1612 | —0,1962 | —0,2315 | —0,2672 | —0,3033 | —0,3772 | —9,4541 | —0,5350 | —0,6212 | —0,6667
(0,0%00) 0,0000{ —0,0699 | —0,1051 | —0,1405 | —0,1763 | —0,2126 |—0,2867 | —0,3640 | —0,4452 | —0,5317 | —0,5774
(0,05873) 00915 | 0,0219| —0,0132| —0,0485 | —0,0841 [—0,1202 |—0,1941 | —0,2711 | —0,3520 | —0,4382 | —0,4836




901

TIponosxkenne taga. |

Q.

€01 NMPH @Q; Brpan (pan)

EE 8 Laden | 08 | 0do | 0% | 030 | 0o | 62 | ol | e | 62
10

(0‘1_74) 0,1823 0,1135 0,0788 0,0439 0,0087 {—0,0270 |—0,1001 |—0,1761 |—0.2561 |—0,3413 [—0.3862
(0,12062) 0,2718 0,2042 0,1702 0,1360 0,101 0,0664 }—0,0052 } —0,0798 |—0,1583 |—0,2418 |—0,2859
(0,23049) 0,3591 0,2934 0,2604 0,2271 0,1934 0,1594 0,0897 0,0171 {—0,0593 |—0,1405 {—0,1834
(0?236) 0,4437 0,3804 0,3485 0,3164 0,2839 0,2511 0,1839 0,1139 0,0402 | —0,0381 {—0,0795
(055524) 0,5250 0,4644 0,4340 0.4033 0,3723 0,3409 0,2767 0,2098 0,1394 0,0645 0,0250
(0,4601 1) 0,6023 0,5450 0,5162 0,4871 0,4578 0,4281 0,3674 0,3041 0,2375 0,1667 0,1293
(0,698) 0,6749 0,6214 0,5944 0,5672 0,5399 0,5121 0,4553 0,3961 0,3339 0,2676 0,2327
(0,47585) 0,7425 0,6930 0,6681 0,6431 0,6178 0,5922 0,5397 0,4851 0,4276 0,3665 0,3342
(0;8273) 0,8043 0,7594 0,7368 0,7140 0,6910 0,6677 0,6200 0,5704 0,5182 0,4626 0,4332
(0,960) 0,8601 0,8200 0,798 0,7795 0,7590 0,7382 0,6956 0,6513 0,6047 0,5551 0,5290




=)
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Tlponoaxenue Taba. 1

€oi NPU @; Brpasn (pan)

ai,
(Ban) & lodss | 08 8 10 12 16 20 24 28 30
: (0,105) | (0,140) | (0,174) | (0,209) | (0,289) | (0349) | (0419) | (0489) | (0524)
60
{1,050) | 09093 | 08744 | 08568 | 08391 | 08212 | 08030 | 07660 | 07273 | 0.6867 | 0,6435| 06207
(1938) | ogsis | oot | ogor2 | osens | os77i| ossis | ossos | ozers | o7ess | o7se| 07076
(1225) | osss | os62s | ogsor | 0sass | 09wt | osuso | ossss | ose2z | ossas | osoes| o7see
(1312) | 1012 | 09961 | 09870 | 09778 | 09686 | 09502 | 09400 | 09200 | 08990 | og7es | o0sees
(1400 | 10340 | 10210 10158 | 1o0s6 | 10034 | ogeri | oosd3 | 09708 | 08s67| 09417 09338
Ky=1,07

~30
(—0,524) | —0,5350 |—0,5956 |—-0,6260 |—0,6567 | ~0,6877 |—0,7191 | —0,7833 | —0,8502 | —0,9206 | —0,9955/ —1,0350
(Z0.436) | 04522 |—05155 |—05475 [—035796 |~06120 |—06448 [—07121 [—07821 | 08557 | ~0a41| —09755
(Z0349)| 03660 | —0,4317 | —0,4647 | —0.4980 | 05317 | —0.5657 | —0.6354 | ~0,7080 | —0,7843 | —0,8656 | —0.9085
(£0962)| 02769 | —03445 | 03785 |—0.4127 | ~0,4473 | —0,4823 | —0,5530 | ~0,6285 | 07070 | —07905 | —0.8346
(:6_,‘1274) —0,1858 |—0,2547 |—0,2803 |—0,3242 | 023595 |~0,3051 {—0,4682 (—0,5442 | —0,6243 | —0,7094 | —0,7544
(—0,0873)|—0,0933 | —0,1629 |-—0,1980 | —0,2333 | ~0,2689 |~0,3050 |~0,3789 | —0.4558 | —0,5368 | —0,6229 | —0,6684
(0.0000) | 00000 |—0,0699 [—0,1051 | 0,105 | —0,1763 | —02126 | 02867 | ~03640 | —0.4352 | ~05317 | 05778




Tlponomxenne Ttabn. 1

€o, NPH @, Brpan (pan)

fgah" 0 4 6 8 10 \ 12 16 20 24 28 30

(paz) (©)  [(0,0698) | (0,105) | (0,140) | (0,174) | (0,209) | (0,279) ! (0,349} ! (0,418} | (0,489) | (0,524)
5

(0,0873) | 00933 | 10,0236 | —0,0114 | —0,0467 [—0,0824 | —0,1185 |—0,1924 |—0,2693 | —0,3503 |0 4364 | —0,4819
(0};074) 0,1858 | 01169 | 0,0823| 00474 | 00122 | —0,0235 [—0,0986 [—0,1726 | —0,2527 | 03378 |—0,3828
(ofgssg) 0,2769 | 0,2094 | 0,1754| 0,1412 | 0,1066 [ 0,0716 | —0,0000 | —0,0746 | —0,1331 |—0,2367 | —0,2807
(0.23049) 0,3660 | 10,3003 | 02672 | 0,2339 | 0,2003 | o0,1662 | 0,0965 | 0,0239 [—0,0524 |—0,1337 [—0,1766
(0_24535) 04522 | 03888 | 03569 | 03248 | 02924 | 02596 | 0,1923 | 0,1223 | 0,0487 | —0,0297 [—0,0711
(0?5024) 0,5350 | 04744 | 04440} 04133 | 03823 | 03509 | 2857 | 02198 0,1494 | 00745 | 0,0350
(0,%51 1) 06137 | 05564 | 05276 | 0,4986 | 04693 | 0,439 | 03788 | 03155| 02490 | ¢1782 | 0,1408
(0?6?98) 06878 | 06342 | 06073 | 05801 | 05527 | 0,5250 | 0,4681 | 10,4090 | 03467 | 02805 | 0.2455
(0?7585) 0,7566 | 0,7072 | 06823 | 06572 | 0,6319 | 06063 | 05538 | 04992 | 04418 | 0380 | 0.3484
(0?:?73) 08197 | 0,7747| 07521 | 07293 | 0,7063 | 0,6830 | 06354 | 05857 | 05335 | 04779 | 04486
(OZQZGO) 08765 | 0,8364| 08162 ] 07959 | 07754 | 0,7546 | 0,7120 | 06677 | 06211 | 5715 05453
(1&’»0) 09266 | 08917 | 08741 0,8564 | 0,8385| 08204 | 07833 | 07447 [ 07040 | 06608 | 0.6380
(1,138) 09697 | 09402 | 09253 | 09104 | 08952| 08799 | 08486 | 08159 | 07816 | 07450 | 0.7258
(1?325) 1,0055 | 09816 | 09695| 09574 | 09452 | 09328 | 09074 [ 08810 | 08532 | (go36( 0.8080




601

TIpononxkenue taba 1

€o: TPH @, Brpan (panm)

Qa.,
(pan) 0 4 6 8 12 16 20 24 28 30
(0) [ (0,0698) | (0,105) | (0,140) | (0.174) | (0,209) | (0,279) | (0,349) | (0,419) | (0,489) | (0,524)
75
(1312) | 1,0335 | 10154 | 1,0063 | 09972 | 09879 | 09785 | 09593 | 09393 [ 09183 | 08959 | 0,8841
80
(1,400) | 10537 | 1,0416| 1,0355 | 1,0293 { 1,0231 [ 1,0168 | 10040 { 09905 | 09764 | 09614 | 09535
Ky=1,10
—30
(—0,524) | —0,5500 | ~0,6106 |~06410 | —0,6717 | —07027 | 07341 |—0,7983 | ~0,8652 | ~0,9356 | —1,0105 |—1,0500
—25
(—0,436) | —0,4649 | —0,5283 | —0,5601 |—0,5923 | —0,6247 [—0,6575 | —0,7248 |—0,7947 |—0,8684 |—0,9463 |—0,9881
—20
(0349) |—0,3762 (—0,4419 |—0,4750 |—0,5083 |—0,5419 |—0,5760 | —0,6457 | —0,7182 (—0,7946 |—0,8759 | —0,9188
—15
(—0,262) | —0,2847 1—0,3522 |—0,3862 |~—0,4205 , —0,4550 |—0,4900 | —0,5617 | —0,6363 |—0,7148 {—0,7983 | —0,8424
—10
(—0,174) | —0,1910 |—0,2599 |—0,2945 |—0,3204 |—0,3647 |—0,4003 |—0,4734 |—0,5495 |—0,6295 |—0,7146 | —0,7596




o1l

[pogonxenue Tabn 1

€0, NPH @, Brpaa (pax

r‘;;ﬂ 0 4 6 8 10 12 16 20 | oo 28 30
(pax) ) | (0,0698) | (0,105) | (0,140) | (0,174) | (0,209) | (0.279) | (0,249) | (0.4.9) | (0.489) | (0,524)
-5
(—~0.0873)]—0,0959 |—0,1655 |—0,2006 |—0,2359 |—0,2715 |—0,3076 |—0,3815 | —0,4585 |—0,5394 | —0,6256 |—0,6710
(()0) 0,0000 |—0,0699 |—0,1051 | —0,1405 |—0,1763 |—C,2126 [—0,2857 | —0,3640 |—0,4452 | —0,5317 |—0,5774
(0,05873) 0,0959 | 0,0262 |—0,0088 |—0,0441 |—0,0798 [—0,1159 [—0,1898 |—0,2667 |—0,3477 | —0,4338 | —0,4793
(0,11074) 0,910 | 0,1221 | 0,0875 | 00526 | 00174 [—0,0183 | —0,0914 | —0,1674 |—0,2475 | —0,3326 | —0,3776
(0,12562) 02847 | 02172 | 0,1832 | 0,1489 | 0,1144 | 00794 | 00077 |—0,0669 |—0,1454 | —0,2289 | —0,2730
(023(5)49) 03762 | 03105 | 02775 | 02442 | 02105 | 0,1765 | 0,1068 | 0,0342 {—0,0422 | —C,1234 {—0,1663
(0436) | 04649 | 04015 | 03696 | 03375 | 03051 | 02722 [ 02050 | 0,1350 | 00614 | —0,0170 |—0,0584
(025:24) 0,5500 | 04804 | 04590 | 04283 | 03973 [ 03659 | 03017 [ 02348 | 01644 | 00895 | 0,0500
(01;6011) 06309 | 05737 | 05448 | 05158 | 04865 | 04568 | 0,3960 | 03328 | 0,2662 | 0,1954 | 0,1580
(0,698) | 07071 | 06535 | 06266 ( 05994 | 05720 | 05442 | 04874 | 04282 | 03660 | 02998 | 0,2648




148!

Tlpononweune tata. 1

€o. MPH @, Brpaj (pan)

i,

rpan (0)

(pan) 0 4 6 8 10 12 16 20 24 28 30
(0,0698) | (0,105) | (0,140) | (0,374) | (0,209) | (0,279) | (0,349) | (0,419) | (0,489) | (0,524)

45

(0,785) 0,7778 0,7284 0,7035 0,6784 0,6531 0,6275 0,5751 0,5205 0,4630 0,4018 0,3636

50

(0,873) 0,8426 0,7977 0,7751 0,7523 0,7293 0,7060 (0,6583 0,6087 0,5565 0,5009 04715

55

(0,960) 0,9011 0,8610 0,8408 0,8205 0,7999 0,7791 0,7366 0,63923 0,6457 0,5961 0,5699

60

(1,050) 0,9526 09177 0,9001 0,8824 0,8645 0,8463 0,8093 0,7706 0,7300 0,6868 0,6640

65

(1,138) 0,9969 0,9674 0,9525 0,9375 0,9224 0,9071 0,8758 0,8431 0,8088 0,7722 0,7529

70

(1 ,2525) 1,0337 1,0097 0,9977 0,9856 0,9734 0,9610 0,9356 0,9092 0,8814 0,8518 0,8362

7

(1 ,301 2) 1,625 1,0444 1,0353 1,0261 1,0169 1,6075 0,9883 0,9683 0,9473 0,5249 0,9131

8

(1,400) 1,0833 10711 1,0650 1,0589 1,0527 1,0464 1,0335 1,0201 1,0060 0,9910 0,9830




41}

Ipononxenue taba. 1

€0, MDY 7, B rpan (paz)

rgé'n 0 4 6 8 10 12 16 20 24 l 28 1 30
(pan) (0) | (0.0698) | (0,105) | (0.140) | (0,174} | (0,209) | (0.279) | (0.349) | (0,419) | (0.489) | (0.524)
Ky=1,20

—30
(—0,524)| —0,6000 | —0,6606 | —0,6910 | —0,7217 |—0,7527 | —0,7841 |—0,8483 |—0,9152 |—0,9856 | —1,0605 | ~1,1000
(:0,24536) —0,5071 |—0,5705 | —0,6024 | —0,6345 | —0,6669 | —0,6998 {—0,7670 {—0,8370 |{—0,9107 | —0,9890 | ~—1,0304
(_:6,23049) —0,4104 | —0,4761 | —0,5092 [ ~0,5425 | —0,5761 | —0,6102 | —0,6799 | —0,7524 | —0,8288 | —0,9101 |~0,9530
(—:6,12562) —0,3106 | —~0,3781 | —0,4121 | —0,4463 | —0,4809 | —0,5159 { —0,5876 | —0,6622 | —0,7406 |—0,8242 | —0,8683
(—7),11074) —0,2084 | ~0,2772 | —0,3119 |—0,3468 | —0,3820 | —0,4177 | —0,4908 | —0,5668 | —0,6468 | —0,7320 | —0,7770
(—Egsm)_o,lo«;e ~0,1742 | —0,2093 | —0,2446 | —0,2802 | —0,3163 | —0,3902 | —0,4672 | —0,5481 | —0,6343 | —0,6797
(0,%000) 0,0000 | —0,0699 | —0,1051 | —0,1405 | —0,1763 | —0,2126 | —0,2867 | —0,3460 | —0,4452 | —0,5317 | —0,5774
(0,50873) 0,1046 | 0,0349 | —0,0001 | —0,0354 | —0,0711 | —0,1072 | —0,1811 | —0,2580 | —0,3389 |.—0 4251 |—0,4706
(0,11074) 02084 | 01395] 01049 | 00700 0,0347 |—0,0009 |—0,0740 | —0,1501 | —0,2301 | —0,3153 | —0.3602
(0,]2562) 03106 | 02430 | 02001| 0,1748| 0,1403| 0,1053 [ 00336 | —0,0410|—0,1195 | —0,2030 | —0,2471
(0%349) 0,4104 | 03447 | 03117 02784| 02447 02107 0,1410 | 0,0684 | —0,0080 {—0,0892 | —0,1321
(0,24536) 05071 | 04438 | 04119| 03798 03473 03145[ 02473( 0,1773 | 0,1036 | 0,0252 (—0,0161
(0??24) 0,6000 | 05394 | 05090 | 04783 | 04473 | 04159 | 03517 | 02848] 02144 | 0,395/ 0,1000



Tiponosxenne tabn. 1

rpan

€0 NPH @: B rpax (pax)

(pax) (g) I (o,o‘égs)f (0,1605) I (0,1840) l (0,1134) l (o,lz%g) (0,12679) \ (0%39) \ (0?4419) \ (0,24889) (0,%%4)
35
(o‘,*% 11) 06883 | 0,6310] 06022 | 05732 | 0,5439 | 0,5142 | 0,4534 | 03901 | 0,3236 | 02527 | 02154
(046598) 07713 | 0,7178 | 0,6908 | 0,6637 | 06363 | 06085 | 05517 | 04925 [ 0,4303 | 03640 | 0,3291
(057085) 0,8485 | 10,7991 | 0,7742 | 0,7492 | 0,7238 | 06982 | 06458 | 05912 | 05337 | 04726 | 0,4403
(058573) 09193 | 08743 0,8517 ] 0,8289 | 0,8059 | 0,7826 | 0,734 | 0,6853 | 06331 | 05775 | 0,5481
(0é9§0) 0,9830 | 0,9429 | 09227 | 09024 | 08818 | 08611 | 08185 | 07742 | 07276 { 0,6780 | 10,6518
“60550) 1,0392 | 1,0043 | 09867 | 09690 | 09511 | 09330 | 08959 | 08572 | 08166 | 07734 | 0,7506
(1.71038) 1,0876 | 1,0580 | 1,0432 | 1,0282 | 1,0131 | 09977 | 0,9664 | 09337 | 0,8994 | 0,8629 | 10,8436
(1,72525) 1,1276 | 1,1037 | 1,0917 | 1,0796 | 10673 | 1,0549 | 1,0296 | 1,0031 | 0,9754 | 0,9458 | 0,9302
“333012) 1,1591 | 11410 11,1319 | 1,1227 | 11,1135 | 1,1041 1,0849 | 1,0649 | 1,0439 | 10215 [ 11,0097
(1,400) 1,1818 | 11,1666 | 11,1635 | 11,1574 | 1,1512 | 11,1449 | 11,1320 1 1,1186 | 11,1045 | 1,0894 = 1,0815
Ky=130
—30 [
(—0,524) | —0,6500 |—0,7106 |~0,7410 |~0,7717 |—0,8027 |—0,8341 |—0,8983 |—0,9652 |—1,0356 |—1,1105 | —1,1500
(:0,24536) —0,5494 |—0,6128 |—0,6447 |—0,6768 |—0,7092 |—0,7420 |—0,8093 |—0,8793 |—0,9529 {—1,0313 | —1,0727
(—_0,2349) —0,4446 |—0,5103 |—0,5434 |—0,5767 |—0,6103 |—0,6444 |—0,7141 |—0,7866 |—0,8630 |—0,9443 | —0,9872
:(—_0,1252) —0,3365 |—0,4040 |—0,4380 |—0,4722 |—0,5068 |—0,5418 | —0,6134 |—0,6880 |—0,7665 | —0,8501 | —0,8941
w




bl

[lpcnosxenne taba |1

€o: NPH @, B rpan (pan)

rpai 0 l 4 , 6 8 ’ 10 12 16 \ 20 ‘ 24 l 28 30
(pan) (0) 1(0,0698) | (0,105) | (0,140) | (0,174) | (0,209) | (0,279) | (0,349) | (0,419} | (0489) | (0,524)
—10 1
(—0,174) | —0,2257 |—0,2946 |{—0,3293 |—0,3641 [—0,3994 |—0,4351 |—0,5081 {—0,5842 {06642 {—0,7494 {—0,7943
(:0,508733 ~0,1133 |—0,1830 |—0,2180 |—0,2533 |—0,2890 |—0,3251 |—0,3990 |—0,4759 |—0,5568 |—0,6430 | —0,6885
20) 0,0000 |—0,0699 |—0,1051 |—0,1405 |—0,1763 |—0,2126 |—0,2867 {—0,3640 |—04452 |-—0,5317 [—0,5774
(0,0873) | 0,1133 | 0,0436 | 0,0086 |—0,0267 |—0,0624 |—0,0984 |—0,1724 |—0,2493 |_-0,3302 | —0,4164 |—0,4619
(0,11274) 02257 | 0,1569 | 0,1222 | 0,0873 | 0,0521 | 00164 {~—0,0566 |—0,1327 [—~0,2127 | —0.2979 | —0,3428
(0:22062) 0,3365 | 0,2680 | 0,2349 | 0,2007 | 0,1661 | 0,1312 | 0,0595 |—0,0151 }_-0,0936 | —0,1771 | —0,2212
(0:?3549) 04446 | 03789 | 03459 | 03126 | 02789 | 02449 | 01752 | 01026 | 0,0262 |—0,0550 { —0,0979
(0:,34036) 0,5494 | 0,4860 | 04541 | 04220 { 0,3896 | 0,3568 | 0,2895 } 02195 | 0,1459 | 00675 | 0,0261
(0,524) 0,6500 | 0,5894 | 05590 | 05283 | 0,4973 | 04659 | 04017 { 03348 | 02644 | 0,1895| 0,1500




18

—

aj,

0

Tlponomxenue Taba \

€0, NIPH @, B rpa}l (pan)

rpaz ’ 4 J 6 ’ 8 I 10 l 12 ‘ 16 \ 20 ‘ 24 ‘ 28 30

(paz) | (0) | (0,0698)| (0.105) | (0,140) | (0,174) | (0.209) | (0.279) | (0:349) | (0.419) | (0.489) | (0.524)

35
(0611) | 07456 | 06884 | 06596 | 06305 | 06012 | 05715 | 05108 04475 | 03809 | 03101 | 02727
©69) | ogase| 07821 | 07551 | 07280 | 07005 | 06728 | 06te0| 05568 | 04946 | o428 | 03933
(0;7285) 09192 | 08698 | 08449 | 08199 | 07946 | 07689 | 07165 | 06619 | 06044 | 05433 | 05110
(0873) | 009959 09509 | 09283 | 09055 | 0,8825 | 08592 | 0s8115| 07619 | 07007 | 06541 [ 06247
(029:60) 1,0649 | 1,0248 | 10046 | 09843 | 09638 | 09430 | 00004 | 08561 | 08095 | 07500 | 07337
(1,050) | 11258 | 10009 | 10733 | 1056 | 10377 | 10196 | 09825 | 09438 | 09032 | 08600 | 08372
(03 | 1a7s2 | 1aase | 11338 | 1a18s | 11037 1osse | 10570 | 10244 | o0s%00 | 09535 | 0342
(205) | 1ome | wtior7 | tasst| 1a7ss | nieis| n4se | 11235 | roer | nosss | 1oser | 10241
a2y | 1oss7 | 12376 | 12085 | 12108 | 12101 | 12007 | 1815 | 11615 | 11405 | 11181 | 11063
(ab0) | 12803 | 12681 | 12620 | 12558 | 12496 | 12633 | 12305 | 12170 | 12098 | 11879 | 11800




9t

Npononxenne Taba. 1

oy

€01 NPK @. B rpan (pan)

rpag o 1 4 6 8 10 12 16 I 20 ‘ 24 28 30
(pan) ©) 100898 | (0,105) | (0.140) | (0,174) | (0,209) | (0,279) | (0,349) | (0.419) | (0480 | (0,524)
Ky=1,40
(——65?24) —0,7000 | —0,7606 {—0,7910 |—0,8217 |—0,8527 [—0,8841 |—0.9483 [—1,0152 |—1,0856 |—1,1605 | —1,2000
(-_0.24536) —0,5917 | —0,6550 | —0,6869 |—0,7190 | —0,7515 |—0,7843 |—0,8515 {—0,9215 |—0,9952 | —1,0736 |—1,1149
(:0,23[2;9) —0,4788 | —0,5445 | —0,5776 | —0,6109 | —0,6445 |—0,6786 |—0,7483 |—0,8208 | ~0,8972 | —0,9785 |—1,0214
(——-j,:%sz) —0,3623 | —0,4299 | —0,4639 |~—0,498] |—0,5327 |—0,5677 |—0,6393 [—0,7139 {—0,7924 |—0,8759 | —0,9200
(—0,174) {—0,2431 |{—0,3120 | —0,3466 |—0,3815 | —0,4168 |—~0,4524 |—0,5255 |—0,6015 [—0,6816 [—0,7667 |{—0,8117
(—5,3873)—0,1220 —0,1917 |—0,2267 | —0,2620 | —0,2977 {—0,3338 |—0,4077 | 04846 |—0,5656 |—0,6517 |—0,6972
(0? 0,0000 |—0,0699 | —0,1051 | —0,1405 | —0,1763 | —0,2126 |—0,2867 |—0,3640 |—0,4452 |—0,5317 |—0,5774
(0,50873) 01220 | 00524 | 0,0173 | —0,0180 [—0,0536 |—0,0897 |—0,1636 |—0,2406 |—0,3215 |—~0,4077 |—0,4531
(0,11074) 02431 o0,1742| 0,139 0,1047| 00695 | 00338 [—0,0393 |—0,1153 [ —0,1954 [—0,2805 |—0,3255
(0;22;2) 03623 | 02048 | 02608| 02266! 0,920 | 01570 | 00854 | 00108 |—0,0677 |—0,1512 |—0,1953
(0,349) 04788) 04131] 03801 | 03468 | 03131 | 02791 | 02094 | 0,1368 | 0,0605 |—0,0208 |—0,0637




LIt

Tlpoponxenne Taba. 1

ai,

€o; Np¥ @: B rpan (pan)

rpaz 0 4 6 8 10 ’ 12 l 16 ‘ 20 \ 24 \ 28 30

(pan) 0) | (0,0698) | (0,105) | (0,140) | (0,174) | (0,209) | (0,279) | (0,349) | (0,419) | (0,489) | (0,524)

25
(0,436) 05917 | 0,5283 | 0,4964 | 0,4643 | 04319 | 023990 0,3318| 0,2618] 0,1882 | 0,1098] 0,0684
(0,%%4) 0,7000 | 0,6394 | 0,609 | 05783 | 05473 | 05159 | 04517 0,3848| 03144 | 0,2395 | 0,2000
(ozeg 11) 0,8030 | 0,7457 | 0,7169 | 06879 | 0658 | 0,6289| 05681 0,5049| 0,4383 | 0,3675 | 0,3301
(0,698) 0,8999 | 08463 { 0,8194 | 07922 | 0,7648 | 0,7371 | 0,6802| 0,6211| 05588 | 10,4926 | 0,4576
(0;7285) 0,9899 | 0,9405 { 09156 | 0,8906 | 0,8653 | 0,8396 | 0,7872| 0,7326| 0,6751 0,6140 | 10,5817
(0,873) 1,0725 | 1,0275 | 1,0049 | 09821 | 09591 | 0,9358 0,881} 0,8385 | 0,7863 | 0,7307 | 0,7013
(0%%0) 1,1468 | 11,1067 | 11,0865 | 10662 | 10457 | 1,0249| 09823 09380 | 0,8914 | 08418 | 0,8157
(1?0050) 1,212¢ | 11,1775 | 1,1599 | 11,1422 | 11,1243 | 11,1062 | 11,0691 1,0305 | 09898} 09466 | 0,9238
(1,61538) 1,2688 { 1,2393 | 1,2244 | 12094 | 1,1943{ 11,1790 11,1476 1,1150 [ 1,0807 | 1,0441 [ 1,0248
(1?2025) 1,3156 | 1,2917 | 12796 | 1,2675| 12553 12429 1,2175| L1911 } 1,1633 { 11,1337 | 1,1181
(1?3512) 1,3523 | 11,3342 | 11,3251 | 11,3159 | 11,3067 | 1,2973| 11,2781} 12581 | 11,2371 { 11,2147 } 1,2029
(1,84%0) 1,3787 | 1,3666 | 1,3605 | 1,3543 | 11,3481 | 1,3418| 11,3289 13155 | 1,3014 | 1,2864 | 1,2785




8il

Ta6auna 2

3HaueHns coi= —S | xH/m?
hep.. COSQE
Ci
- - 3
. Co. TpE 3H2YEHHEX Fropa B KH/M
rpan ‘
(paxn) 0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
|
0 -
(0) 0,0000 5,0000 | 10,0000 | 15,0000 | 20,0000 | 25,0000 | 30,0000 ; 35,0000 | 40,0000 | 45,0000 | 50,0000
5
(0,0873) 0,0000 5,0191 | 10,0382 | 15,0573 | 20,0764 | 25,0955 | 30,1146 { 35,1337 | 40,1528 | 45,1719 | 50,1910
10
(0,174) 0,0000 50771 | 10,1543 | 15,2314 | 20,3085 | 25,3857 | 30,4628 | 35,5399 | 40,6171 | 45,6942 | 50,7713
15
(0,262) 0,0000 5,1764 | 10,3528 | 15,5291 | 20,7055 | 25,8819 | 31,0583 | 36,2347 | 41,4110 | 46,5874 | 51,7638
20
(0,23549) 0,0000 | 53209 | 10,6418 | 159627 | 21,2836 | 26,6044 | 31,9253 | 37,2462 | 42,567) | 47,8880 | 53,2089
{0,438) 0,0000 55169 | 11,0338 | 16,5507 | 22,0676 | 27,5844 | 33,1013 | 38,6182 | 44,1351 | 49,6520 | 55,1689
30
(0,5524) 0,0000 57735 | 11,5470 | 17,3205 | 23,0940 | 28,8675 | 34,6410 | 40,4145 | 46,1880 ) 51,9615 | 57,7350
3
(0,611) 0,0000 6,1039 | 12,2077 | 18,3116 | 24,4155 | 30,5194 | 36,6232 | 42,7271 | 48,8310 | 54,9349 | 61,0387
40
(0,6598) 0,0000 6,6270 | 13,0541 { 19,5811 | 26,1081 | 32,6352 | 39,1622 | 45,6893 | 52,2163 | 58,7433 | 65,2704
4
(0,785) 0,0000 70711 | 14,1421 | 21,2132 | 28,2843 | 35,3553 | 42,4264 | 49,4975 | 56,5685 | 63,6396 | 70,7107
50
(0,8;3) 0,0000 7,7786 | 15,5572 | 23,3359 | 31,1145 | 38,8931 | 46,6717 | 54,4503 | 62,2290 { 70,0076 | 77,7862
5
(0,960) 0,0000 87172 | 17,4345 | 26,1517 | 34,8689 | 43,5862 | 52,3034 | 61,0206 | 69,7379 | 78,4551 | 87,1723




TIpomomxenune Taba. 2

a;, Co: TIDH 3HAYGHHSX —Ct B KH/M3
rpan ep.
(pan)

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
(60 0,0000 | 10,0000 | 20,0000 | 30,0000 | 40,0000 } 50,0000 | 60,0000 | 70,0000 } 80,0000 } 90,0000 |100,0000
1,050)
(65 0,0000 | 11,8310 | 23,6620 | 35,4930 | 47,3240 | 59,1550 | 70,9860 | 82,8171 | 94,6481 |106,4790 |118,3100
1,138)
(70'5 0,0000 | 14,6190 | 29,2380 | 43,8571 | 58,4761 | 73,0951 | 87,7141 }102,3331 [116,9521 |131,5712 | 146,1902
1,225)
(735 0,0000 | 19,3185 | 38,6370 | 57,9556 | 77,2741 | 96,5926 |115,9111 |135,2296 |154,5481 {173,8666 |193,1851
1,312)
(80 0,0000 | 28,7939 | 57,5877 | 86,3816 |115,1754 [143,9692 |172,7631 {201,5569 [230,3508 |259,1447 | 287,9385
1,400)
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IIpuMenarHe.
caeayer yMebmHTb B 10 pas (1 1c/M3=10 xH/m?).

Oas noayueHHs Co¢

B efuHHuax Tc/M® 3HaueHHA H3 Tabn 2
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Tabawnuna 3

cos @,
cos (a, — @,)

3HaueHus A, =

A, TpH @, B rpan (pan)

rpan (pan) | O 4 6 g 10 12 16 20 24 28 30
©) | (0.0698) | 10.105) | (0.140) | (0.174) | (0.209) | (0,279) | (0:349) | (0419) | (04891 | (0.524)

—30
[—0,5§4) 1,1547| 1,2033 1,2293 1,2567 1,2856 1,3162 1,3838 | 1,4619 1,5542  1,6662 1,7321

1—3,436) 1,1034) 1,1406 | 1,1602 1,1808 1,2022 1,2248 | 1,2737 1,3289 1,3925 1,4671 1,5099
(—-0-,%29) 1,0642( 1,0920 1,1065 1,1215 1,1372 1,1834 | 1,1882 1,2267 | 1,2700 1,3185 1,3473
{(—0,262) 11,0353{ 1,0550 | 1,0653 | 1,0758 1,0866 1,0978 | 1,1214 | 1,1472 1,1755 1,2073 1,2247
(—0,174) |1,0154] 1,0281 1,0346 | 1,0412 1,0480 1,0550 | 1,0695 1,0851 1,1018 | 1,1205 1,1305
-—(_),_0873) 1,0038! 1,0100 1,0131 1,0163 1,0195 1,0228 | 1,0297 1,0368 { 1,0445 1,0528 | 1,0572

( g) 1,0000/ 1,0000 | 1,0000 1,0000 1,0000 1,0000 } 1,0000 1,0000 1,0000 1,0000 1,0000
(0,05873) 1,0038; 0,9977 0,9974 | 0,9916 0,9886 0,9855 | 0,9793 | 0,9728 0,9662 | 0,9592 0,9556
(0,11(')74) 1,0154{ 1,0031 0,9970 | 0,9909 0,9848 0,9787 | 09666 | 0,9542 | 0,9415 0,9284 | 0,9216
(0,;‘2262) 1,0353] 1,0162 1,0069 0,9977 0,9886 | 0,9795 | 0,9614 0,9433 | 0,9249 | 0,9062 0,8966

(0,349) 1,0642| 1,0378 1,0250 1,0124 1,0000 0,9878 | 0,9636 0,9397 | 0,9158 | 0,8916 0,8794
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Tpononxenne tabn 3

A, NIPH @. B rpan (paxn)

rpax (paz) | O I 4 ’ 6 8 10 1o 16 20 24 28 30
(0) | (0,0698) | (0,105) | (0,140) | (0.174) | (0,209) | (0.279) | (0.349) | (0.419) | (0:489) | (0.524)
25

(023) 1103 | 10685 | 10518 | 10355 | 10195 | 10089 | 09732 | 09433 | 08137 | 08842 | 0,86
(0524) [1,1547] 1,009 | 1,0886 | 10680 | 1,0480 | 10285 | 09907 | 09542 | 09186 | 08835 | 0,8660
(0,%2 1) [1,2208] 1,1638 | 1,1371 | 11114 | 10866 | 10626 | 10167 | 09728 | 0,9306 | 08896 | 0,8693
(0698) 13054 12331 | 1,199 | 1,0677 | 1,372 | 1,078 | 1,0522 | 1,0000 | 09504 | 09027 | 0,879
(0,:72;5) 14142 13218 | 12797 | 12399 | 12022 | 1,1663 | 1,0991 | 10368 | 09785 | 09233 | 08966
(0,873) |1,5557| 1,4360 | 13825 | 1,3325 | 1,856 | 1,2413 | L1595 | 10851 | 1,064 | 09523 | 09216
(0960) |17434 15851 | 15159 | 14520 | 1027 | 1ao74 | 12069 | 11472 | 10658 | 09010 | 0.9556
(1050) [20000| 17839 | 16920 | 16085 | 15321 | 14618 | 13363 | 12267 | 11292 | 10412 | 10000
(1138) |2.0662| 20576 | 19310 | 18182 | 17170 | 16953 | 14652 | 13289 | 12105 | 1086 | 1,0972
(1225) |29238] 24506 | 22687 | 21093 | 19696 | 18458 | 16354 | 14619 | 13151 | Lissr | 11305
(1512) |38637) 30641 | 27751 | 25344 | 23303 | 21546 | 1,8564 | 16383 | 14516 | 12046 | 12247
(1400) [57588 41235 | 36081 | 3206 | 28794 | 26111 | 21928 | 18704 | 16337 | 14361 | 13473
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