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PekoMmenpaunu no snifopy MerogosB pacuyeta Ko3dgdHUHeHTA
YCTOMUHBOCTH CKJAOHA U OINOJ3HEBOr0o  AaBJICHHS pa3paboraHnl
Ha OCHOBe aHaJjJH3a CyuleCTBYIOUIHX crnocof6oB pacyera, Cpas-
HEHHST HX TNpPHAMEHHTEJbHO K TNPAKTHUYECKHM  BBIYUCJIEHHAM, a
TaKXe JKCINepHMEHTAaJNbHbIX HCCIeNOBaHHi, BBIITOJHEHHBIX CIie-
LHAaJALHO AAS1 pa3padOTKH HACTOALLHX peKOMeHAalil.

B pafore npoananH3sHpoBaHbl CyWEeCTBYOILIHe cnocobwnl pac-
yeTa, YCOBEpUIEHCTBOBAHLI HX KOHeYHble (GOpMyJbl, NPHBEACHH
pekoMenaailiil 1O payiOHaJbHOH OO6JaCTH HCMOJAb30BaHHA KaXK-
JloTO Meroaa, no crnocobaM ydera JAERCTBHA TPYHTOBHLIX BOA H
CefiCMHUECKIIX BO3MeHCTBHIT, a TaKM<e MO0 NPHHUHIIAM IOCTpOe-
11 3MOPLE ONOJ3HEBONO NaBJIEHHS.

PekoMenpnani npeanasHauennl AAf HHKEHSDHO-TEXHHYECKHX
PabOTHHKOB IIPOEKIHBLIX H CTPOHTENLIIBIX opralti3ainuil

Pexomenpaunn paspaboranst KaHA TexH Hayk JI. K. TI'nua-
Oyprom.

© UBHTH Munmonraxcneucrpos CCCP, 1986.



Y Vi

YCJIOBHBIE OBO3HAUYEHMU

— yAeJbHBIA Bec rpyHtra (HHAEKC «i» 0003-
HayaeT HOMep paccMaTpHBaeMoro oOTceka
N3 BCe€X, Ha KOTOpble YCJOBHO pa3bur
Ornosn3HeBoH 0J10K);

— yaenbHBI BeC TBepAbIX YacTHI TFPYyHTA,

— yJeJbHBIH BeC cKeJseTa (Bec TBepAOH ¢a-
3pl B elliHHle ofbema rpynra)

— BJAXHOCTb I'pYHTa B NMPOLEHTAX;
— YJleJIbHBIA BeC BOJMHI;
— TIOPHCTOCTbL I'PYHTA;

— YJAEJBbHBIH BEC rpyHTa, B3BEUIeHHOTO B BO-
ne;

— YIeJlbHBIH BeC TpyHTa, NOJIHOCTHIO HAaChl-
lLleHHoro BogoH (6e3 B3BelINBAHHSA);

— KO3(pPHIHEHT TOPHCTOCTH TPYHTA;

— YAeJIbHOE CLellJIeHHe M YroJ BHYTPEHHEro
TpeHisas (mapaMerpbl CONPOTHBJEHHS CHABH-
'y HJH CABHIrosLle XapaKTEePHCTHKH) B
ypOBHE MOJOLUBLI OTCEKAa (10 TIOBEPXHO-
CTH CKOJIbXKE€HHs] B JallHOM OTcekxe);

— CJABHIrOBble XapaKTEpPHCTHKH I'pPYHTa B 3a-
MOYEHHOM COCTOSiHHIH,

— HOpMaJIbHOE HanpaXeuie B paccMmarpi-
BaeMOH TOYKe OTCceKa;

— KO3(p(PHUHEHT COIPOTHBJIEHHS CABUTY,;

— YroJl CABHUTA;
~- BBICOTA CKJIOHA I10 BEPTHKAJIN;

— YroJl HaKJIOHA NOBEPXHOCTH CKJAOHA K TrO-
PU3ONTY;

— JJIIfHa TMNOJOWIBH HJI OCHOBAHHA OTCeKa
(OJIHHA NJIOCKOH MOBEPXHOCTH CKOJLIKeH!s
B MpejesiaXx OTCeKa HJH JJIIIHA  XOP/Hbl,
coeAHHAIoOUEel TPAHULBI NTOAOUIBLI OTCEKA)
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NNHHA JIMHHU CKOJIbXKEeHHS JJis BCero pac-
CMATPHBAEMOro y4yacTKa CKJIOHA;

JUIIIHA OTCEeKa [0 TFOPH30HTAJH B IJIOCKO-
CTH uepTexa;

Cpe/HsIsl TOJILHHA OMNOJI3HEBOTO TPYHTA B
pacCMaTPHBAE€MOM OTCEKE,;

o6beM FpyHTA;

YyroJ HaxkJ/JioHa NOJAOWBLI OTCeKa K TOpH-
30HTY (yroJ HakJoOHa IJOCKOH HNOBEPXHO-
CTH CKOJLXXEHUS B IpefesiaX OTCeKa, a B
cjayyae KPUBOJIMHEHHOH [IOBEPXHOCTH
CKOJIbXKeHHA — YroJ HakJona XOpAbl, coe-
JHHSIOWEll rpaHilbpl NOAOLBLL OTCEKA),

ol a/ib NONOIBLI OTCEKA;

IIHPHHA OfoJi3lieBoro 06Jioka B IJIOCKOCTH,
NepneHgHKYJNAPHOH YepTexXy,

— TIApasJiyeckuil nanop B orceke (cpeauss

BbICOTA BOJAOHACLIILEHHOH YacTH OTCeKa);

IOIAAL CeYeHN ST MOTOKA I'PYHTOBBIX BOL
B JaHHOM OTCeKke (B NJIOCKOCTH YepTeka);

YKJOH KPHBOW jenpeccuit (yrojg HakJoHa
K TOPH3OUTY paBHOAEHCTIBYIOULIEH TUAPO-
aHHaMuyeckoro (puabTpalLHOHHOIO) [AaB-
NEeHUd) ;

ruApaBARYeCcKHi rpagnent (nmaxende THA-
pPaBJHYECKOro Hamopa Ha efHHHIy [JHHDI
B lanpaBJIEHHH TeUeHH);

NOJHBbIH BEC OAHOTO H3 OTCEKOB, HA KOTO-
pble pa3biiBaeTcss OmNoJI3HeBOH 6Gaok (C
y4eTOM BHellHeHd BpPEeMEeHHOH H IIOCTOSH-

HOH Harpysox, HaxoJsuMxcs B mnpeaenax
OTCEKA) ;

— BEC OTCeKa C YYeTOM B3BelHBaHHf BOJLOH,
— HOpMAaJabHasg COCTAaBJsfIoULass Beca OTCEKA,
— CcABHrarwouiag cuaa (kKacarejibHas cocTaBb-

JASU0ILasT Beca OTceKa);

— ClJla TPEHHS;



C,= .l — cHJa cuemseHds (npH npuuatiu b=1,0),

R,=T;+C,=Nitgp,+ — cymMMapHas yjaepxupalollasi KacaTrejbHasd

+ ¢l = P,cosaitge,+cl, cuna (conpotupiieHiie nepemelleHHo (-ToO
OTCEKa MO IMOBEePXIHOCTH CKOJbXKEeHHH),

i1 — (QHJAbTpAaIllioNHan cnjaa (raapoanHaMiiye-
CKoe JaBJiellife) B {-OM OTCEKe,

E; — pe3yaAbTHpPVYIOLee AaBJieHIle OT OAHOr0 OT-
cexa,

Eon — CyMMapHOe OnoJi3HeBoe JaBJieHlie CoJ-
zawulero dBJoka;

Ky — KO3 QHUHMEHT 3amaca YCTOHYIBOCTII CKJIO-
Ha (¢akTHUYeCKHH KO3(ddHUIEenT yCTOHUIH-
BOCTH),

K3 — 3aflaBaeMbll KO3((UHUHEHT YCTOIHUYHBOCTH

(AJ1s YKpenaseMoro CKJoHa);
Qc, Qei — celicMHYecKkasl CHJIA.



[ITPEIHWCJIOBHUE

BenegcTBiie OCBOEHHST NOA CrPOUTENLCTBO TepPUTOPIil, KOTOpLIe
paliblle CHYHTAJJNHCh HENnpPHUIroAHLIMH, BCe 4Yaule NpUXOANTCSI BO3BOANTL
3faliisi H COOPYXKEHHS Ha KOCOoropax W HeycTOfunBBLIX CKJOHaX. [IpH
5TOM, KpoMe 3ajau obecnevyeHHs HaAEXKHOCTH BO3BOJHMBIX KOPNYCOB,
TpeOyeTcs peuwlaTb BONPOChl COXpPaHeHHs OKpyxKalouleHd cpeabl H 3KO-
HOMHOTO HCNOJAL30BaHuA Teppuropuu. B pewennax XXVII cnesna
KITCC, B HoBo#t Konceruryuuun CCCP, a takxke B npuuarom LHK KITCC
u Coserom Muuucrpos CCCP nocranosaenun «O JONOJAHHTENbHBIX
Mepax MO YCHJEHHIO OXPaHbl NPHPOABl I YAYUIHEHHIO HCMOJb30BAHHA
INpUPOLHLIX pECYypCOB» yKasbiBaeTcd Ha HeOOXOAHMOCTh pa3padoTKil
H OCYLIeCTBAEHHSA MEPONPHATHH NO OXpaHe OKpyxKarwlueid cpepbl,
fosee 3KOHOMHOIO MCHOJIb30BaHUSl CBOOGOJAHBIX 3€MeJib TPH CTPOH-
TeJILCTBE NPOMBIUIJEHHBIX H Ipa)KAaHCKHX COORYMEHHH.

B cBsi3H ¢ 3THM BONPOC PALHOHAJNBLHOIO NPOEKTHPOBAHHSA H CTPOH-
TeJbCTBA Ha HEYCTOHUYHMBHIX CKJOHAX B HacTosllee Bpemst npuodped
Haubosnee akrtyaJsnHoe 3Hadenue. Has opranusaunii MuHuctepcTBa
MOHTAXKHBIX H CNEHHAJIbHbIX CTPOHTeNbHLIX paboT, KOTOPLIE He TOJb-
KO BO3BOASIT CNelHalJibible COOPYXXEHHS Ha ONOJ3HEOMACHBIX Teppii-
TOPUAX, HO TAKXE 3aHUMAIOTCS MPOEKTHPOBAaHHEM H CTPOHTEJNLCTBOM
CaMHX NPOTHBOOIOJI3HEBLIX KOHCTPYKIMHHA, BOMPOC JAOCTOBEPHOIl OlLeH-
KH CTeeHH YCTOHUHBOCTH CKJIOHA SABJASETCHA OCOOEHHO BAXHLIM.

OnHaKko uYeTKHX pexomenHgauHii o TOM, KakiMH MeTonamii cJjaeay-
€T OUEHHBATh CTENEeHb YCTOHYHBOCTH CKJOHA, HAa KOTOPOM HeOOXOMll-
MO BEeCTH CTPOHTEJBCTBO, a TaKke KakHe (nocoObl NMpUMEHSTh A4
onpepeneHuss AaBJeHHUST Ha I[POTHBOOIMOJI3HEBOE COOpYIKeHile, B Ha-
CTOsilllee BpeMsi B HODMATHBHOH JiTepaType He cyulecTByer. Pazbpo-
caliibie N0 OGOJBIHOMY KOJHYECTBY JAUTEPATYPHLIX HCTOUHIKOB METO/ADI
pacyeTa HepeAKO BeCbMa INPOTHUBOPEUHBBI M TPYAHO TMPHMEHHMBI IS
IpaKTHYECKHX BBIYHCJEHHH.

[IosaTOMy B HacTOSIIUX DEKOMeHAalUMAX NPpOaHAJIM3IIPOBAHLI OCHOB-
Hble H3 CYLIEeCTBYIOUIHX METOJAOB pacuera, cAesialbl BBIBOAbLI O TOM,
JJIsT KaKHUX YCJOBHH Kakue MeTOoAbl uesecoodpasHee MNPHMEHSTD.
Kpome Toro, Bce MeTOAB! pacyera NpHBeJeHBl K dopmaM, yAoOHDLIM
JJsT IPaKTHYECKOI'O NPHMEHEHHS.



[IpocTtoTa BbIBEAEGHHBIX KOHEUHBIX (POPMYJ NO3BOJHT II0JbL30BATLCS
HMH He TOJLKO NPOEKTHBIM OpraHH3alusM, HO TakKke H MOHTaXXHbIM
criemtiaJi3upoBayliLIM  yIIpaBJeHUAM H TpecraM, KOTOPbLIM HepeaKo
TpebyeTcsl OneparTHBHO OLEHHTb- CTENeHb YCTOHYHUBOCTH CKJIOHA, Ha
KOTOPOM HeOOXOAHWMO YyCTaHaBAHBATh MEXaHH3MBl H  NPOH3BOAHTH
cneudaJibHble U MOHTaXXHble paboTHI.

Kpome ueneit Bplbopa Hanbosiee palHOHaJIbBHBIX CIIOCO00B pacyera,
aHani3 CyULeCTBYIOIMHX METOAOB ITO3BOJIHT, BO-MEpBbLIX, O3HAKOMHUTDL
NPOEKTHPOBIIHUKOB H CTpPOHTENEeH C CYUIeCTBYIOUIHM YpOBHEM 3HAaHHUH
N0 NaHHOMY BONPOCY, BO-BTOPLIX, HCIOJNbL3OBaTb HMH CNOCOO OLEHKH
yCTOMUIIBOCTH CKJIOHOB mNapaJjileJlbHO pasjiIMYHbIMH MeTOodaMH (YTo
jaer GOJLIUYIO AOCTOBEPHOCTb OLEHKH), B-TpeThbiX, Osaaroxaps Ha-
CTOSILUHM peKoMeHlanuaM, BbIOpaTb U3 BCEX CYLIECTBYIOLHX HMEHHO
Te METOJlbl, KOTOpbie B KaXJAOM KOHKPETHOM cJiyyae NOMOTYT MOJy-
UHThL HaHboJiee BepHLIH PEe3yJibTar.

B pa6oie npuBejeHbl CYUECTBYIOLIHE CcHNOCOOLl pacueTra Ko3(dhu-
I{IleHTa YCTOYHBOCTH CKJIOHAZ H BEeJHYHHLI ONOJ3HEBOrO NaBJEHHSA
B npeo6pasosandoM (aasi ynobcTBa npUMeEHeHud) BuIe, padpaboraHkl
pekoMeHAaun no cpocob6aM yueTa TI'PYHTOBBIX BOA H CEHCMHUYECKHX
BO3JIe{ICTBHII, ITPOHU3BEJIEHO CpaBHEHHE pasJIHUHbiX METOHOB pacuera
H jJaHbl peKoMeHjauHu no obJiacTaAM IpHMEHEeHHs KaXJgoro H3 HiHX,
a Takxe no cnocobaMm nNOCTPOEHHS 3MIOPH OINOJI3HEBOro JAaBJeHHs,
HEeoOXOMHMOH  AJisi  NMPOEKTHPOBAHHUA  [POTHBOOIMOJI3HEBLIX  KOHCT-

DY KILHIT.

. MICXOJ HBIE NMOJIO)KEHHUSI
1.1. OcHOBHbBIE NPEeANOCHIJIKH

[Ipn npoexTtHpoBaHHU JIOOLIX MNPOTHBOOTOJI3HEBLIX MEPONPUSTHH,
Npl CTPOHTEJLCTBE Ha LEYCTOHUHUBBLIX CKJOHAX HJIH NPH pasMelleHHH
MeXallH3MOB Ha OTKOCax, CKJOHaxXx uJax Ooprtax oBparoB paboOTH
caelyer HaunHaTb C OLEHKH CTENeHH YCTOHYHUBOCTH HAaKJOHHOH IO-
BEPXHOCTH 3eMJM. TakKasi OlLEHKA NPOHW3BOAHTCS NYTEeM BbIYHCJJECHUS
TaK Ha3biBAeMOro XKo3(p(pHUHEHTA YCTOHYHBOCTH, KOTOPBLIH Xapakre-
pu3yeTcsi OTHOIIEHIIEM CHJ, YMepKHUBAWOUIMX MACCHB TpyHTa Ha Ha-
KJOHHO{T IOBEPXHOCTH, K CHJaM, CABHralOUIHM 3TOT Maccup. Jlas
NPOEKTHPOBANNST HNPOTHBOONON3HEBLIX MepolnpusitTHit Hepeaxo Tpelby-
CTCSt elle OonpejeJisiTh BeJuHHYy JaBJjieHUsT TPYHTA OT CMeENLalolierocs
MacCHB4 Na Orpaiialoliylo KOHCTPYKUHIO (Onon3HeBOe AdasJeHHe}.
JLJist Taknx BLIUHCAEHH CyUleCTBYeT OueHb, O00JIbllIoe KOJIHYeCTBO
pacueTHLIX METOJ0B, KOTOpble, MO CYLECTBY, HE PperJaMeHTHPOBaHbl
HOPMATHBILIMIL JJOKYMEIITaMH.

DONLUWIMHCTBO H3 CYHIECTBYUIHX METOHOB pacueTta YCTOHUYHBOCTH
ckyonoB 6blio pa3paboTaHO AASl BBIYHCAEHHS KO3(p(HUHEHTA YCTOH-
YIIBOCTIl CKJAOHA. 3aTeM 3TH pacyeThl (KaK NpaBuJO, aBTOpPOM HAaH-~
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Hoit paboThl) npeobpasoBLIBaJHCh LJIA ONpefie/leHHss TaK HAa3bIBAEMO-
ro OIIOJISHEBOro JaBJieHlisl, T. €. JaBJIeHHsd, Nepelalollerocss OT le-
yCTOHYHBLIX TI'PYHTOBBIX MacC OINOJISBHEBOTrO cKJIOHa. [lpu 3TOM  JJIAl
pacyera IIPOTHBOOMNOJSHEBLIX YAEPXKHBAIOIIHX KOHCTPYKIHH paspa-
60TaHbLl CHOCOOLI MOCTPOEHHA SMIOPHLI ONOJ3HEBOro AaBJEHHA N0 Npo-
TSAKEHHOCTH OTOJI3HSA.

Bce pacueTHble METOAB! OUEHKH CTeNeHH YCTOHUHBOCTIH CKJOHOB
OCHOBAHBI Ha INpPHMEHEHHH TEOpPHH [NpeAesbHOro paBHOBeCIHisl, pac-
cMaTpHBAlOUIEH TNipelle/lbHOe  HallpsKeluHoe COCTOsHIIe TPYHTOBOrO
maccHBa. B pacueTHOll MoaesNH NpHHHUMaeTCs Psijil  YCJAOBHBLIX J0IY-
HEeHHH:

HCHOJIL3YETCH THIIOTE3a 3aTBepAeBUIEro TeJa (npH3Ma BO3MOXKIOIO
CMelleHHsl pacchaTpliBaeTcs B BHAE 3aTBepHeBIUETO KJHHA);

paccMaTpHBaeTcCsl y3kas noJsioca CKJOHa uHPuUHOH | M; ycJsoBl
ee padOTLI COXPAHSAIOTCS HJisl BCEro CKJIOHA;

AoTyckaeTcsi onpejesieHHass qopMa NOBEPXHOCTH CKONbMKEHHS;

MpH MNOJb30BAHIH OCHOBHLIM KpHTEpHeM MnpouHoctH (t=otgpc)
Hanpsi2KeHHsl 3aMeHsIIOTCA CHJIaMHU;

B HEKOTOPLIX MEeTOA4X CHJbI B3aHMOAEHCTBISI MEKAY OTCeKaMii, Ha
KOTOpLIe pasbnsaercs ononsieBold OJIOK, HE YUHTLIBAIOTCS;

NPpHHHMAIOTCA l3Jjaraembie jpaJjiee JAONYUIEHHS O 3HAYEHHSX I NPO-
ABJIEHUSIX MaBJIEHHSI TPYHTOBBLIX BOA H CEHCMHYECKOH CHJIHI;

B HEKOTOPHX MeTojJax IIpH pacCMOTPEHHH pPaBHOBECHsT MaccCliBa
NPpHHUMAETCHd OAHO yPaBHEHHE CTATHKM;

B OTHAEJLHBIX cJiydyassx TEOPHSA MNpeAelIbHOTO PaBHOBECHST TNIPIIMEHS-
€TCd K TPYHTOBOMY MACCHBY, HaxopsuieMycsa B 3anpefie.lbHOM CO-
crostiuy (npu Ky<<l).

HecmoTpa na nepeydHcaenHnie HONYLIEHHST H HCXOAST 13 HCOOXO-
NUMOCTII OXBATHTb KAK MOXHO 60Jbllle BCTPEYAIOUIIXCA Ha NMpaKkTHKE
cjlyyaen (pas3sHOpPONHOE reoJOrHuecKkoe CcJoXKeHle CKJOHOB, HaJHulle
TPYHTOBBIX BOJA, BO3JAEHCTBHE CEHCMHYECKHX CHJ H T. JI.), 3TH METO/LI
pacuera, XOTsI ! He BHOJIHE MaTeMaTtiyecky I (H3HYECKH CTpOrlie,
HeOOXOAHMbBI AJist pa3pabOTKH MNPOCTLIX HHXKEHEPHBIX crnocobOB oleH-
KH YCTOHUYUBOCTH CKJIOHOB H OTKOCOB.

[Ipy pacuerax OMOJI3HEBOro JaBJIeHHs NOJOKeHle HauldoJsee onac-
HOH NOBEPXHOCTH CKOJILXKE€HHS, KaK T[paBHJIO, MNpPHHHMAETCHA YIKe
ycradoBienuniM. CyuiecTByeT MHOXKECTBO HATYPHbIX H TeCpeTIiiecKIX
MeTOA0B YCTAaHOBJIEHH TOBEPXHOCTH cKoJabXKeHHsl, Vi3 HaTypHbIX
HeOOXOAIIMO OTMETHThL CJEAYIOUIHe MEeTOAbl: BH3yaJbHOro HadbJione-
HHsI 32 NPOXOAIIMLIMI UpH  Oypenyy cKpaXHH I WypdoB MOpoaa-
MU — [I0 3epKaJiaM H IUTpHXaM CKOJNDLXEeHHsA, NO HOBLIIUEHHON BJaXK-
HOCTH TPYHTOB H T. A.; rJAyBbHHHOrO penepa H3 OTPE3KOB Tpyd
(E. T1. EmennanoBoit); rayGHHHOrO LIJIAHTOBOrO penepa; rjyGHHIOrO
penepa ¢ anektpHyecKuM dukcaropom cMewiennid (M. . bapauoa);
ObpaTHOro nomnaaBxkoBoro otBeca; Merol M. H. Py6anuxka; aumHamiu-
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YeCKOro M CTaTHYECKOro 3sonanposauust (onpeneseHHe JIOBEPXHOCTH
CKOJIbXeHHs1 Mo o0JacTAM ¢ HNOHUKEHHBIM CONPOTHBJAEHHEM IepeMe-
IEeHNI0 30HAA); AJHTEJNbHOrO HabMIOACHHS 32 OTHOCHTENLHBIM CMe-
leHneM KoJiel, KOTOpPLIMH oOcaXeHa HalawnaTedbHasg CKBaXXHHa,
H ap. M3 TteopeTHyeckHX MOXKHO OTMeTiiTh Metoant b. M. Jlomuse,
H. B. ®enoposa [26), I'. M, Illaxynauua [38, 39], . JI. ®ucenxo u up.

Hepenko mnoBepxHOCTb CKOJIbXXEHHS mpenonpeneseHa caMUM Treo-
JOTHUECKHM CTpOEeHHEM CKJIOHA, HalpHMep, KOoraa NOKPOBHBIE T'PYHTHI
(resioBufl) Ccnoa3alT nNo KOopeHHBIM nopogaM. OAHAKO B TaKHX
cJayuyasiX K aHaJIH3y CcJaeAyeT NOAXOLHTL € OCTOPOXHOCThIO. Ecam
KOpPEeHHLIMH NMOpoAaMH SABJISIIOTCA NMOJIYCKaJbHbie TPYHTH (aprUJJHTHI,
aJeBPOJIHTBI, H3BECTHSIKH H T. MA.), TO TMNOBEPXHOCTb CKOJIbXEHHS
MOXKEeT NPOXOANTL M BbIUIE, U HHXe KPOBJH TaKux nopon. B oxowu-
yaTeJibHOM Biie AJisl YIPOIMEeHHsI pacycTOB IMOBEPXHOCTb CKOJbXEHHS
NpHHIEMAaeTCcs1 B BHJAe npocTenminx ¢popM — H3 JIOMAHBIX JIMHHHA, U3
LYyl OKPYXKHOCTH H T. .

[Tosoxenne TNOBEPXHOCTH CKOJIbXKEHHS, TaK Xe KaK H 3HaueHHs
MPOUYHOCTHBLIX XaPAaKTEPHCTHK TPYHTOB (¢ U ), YCTAHOBJIEHHLIE IO
MarepHasaM  HHXEHEePHO-TreOJIOTHYECKHX H3BICKaHHH, cJefyer IHNpH
NPAKTHYECKOM TMPOEKTHPOBAHHH YTOYHATL OOpaTHHIMH pacyeTamy,
HCXOAS W3 3HaueHHUd Ko3pdHuHeHTa YCTOHYHBOCTH CKJOHa, npudIIU-
3HTEJbHO COOTBETCTBYIOUIETO €ro 3HauyeHHI0 npH (PaKTHUECKOM CO-
CTOSIHMH CKJIOHA (IIpH HEYCTOHYHBOM TMOJIOKEHHU CKJoHa Ky=1).
Iipn aToM, B COOTBETCTBUH C pe3yabTaTaMH HCCJIEAOBAaHHH MHOI'HX
coperckux yueHnlx (M. H. Tonpamreiin, 3. M. Io6pos, 0. K. 3a-
peukuii, H. H. Macaos, I'. W. Tep-Cremansiu, A. §I. Typosckas,
II. A. LipiToBHY U np.), 3HAUEHUA CABHTOBBIX XapaKTEPUCTUK IPYHTOB
Hd ypoBHe MOBEPXHOCTH CKOJbXEHHA MOryT OBITb CHHMKEHbl BCJe[-
CTBHE BO3MO2KHOrO I3MEHEHHSI HX BO BPEMEHH C yYeTOM II0J3YUYECTH.
Takoe cuHeHte TPOUHOCTHLIX CBOHCTB TpPyHTOB (0coOeHHO TIJHHH-
CTLIX) B HEKOTOpPBIX YCJOBHAX MOXeT ObITb 3HAUHUTEJbHBLIM, YTO He-
00XOAHMO YYHTHLIBATHL IIPU NPOEKTHPOBAHUM.

sl nmpakTHYeCcKHX pacueToB BO3MOXKHO MNpPUMEHSITH MeTOd yuyeTa
pPEeoJIOTHUYECKHX CBOHCTB I'pyHTOB, pa3paborannbii npo¢p. H. H. Mac-
aosbiM [15]. Kak wussectno, no H. H. MacnoBy conporuBisieMOCTb
rpytra c/IBUTY NPeACTaB/sACTCA BhIpaXKeHHeM:

Spw::ptgfpw",‘zw'l‘ccx (1)
rae p — AeHCTByIOUlee B NOpoAe M0 AaHHOH nJoulagke HOpMaJib-
110e HanpsKeHue;
(Pw — YUOJ BHYTpPEHHEro TPeHUs NPH BJAXKHOCTH W,
2w — CBA3HOCTb NOPOALI BOAHO-KOJIJIOHAHOH npHpoanl u o0pa-
THMOT'O Xapaxkrepa npH BJaXHocTH W,
Cc — 2KeCTKOe CTPYKTYpHOe cHemJIeHIle ¢ XxapaKTepoMm Heobpa-

THMBIX CBSI3CH.
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[Ton3yuyecTsy NPOABAAETCSH, KOrja AeHCTBHTEJbHbIE CABHTAKUIHE Ha-
npAMKEHIA T JIOXKAT B npeaenax

ptg(Pw+Cc<T<ptg(Pw+2w+cc- (2)

B TaxkxoM cJsiyuae npPOYHOCTh TpyHTa obecneyiBaeTrcss Ha TOT HJI
HHOil NEepHON, OAHAKO B CBA3H C JedopMaiyell noa3ydyecti BO3MOIK-
HO HapyluedHe HeoOpPaTHMOro cuenjeHus ¢, BO BpeMeHil ¢ OOULHM
nafleHHEM TNPOYHOCTH TI'PyHTA.

B peosiorHucCKOM aHaJiM3€ BeCbMa BaxHLIM OKa3hbiBaercs pacuse-
HeHHe MPHUCYLIero IJIHHHCTOMY TpyHTY OOLIero CuenjieHHs ¢ Ha cJja-
raijoutiie ero o6parumoe 2, H HeoOpaTtumoe ¢, ClUenJenns. IJToT
agaJii3 BBHINOJHAETCA NYTEM COIOCTaBJIEHHA 3HaueHHH CONPOTHBJE-
HHSA MOPOABLI CHABHITY B MOHOJHTE M MNpPH CHABlHre «MJiaUIeK» [TOPOJbI
0 HCKYCCTBEHHO INOATOTOBJIEHHOH INOBEPXHOCTH. 3aTeM MPOBOLHTCH
AJUTENIbHOE HCNBITaHHE Ha CABUI C KOHTPOJHPYEMO# pedopMallHed
nojJ HAeHCTBYIOLUEH HArpy3kOd v AJAdA onpeneseHusi BO3IMOMHOIO CHH-
MeHHA 3HAUYEHUH @y, 2w H €. BO BPEMEHH H XapPaKTepPHCTHK BA3KOCTII
rpyHTa.

[To metronuke H. H. Machnosa Moxer ObITh BBINOJHEH IPOrHO3
CKOPOCTH IepeMeuleHH] BHH3 MO CKJIOHY OlOJI3HEBBIX MAacC Ha [IJl-
TeJIbHBIH NepHOM H HHTEHCHBHOCTH xe(OopMalUHH CMEINEHUS OOANOop-
HBIX COOPY2KEHHH.

B cayuasix, Korga no MartepHaJaM HHXKEHEDHO-reoJOrHUeCKHX
H3bICKAHHH H HMEIOUIHXCS TEOPETHYECKHUX METOLOB MOJIOXKEeHHE HaH-
OoJiee OIacHO# HOBEPXHOCTH CKOJBXEHHSA YCTAaHOBHTL He YyHaercd,
pacyeTHple MeTOALl OUEHKH YCTOHUYMBOCTH CKJIOHOB B INpPSIMOM BHJIE
IIpUMEHHTb He TNpeAcCTaBJIAeTCS BO3MOXKHBIM. B Takux chyuasx cJje-
AyeT HCNOoJib30BaTh BapHallHOHHBIE MeETOAbI pacuera, npeasoxenuble
A. . Tupruposnim, M. H. Toasnmreiinom, A. I'. Hopdmanowm,
Y. X. MarjaeeBbiM H ap.

[Ipu pacuerax ycTOHUYHBOCTH CKJIOHA HJH ONOJI3HEBOTO JaBJjieHsl
CMIOJ3AI0MMUA TPYHTOBLIA OJIOK UWIEHUTCSH BEPTHKAJBHBIMI JIHHHAMH
Ha psjx orcekoB. OOBLIYHO OTCEKU TNPHHUMAIOTCH TaKHMH, uTOOLl 6e3
NOTEPH TOUYHOCTH MOXHO OBIJIO B HX Npelieiax NPHHHMATb NOBEpX-
HOCTL 3a IJIOCKOCTb, a COCTOsIHMe rpyHTa, OuepTaHHe CKJjoHa, Heil-
CTBHE BHEUIHHX CHJI W T. II. IPAKTHYECKH OAHOPOAHBIMH. Kak npasJo,
IIHPHHA OTCEKOB He JIOJIXKHA NPBHINAThL 0—6 M.

Beeaem jponyuieHde OTHOCHTEJLHO TOUYKH INPHJONKeHls W Hanpas-
JIEHHS paBHOAEHACTBYIOLLEH ONOJI3HEBOrO AaBJeHHA. LCaH onoJsleBoe
NaBJIeHHE CUHTATh AKTHBHLIM, TO, MO MHEHHIO aBTOpa, CXeMa €ro
pacnpepesieHusi 1O BHICOTE aHaJOryyHa CXeMe pachnpejfeseHius ak-
THBHOT'O JAaBJIeHHSI OT KJiHHA cnonasanuss no teopui Kyaona. [Tpu
BBeJleHUW JONYLIEHUSA O TAaKOH aHaJOrHH BEPTHKAJbLHYIO 3MIOPY OMNOJI3-
HEBOro JaBJIEHHH IO BHICOTE pacUeTHOrO CeueHHS CKJIOHA  cJaeayer
IPHHATbL TPEYroJsibHOH (3TO NOATBEpKAAETCA H TeM, HTO Ha yposie
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IOBEPXHOCTH CKOJbXXEHIIsl HaBJieHHe SABJAETCS MaKCHMaJIbHBIM). AB-
TOPOM NpPOBOJHJANCL BapHallMOHHbLIE pacueTbl, KOTOPHIE AaBajii BO3-
MOXKHOCTb MNOCTPOHTB BepPTHKAJIbHYIO 3MIOPY OINOJIZHEBOI'O AaBJieHHs.
Taxkue sniopbel 1o ¢opMme coBnajajgH ¢ TpeyrojabHHKOM. Kpome Toro,
BesiliiyHua IJiedya NpHJIOXKeHHsA CUAbl E,p OT NOBEPXHOCTH CKOJILXKEHHS
npin onpeaenedny no merogam I. M., Illaxynsanwa u HOHWHTa, xax
IpaBHAO, Noayyanach 6JH3KOH K OAHOH TPeTH MOLLHOCTH OIOJI3HEROI}
ToJILLH. Takoe e 3HauyeHHe MJleya pPeKOMeHAYIOT W APYrue Hccaeno-
pateau [17, 20, 39]). B cBsa3u co ckazaHHbIM B jpaHHOH paborte npu-
HHMAaeTCcsd JAONylueHHe O pacrpejiejieHHd OIOJI3HEeBOI'O N aBJIEHHUS IO
BLICOTE pacyeTHOro CeyeHHsl CKJOHAa B BHAE TPEYroJIbHOH 3MIOpPHI.
Tak:e aonyckaercsi, UTO peakuHs NPOTHBOOIOJI3HEBOro yaepKHBaloO-
HIer0 COOPYXKEHHs HanpaBJieHa N0 TOPH30OHTaNH. B CBA3H ¢ 3THM
fajiee OnpenesiseTcs, Kak IpaBHiO, TOPHU3OHTAJbHaAsh PaBHOAECHCTBYIO-

Hidsl ONOJISHEBOI'O AaBJICHIS.

KpoMe Ttoro, sapaguMcsa 3HayeHHeM Ko3(p(PHIHEHTa YCTOHUYHBOCTH
3

YKpenyseMoro ckjona Ky, Ha KOTOpoe YMHOXAaeTcsi CyMMapHOe 3Ha-
yeHiie CABHTAIOLUIHX CHJ IPH BBIYHCJAEHHH OMOJI3HEBOrO [AaBJieHHS

3
(Lasee moka3aHo, YTO YMHOXKa&aTb Ha Ky HeoOXOAHMO HMEHHO CHABH-
rajoulHe CHJILI, a He pe3yJbTHpylolulee 3HaueHHe OIOJI3HEBOI'O JaB-
JeHust Eon).

B cnpaBouninkax mo OCHOBaHUAM U (yHOAMeHTaM NPHBOASITCS 3Ha-
UeHHs Ko3(p(pHUHeHTAa YCTOHUHBOCTH Ky NIPH YKPENJeHUH CKJOHOB C
IIOMOUbIO OOBIYHBLIX NMPOTHBOONOJ3HEBLIX MeponpHATHH. [lpu Takom
yKpenJjeHiiH CTelleHb HeOonpeieseHHOCTH 3ajJavyd JA0CTaTOYHO BLICOKA,
I03TOMY YyKa3saulble 3Hauenns Ky CpaBHUTENbHO BeJUKH. C mOBLILIE-
HIIEM TOUHOCTII pacyeToB H ¢ NpHMeHeHHeM ©OoJiee palHOHAJLHBIX
NMPOTHBOOMOJA3HEBbLIX KOHCTPYKUIil 3HaueHHe TpedyemMoro xosp@HIH-
eHTa YCTOHUHBOCTIH JOJXKHO CHHXAaTbLCH.

B onnoii n3 cpoux pabor H. H. Macaos nucas, 4T0 BO3HHKAET
BIIOJiHEe ONpaBAaHHOe TMpeACcTaBJEeHHEe O BO3MOXHOCTH IIpH 3aKpen-
JeHHH NeliCTBYIOUIMX OINOJ3HeH OrpaHH4YuBaTbCsl JHIIL BecbMa He-
OoablINM fipeBbilIeniieM 3HaueHnst Ky Hajx epguHHlel. B 60osblUHH-
cTBe cJyuyaeB INpH nogoOHbIX OO0CTOSITE/NIbCTBAX OKa3hbliBaeTcss JAOCTa-
TOUHBLIM 3ajaBaTbcsl 3nauveHusmu Ky or 1,05 mo 1,1. Ilpu stom pmaxe
caaboe TOPMOXKEHHEe MOXET OCTAaHOBHTL OIOJI3EHb.

[IpH npoeKTHPOBAHHH VYAEPXKUBAIOHIHX COOPYXKeHHH rjyboKoro
3aJjiox<eHHss TeM OoJiee He CJe[yeT 3aaaBaTbCs CJHHIIKOM OOJbIIHM
KO3(ppHUHeHTOM YCTOHUYHBOCTH, IIOCKOJBLKY TaKHe KOHCTPYKLHH pac-
CUHTLIBAIOTCH HA BeCb H3OBITOK CABHIAIOUIHX CHJIL.

B cBsI3H C H3JIOKEHHBLIM NPH pacyeTe MPOTHBOOIOJ3HEBOH yaepKH-

palouleii KOHCTPYKUHH 3aflaBaeMblH KO3((PHUHEHT YCTOHUHBOCTH pe-
KOMEHAYeTCA NpHHHMaTh B npeaenax [6]:

3
1,01 <Ky<<1,1. (3)
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M3 BCex cCyulecTBYIOUIHX B HAacTosiliee BpeMs METOJAOB pacuera
a8TOPOM OBl pPAacCMOTpPEHBbl JIMIUL Te, KOTOpble Haubosee HWIPOKO
HCNONB3YIOTCA [JiA BbiYHcHAenHst KosdpHuHeHTa YCTOHUHBOCTII CKJO-
ya, H Te, KOTOpbHle MOJKHO NPHMEHUTL AJs OfpeleNCcHHA OINO0JI3HEeBOro
napiaenusa. B pabore He paccMaTpHBaJHCh 14K 1a3blBaeMble MPOCT-
paHCTBeHHblE METOALI pacyeTd, B KOTOPHIX BLIMICJEHIsI BEeAyTCs He
LI MOJOCHl CKJOHAa WHpHHOR 1 M, a aasg pcero ob6beMa rpyira.
[To MHeHHIO aBTOpa 3HAUWTEJIbBHOE YCJOXKHEHHE pacueToB B TaKIX
MeTOoJax lie OlpaBiAbiBaeTcsl KaKHM-JHOO yTOoulHeHHEeM pe3yJibTaTos.
Jleso B TOM, YTO TIPYNTOBBIE YCJAOBHS NO INHPHHE CKJaoHa BechMa
HeOJHOPOAHL!, IIPOYHOCTHLIE XapPaKTePHCTHKH TPYHTOB pPE3KO H3Me-
HAIOTCA JAaXx{e Ha COoCefHHX MNJOoLlaAKaX, CJeAoBaTeJbHO OObealusITh
pa3HOPOAHLIE YCJOBHS B OAHH pacyeT cMbicja He HMeer. boJjee mpa-
BUJIbHBIM OyleT MpPOBOAHMTL pacyeTr AJIS KaxXJAOro nonepednnxa B OT-
AeNbHOCTH (M B HeM TNPHHIMATh INOJIOCY CKJOHA WHpHHOA 1 M),
OAHAKO, TaKHX ITONepeqyHiiKOB Ha CKJOHE BHIALJAATh KaK MOXHO O0JIb-
e — JJIST BCeX MeCT ¢ H3MeHSIOMIHMHUCH (PU3UKO-MexXauiyecKiMIl I
NPOYHOCTHLIMH XapPaKTEPHCTHKAMII I'PYHTOB.

1.2, Yuer neHcTBHSI TPYHTOBLIX BOJ

IleficTBHe TPYHTOBLIX BOA HA COCTOSAHHE OIOJIZHEBOIro CKJGCHA MNpO-
ABJSETCH palJIMUHbIMI nyTaMd. Boaa oKasbiBaetr B3BelllBalollee
JleficTBiie Ha cJaralollie cKJjol HOpOoALI, H3MEHsis CHJblL I'paBlUTAalLll.
Hacuimas rpyurtol, Bojga H3MeHsieT HX (GH3HKO-MexaHHyecKiie Xapak-
TEPHCTHKH I, B YaCTHOCTH, CABUTOBBIE XAapPaKTEPICTIIKIl, YMeHbUiasd
BEJIMUYHHY CONPOTHBJIEHHA caABHTY. [KpoMe TOro, rpyHTOBbLIE BOTbI,
CMauyuBasgd BO3MOXHbIE MOBEPXHOCTH CKOJBLXSEHNS, B BIle CMAa3KI
yMeHbwaloT clJabl TpeHus. [Ipi sToM BOaa, B3seunBasi rpyHTOBDL
CKeJieT, CHHIKAeT 3a CyeT JIIOPOBOro AaBJieHlsl HOpMaJibHbIE HanpsKe-
HHUSI 0 B IJIOCKOCTH CABHra H MOXeT HNPHBECTH K NOUTH [TOAHOMY
CHATHIO BHYTPEHHEro TpeHuss B rpyHte {7]. MexauusMm 3TOro siBaeuisI
SICEH U3 ypaBUEHHSI CABHTra

1= (0c—u)tg¢o-+-c. (4)
Jlerko BHAETb, YTO ApPH AOCTATOUHOM BO3pacTalHHH IMOPOBOro A48-
ACHUA 1 BENHYHHA O — I MOXKET OKasaTbCsl PaBHOH HYJI0, II TOI'/A

CONPOTHBJIEHHE TIpyHTa CABHIY T OYAeT ONPEeUesATLCSI TOJIBKO CIen-
JenueMm. TakuM o06pa3oM, BOla CHHKAET HECYUYIO CNOCOOHOCTbL TpYyH-
Ta [18].

BaxHBEIM (QaKTOpOM SsBJAdeTCS TaKXe MNposiBjeHne (HAbTPallio-
HOro pasJienysi rpyHTORBIX BoJA. Kak u3ssectHo, GuUALTpALlHOHHOE J1aRB-
JICHHE CcOo3JaeTcsd BO BCeX cJydadgxXx ABHXKEHHA NOoA3eMHbIX Boa. I je
€CTh rpajiHeHT, rje HabJaojaeTcs YKJOH NOBEPXHOCTH CcBODOOAHOIO
ITIOA3E€EMHOT0 ITOTOKA HJH JHHHH NbEe3OMEeTPHYEeCKOro YpPOBHA Aaf Ha-
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MOPHBIX BOJ, TaM eCTh nadeHHe Hanopa. [lageHHe Hanopa BbI3BIBaer-
Csl IPEeOJOJIEHHEM CONPOTHBJIEHHSI TEYEHHUIO BOAH B I'pyHTe. ITO Co-
NpOTHBJIEHHe B BHAE peakKuHu H cOo3naeT (QUJIbTPaLHOHHOE NaBJieHHe,
O6blyHO TOA3eMHBIH TIOTOK Te€4eT B CTOPOHY MNOBEPXHOCTH CKJIOHA,
[TosaTHo, 4TO NpH 3TOM TOJUlA, cJlarawlouasi CKJIOH, HCHOBITHIBaer
¢hyuapTpalHOHIIOE NaBJieHHe, lHMelolee OAHHAaKOBOE OCHOBHOE Hallpas-
JIeHHe C OMNoJi3HeBbIM JaBJjieHHeM. CJlepoBaTesibHO, (HAbBTPALHOHHOE
NasJieHyue SIBJAsieTCsT OJHHM H3 (haKTOpOB — nobyautresieH K Pa3BHUTHIO

OHoJI31EeBbIX SIBJACHIIH.

Pic. 1. HakJodHB nNAacT BOAOHACLILWEHHOrO
rpyHTa

PasbepeMm nesictBHe DUIbTPAUHOHUIOrO AABJAEHHUSI NSl cJjayyasi Ha-
KJIOHHOrO 1Jlacta rpyHTa, 3aJieralouwero Ha BOAOYIIOpe, nmapaJjeslbHOM
IOBEPXHOCTH (pHc. 1). DTOT cayyal Gaaronapst CBOed npocToTe NO3-
BOJIIET OTYETJUBO IMPEACTaBHTL CYUHOCTb paccMaTpHBaeMoro BOII-
poca [16]. KpoMe Toro, oH uMeeT W TIpaKTHUECKOe 3HayeHHe, TaK KakK
BeCbMa 4acTO BCTpeyaeTcss B 3ajgadax 00 yCcTORYUBOCTH OMNOJI3HEBbIX
CKJIOHOB li, B BHA€ OAHOrO W3 HONYUIEHHH, MOXeT OblTh HCnoJib30BaHl
B OOJIbUIHHCTBE AECHCTBUTEJbHBIX CAyYyaes.

ITycTe nopwl rpyHTa NOJHOCTBIO HACHILIEHB! BOAOH H JIMHHH TOKa
BOJLI NapaJuefibibl IOBEPXHOCTH OTKOca. Torjga nocnenHsisi sABJACT-
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cA, BMecTe ¢ TeM, BepXHeH JIHHHEeH TOKa, a TaKXXe H JINHHeH Jenpec-
cUHY, TaK KaK Ha Hee HeNOoCPeACTBEHHO JAeHCTBYeT BO BCeX TOHKax
aTMocdepHOe JBaBJIeHHE.

Kax H3BECTHO H3 rUApaBJHKH, JUHHH, NEPNEHAHKYJISpHbLIE K JHHIH
TOKa, NPEACTABJAAIOT COO0OH 3KBHIIOTEHUHAJIbHbBlE JIHHHH, TO €CTh BO
BceX TOUKaX KaxJAOoH TakKOH JUHNH BoJa NofHAJAchb ObI B NbE3OMeET-
pHYECKHX TPyOKax A0 ORHOrO M TOrO XKe NMbe30MEeTPHYECKOro ypOBHS.
Orcioga cJjeayer, YTO BJHOJb OTPE3KOB JHHHHA TOKa, HpPOBEIEHHKLIX
Me:KNy JABYMSI 3KBHNOTEHUUANbHLIMH JIHHHAMH, Oyjaer HaONI0AATbLCS
OHHAKOBasi Pa3HOCTb Nbe30OMEeTPHUECKHX YPOBHEH, a CJjeloBaTeJbHO,
1 OJMHAaKOBasi pPa3HOCTb HAMopoB. B paHHOM cJaydae pas3HOCTb Ha-
nopos A MexXJy ABYMS COCEAHHMH SKBHNOTEHUHAJbHLIMH JIHHHAMII,
ganpiumep, ab U ed, 6yaer paBHa Pa3HOCTH OTMETOK TOYEeK a i e, T. e.
2q¢ — 2e. ChnepoBatenbHo, Ah=2z2, — 2,. CoorBeTcTBylOIIasA AJHHa JIH-
HUH TOKa Oyher paBHA:

Al= silha :EZiE:E '
TakuMm o6pa3oM, rpaaueluT OKaXKeTcsl PAaBHLIM:
- i}’; __ (za;fi)zs;ma —sin a. (5)
Ho nockoJbky npuHsto a=fiy, TO
i =sin By. (6)

FuppoanHamuueckoe (puaLTpalloOHHOE) pAaBJelNe Ha eJHHULY
o6beMa TrpyHTa paBHO rpaaHenty (pa3sHOCTH HANOPOB HA EAIHHLY
AJHHBIL, T. e. o6beMy cToJ6a BOAB), YMHOMXKEHHOMY Ha YAeJbHbli
BEC BOALI:

jgnlill.zi'}’wz‘vw Sin ﬁ(p. (7)

Ob6uree pasaenHe Ha HEKOTOpBII cJuofi rpynra ob6beMomM V Oyaer
PaBHO:

j= Vjeﬂ]iﬂ*z V?w Sln ﬁ[l): V'Yw Slﬂ (1. (8}

JTO japJeniie HanpasJeHno BAOJL JHHI TOKa, napaaienblo Io-
BEPXHOCTH OTKOCA, H ABJgdeTCS CABHNralolien cuoil.

ITycTh noBepXHOCTLIO CKOJNBXKEHHS SIBASIETCST KPOBJS BOJAOYMNOpa.
Co6crBenHbiil Bec rpyHra B o6beMe V ¢ yueToM BaBewnpanus Gyjaer
paBeH: Pp= (y —vy») V. CaBurawomiasa cocrasasiolias storo seca Q
TaK)Xe HanpasJieHa BAOJb OTKOCAa KHH3Y H paBHa: (Q=Pgsina, a
HOpMaJibHasdg K IMOBEPXHOCTH CKOJAbXKEHHA cocrasdomas N=FPjcosa.
Taxkum o6pasom:

Q= (y —yw) Vsina; N=(y — yw) V cosa. (9)
O6uias casuratoulasi cuna pasHa Q-+j, a yaepxuBaloiLasi ciijia Tpe-
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g IT'=~Ntgep (ecan B rpylTe OTCYTCTBYyeT cClEIJIeHHe, B NPOTHBHOM
cayuae cJaeayer aob6asutb cuay clL). KosdpHuueHUT YCTOHYHBOCTH
cKJiona aas cjost oobemom V Oyner paseH:

Ko Ntgep (v —vw) Vcosa-tg @ __{y—yw)cosatgq
3 Q+j (Y —vw) Vsina+Vyy-sina Y St &
__._r’v—"Vw ___tﬂ‘ fp :
- PR (10)

[Ipn orcyrcTBHH (PUABTPAUIOHHONO H B3BEHIHBAIOUIEr0 AaBJCHHH 3TOT
K03 (puunedr 6uly1 Obl paBey:

Nt vV cosatg t
Q vV sin a tg
CaenoBaTteJibHO, NPH HACHUIEHHH OTKOCa BOAOH KO3I(P(PHIUUEHT YCTOH-
UNBOCTH CHIRKAETCS B k¢ pa3, TO €CTb BO CTOJIBKO pa3, BO
Y — Yw

CKOJILKO BeC CKeJieTa I'pyHTa B BO3fyXxe OoJiblie Beca CKeJieta ¢ yye-
10M B3BEUIHBAHHA B BOJe.

Jlerko BHAETH, 4TO Ty XKe (HopMyay Ko3hdpHiHeHTa YCTOHUHBOCTH
MOJKIO II0JIYUHTL, HEe paccMaTtpuBasl OTHAEJLHO (PHUABTPALHOHHOrO
JlasJsieHitsi, a onpenengst CABHrAIOILIYIO CHJAY HUCXOAA H3 OOBEMHOrO
Beca rpynra y (TO ecTb Beca cKeJieTa BMeCTe C BOAOH), a YAepKH-
BAIOLULYIO CHJY TpeuHsi — HCXOAS H3 Beca CKeJleTa C YUYeTOM B3Be-

Ky =- Ntgop  (yv—vyw)Vcosalgp V—"Yw , tgo (12)

bl
T—h
L]

Q o v Vsina V tg

Takoil cnoco® ouellKH YyCTOHYHBOCTH CKJIOHA OOLIUHO HAa3bLIBAIOT «Me-
TOJOM B3BCWIIBaHUSA» H HepeaKOo NPHMEHSIOT ApPH  HNPAKTHUYECKHX
pacucrax. Puanuecknii CMbLICA 3TOro0 MeTOAAa 3aKJIoyaeTcsl B TOM,
YTO HAllOp TPYHTOBLIX BoJA cnocofeH OKa3aTb Ha NOKPOBHYIO TOJILY
[OpoOJ B3BellllBalollee NPOTHBOAABJEHIle H TeM CaMblM CHH3HTb [eH-
CTBYIOLLIIE B KOHTAKTHOH 30HEe CHJIbl COMPOTHBJEHHSI CABUlY 3a CUET
CHIDKEHHST CHAM TpeHnsl. Bmecre ¢ TeM B 3THX yCJOBHAX BO3HHKaeT
BO3MOXKUOCTb AONOJHITEJNLHOrO BOAOHACLILLEHHS T'DYHTOB H CHHXKe-
HITSL COUPOTUBAAEMOCTH HX cABHry. CHABHraioulee e ycHJHe B 3TOM
cayyae ocranercsi 6e3 13MeHeHHs, TAK KakK CHJIbI TpaBHTallHH COXpa-
HsoTesl npexueli BeJHYHHL (HMeeTcsl BOJlOHACHIeHHe lie MO BCEH
BLICOTE TPYHTOBOI TOJLL).

[TocKONbLKY MNbEe30MEeTPHYECKHIT ypPOBEHb, COOTBETCTBYIOLIHA KaKOH-
JiN0O TOUKe TOBEPXHOCTH CKOJIbXKEHHS, HaXOAHUTCA Ha OTMeTKe Iepe:
ceyeHilss € NOBEPXHOCTLIO JAEeNpPeccHH 3KBHIOTEHIHAJNH, NPOXOAsLLEH
yepes 3Ty TOUKY, TO HEHTpaJspbHOe (MopoBOe) maBaeHHe B 3TOH TOUYKE
DaBHO Yol (rae A — mnbe30MeTpHUYecKasi BLICOTA B JAHHOH TOUYKE)
Il HanpapJaeHO IO HOpMaJll K IOBEPXHOCTH CKOJbXxepusa. (CJejnoBa-

16



TeJ]bHO, OHO AOMKHO OLITh BLIUTEHO 113 HOPMAJILHOTO J[aBJIEHHS, CO3-
aBaeMOro BeCOM IpDYHTA, HaXOAsUIErocs Bbille MOBEPXHOCTH CKOJIb-
swedis. ITpuOMKeHHO MOXKHO npHHHMAaTh, UTO [Ibe3OMETpHYecKad
pplcOTa 7 B KaxAOH TOUKE MOBEPXHOCTH CKOJIbXKEHIS paBHa BepTI-
KaJbHOMY PacCCTOSIHHIO MEXAY 3TOH TOUKOH I IMOBEPXHOCTLIO AENpec-
cii. DTO MOUTH TOYHO MJIS TNOJIOCHX OTKOCOB (C KPYTH3HOH MeHbluell
geM |:2,5) H ujger B 3amnac yCTOHUHBOCIrH Hasl 60Jiee KPYTLIX OTKO-
coB. Toraa yuer AEHCTBHA BOALI B MOpax npH pacuere yCTOHUHBOCTII
MOXKET BLINONHATLCA caeAyloutitM obpaszom. Ilpu onpepenenni HoOp-
MaJIbHOTO JlaBJleliHs MO IOBEPXHOCTH CKOJIbLXKEHHS OT Hero OoTHiMa-
eTcsl BeJiIHUHHA, paBHas y,h, a npH onpeaeneldi CHABUTAIOUIIX CIHJI
yulITBIBAETCS TOJHLIE O00beMHbIE Bec rpyHnra Oe3 B3peurnsainus (r. e.

”

pec CKeJieTa NAI0C Bec BOALI B nopax). To ecTu, onsiin NpuHXoanM K

METOAY B3BELUHBAHHS.
Mrtax yuer fAeficTBHsi HANOPHBIX TPYHTOBLIX BOJA MOIKET IPOH3BO-

JAHTBCSI ABYMsI criocobaMHi.

[TepBolfi cnoco® yuera AeHCTBHA TPYHTOBBIX BOJ — METOJ HCHOJb-
30BaHiigd BeJHUUHB THAPOAIHAMHYECKOrO JAaBJeHHs. 3aKJI0UaeTcs
Oll B CJEAYIOLIEM:

CABUIOBble XapaKTepPUCTHKH TPyHTA B YPOBHE MNOBEPXHOCTH CKOJIb-
JKeHHusl NPHHHMAIOTCA IAAA Cchyyast ero BOJAOHachlUeHNss  (Cs o)

coOCTBEHHLIH BeC IpPyHTA BO BCEX pacuerax NPUHHHMAETCHA ¢ YHETOM
B3BEUIHBAHHSI B BOJE YacCTH OMNOJ3HEBOIO OTCeKa MEeXKAY KPHBOIl
JENpeccHH I NMOBEPXHOCTbIO CKOJIbXKEHHS;

K BeJIHUHHE CABHLCAIOUled CHABL Ao0aBJasieTcst BeJaHUHHA T IPOAIHA-
MHYECKOTr0o JaBJeHHS [= VyuSinf.

[TockoJibKy, KaKk nmpaBuJJiO, K ONOJA3HEBOMY TPYHTY IIPHYPOUCH TpYil-
TOBBIH IIOTOK, pasrpyxaiouiiiicss BOJMIH3H OCHOBAHUS CKJOHA, MOYKNIO
C HEKOTOpbIM NpHOJHIKEHHEM CUHTATh, YTO B IIpejenax KaxJjoro
OTCE€Ka paBHOJEHCTByIOLlAsl THAPOAHHAMUYECKOrO [AaBJIEHIST IapaJ-
JeJibHa JNenpecCHOHHOH KPHBOH, a cpeAHHil rpaguedT Harnopa B OT-
ceKe 1;=sinfg¢i, rae Pp: — YroJa Haxjoua K TOPH3OHTY XOpALI, CO-
€AHHAIOUIEH TOYKH TIepeceyYeHls AENnpecCHONNOH KPHBOH C rpaHIiiaMi
orceka. To ecTh mpHHHMaeM, UTO YKJAOH KPHBOH aenpeccuil cosnaja-
€T C HaKJIOHOM paBHOAEHCTBYIOUIE THAPOAHHAMHYECKOro JaBJIeHIisl.
[Tonoxenne penpeccHOHHOR NOBEPXHOCTH ONpejessieTCss 10  MaTe-
pPHaaM HHMXEHEPHO-IreoJJIOrHYeCKHX H3BICKAHHI H AJHTEJNBHBIX HabJI10-
JeHIIH ¢ noMmoulblo noponskedoMerpoB. [lo pesyavratam sKcrnepHMeH-
TaJbHLIX paaHdblX {30] ycTaHOBJeHO, UTO HanpaBJieHlie TPYHTOBOTO
IIOTOKa B CTOPOHY HAHOPHOrO OTKOoca npubdauKaetrcss (CTpeMUTCH)
K JIHHHH oOTKOCa, IO3TOMY B TMpejlesie THAPaBJAHUYECKHH TrpaalielT
HHOrga Moxer ObITb NMPUHSAT paBHBIM sinf, rae f — yroa HakxJoila
OTKOca X ropusoHnry.

[Tpn BoimosiHeHHH pacueTOB YCTOHUIBOCTI CKJOHOB, KaK NPaBiLIo,
Oynem npunumare, uto HanpaBJieHHe THAPOAHHAMHYECKOH CHJABL na-
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paJiJeJILHO NOBEPXHOCTH CKOJbXelHss B NaHHOM OTCeKe (OCHOBaHUIO
orcexka). B TaxkoM cayuae 3Ty cHJAYy MOXHO uUeJUKOM (6€3 pasJjoxe-
HUSI Ha cOCTaBJsioulie) npubaBasTL K CABHralouled cHJie. D710, pa-
AyMeeTcsi, He COBCEeM INpPaBHJIbHO, ONHAKO, 3HAYHTEJNbHO yIpoujaer
pacueT H HAET B 3anac NPOYHOCTH. PacKkiaajabiBaTh THAPOAHHAMHYe-
CKYI0 CHJIy pPEeKOMEeHAyeTCsa JHIIb TOorja, Xorja ee HakJOH Oyjer
3HAYHTEJbHO OTJHYATBLCS OT HaKJIOHA NOBEPXHOCTH CKOJIbXKEHHA (60-
Jee uem Ha 10%). Cnemyer oTMeTHTb, UYTO HNpPH HeOOXOAMMOCTH
pa3JioxeHHsl THAPOAHHAMHUYECKOH CHJIBI Ha cocrasaswoliye (npi 3ya-
YHTeJIbHBIX €€ HaKJOHax) ero cjeayeT BHIIOJHATL C YYETOM Trpajpu-
eHTOB MNMOTOKAa B COOTBETCTBYIOIIMX HaNpaBJeHHAX, OTBEUYAIOULHX THJ-
pojnliHaMiiueckoid cetke ¢uabrpaunonsHoro noroka. [Ipu paccmorpe-
nin Merona 0. M. CososreBa OyneT nokKasaHO, UTO pasfoxeHue
PHApPOANHaMHUEeCKOR CHJBI HAa COCTAaBRJAIOUIHE 3HAUHTEJbLHO YCJOXHA-
eT pacueT. JTOT MNepBHI crnocod yyera NEHCTBHA TPYHTOBHIX BOA O6y-
neM npeHMyliecCTBeHHO NMPHMEHATh B TAKHX MeETOodax pacuera yCToi-
YHBOCTH CKJOHa HJH BeJIHYHHBI OINOJ3HEBOr0 MAaBJieHHsi, B KOHEYHBIX
dopMysIax KOTOPBIX HeT SIBHO BbIPAXKEHHBIX OTHAEJNbHbIX BeJHUYHH yaep-
KHuBamwuieit H casHraiomed cua. OaHako 3Tor cnocob npueMmJieM i B
JI06bIX APYTHX clydasix.

Bropoit cnocobd yuera peficTBiist IPYHTOBBIX BOJL — METOJ. B3Be-
uHiBaHHsl. 3aKJao4yaeTcss OH B CREeAYIOLUEeM:

CABIIOBble XapaXKTepPHCTHKH TPYHTA B YPOBHE HNOBEPXHOCTH CKOJIb-
JKenilst NPpHHHMAIOTCS JJs ¢Jiydass €ro BOAOHaCHIUEHUus (Cs @p);

NpH OnpejaesyIeHHH CHJ, CABHTAIOUIHX MACCHB IPYHTA, NPUHHHMAETCH
NTOINLI Bec orcekoB 6e3 yyeTa B3BelIMBAlOLEro NeHCTBHS TPYHTOBHIX
BOJ, a NIPH ONpefeJieHUNl CHUJ, YIEPXHBAIOUHX MaccHB IpyHTa, NpHU-
HHMaeTcsi BEC OTCEKOB € y4eTOM B3BE€UIHBAIOWEro AEHCTBHSI T'PYHTO-
BLIX BOJ B YaCTH, HaXOAAUIEHCA MeEXIAYy KPHBOH JenpeccuH H Mo-
BEPXHOCTbIO CKOJIbXKeHuA (MpH 3TOM B BeCc OTCeKa BKJloYaeTcsi 1oJl-
HLIH OOBeMHBIM BEC TPYHTA, HaxXOAAWIErocs B 30HE KaNHJAJIAPHOro
HACBLMUEHHS BHIIIE KPHUBOH JENpeccHH).

DTOT BTOpPOH cnocob yyera AeHCTBUS IPYHTOBBIX BOJ HCHOJb3YeTCH
JJisT METOJOB pacueTa, B KOTOPHLIX VAEpKHBAIOUME H CABUraloulie
CHJLI OKa3blBaTcsi SIBHO BbIpaX<eHHBIMHU. B nejom xe oba paccCMmOT-
penubix crnocoba yuyera AEHCTBUSI HANOPHBIX I'PYHTOBLIX BOJ paBHO-
HeHHUbl 1T MOTyT B OANHAKOBOH CTeNeHH INpHMEHATbCS1 B HIKeHEepPHBIX
pacuerax.

[Tpn oTCyTCTBHH HANOPHBLIX TPYHTOBLIX BOJ H HaJHyHH OOBIUHOTO
BOMOHACHILIEHHSI TPYHTOB OTKOca B pacyere Koa(ppuuuenta yCTOH-
YHBOCTH HJH BEJHYHHBI OMOJI3HEBOrO JaBJEHHSI YUHUTHIBAlOTCA JIHIIDb
Bce (H3HKO-MexallHUeCKHE XapaKTepHUCTHKH INOpojJ B 3aMOYeHHOM
COCTOfIHIIH. B3peuiipaioulee e paeiicTBHEe BOJALI HJH THAPOAHHAMHYES
CKOe JlaBjieHHe B TAaKOM CJiyyae He YUYHUTHIBAeTCH.

JI1s1 BO3MOKHOCTH ONEPHPOBAHHA HMEIOLIHMHCSI B KaxJAoM KOHE-
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peTHOM cyydae (H3HKO-MEXaHHYECKHMH XapaKTepHCTHKaMIl TPYHTOB
gCIIOMIIIIM pasjiidyHble crnocobbl onpegedseiiss 06bLEMHOr0 Beca TpyH-
ta NPH €ro BOAOHACBILEHHH HJAH YyBJaaxHeHuy. OO6beMHBIH Bec 7
rpyHTa B €CTECTBEHHOM COCTOSIHHH C BJaxHOCTbio W paBen:

— YT
y= T¥(1+0,01W). (13)

O6beMHBIi BE€C 7Yop TPYHTA, NOJIHOCTLIO HACBIINIEHIIOrO BOAOH (Bec
rpyta 6pyTTO), Olpelessercs no ¢popmye

. __Yr"i“'vwa
Yop l+e
O6beMHBIii BeC yp TPYHTA, B3BELIEHHOTO B BOJAE (B3BEUWIEHHBIH 00%b-
eMHBI Bec rpyHra), onpefedqsaercd Mo caeAyouuM GopMyaam:
178 BOAONPOHHIIAEMBIX TPYHTOB (MeCcKH, rpasuil, uiebeHb, TpelyliHo-
BaTbhle MOJNYCKaJbHLIE NOPOABI I T. A.)

Yo =i (15)

1JIS HEeMpOHIIaeMbIX H CcJIaBONpOHHUAeMBIX TPYHTOB  (FJIHHHCTDIX,
MOHOJIHTHBIX CKaJIHCTBIX, Cyneced, NJIOTHBIX NEeCKOB ¥ T. X.)

=Y 1 Yw="Yck T NYw. (14)

Ve =% — Yw="Yex — (1 —n) yu. (16)

Bce (uanko-mMexaHHuecKHe XapaKTEPHUCTHKH TIPYHTOB, B TOM UlicJe
H XapaKTepPHCTHKH COMPOTHBJSIEMOCTH TPYHTOB CABHIY C; H @ pas-
JUYHBI B OCHOBAHHAX OTCEKOB, HAaXOAALIHXCA HHXKe YPOBHSA TPYHTO-
BbIX BOJX H Bbiwle HX. [lostoMy 1enecoo6pasHO rpaHilbl OTCEKOB
pacrnoJsiarath TakK, 4TOObl 3TH TCpaHUUBl COBNAgaJH ¢ NEPeXoJOM OT
YaCcTH OcHOBaHHA 0Ji0Ka, HaxoadlleAcsa Bbille TPYHTOBLIX BOA, K
YacTH, HaxoAsilnerdcs IoJi HHMH.

B sakaouenne paHHoro mnaparpada HeoO6XOAHMO OFOBOPHTLCH, UTO
NpHBeAEeHHbLIe 3/1eCh CnucO0bl yuera AEHCTBHA TPYHTOBLIX BOJ SIBJSI-
I0TCH panexko He epuucrsednbiMu. Hanpumep, M. B. depopos ([26]
npensioxxua cnocob pacuera yCTOHYHUBOCTH OTKOCOB C YUeTOM (DHJILT-
PAUHOHHDLIX CHJI, YAOBJETBOPSAIOUIHA BCeM YCJOBHSIM CTaTiiKi, rpado-
dHaMuTHYeCKUM MeToaoM. Hekoropblie sjeMelTnl [JaHHOrO cnocoda
OyayT Hami HCNONBL30BAHLI NPH  DAacCMOTPEHHI COOTBETCTBYIONLHX
METOJOB OLEHKIl YCTOHUHMBOCTH CKJIOHOB H OTKOCOB. DTHM € aBTOPOM
{27) mpoanasu3HpPOBaHLI BbIBENEHHBIE pPa3JHYHBIMH HCCJAEAOBATEJSMII
YPaBHenns ABHMKEHHS BOJALI B IMOPHCTBLIX cpefaxX H NpejsioxeHa AJs
NPpakTHYeCcKOro HCHNOJNb30BaHUA MeETOAHKa pacuera s>OPeKTHBHOrO
RaBjeHusa o MNoOAOlUBe 3jeMeHTa MHpH yyere (PHIbTPANHOHHBLIX CIHJI.

P. P. UyraesbiM BuBejeHbl AH(PdepeHiHaNbHble ypaBHEHHS ABI-
KEHHST XWHAKOCTH B TpPYHTE H IMOJIYyYEHB BbIpa:KeHHs AAs1 yuera
Ounbrpaionusix cHa [32, 33, 35]. [IpH mMpOH3BONBLHON NOBEPXHOCTIL
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CKOMLXKEeHHs1 (00pa30oBaHHOH CHCTEMOH MJIOCKOCTEH) (GHUABTPALUHOK-
Hbi€ CHJBI MOXXHO YYHTHLIBATb C HCIIOJb30BaHHEM KOHTYPHOI'O CHOCO6Gg
MpBanopa, /g KOTOPOro AOCTAaTOYHO pacnoaaraTh TOJbKO JIAaHHBLIMY
O pacunpejesieHHH HaloOpoB Ha rpaHuuax 6/okKa. IDTHM BOIPOCOM 33-
HIMaJIHChL W MHOrHe JIpyrue coBeTcKHe U 3apylbexkHbie V4YeHpe
(H. Il. IlyaswmipeBckuii, b. M. ITokposckuii, 1. B. Tennop, E. /1. Ka.
nomckufi, M. Ope, H. A. Heirouy, H. C. Moprynos, K. H. ®Pomenko,
1O. A. Cob6onesckuit, M. E. Xapp #u aAp.). B HEKOTOPHIX cJayyasx
noJyueHnbl pelleHns, orTaHyalowHecs Oousablnofi ToyHOCTHIO. OnRako,
i13-32 OrpaHHYEHHOCTH MecTa, Mbl He OyneM 3aeck noApobHO pac-
cMaTpHBaTh Bce 3TH peitenusi. Kax nokasan M. B. ®enopos [26],
yueT (PHALTPAUNIOHHBIX CHJI MO yIpPOIeHHOH (dopMyJe INaeT He3Ha-
ypTeJbHLIe pacxoxaeunss (a0 1,0%) no cpaBHenuio C TOYHBIMH pe-
leHHsaMH, 2TOT ¢nocob yuetra OCOOEHHO NPHUMEHHM B MNPaKTiiKe, Tak
Kak une Tpebyer nocTpoeHHsi (GuUAbTpauHOHHOH ceTKH. [na yuera
GHILTPAUNOHHBIX CHJI B JaHHOM chyuyae tpedyeTcs MOCTPOEHHE JIHUWDb
KpHBOM JlenpeccHy U ONpeaeneHne yuacTka BbiCayHBaHHUA.

CJhelyeT 3aMeTHTb, UYTO OleHKa Kko3dgdHuuenra ycTOHUMBOCTH C
yueroM (DHJbTPALUHOHHBLIX CHJ MO yNpouleHHOH ¢dopMmynae OGyner na-
BaTb MMpHEeMJIeMble PEe3yJibTaTbl TOJIBKO B Te€X CJAyuYasix, KOrjaa 3KBHIO-
TeluHaJ blble JIHHHI HeCYIECTBEeHHO OTJAHYAIOTCA OT BEePTHKAAbHBIX
JIHHI,

B cBsisu ¢ BblUEH3JIOXKEHHBIM JJIg NPAaKTHUECKOrO NIPOEKTHPOBA-
HIST yAep:HBAaIONHX KOHCTPYKUHHA MBI OyjieM NPHUMeHSThb JHUIbL IPH-
BefeHiibie B HacroduleM mnaparpade japa crnocoba yuyetra OeHCTBHSA
HAanmopHbIX TPYHTOBBIX BOA — METOI HCHOJIL30BAHUS BEJIHYHHBLI TH-
POAHHAMIIUECKOrO AaBJIEHHUS I METOJ, B3BEUIHBAHUA.

[IpnmMeuenne OoJiee CJAOXKHBIX MeTOAOB yueTa THAPOAMHAMHYECKO-
IO JapJieHisi onpaBAbIBaeTCss B TeX cJiyyasiX, Korjpa HMeIoTcsl 3Ha-
YHTEJILHbIE HanopsLl FPYHTOBBIX BOA HJAH KOIjJa CKJAOH OMbIBaercs

AKBATOPIAMI, YPOBEHb BOABl B KOTODbIX MOXKET pPe3KO H3MeHATbCH,
H T. [.

1.3. Yuer ceicCMHAYECKHX BO3JIEUCTBHH

PaccMorpnM Tenepb OcCOOEHHOCTH pacueTa YCTOHUHBOCTH CKJOHOD
HJH OTKOCOB B ceificMHuyeckHx paiionax {16, 20, 23, 39]. IlockoJbKy
MeTO/IliKa pacyera B AaHHO# pabore OyaeT NpHBOAHTHCS B OCHOBHOM
NPHMEHHTENbHO K YCJOBHSIM ONOJ3HeBBIX CKJOHOB [OHoro oOepera
Kpoima, Kaskasza 11 3axapnartbsi, B 00JIbIIHHETBE CBOEM HaXOASILIX-
csi B ceficMHuecKux pailonax, peficTBie cefdlcMuku OyaeM vuuTbiBaTb
BO BCeX BBIBOAHMLIX (hopMyJiax. )

Cuna semJerpsiceisi OlleHHBaeTcs MO ABeHaauaTibaJjibHOH LKA~
ne. Bech Coserckuét Coiwo3 paiioHipoBaH mno ceficMmiusoctd. A
Ka)</l0ro paifloHa yKa3biBaeTcsi MaKcuMaJbHasa 6anibHocTb, KOTOPO
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MOXET HOCTHTHYTh 3eMJeTpsiceHHe B 3TOM pafione. Pacuerbl OTKOCOB
H CKJOHOB B pafioOHax, AJSl KOTOPHIX CHJia 3eMJIETPsICEHHs OueHHBa-
erci B 7 6annoB H BblUle, NMPOHU3BOAATCA C Y4eTOM CEHCMHYHOCTH.
OpHAaKO Ha OTAeJbHBIX yuacTKax OJHOrO H TOro ke no 6aJiJIbHOCTI
pafioHa (aKTHYeCKass CHJa 3eMJIeTPACEeHHH MOXeT OTaHuaThbeAd OT
cpellHeil B 3aBHCHMOCTH OT TeOJIOTHYEeCKHX ycJioBHiA. Hebnaronpii-
STHBIMH B CeCMHYECKOM OTHOIIEHHM SIBJIAIOTCA: HacbllleHHbie BOLOI
rpaBHiilible, necuyalble H JIECCOBHAHBIE TPYHTBI; MSATKOMJIACTIIUHbIE I
TeKyuHe TJIHHHCTbIe TPYHTHI; y4yacTKH MECTHOCTH ¢ CHJILHO pacuJie-
HeHHBIM peabedoM — oOpuiBlcTble bepera, oBparH, Yulenbs, BLIBET-
pejible H CHJbHO HapylUeHHble IIOPOABbI; Yy4yaCTKH € OJIN3KHM pacno-
JOXKEeHHeM JIHHHI TeKTOHHUYeCKHX pas3pbiBoB. Melee omacHbl B ceiic-
MHUYECKOM OTHOIUEHHH HEeBHIBETpeJible CKaJiblbleé TPYHTH, a TakKiKe
NJOTHbLIE H MaJiOBJlalKHble KPYITHOOOJ/IOMOUHbIe TPYHTHI.

[Ipn npoeKTHPOBAHHH YKPENJEHHs OINOJI3HEBLIX CKJIOHOB HJII CTPOH-
TeNbCTBA COOPYXKEHHH HA HHX CJEAYyeT YUHThIBATb HX TeO0JOrHyeckoe
crpoeHHe. I3 He6J/arOnpHATHBIX TeO0JIOrHYECKHX YCJOBHSX, YKa3aillibix
BLIllE, cpejansass cedcMuvecKas OaJIbHOCTL pPaHOHA JA0JMKHa IOBbLI-
maThesd Ha OAMH 0aJ;, npH O6JaronpusATHLIX YCJOBHSIX — NOHHXKATLCS
Ha oaHH OanJl.

Yuer ceficMHuUeCcKOro BO3JEHCTBHSI NpPH pacueTe MNPOTHBOONOJI3HE-
BHIX YAEPHKIBAIOUIHX KOHCTPYKUNH OCyUIeCcTBJsieTCs Jo0aBIeHHEeM K
pacyeTHBIM YCHJIAM TaK Ha3biBA€MOH CEACMMHYECKOH CHJIBIL.

CeficMuueckasa cuma . npuOJAHIKEHHO OlNpelessieTcss Kak L0/
OT Beca Macchl TPyHTa, KOTOpasi npeTeprneBaeT cCelicMHUYeCKoe BO3-

NeHCTBHE:
Qe=uP, (17)

roe i — KOs HUHEeHT AMHAMHYECKOH CceficMHUNIOCTH, 3HaueHis Ko-
TOPOTO PEKOMEHAYEeTCS MPH pacueTe eCTeCcTBeHHBIX CKJOIOB
npHHHMAaTbh no taba. 1. Ilpn pacuete HCKYCCTBEHHBLIX OTKO-
cOB (Hacblm{ AOPOTr, MJOTHHBL T. A.) 3HaueHust KO-
eHTa p H3 Taba. 1 cneayer (npHOANIKEHNO) YBCAHUHBATD

B 1,0 pa3sa.
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Hanpasnenne cunanl (Jo peKOMeHAyeTcHA CYHTAThL HauboJee Heljsa-
ronpHsiTHeiM. B cBA3H ¢ 3TuM OyaeM HNPUHUMATbL, UTO CHJIBI CelicMa g
KayXOM OTCeKe Onoj3HeBoro 6JioKa HanpasJeHbl NMapajijelIbHO OCHO-
BaHHIO OTCE€Ka, TO €CTh COBmamarT ¢ HanpasJI€EHHEM CABHTralouief
CHJBI B 3TOM OTcekKe. lorma npu pa3bHBKe ONOJ3HEBOTO OJI0Ka Ha
OTCeKH CeHCMHYecKHe CHJbl OylieM YUHTBHIBAaTb B OTAEJBHOCTH mpy
paccCMOTpeHHH KaXaoro oTceka (CKJgaabiBaTh HX €O CABHTAIOLIHMH
CHJIaMH). 3TO, KOHEYHO, NMPHHUHIIHAJBHO HETOYHO, HOO HalpaBJieHue
CeHCMHUECKOrO BO3ACHCTBHSI AOJRKHO OBIThH, eCTeCTBEHHO, €AHHBIM o
AJIHHE BCero OonoJ3HeBoro 6Jsi0ka (COOTBETCTBYIOUIHUM HaMpaBJeHHIO
ycKopeHitsi ceficMiueckod BOJIHB). OJHAKO AONYyUIEHHE O CYUIECTBO-
BaHHH B KaMXJOM OTCEeKe CBOEro HalpaBJieHHS CEeHCMHUYECKOH CHJIbI
3HAYHTEeJBbHO ylpollaer jalbHeHUIHH pacyer H HAET B 3alac IIpoy-

HOCTH.
HpH CIIJIOIUHOM BOJAOHACHIIEHHH O{OJ3HEeBOI0 MaccCliBa CelHcMHue-

CKHe CHJABbl cJlelyeT Y4YHUThiBaTh HE€ TOJIbLKO OT Beca IpYyHTa, HO aHa-
JoruuisiM 00pas3oM H OT Beca BOJIHL.

Ilpneenenunlit cnocod yuera CedCMHUYECKO# CHJABI HECOMHEHHO SB-
JgsieTcst ynpowieHHbiM. OAHAKO €ro Hnpocrora NpH HNPHUMEHEHUH B
IDcCHEePHBIX pacuerax OnpaBAbIBAeT HMEIOLLYIOCA HEeTOYHOCTh, KOTO-
pasi Mo:xeT OblTb JHKBHAUPOBAHA C IMOMOLIBLIO AJHTEJbHHIX 3KCIIe-
puMenTadbHBIX HCCNEeJOBAHHH.

P. P. Uyraes [34] npeasoxua aJss yuera CEHCMHYECKOro BO3JeHCT-
BIIsl pacCCUHTbiBAeMBLIH ONOJI3HEBOH OJOK 1eJJHKOM IIOBOpauyuBaTh Ha
YIOJl OTKJIOHEHHS pPe3yJbTHPYIoLled 00beMHOH CcHJibl (paBHOH paBHO-
JEHCTBYIOUEN BEPTHKAJNLHOH CHJABl U TOPH3OHTAJNLHOH CHJBI CEHCMH-
HeCKOro BO3JeHCcTBHA) OT BepTHKaMH. lIpH 3TOM pesyapTHpyOWad
o0ObLeMHasl CHJla CTAHOBHTCS1 BepTHKaJMbhHOH. 3aTeM pacyeT BBLINOJIHA-
eTcsd B OOBIYHOM TOpSAKe NPH BEPTHKAJNBHO AEHCTBYIOUIUX OODBEMHBIX
cClJlax, HO JAJst HOBOTO [IOJIOXXEHHS OTCeKa, NPH KOTOPOM Ha YroJ
OTKJIOHEHHs] MOBEpPHYTHI BCE 3JIeMEeHThl 0JioKa — BEepXHHH M HHXHHH
L OHTYpDbl, rPaHUHUBl CJI0€B, AeNpPecCHOHHAas JIHHHUS, T[OPH30HT BOJBI
H T. 4. Mbl npH paccCMOTPeHHH pPAaCUEeTHBIX METOJOB 3TOT C¢HOCO0
yuera CeHCMHYECKOH CHJIBI ICIIOJIL30BATh He OyjJeM BBUAY €ro CJOX-
HOCTH.

II. METOA bl PACHETA
2.1. MeTop, XPYrJaOUHJIHHAPHUECCKOH NOBEPXHOCTH CKOJIbXKEHHUSA

Cnoco0 XpyriaouHJHHAPHYECKOH TMOBEPXHOCTH IUHPOKO ONHCaH B
TexHHUecKoit JHTepatype [8, 15, 17, 19, 25, 26, 28, 29, 30, 31, 34,
39}, omHako, He Bcerfia OAHHAKOBO TPAKTYeTCsl ¥ pas3HbIX aBTOPOB.

JTOT METOJ, BeCbMa pacnpocTpaHeH B CTPOUTeJNbLHOR TpakTHKe H
IpHIMeHseTCsl C MOMOLLBID CaMblX pa3yHyHblx npuemon. [losTOMY
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Puc. 2. Meroa XpyrJOouHANHAPHYECKOH IMOBEPXHO-
C1H CKOJIbIXKEeHHS

cyuiecTsyeT 0OJIbUIOE KOJMHYECTBO HA3BaHHH paccMaTpuBaeMoro Me-
TOAA ! €ero pasHOBHAHOCTEH: IUBEACKHH METOA OTCEKOB, METOJ
B. densennyca, WBEJACKHH MeTOX KpYLJOUHJHHAPHYECKIX TOBEPX-
HOCTeH CKOJAbXXKeHHs1, meton Tepuarw, Meron Tepuaru-Kpes, merton
[Terrepcona, MeTOA BepTHKalbHbLIX 3JieMeHTOB, Metoj Mpanosa-Teil-
aopa, merox CseHa I'yabTeHa, MeTOJ BECOBOrO AaBJIEHHA H T. [.

MeTtoa KpyrJjouHJHHAPHYECKOH MOBEPXHOCTH CKOJIbXEHHS [eJeco-
00pa3HO NpPHMEHATbL, KOrJia OTKOC CJIOXKeH OAHOPOAHBIMH TPYHTaMU.
Merton npeanoJsiaraet, UTO CHoOJI3aHHE TPYHTA MOXKeT NPOH3OHTH JHIb
B pe3yJabTaTe BpalLEeHHA ONoJ3alolero Macclisa BOKpyr uedtpa QO
(puc. 2). CnepoBaTesbHO, NMOBEPXHOCTb CKOJIbXKeHHs1 BB B paHiloM
ciaydae Oyjier fnpeacTraBjsiena Ayrofi HEKOTOpPOro Kpyra ¢ paaHycoM r,
ouepyennoru u3 neHrpa O. OnonsalouiHd MaccHB pacCMaTpPHBAELTCS
NPpH 3TOM K&K HEeKOTOPLIH TBepALIH OJIOK, BCEMH CBOHMII TOUKAMII
y4acTBYIOUHH B OAHOM 0OOIleM ABHKEHIIH.

CreneHb yCTOHUHBOCTH OTKOCA OLIEHHBAeTCS Pa3HUHbinil METOMA-
MH («MeTOA nJjowiageil», «MeTon Kpyra Tpenus» u T. 1.). Ipunin-
anbHO HalboJiee NMPOCTHIM H3 HHX W OAHOBpeMeHNHO HaiboJsee pac-
IPOCTPpaHeHHLIM B Halleld cTpaHe ABAAETCA TaK Ha3bIBaeMbIH METO
MOMEHTOB, CYLHOCTE KOTQPOro 3aKJAI0UAETCs B CJAeLYIOLIEM,

Ononazarouiii MacCuB HaxOAHTCS 1OJ BO3JAEHCTBHEM MBYX MOMeEl-
TOB: MoMeHTa Mpp, Bpamiawmomero Maccus, H MoMeHta Myy yaepKi-

Baiomero maccuB. KosdduuneHT ycTOAUHBOCTH CKJOHA Ky ompeje-
JIS€TCA OTHOLIEHHEM 3THX MOMEHTOB, T. €.

Ky= ﬁ:‘; . (18)
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I'pynrosble BOALI OKa3biBaloT B3BelINBAalOllee BJHSHHE Ha NOpPOxy
it $uabrpaunodiHoe (rHApOANHaMHYECKOe)} JAaBJielie Ha BeCch Mac-
CliB, KaK OblJIO OMHCAHO Bbillie. BpamlaoilHd MOMEHT ONpefeseTcs
YMHOXKeHHeM CABHramIBX CHJ Ha TJAeY0 A0 UeHTpAa Bpamenus O
a yaep:uupaouili MOMEHT -— YMHOXKeHHEM CHJI CONPOTHBJIEHHS
capury na anaaornunoe mJjeuo. Ilpu atoMm, Tax Kak yroj HakXjowag
KacaTeJbHOIll K NOBEPXHOCTH CKOJIbXKEHIsS H Beca OTAeJbHBIX uacref
Maccipa He IOCTOAHHBI, [PUXOAUTCS pacuyelHsiTb BooOpaxaemnblii
ortonsienoil MaccuB (cnossatowiii OJ0K) Ha 11 pacyerHblX OTCEKOB,
A5 KAXKAOro K3 KOTOPLIX ONpejesiioT CHJibi CONPOTHBJACHHS CABHIY
i1 capiraloule cHant. Toraa xoaddiiliiedT 3amaca yCTOHUHBOCT
CKJOHA HaXOJLUTCS KakK OTHOUleHHe CYMM Tex H JAPYriHX MOMEHTOB:

SMen
Ky= EMap (19)
[TonpoGuuiii BLIBOJ OKOHUaTeJbHBIX (OpMysa nJs ONpeAesIeHHsT Ko-
sppruuieTa ycroHuNBocTH METOAOM HUJAHHADUUECKHX MOBEPXHOCTeH

npisepenn y Muorux astopon. Ilosromy Mbl HX 31ech naanm  fes

BbIBOJIOB.
[Ipi oTCyTCTBHI TPYHTOBLIX BOJ

.‘E‘: (Picosaitg pidcili)
j =1
](y-—- = __ . (20"'3)
2 (Pisinai+Wei)

t=—{

IIpH npocToM 3aTomJieliHH OTKOCA

1= 1

Y (Pyicos aitggpsitcnili)
=1
I{Y_ . (20-6)

i=—n

2. (Pai Sin (1i+Qct)

=1

Ilpn Bo3geficTBHUN 11& OTKOC GHALTPAUHOHHOrO NOTOKA:

1= 1

2 (Poicos ailgpei+Cnili)
=1
1(}1'-_'_“ . (20-B)

2 (Pisinai+Qci)

=1

Kpome yuacTBylomux B HaIlcaHUblX Bbile ¢GopMmynaax cHJI, B
FPyHTOBOM MaccHBe HMEIOTCST elle HEeH3BEeCTHbie M0 BeJIHYHHe [Adb-
JIelllisl TPyHTa Ha BepTHKaJbHble OOKOBbie I'paHIl OTCEKOB. llocreaHHe
CIlJILL SIBJIAIOTCST BHYTPEHHMMH IO OTHOLUEHHIO KO BCeMY CNOJA3al0°
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EeMy MacCHBy H BHEIUIHHMH MO OTHOWIEHNIO K OT/eJIbIBIM BbijeJieH-
HBIM 3JieMeHTaM. Tak KakK He3aBIHCHMO OT BeJHUHHbLI H HanpasJeHiis
6OKOBBIX JHaBJeHHH CyMMa BCeX BepTHKAJAbHBIX CHJA JIOJ2KHAa pas-
HaTbcsl OOLIEeMYy Becy chnoJi3alollero KJjavHa, TO B MeToAaxXx KpyrJo-
HHAHHAPHUYECKHX TIOBEPXHOCTEH CKOJbLXXeHHS NPHHHMAETCs, YTO CHJLI
OOKOBOI0 AaBJIEHUS, ACHCTBYIOIHEe Ha BepTHKaJbHbLIE rpatiil OTAeNb-
HbIX 3JIEMEHTOB TIpDYHTa, MOXXHO HEe YUHTHIBATHL TNPH onpenenetil
yCJOBHH PaBHOBECHSI BCelO CNOJI3aI0HIero MacciiBa.

U3 apyriux cnoco0oB, HCOOAB3YIOWIUX KPYrACUHJAUHHAPIHMECKYIO NO-
BEPXHOCThL CKOJILIKEHHsI, cJefyeT YHOMSIHyTb METOA Kpyra TpeHns
(mpuenst 'yapruna u Ilerepcona, Kasarpange, Kpesi, Teitnopa,
[oapaluareiina, PepoposBa H Ap.), METOL MHOroyroJouiika ciia Ppe-
nuxa, Mertox Kako, Meron UYyraesa-Bsasemckoro, wmeron buuiona
u np. Bce oHM aBJAATCS CPABHUTENBHO 3(PGMEKTHBHLIMH OJST OLEHKI
cTelleHH YCTOHUYIIBOCTU CKJIOHOB, HO TPYAHO NOpHMEHHMBEI [Jist olipe-
JeJIeHHS BeJIHUIHBL ONOJI3HEBOrO AaBJeHHs. To e cjaeayeT cKalaTh
0 MeTOoJax pacuera YCTOHUHUBOCTH OTKOCA IO KPHBOH CKOJIbXKeHHl,
uMelouled  ¢Gopmy Jorapu(pMuyeckod cnupanu (nanpumep, MeTOJ
Pennynuka).

Ha npaxTHke paccMaTpuBaeMblii MeTOJ 4YacTO OCAOKHAETCH ie-
ONpeNesieHHOCThIO B MOJIOXKEHHH leHTpa BpameHusa O. Ero xoopaii-
HaThl, a TakKxXe pajuyc r Ofpenessiorcess Tak, 4YToOLl OTpasiTh B
pacyeTe HauboJee HEBBITOJAHOE MOJOKEHHE [PHHHMAaeMOH TIOBEPX-
HOCTH CKOJBXKEeHHs, NPU KOTOPOM 3HaueHHe KOo3(P(MHIHEHTAa YCTOHYH-
BocTH Ky rnoayyaeTcsi MHHHMAaJIbHBIM H3 BO3MOXKHbiX IJisl JAHHOIO
ckaoHa (otkoca). OyeHb wacTO noJoOXKeHue uUeHTpa ( ycTaHaBJlIBa-
0T noabOpOM nyTeM NPOBeNEHHS HECKOJbKHX pacuetruy JUJii OThICKa-
HUST HaHOOJiee ONMAaCHOro MJfAi JAAHHOIO CJayyasi NOJOMKeHHA MOBepXHOo-
CTH CKOJIbXKeHHSl. TaKOH XOJ pacuera cBA3all CO  3HAUHTEJLHOIT
TPYAOEMKOCTBIO.

MiMeloTcst 1 Apyrue NPHUHHBL, MO KOTOPHIM METOM KPYTJIOWNJIIL-
pUUECKOH MOBEPXHOCTH CKOJIBXEHHS CJIOXHIO HCMONAb30BaTb MNpPH MPO-
€KTHPOBAHHH MNPOTHBOOMNOJIZHEBLIX  YAEPKHBAIOUINX  KOHCTPYKUNil
rjiybokoro saJioxeHusi. Hanpumep, 3TO CBSI3aHO ¢ TEM, 4TO OnOJ3ie-
BOE TIPOSIBJIEHHE Yalie BCero pPasBHBaeTCsi B TeX eCTeCTBEHHBLIX CKJIO-
HaX, TOJiULAa KOTOPBIX CJIOXKeHa MJjracTaMH Pas3JIHYHBIX NOpPOJ (HepeiKo
co caabuiMi npocnaofikamu). s Takpx xKe cjyuaes HEOAHOPOAHBIX
I'DYIITOB pacteT METOAOM KPYrJOLIIHIAPIYECKOH NOBCPXNOCTH CKOJib-
Keuust He BIOJIHEe TIPHIOMEH.

2.2, Meton 10. K. CoaosbeBa

B 1962 r. 10. M. ConoBbeB npeayioxuJ NpH pacuyetre YCTOHUHBOCTH
OTKOCOB B TaKOM Ke THNOTeTHYECKOM TpPYyHTe, KaKOH TIpHHHMAJII!
I'epcesanoB u Tepuaru, BOCIOJNB30BATLCS I[PHHUHIOM BO3MOMKIHbIX
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Puc. 3. Meron, 10O. . Conosnena:
@ — OCHOBHAfA CcXeMa; 6 — yueT (QUALTPALIIOHHOIO [JaBJIeHHA

nepemewtennit {2, 8, 22]. [loBepxHocTh CKOJbKEHHS NPH 3TOM NOJKHA
PACCMaTPHBATLCSl KAK NMOBEPXHOCTh KOHTAKTa MeXJHy KJUHOM 0Opy-
INeHHs1 H TMOACTHJAIOUHM FPYHTOM, 1O KOTOPOH HA KJIHH AeHCTBYIOT
OJIHOCTOPOHHIE CHJIbI CBSA3H H BHEILUHHE KacaTeJbHble€ CHJBI CLEenJe-
nigsi 11 tpennst (puc. 3). KoadhduuueHT ycTOHYHBOCTH CKJOHA TO
I10. K. CosioBbeBy mnpejcrasiasier coO0it OTHOWEHHe pabOT yaepIKH-
BalOWMX H CABHTAIOUWHX CHJ Ha TMepeMelleHdH, KOTOpOe Jas Bcex
OTCEKOB 1IMeeT OJHHAaKOBYI0 TOPH3OHTAJILHYIO COCTaBJASIIOULYIO Uo.
DTO o3HauaeT, YTO MNPH CKOJIbKEHHH BCero KJIHHAa OH COXpaHsier
CMJIOWIHOCTL H B HEM OTCYTCTBYIOT pa3pbiBbl, HO MOryT NPOICXOAUTD
KacaTeJiblble CMelleHUSs MO BepPTHKaJbHLIM IJOCKOCTSM, 110 KOTOPHIM,
B COOTBETCTBHH C MNPHHATHIM NOPEAIOJIOKEeHHeM O CBOHCTBaxX THIIOTE-
THUECKOro TPYHTa, COMPOTHBJIEHHE CABHTY OTCYTCTBYeT. BO3MOMKHBIE
nepemMeutenisi S, KOTOpble MAOMYCKAIOTCS CBSI3SIMH CHCTeMBl, OyAyT
NPONICXOMHTL BIOJIb MOBEPXHOCTH CKOJBXKEHHST H A5 J1060ro orcexa

OyAyT paBHDbI:
S = HO/COS L.

[ax 13BecTHO, NPHHIUINT BO3MOXKHBIX NepeMeLieHHil rJaacuT: HeoO-
X0AlMOe H [A0cTaToyioe YycJOBHE paBHOBECHS COCTOMT B TOM, 4TO
cyrMMa pabor Bcex CHJ Ha BHPTYaJbHbLIX Te€peMelleHHAX CHCTeMBbl

1oMxKHa OLITH paBHa HYJIO.
HanniueM Bbipa)Kenuss paboT CABHraloUMX M yAepKHBalomiux CHJI

1a BO3MOMKHBLIX (BHPTYyaJibHbIX) NMepeMelleHHAX:
paboTta CABHIAIOWIHX CHJI
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Acnn':deQ:_r""—y—g_"‘_ ‘ P Sin adx;

COs U
Acn=uofPtgadx, (21)
paboTa yIepKHBAIOIIHX CHJI
U de .
Ayp= — [SdR= — ] — (Pcosatgcpdx+c-—wsa );
L __C .
Ayn= —uof (Ptg ¢4 — )dx. (22)

[IockoabKy B maHHOM cJyuae 3apadee H3BECTHO, UTO cClicTeMa CJ/IBH-
raloiiux H YyJAepXXuBaloulux cHJg B oOuieM cJydyae HeypasHOBelleHa,
TO AJisl TOro, 4ToOKl cyMMa padoOT 3THX CHJ Ha BHPTyalIbHLIX nepeme-
meHuax Obijila paBHA HyJI0, HeOOXOAHMO CHABHraiouiHe CHJLl yBeJii-

yuTh B Ky pa3s, T. . NOJOXHUTD
Ky Acrat+Agn=0. (23)

be3zpasmepHblii YHCJAOBOH MHOXHTEJNb Ky B 3TOM BbIpa)KeHHH U ecTh
Ko3(h(PUIUHEHT 3amaca YCTOHYMBOCTH. IIpHHMMas BO BHHMaHHe nOJy-
YeHHBble BBIpaXKeHHUs AJs1 paboT ylepXKHBAIOWUX H CABHTaIOU{HX CHJ,

napneMm

Ptggp+ —F° dx
K — {i?ﬂ e ‘rr( £ COS%Q ) _ (24)
7 Acnn [Plg adx ‘

Ecau npiMmeHnsiercs MeTOA YHCJIEHHOTO HHTErpHpOBaHUS ¢ pa3bus-
KOH npusmbl o6pymienust (onoJsisHesBoro 6Ji0Ka) Ha KOHEYHOE UHCJO
3neMeHTOB (OTcekoB), TO palboTa yJAepXXHBAIOWIHX CHJ Ha BO3MOXK-
HBIX NepeMenieHusix OJJst OQHOro orceka Oyjer paBHa:

A, =—" (P;cos a;itg @it cili) =uo (Pilg it —S5 ), (25)

YH’I COS Ui COS (g

a padoTa CcABHralomHX CHJ JJIst OQHOro orcexka OyjeT paslia:

A oy, =——22— (P, sin @i+ Qot) =tto (Pilg ait — 22— ). (26)

COS (. COS

Tormpa xoadgduUHeNT YCTOHUHBOCTH CKJOHA MO [NaHHOMY MeTOmdy
ONpeAeNIMTCA KaK OTHOWEHHE CYMMBI PadOT YAEPMKHBAWUIHX CHJ K
cymMMe pabOT CABHralolHMX CHJ Ha BO3MOXXHBIX IepeMelleHHsax:

Clli )

o (Pit +
Ko ZAyn, 7 Fete o — (27)
= - _
ZA CAB; uo (Pitg a.+ _Qoi )

COS di

H IPH OTCYTCTBHH TIPYHTOBBLIX BOJ BhIpasutcst GOpMyJIOH
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Z (Pitg @it C;;Z; )
f == 5 {
Ky= __cosar (28-2)
S (Pitg ai+ Qo )
f== COS O

[Ipi 06blYHOM 3aTONJEHHH CKJAOHa TPYHTOBBIMII BOAaMH KO3®QHLK-
€HT YCTOHUHBOCTH OyAEeT HMETb CJjeaylollee 3HayeHue:

i=n

2 (Pni ip; Prit C(;H;—l-{-——
f=1 i
O ———— (28-6)
2 (Ppiftgai+ Qe )
i==1 COS (g

BuiBegeM 3ty e (Qopmyay s cjydas, KOrga Ha CKJOHE IpOsiB-
JsieTcs THApPOANIHAMUUYecKOoe JaBJeHHe. llpuuyeM past npumepa npi-
MeM, 4TO HaKaoH (PHJAbBTPAUHOHHOH CHJIBlL 3HAYUTEJbHO OTJIHUAeTCH
OT lakJjoua IOBepXHOCTH CKOJLKeHHdA, B CBA3H ¢ uUeM TpebyeTcs
pa3fesbHO yullThiBaTh 00€e COCTaBJIAIOILLKE 3TOI CHJILI.

Bec rpyura B KaXJIOM BBbIJIeJIEGHHOM OTceke OyneM MNPpHHHMATbL C
yueTOM B3BelllBalisl B BoJle (3a MHUHYCOM Beca BOJbLI B JAaHHOM OT-
CeKe MerKAy IOBEePXHOCTbIO CKOJbMKEHHSI H IenpeccHONHOH KPHBOH),
HO NpHbOasAdATL K €ro HOpPpMaJibHOH COCTaBJisSIIOUIEH BeJHUYMHY IPOEK-
U THAPOJAHHAMHUECKOro JlaBJieHHs Ha HOpMaJb K  IOBEPXHOCTH
CKoabxKeHHsi. KpoMe TOro, X CcABHTraWHUM cHJaM A00aBUM MPOEKUHIO
FIAPOAIIHAMHIYECKOrO AaBJieHHs Ha HanpaBJeHHe NMOBEPXHOCTH CKOJIb-
KeHust (CM. puc. 3, 6). Bec rpyHTa ¢ yueTOM B3BeUWIHBaHIIsA

Pri=vilicpiai — ywhiai,
(pHILTPAUHOHHOE JaBJeHue
fi =VwWili = Vwlliqil;.
LEro npoekuus Ha HOPMAaJib K NOBEPXHOCTH CKOJIbXKEHUS:
Vwltia;i; sin (Bpi — ai).
[Lro npoexiiis Ha noBepXHOCTh CKOJIbXKEHUS:
'thiaiif COS (ﬁq].-: —- (Ii) .

C y4yeToM 3THX CIJ Bbpa)els pabor AJs KaKAoOro orceka OYAYT:

A ) P o [Ppicos aitg @it youltiqiii sin (Byi — o) t@ @pi+

COS i

+ Cpli]=Uo{[Psi+ ywltiaii; Sin (Bd’i“ﬂ]tg Ppi -1 “—%ﬁi—},

COS Ui COS 4¢
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AcmB = ——— {(Ppisin a;+ywhiail; cos (Boi — i) + Qeil=

Sin : cos Baicos ait+sin B sin a; Qci
—tto [P +ywhsaqi; —osPercosaitsinPorsing | Hei g

COS Ly COos Qg COS O,
= Uo[Pgi+ ywli;i; Sin qui] tg ait U, (Yeltail; cos Byt "‘—Eg:;i ) .
Toraa:
f=n 4
3 {[Pait+ywhiaid; — S0 Pe=80) qyg 0, 4 Caidi
- COS Oy COS ai
K= - (28-8)
ey COS (X

Kak BuJAUM, BbIpaxeHue JAasi KO3((hHUHEHTa YCTOHYHBOCTIH TIPH
yyeTe THAPOAMHAMHYECKOrOo JaBJjlIeHHs TOJIy4aeTcss CPaBHHTEJbLHO
caoxKubiM. [losToMy, rae 3TO BO3MOXKHO, MpoINe YYHTHIBATL THAPO-
JAUHaMH4yeckoe JaBJelde, MPpHHKHMAA HAnpasJeHie ero AeiicTBls ia-
pajjesbHbBIM  [IOBEPXHOCTHH CKOJLXKeHHst (0e3 pasjomxKelnst Ha co-
CTaBJSIIOLLHE) .

Heo6xonuMo Tak)Ke NOMHHTb, UTO, KaK YyKa3blBaJlOChL BbIlIE, Mpil
pa3yioXKeHuH QHJAbLTPAUHOHHBIX CHJ Ha HaunpabJieHHNsT BepTHKa Al H
KacaTeNnbHOH K TOBEPXHOCTH CKOJAbXEHHsA CcJeAyeT Y4YHTLIBATb I[13Me-
HeHHe TI'pajilieliTa B pPas3JIlYHBIX HanpasJieHHsiX. D10 eule OHoJgee
YCJOMKHHT pPacyer.

B 1969 r. M. H. TlNoapniureitn {8] nmokazaJj, 4TO XOTH NO TOBEPX-
HOCTH CKOJIbXXE€HHA JEUCTBYIOT CHJABLI TPEHHS, T. €. CHJIBI, He HMelollne
norexiana, TeM He MeHee I B 3TOM cJjyyae NPHHILHIT BO3MOMHBIX
nepeMelleHiii NpHMEHHM K paccmarpiiBaeMoii 3apnaue. [lefcrsirens-
HO, B COOTBETCTBHH C (POPMYJHPOBKOH MNPIHIUINA BO3MOXHLIX Mepe-
MelteHu#l, nanHo Pypbe nas1 HeoOGpaTHMBLIX MNepeMeleHid H TNpPHro-
HOH Tak:Ke HJsI CHJI, He HMEeIOLIHX MOoTeHlUHaJsa, MOXKHO YTBEPIKAATDH,
YTO B COCTOSIHHHM NpPeNeJbHOT0 pPaBHOBECHS B PaBHYIO HYJIO CYMMY
paboT Ha BO3MOXHBIX INepeMelleHHsX BCeX CHJ, AEHCTBYIOULHX Ha
CHCTEeMY, JOJIXKHBI OBITh BKJIOYWEHBI H CHJIBL TpPEHHS, 3aMeHsioljle
deAcTBHE BHYTPEHUHX CBsi3ed, CyUIECTBOBABIUNX B CHCTeMe 10 obpa-
30Balusi MOBEPXHOCTH pasjfelia B BHIE IOBEPXHOCTH CKOJbLXKeEHIist.
IDTH CHJbLI, €CTeCTBEHHO, AOMKHBI ObLITHL MOJAHOCTbLIO MOOHANH30OBAalbI.
Baxuoe ycJsioBHe npHMeHHMOCTH K JaHHOH 3ajnauye mnpHHILINA BO3-
MOXKHbLIX nepemelleHHi 3aKJOUaeTcss B TOM, YTO NPH pacCcMOTPEHIH
BCEro KJliHa o0pyulenis He TtpeboBasoch YUYHTHIBAaTbL paboTy BHYT-
PEHHHX CHJI Ha OTHOCHTEJILHLIX TepeMeUleHHSIX OTIeNbLIILIX ero 3Je-
Mentos. Ho B cayuae rumoreTHueckoro rpyura IepceBaHoBa i1 npi
YCNOBHH, YTO OTCEKH SIBJSAIOTCH KECTKHMH, a HX BHPTYyaJIbHLIC Tepe-
MeUulellHA He HapyullaloT HMeloUIHXcsa KHHeMaTHYeCKHX CBsi3eH, YyKa-
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3aliHOe YCJIOBHe BBHINOJHsAeTCA. IIpH 3TOM OUeBHAHO, 4YTO JHOO po-
BEPXHOCTL CKOJIbXKEeHHSI AOJIKHA ObITb KPYIJIOUHJAHHAPHYECKOH, JH6o
ATl OTCEKOB HOJI2KHBI HMeTh (GOpMYy, INO3BOJAKILYIO HM CKOJbL3HUTE
MO IOBEPXHOCTH CHABHIa, HE HaKJOHAACH H He JedOPMHPYSIChL (Ha-
npiMep, B BHJAE AYr, CONpHKacCalOUWMXCA C NOBEPXHOCTbLIO CHABHTa B
OAHOH TOUuKe).

HMuorna npOeKTHPOBILHKH 3THM METOAOM OINPENesiloOT OMOoJ3He-
BOe JaBJieHle, IIPEACTABJAA €r0 KdK Pa3HOCTb MeXIYy 3HaMeHaTteJsem
H YlCJHTeJIeM B HalHCaHHbIX ¢opmyaax KoapGpHUHEHTa YCTORYUBO-
ctiH. OxHakKko Takoe onpenejieHHe ONOJ3HEBOrO [AaBJAEHHSI HeJb3g
CUHTaThb I1PaBHJIbHBIM, IOCKOJIBKY YHCAHTENb H 3HaMeHaTeJNb Bhipa-
XKeHHst KO3 ¢ HUeHTa YCTOHUIBOCTH B JJaHHOM CJlydyae eCTb He CHJIbI,
a palboTHl.

2.3. Meton F,

Meton Fp (npHOAMIKEHHBIH MeTOL pPaBHONPOYHOrO OTKOCA HJIM
meton H. H. MacsioBa) 6GoJsee npuMeHHM [Jisi NPOEKTHPOBAaHUA HC-
KyCCTBEHHBIX OTKOCOB, a He JIJS OLEHKHU CTeleHH YCTOHUYHBOCTH ecC-
TeCTBEeHHBIX CKJOHOB {13, 15]. Onnako MBI pacCMOTPHM 3TOT METO/,
MOCKOJIbKY paspalboTaHHsle B HeM OpHrHHAaJbHblE HOPHEMBl MOTYT
ObLITh HCINOJIb3OBAHBI IIPH pelleHHH pas3IMYHbIX HHXKEHepHBIX 3ajlauy.

Meton Fp OCHOBLIBAeTCst Ha IIOJIOKEHHH, YTO CTeNeHb YCTOHYHBO-
CTH OTKOca HMJH CKJIOHa onpeae/issercss MHHHMAJbHOH  BeJHUYHHOH

Do, nefer?
pptaferatee lll'

Puc. 4. Meton [,

Ko guuienrta Ky U3 BCex ero 3HaueHHil Mo BLICOTE OTKoca. Bmecrte
C TeM JJif KakJIoro M3 ropusoHtToB (puc. 4) Benununna Ky onpeneds-
eTCSsI i3 YCJIOBHSI

tqun 1 A
Ky = ———— 29
<Y tEB d (

rie [ — YroJ HakJOHa K TOPH3OHTYy OTKOca B pacCcMaTpHBaeMOH

TOUKeE;
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Y, — yron CONpPOTHBJIEHHA CABHLY HA 3TOM TOPH30HTEe (HJH
yroJy CIBUra).

YroJ conpoTHBJieHHs1 cABHUrYy W, Aas CBINYYHX (3€PHUCTBLIX) TPyH-

roB, JHIUEHHbIX cuenyeHusa (c=0), paBeH yrJay BHyTpPeHHEro Tpeuus,

7. e. ¥p=¢. Torna nanucaHHas Bbllie ¢opMmyJsa npuobperaer AJIA
TaKHX TPYHTOB CJIelYIOLHH BHI:

Ky= -5 (30)

Tak kak {gWp=Fp=1igpH --u;:, TO JJil pacCMaTpPHBAEeMOro
ciyuasn

tgWyp=Fp,=tg o+ ;;_ : (31)

[Ipn Hanuyuud 3a OpOBKOH OTKOCa paBHOMEpPHO pacnpepeieHHoOH Ha-

FPY3KH po NOCJefHee BhIpa)cenue npuodperaer BHI:
C

Fra=tg o+ — (32)

OueBHAHO, YTO ¢ U ¢ MHOJIXKHBI TMOACTABJSATHLCA B TNpPHBEHEHHbIE
Boillie HOPMYJAB NMPHMEHHTEJNLHO K CBOHM 3HAYe€HHSIM [JIs PAcCMar-
PHBAeMOI'0 naacra U CcTelleHH KOHcosupauui rpyHra. OObeMiblii Bec
v onpejpessieTcsl 3Jech CBOUM CpedHHM 3HauyeHHeM JJIsI BCeH TOJUL,
nepeKpouiBaloOUie! HaHHLIH TOPH30HT, C YyU4ETOM B HeOOXOAHMBLIX CJy-
YasgX B3BELIHBaHHs IpyHTa BOAOH.

PaBHonpouyHBIH OTKOC B COCTOAHHMH CBOEro npejejbHOro paBHOBe-
CHf MO METOAY fp OnpeleliieTcsi YCJOBHEM, UYTO AASA KaXKN0il TOUKI

OTKOCa ¢ rayOHHOH 2 OT CBOOOAHOH NOBEepPXHOCTH YJAOBJIETBODSIETCS
ycioBHe:

B:=Wpe. (33)

MupiMit csioBaMM, Ha Kax/JAOM TOPH3O0HTE 2 yroJ HaKJOHA OTKOca K
TOPH3OHTY . YHCJAEeHHO paBeH yrJay conpotusJeHuss casury W,
XapakTepHOMY JAJS AaHHOr0 ropu3oHTA.

[Ipodbuabp paBHONPOYHOTO OTKOCA, KaK MNpPaBHJAO, HMEET KDPHBOAI-
HeiliHoe oyepraHHe, OoJsiee KpyToe B BepxHel H OoJiee noJoroe B HIK-
HeH yacTH.

[Toctpoenne Taxkoro orkoca, a paBHbIM 06pasoM H OTKOCA C Ha-
nepen 3anaHHbIM 3HaueHlneM KOahpHuneHTa Ky no Bbipa)eunio (29)
MOKeT ObITL OCYyLLeCTBJEHO rpaduueckd 1 aHaauTiHuecku. B nocJes-

HeM cJqyyae HCIoJib3yeTcs cleaylouiee Boipa:kenue (npod. H. H. Mac-
JIOB) :

X = m{tg pyz+cin(tgg-po+c) —clnftggp(yz+po) +cl}, (34-a)
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rjgpe ¥ — abcuucca TOYKH Ha IIOBEPXHOCTH OTKOCA, OTBEUAlOWas riy-
OnHe z pacyueTHOro TrOPH3OHTA OT HNOBEPXHOCTH TOJIILLII.
[Tpn orcyrcrBuin 3a OpoBKoi oTkKoca HArpy3kd (po=0) npenp-
JAylliee BhipakKeHHe ynpoulaercst:

X = ng—ap tgpyz-t+clne—clin (tgpyz+c)) (34-6)

AnannTHyecKnil MeTOJ[ NOCTPOEHHSI PaBHOMNDOUYHOIrO OTKOCA SABJj-
ercst 6oJiee TOUHBIM, 4eM rpadhuueckust. OaHako nNpH HAJHYHH B TOJULe
OTKOCa HEeCKOJbKHX IIJIACTOB C pas3jiulbIMi MexXaHHUEeCKHMH Xapak-
TePHCTHKAMII 3TOT METOJ CTAHOBHUTCS H3JIHUINE TPOMO3AKIIM M SIBHO
yctTynaeTr rpap)HueckoMy npHeMmy.

CyuiHocTh rpadyueckoro mnpuema no merony [, Oasupyercst ua
HCNOJAL30BAaHIl  BbIPAXKeHHnsl, BBITEKAIOWEro H3 palee HallCaHHO

zapicumoctin (29):

tgp=%- g ¥ (35)

OTKOC paspgessieTcsl IO BLICOTE Ha psAJ PacCUETHBLIX CJO0EeB C INOJO-
iBoii Ha ray6uuax 2y, 2 ..., Zn OT NOBEPXHOCTH ToJwM. [IpH yMeHb-
HIEHHH MOILGHOCTH 3THX CJOeB TOUYHOCTb NOCTPOEHHSs] MOBbilIaeTcs.
[Ipn Haanuu B TOJIIE OTKOCA NJACTOB pPas/jiHUHLIX NOPOJ COOTBET-
CTBYIOLLHE pPACYETHBLIM CJOSAM TOPU3OHTHI HOJIXKHBI COBHAAaTh C KOH-
TakTaMli 3THX IWacToB. JlaJsee AJs1 Ka>kKAOro H3 3THX TI'OPH30HTOB C
rayOnuoil z; HaxoAsT 3HauyeHHe yrjga CconpoTtiiBiaeHust casury Y,
10 Bhipaxkennio Wyp,=arctg Fp, uepes 3HaueHne Ko3I(pHIIHEHTA CO-

MPOTHBJEHIST CABITY
Ct

yZ4Po

[locse 3TOro ornpenessiior CcOOTBETCTBYIOILHE HalJeHHBIM 3Haue-
HHAM yrJoB coliporusJennss capury W,, BeJUUHHBI YIJAOB OTKOCa [,
3aJlaBUICh TEM HJH HHBIM KO03(Q(dUUHEeHTOM 3araca YCTOHUYHBOCTH
Ky. B paBHoBecnHom noJsioxkeHun Ky=1. B 3TOoM cayuae umeer MecToO
cobJiogeHne pasenctBa f,=W,,.

[TocTpoenune oTkoca HaulHaeTCsi C HHXKHEH €ro TOUKH JAJST Zmax=I1.
3aech OTKJAAALIBAGTCS OTBEYAIOUIHH MAaHHOMY TOPH3OHTY YIOJ B Zmar.
IlpopomaikaeM onpefessiioliyio ero JIMHHIO 0 llepeceyeHHust co CcJje-
AYIOIIM TOPH3OHTOM Ha rayOHHe 2;. B TOuke nepeceuenust oTKJia-
JbIBaeM cHOBa yroJs f, COOTBeTCTBYIOLLHHA 3TOMY rophHsoHty. Haxo-
/UM HOBOE€ nepeceyeille ONpefeJSIOIeH ero JHHHI ¢ oOuepelHbIM
meliee rJyOOKO pacnoJiO:KeHHblM TOpH3OHTOM H T. H., BIJIOTh AO BHI-
Xo/la OTKOca Ha 1noBepXHocTh. llosyueHiible yxkasaHlbIM Bbuline In0-
CTpOeHHEM TOUKI MNepecedyeHHs] pacueTHBIX TOPH3OHTOB C JIHHUSIMH,
onpenesAIOUWIIMI  yIJbl OTKOCOB i, cOeAlHfieM nJaasHoil  KPHUBOH.
Ha 3ToM noctpoeHHe pPaBHONPOYHOro oTkoca rpacduyecKHM MeTOMOM
3aKaHyliBaerTcs.

Fp=1tg @i
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OTMeTHM, 4YTO NPH OTCYTCTBIII Ha MOBEepPXHOCTH TOJUIH 38 OpPOBKOII
OoTKOCA HAarpysxki, T. €. nNpH po=90, ¥ NpH HaJHulii B TpyHTE jarxe
caMOr0O HEe3HauuTeJLHOTrO cuenJjelis ¢ yroj orkoca f Ha NOBEpPXHO-
ctit ToauiH npu 2=0 crauoBuTcs paBHbM 90°. DTO nonoxKeuie BbLiTe-
KaeT H3 BbIpaxKeHHs

C

‘Pp-—-arctg Fp-—-arctg (tg p -t )npn z=0"*-"-31'Cftg00=90G- (36)

Ve c5=0

PaccmoTrpeunniii MeTojJ paer, KakK MBl BHJAEJNH, BO3MOXKHOCTbL TMO-
CTPOUTbL PAaBHOMNPOUHDLIH OTKOC, T. €. OTKOC, Ha BCEM MPOTSIXKEHIiif
KOTOPOro 10 BLICOTEe KO3(h(pimnent ycroiiunsoctyn oanHakon. Oanaxo
merol Fp e MOxeT ObiThb NMPHMEHEH AJIsSI pacueTa BeJHUNHDL OroJi3-
HEeBOIr0 JaBJIEHHH.

2.4. Metopn, P. P. Hyraesa

P. P. Uyraen [34] sToT MeTOA Ha3biBaeT e€lile MCTOJOM TJIOCKIHX
oBepxXHocTell caBura, 10O oH NpHMeHUM JiHb B CJlyudasx, KOorja
IOBEPXHOCTL CKOJbIKeNlsg SBJsIeTCs IJIOCKOH HJH COCTOHT 113 OT-
AEJLHBIX NPAMOJIIHENIIBIX YHaCTKOB.

B nmanHoM wMertoge o6o3naualoTcs: ¢y, €x — HAelHCTBHTENbIibIE Be-
JHUHHBl yrJja BHYTpeHiero TpeHusi 11 cClenjeHis, T. €. BeJHUIIHDI,
KOTOPLIMH XapakKTepH3yeTcsi pacCcMaTpHBaeMblili I'pyHT; @y, Cx — KPH-

THYECKHe 3HaueHllss yrJjla BHYTPEHHEero TpeHisl U cuemnJeHisa, T. e.
Te 3HaueHusl, KOTOopble HaA0 MNPHUIAATL TPYHTY, YTOObBl paccMaTpHBae-
MBIH OnoJi3iepoil OJIOK MMpHUIES B COCTOsIHliEe NpeAesibloro paBHOBe-
CHSI, Ty, Oy — KpPHTHYECKHE BeJiUlHbl KacaTeJdbHOro H HOPMaJibHoro
HaNPsXKeuui, T. €, BeJHUHHBI, KOTOpble NOSIBJASIIOTCA B MOMEHT Mpe-
NeJIbHOIO pPaBHOBECHS.

3JaMeHHB AeHCTBHTEJbHBIA 3eMJsIHOH OTKOC MOJAENbIO OTBepAeBlIero
onon3neporo 06Ji0Ka, MOXKeEM COCTaBHTL HJiSt HEro, B pe3yJbTaTte pac-
{eTa B COOTBETCTBHH C (POPMYJNOH Tx=0xlg @i+ Cx, COOTBETCTBYIOLLECE
ypasletiie 1npeaeblioro paslioBeclisi B BHJE

CI{=f] (tg (P];) HJIH CI{=f2 ((-P;{). (37)

['pachnueckil 3To ypaBleHlie NMpeAcTaByiieHO Ha pHC. O KpHRBOIM ab, Ko-
TOpast HasblBaeTcsl KpHBOIl cBs3H. Kaxaasa Touyxka 3Toil Kpusoit jpaer
HaM Mapy 3HauYeHHH ¢ U @y, NPH KOTOPBIX paccMaTplBaeMbiil OJOK
HaXOAUTCA B COCTOSIHUI NpeaesbHOro pasHoOBecHsi. Hepes ¢x” 000-
3Hayelno TO 3layeHHe @x, NplI KOTOPOM Cx=0; uepe3 ¢, ® obo3naueHo
TO 3Hauenne ¢y, npl xKoropoM ¢x=0. Henocpencrneununie noacHeTnl
[TOKA3bIBAIOT, UTO KpHUBasi cBs3il ab, KakK npaBuyo, OJH3KA K NPAMOIL.

Ecan 3nauenus ¢ 1 ¢cp AAIOT TOUKY /m, JeXalllylo Hil)Ke KPIBOIl
cBA3H ab, To paccMaTpHBaeMbiii OnoJidnesoil 60K SIBASIETCST HEYCTOl-
YHBLIM, TaK KakK cjarailouiiit ero rpyHT IIMEeT XapaKTepiHCTHKI C/1Bil-
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Puc & Kpuenie cBnaig

ra MeHee KPHTHYECKHX 3HauveuHud. Lciin ke BeAHUHHBI @q H €y JaioT
TOUKY 1, Jexallylo Bbillle KPHBOH CBsI3W ab, TO paccMaTpuBaeMbiil
OJIOK HaxoIHTCsl B YCTOHUHBOM paBHOBECHIl;, NMPH 3TOM uUeM [AaJplie
104YKa 71 pacnoJsiaraercst oT KpHBoi ab, teM OoJibliiil 3amac ycToH4YH-
BOCTH I1IMeeT AaHHblH MacCHB IpyHTa.

HtolGbl HCNPaBHThL NOTPEIHOCTH NPHHATOH MOAEJH OTBepAeBHIEro
TeJla H npubJiHKeHnHoro cnocoba pacuera 37O MOJeJH, a2 TaKxKe IO-
| PEIIHOCTH B ONpefesieHHH NPHHATBHIX AJsI pacyeTa BeJHUHH @p H Cy,
IIOJIYUeHHYIO pacueToM MNpsAMYI0 CBSAI3H ab nepeHOCHM napaJsuieJbHO
caMoil cefe na HEKOTOpOe paccTosHlle B noJoxxeHue a’b’, t. e. B IO-
JOXKeHue JHBIN, IIpoBeAeHHOH yepe3 3afaHHYyI0 TOUKY 1 napasielib-
HO TeopeTHYeCKOH KpuBoH cBsidu ab. Mmenno sra npamas a’b’ ecrtob
npsiMmasi CBSI3M1, [pOBelleHHasl ¢ HamjgexauuMm 3anacoM. HcekoMmbil
Ko3(uileHT 3amnaca Ky A0JXKeH B anaJHTHYeCKOH (opMe OTpaxaThb
nepeHoc npsmoii ab B noaoxeuue a’b’. IloatoMy B maHHOM MeToje
HpHHIMaeTcs, UTO AJsl BeJIHMYHHBL Ky MOXKHO HamHCaTbh, HanpHMep,

BLIpaXscHIist (CM. pHc. H):

_ g q¢n Cr ]
Ry= g @ En (38-2)
11111
o= = = (38:6)

Jlangee pacuer YCTOHYHBOCTH CKJIOHA, OCHOBAHHBLIH Ha HCMOJIL30BA-
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HHH MOJeJIH OTBepleBllero 6J0Kka o0pyuleHHsi, CBOAHTCH K pacuery
pAfa NPON3BOJIbHO 3alaniblX OTCEKOB oOpymenns. Ilpun 3TOoM B npo-
llecce paccMOTpPEHIss TOrO HJ HHOrO NMPOH3BOJBIIO 3alaHHOTO 0OJ0Ka
B o0IlleM cJayyde J[ocJepoBaTteJbHO  pellaloTced  JiBe  He3aBlCHMbIe
Apyr OT Apyra 3ajauyu:

1) paccuuThiBaeTcsl TaK Ha3biBaeMasi npejesibHast cxeMa JHalioro
onoJznesoro OJi0OKa, TNpuuyeM, HCXOAN U3 YypaBHEHHS TNPEACNLHOTO
paBHOBECHS!, OTIOCSILErocst K 3TOH CXeMe, YyCTaHaBJHBAIOTCSH KPHTI-
yeCKHe 3HAuyeHHsI yivla BHYTPEHHero TPEHHss M CHJABl CLE(JeHIs
rpyHra;

2) 3past 3TH KPHTHYECKHE BeJIHUHHBI, yCTalaBJalIBaeTcsli Ha HX OC-
HOBE 4YHcJeHnoe 3HauvyeHHe Koagdupuenta szamaca yCTOHUNBOCTIE Aail-
HOTO OMOJI3HeBOro 0JioKa.

B sriBogax P. P. Uyraesa {34] ypaBuelilie Inpeneanlioro paslione-
CHSI JJIsT Onc.a3neporo 6J10Ka, OrpaHHyeHHOro CHH3Y MPOH3BOJLHOII
IOBEPXIOCTLIO CcABNTA (0OpasoBaiinol HECKONDLKHMIT NAOCKOCISIMILY,
jaeTcst AJis HEeCKOJIbKHX ciioco0boB pacuyera:

a) crnocoba TropH3OHTAJbHLIX CHJ B3aHMOJCHCTIBIISI, OCHOBAHIIOIO
fia jgonyineHnd, uto n=0, rge 1 — YroJ HakJoHa K roOpH30HTY Ci.bl
E B3zauMozelcTBHS, Iepeaalonieyicss OT OAHOI'O BEPTHKAJBLHONO 0oTCceKa
K coceiHeMy uepe3 OOKOBYIO BepTHKaJNbHYIO NOBEPXIOCTh;

6) crmoco6 npenesbHO HAKJAOHHBIX CHJ B3aHMOJAEHCTBHSI, OCHOBAaH-
HBI Ha ponyuieHuHH, uto M=y, rae Wyx — KpHTHUYSCKUIN VIO
caABHra (paBHBI B CJyuae Cbiyyero FPyHTa BeJHUUE () ;

B) cnoco0 HaKJOHHLIX CHJ B3alMOJEHCTBIISi, OCHOBaHHDbIi 1a j10-
nyugeHuH, 4to 1n=0,0¥ px.

Oanaxo npH BuIOOpe Haubosee palUHOHANABHLIX CHOCOOCB pacueTta
P. P. UyraeB nokaseiBaer, Uto B cJiyuae OObIUHBIX 3€MJISIIIBIX OTKOCOB,
xorna B=<<50—60° caenyer noJsib30BaTheslt crnocoOOM HAKJOHNUDLIX CILI,
OCHOBaHHOM Ha ponyuieHul, 410 1N=0,0Wpk. TlosTrOoMy MBI OV e
3lleCb PacCMaTpPHBATH TOJIBKO 3TOT CHocoO.

[IpenctaBum Ha pHC. 6 OnoJ3HeBOl OTKOC, OrpanHuenublii cHi3y
3a/laHIION  INMOBEPXHOCTbIO CKOAbXKeHHA | — 2 —3—4-—20, Kortopas
oOpa3oBania HeCKOAbKHMY mJjockocTtamii. PaszobbeMm onoJs3snesoil 6.0«
BEPTHKAJISIMH 11a COOTBETCTBYIOILEe UHCAO OTAEJbHBLIX OTCEKOB (fpif-
HiIMaeMbIX paJjiee TtBepAbiMH Tenamn). CunrraeMm, urto ciin L B3anvo-
JEHCTBHST MeEXAY OTHeJbUBbIMII OTCeKaMH, repejalolliiecsi uepes3 lix
BEPTHKAJIBHLIC Tpatililbl, HaKJOHEHLI K TOPH3OHTY MNOA yrjaaMil 1), =
=0,0W,;. [lanee cTtpouMm Ha puc. 6 COOTBETCTBYIOILIIC MUOFOYTO. -
HIKH ¢, B KOTOpbIX N’y — peakiliss ociloBailiiss B MOMEHT Iipe-
ACJbHOrO paBHOBECHSs, JelicTBylollast Ita MOAOWIBY (-I'O OTCeKa [ MOo/IL-
cuiltaHHasi ¢ yuetoM ciiji Nyi, Txi, Cxi. 3aTeM cocTaBAsieM ypaBIliellis
paBHoBecls, MPOEKTHUPYA BCE CHJBL HA T'OpH3QUTAJALUYIO acbh. [Ipt
3TOM CYHTaeM, UTO Npeaeanlioe paBHOBECHe HMeeT MECTO e TOJILKO
B pajioHe NOBEpPXIOCTH CABHra, HO I B pafione BCEX BePTHKAJIbHBIX

2 35



Prac. 6. Metroa P. P. Uyraesa

[paliy, KOTOPLIMH MDLI pa3buBaeM ONMoJI3HeBOH OVIOK HA OT/AedbHble
oTcexi. llpnueM B npouecce AaHUBIX BLIBOROB 3(h(phpeKT AelcTBHS
CHJ cucnJeHust 3amerisiercss a(pheKToM, KOTOpPLIH MoJsiyyaeTrcsi B pe-
avibTate cOXarnst rpyHra B OTAEJLIIOM OTCEKe BCeCTOPOHHHM HOp-
MAJIbLHDLIM daBJenneM HHTEHCHBHOCTLIO

Cy
I=Toer - (39)

B pesvapTaTte onpeleseHHblx npeodbpaszoBaHHd (noApOOHLIH BLIBOJ
mMozkno paitn B kuire P, P. Uyraesa {34]) nosyuaercs ypapsele
HpeaedbHOro papHoBecHs AJsi OJHOPOAHOIO CBSI3HOTO IpyHTa:

(P, Ag))
Cre = - i
! 2 {Au:[zi clg (a,:q;“)::al]} J[g (P, (40)
A s (o, Fon) 4]
o cos («.=F1,50pk) ( )
Z, — p43HOCTL OTMETOK MOBEepPXIOCTH 3eMJll ¢ JIeBoli L ¢ fpaBoil

CTOpOH OTceKka (Hanmpumep, touek 3 H 4" na pnc. 6; echn OT-
MeTKa Toukn 4° Oouspite oTMeTKHl Touku 3’, TOo z; npuoOperaeT
OTpHIATeJLHOE 3Hauelne).
[fonb3ysick ypaBHeHHeM IpeneibHOro  pasHoBecns (40), MOXHO
Jerko MnocTpolTh MJsI JaHHOro onoJsieBsoro 6Joxka xpHByio CBA3I
Ci=[ (). Iyst 3toro, 3nast pasmepnl OJiOKa, cJhaeayeT 3a,aBaTbCi
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geJnunyofil @i 1 3ateM no ¢opmyse (40) BBIUHCASATL COOTBETCTBYIO-
e 3HauyeHHS Cyx. [0 €CTh ypaBHEHHe IpelejibHOr0 paBHOBeCHS pe-
jHaeTcs TOJALKO NnoabopoM.

[Ipi paccMOTpeHHH paBHOBeCHs OTAEJNLHOTO OTCeKa, KpOMe TOro,
OTBLICKHB4€TCsl BEKTOp reoMeTrpHuecKod cymmbl cun £;" u E;”, peiict-
BYIOLIIHX Ha JlaHIIBIH OTCEK CJIEBA H CNpaBa:

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

a TaKKe BeJnyHia ropHaoHtaapHOH mnpoexkuuH AEy; 3TOro BeKTOpa
(11151 OJTHOPOJAHOrO CBSI3HOTO CYXOro rpyHra):

AE i==+P;A,; cos —-("2“ {Ayi cos r;" (zictg (ai T o) Fai]+
VA AN S
+ (" —h')} (43)
rae 2i, ', Iy — reomerpuucckue pasmepnl, mokasaumnpie Ha ptic. 0

I Tperbero orcexa. lipuuem z; ue ecrs pasni-
na mexay h;” m hy”, a npenulwetine nepoil Bepx'-
He#fl TOUKH OTceKa HaJ npaBoil (IIpH HAKJAOHHOI]
NOoAOUIBE OTCEKAa 3TO lie OAHO 1i TO Xe).

Beanuuunl z; 1 (A" — /") moryT 6bITb Kak NOJOXKUTENLUBLIMI, TaK
Il OTPHUATEJIbHLIMII, yroJ «; BCerja HAOJIKeH CUHTATLCST NOJOXKI-
TeJALHBIM.

[ITpumensiss NMpHHUMIOBL TEOPHH MNpeNesibHOrO paBliOBecHst K 3anpe-
LeJIbHOMY COCTOSIHHIO, MOIKeM JONYCTHTb, UYTO TOpH30UTaJbias Co-
cTaBJisSIIoNLasl CYMMapHOTO OMNOJI3HEBOro MRaBJieHHsI B KOHLE N-TO OT-
ceka OyaeT paBHa:

Eon= 2 (ALy%i) (44)

HJII

1—n

E0n= E {{iPiAoi COS P E— {Agi CO€f

i=1 2

o [2ictg (0iFou) Fail+

~+ (,Zfﬂ—hff)} tCH }} (45)
2 (P

B manncanHblXx 3aBHCHUMOCTSIX BepXHHII 3HaK OTBeuHaeT HIHCXOJSIULCI
(mapatouleit), a HHXKHHIT — Bocxousiled (mopHnMaloleiica) nopepx-
HOCTII cAaBHra. B cayuae orceka, IMeIOUIEro TOPH3OHTAJLHYIO I10OJ0-
UIBY, MOXHO NOJb30BaTLCH HJIH BEPXHHMH 3HakaMH HJIH HUPKHHMI —

pesyJabTaTt pacyera OT 3TOro le AOJXKeH H3MEeHSATLCSI.
[Ipu onpenesennir onos3HeBOro [aBJjeHHS B 3anpejesinblioM COCTOS -
HHH CKJIOIlAa CHABHUIOBbIe XapaKTEPHCTHKH TPYHTA Cx H @, C ONpese-
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JEeHHBIM JONylleHHeM, MOXKHO HpPHHHUMATb IJs COCTOSIHHS IIpejeip-
HOro pasHoBecHs. [Ipn 3TOM, ecau B CKJOHe yiKe NOABJSJICHL ONOJ3-
HeBLIE NOJABHIKKH, CJABHTOBble XapaKTEePHCTHKH MOXHO OIpefenaTh
HernocpeACTBeHHO /sl IpyHTa, HAaXOLALErocsi B ypOBHE NOBEPXHOCTH
CKOJLXKeHis. B TakoM cayvyae pekoMeHayeTcss NPHMEHATL METOJbp
HaTypHOro onpeiesyetist ¢ 1 ¢ HeNOCpeACTBEHHO B wypde.

Hanee mnpeoGpa3oBbiBaeM MNpHBEJAEHHbIE BHIlIe 3aBHCHMOCTH s
cjlyuast HeOLHODOAHOro rpyHTa, a TaKXKe yuera (GpUJIbTPAUHOHHBLIX ¥
CeHCMIIYEeCKHX CHJI.

CJaenyer paaJjnuaTb HeOAHOPOAHOCTb TIPYHTA B OTHOWEHHI ero
00bLeMHOro Beca H B OTHOLUEHHH €ro MNPOYHOCTHBIX XapaKTepHCTHK
(1 1 Cy.

Yuer HCOZHOPOAHOCTH B OTIOIIEHHH <y OCYLIECTBJSIETCST OTHOCH-
TenbHO TpocTo. B ypasuenne npepenstoro pashHosectst (40) u dop-
MyJYy OI10.13HeBOro jasJsieHust (45) BXOAAT BeJHUYHHDL cOGCTBEHHOrO
peca OTJe.bHbIX OTCEKOB, Ha KOTOopble pasbHBaeTcsti AalHBIT OMOJ3-
Hepoil Gaok. OueBnano, uTO B cJiyyae, KCriaa TOT HJI APYroil pac-
cMaTpHBaeMBIl OTCEK COCTOHT H3 yacTel, o0pa3oBaHIIBIX TPYHTOM
pasnoro o6beMHOI'0 Beca, BeJqHYHHAa KOTOPOro HaM 3ajala, TO BO3-
MOXMCHO NOJACYNITATL CcOOCTBEHHBLIE Beca 3THX OTAEJbHBIX YacTell, a
zaTeM HX CJOXKHTb. Muanm e ans Bcero orcexka npHuHHMaTb CpejHe-
B3BellleHHoe 3ilayeHne oO’beMHOro Beca rpyira.

YueT HeOQHOPOJHOCTH TPYHTAa B OTHOWEHHH @y H Cg OCVIIECTBJIA-
eTcsl B paccMarpliBaeMOM MeETOJle pacuyera cJjaeayloliM o0Opas3oM.

I3 npouecce Bcex BHIUHCHACHHI TNPHHIMaeM B pacyeT TOJbBKO Te
BeNNYNHbBl @y 1 Cn, KOTOPHIE OTHOCSITCS K TPYHTY, PacrnoioxeHHOMY
HermocpeACTBeHHO BOJH3N NOBCPXHOCTH CKOJIBXKeHIsS. 3HauyeulssMH g
11 €y, OTHOCSIIIIMIICA K TPYHTY, PACHOJ0OKEHNHOMY BHYTPH OIOJI3HEBOTO
OJjoKa (BpaJil OT IOBepPXHOCTH CKOJbXeHiisi), He nurepecyemcs. Ilo-
3TOMY C leablio o0JeruyuTh pacuer, pa3biiBaeM OmnoJ3HeBoll OJ0OK Ha
OTceKil TakHM o0pas3oM, 4TOOBl B Hpelesax IOAOLIBBI KaxKAOro OT-
1eJbHOr0 OTCeKa TI'PYHT OB Obl OMHOPOAHBIM B OTHOWUEHUH g H Cx.
[Kpose Toro, 4toObLl He yCJaOKHATH pacuer, OyaeM NPHHIMATbL VIO
cieiira Wy, He OJaA TpyHTa, pacHoJiOXKeHHOro B palione rpaHiuyHoOIl
BOPTIHRAJIH, pacuJgelsonel onoJizneBod OJ0K Ha oOTceki (Kax 3TO
1pelGyeTtest), a AJsl r'pynta B pailolnc paccMaTrpiBaeMoro yuacrka no-
BCPXNOCTI CKOAbXKenist (4acTo 3TH yrJjbl MO BeJHuYliie coBlaAaloT).

Caiejyioulee HOMHylleniie cBsi3alo ¢ BONPOCOM O JoBejeHnH Aallio-
10 JlelicTBITCJABHOIO OnoJsdHesoro 0OJ0Ka A0 ero npejejbHoil CXE€MDI.

Urobnl nonyuntsh npepesbHylo cxemy, npeiacrtaBiMm cebe, yto npou-
IIOCTHLIE XapaKTEePHCTHKH TPYHTA (g H ¢y NMOCTENEeHHO YMeHbIUNaIoTCH
J0 TeX Iop, [OKa paccMaTpHBaeMblid ONOJI3HEBOH OJIOK He mnpHAeT B
COCTOSIHHE mpelleJbHOro paBHOBecHs. Ilpu 3TOoM cynrraem, 4TO B IPO-
liecce TaKkoro BooOpaxKaeMoro yMmeHblUeHHSI MPOUYHOCTHBIX XapaKTe-
PHCTHK BeJIUHHA OTHOWEHHST MEXAY OTAeJbHbLIMH XapaKTepHCTHKaMH
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(Mexny OTHe/NbHBIMH 3HaUYeHHAMH g HAH MEXAY OTAEJbHLIMI 3Ha-
YeHHSIMH Cy) BCe BpeMs COXpaHsieTcs MocTosiHHOH. Tenepb BhIGepem
MPOH3BOJIBHO KaKOH-TO y4YacCTOK MOBEPXHOCTH CKOJIbXXEHHS H Ha30BeM
ero ocHoBHbIM. OH Oyaer o6JiafaTb NPOYHOCTHBIMH XapaKTepHCTH-
KaMH @g°¢ 1 ¢5°°, a MpH nepexone K MpelesibHOH CxeMe — KpHTHYE-
CKHMH XapaKTePHCTHKaMH @x°° H c¢x°C J[lonyuleHile 3ak/jiodaercsi B

. C
TOM, yTO, €CJH AJid KAaKOro-To (-T0 oOTcCeKa Pal -=E; H __nl = 1t;, TO
q)nﬂc 1 CRDB l‘ ’
~ Pxi e Cui ‘ Ol " '
(PHJ_G- =E€; U -CH“E’ i, IEBHAHO, KAd2KALIH yl{aCTOK ﬂOBEI)XHOCTJ

CKOJIb2KeHHST 34eCh XapPaKTepPH3yeTCA CBOHM TIOCTOSHHDLIM 3Hayelliem

Kos(uuuenros € 0 p. KplByio CBSI3H B NaHHOM CJiyyae MPHXOHTCS
CTPOHUTL B Blijle hPHBOH

CHGC= (q)ROC) HIOH C[{{}C:f[(tg (PH) OC]. (46)

YUHTBIBASI NPHUHATLIE AONYUIEHHS, MOMKEM Ha OCHOBaHIH OBULHX
BbIBOAOB {34] HanucaTh ypaBHeHHe mMpeAesbHOrO PaBHOBECHS AJS CY-
XOro CBfI3HOr0 HEOJHOPOAHOrO (B OTHOLUEHHH (y H Cy) TpPYyHTaA B clie-
AYIOLIEeM BHJE:

)) [inAui COS _ Eiq)“ﬂc_, ]
2
C O0C — - e —e e P—— - S - g 47
I Eif[’u”c 1 ' ( )

S{Ao¢ cos —5— [z cig (@i TFepu®®) Fail+ (1" — /)

‘lE (eipu®®)
rne

sin (Gi::BifPHDB)
Aoi= COS({I:‘:FI,BBHDHHE)J‘ (48)
JICHO, YTO B 3THX BBIPpAXKEHHUAX NpoH3BeAeHHSa e:;(px°C I w;Cx°¢ npel-
CTaBJSIIOT COOOH KpPHTHYECKHE HPOYHOCTHLIE XapaKTEePUCTHKH TpyHTa
B Ka)IoM [-OM OTceke. ECAH 3TH XapaKTepUCTHKH y;=¢€;(p"C II
Cxi=LiC°® MOTryT OBLITbB KaKHM-JUO0O 00pa3oM omnpejesieHbl, TO BO3-
MOXKIIO MOJyUeHHE yPABHEHHH pPABHOBECHSI MJIA OCHOBHOIO Yy4aCTKa:

Qi
oo ElEPdecos—m 1  (47-a)
% {Aoi cos m;i (2i clg (¢iTFQui) Fai]+ (hi” — hi')) tgu(;):::
ragje
Agim= — sin (@i F@xi) (48-a)

cos{a;F1,0 ki)

COOTBeTCTBEHHO OMOA3HEBOe jaBJieHIle BbIpasuTca (PopMyJoi
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i=n

Eon= 3 {{£PiAo cos—* — {Aoi cos =3 [z: ctg (asFoui) Fail+

t=1{ 2

Cri

+ (W — )} == 1) (49)

B cnoco6br yuera (PpUABTPALHOHHOH H CeHCMHUECKOH CHJIbI, IIpej-
noxkenuole P. P. YyraesntM, BHeceM HeKOoTophie H3MeHeHHS. leno B
toM, uto P. P. Uyraes paccmarpuBaer JHUbL CJyyal YCTOHUHMBOCTI
OTKOCOB 3eMJSIHBIX IWIOTHH B THAPOTEXHHYECKOM CTPOHTEJLCTRe.
Ias Taknx coopyxXeHHuH yueT AEHCTBHS BOJALI, pa3yMeeTcsl, ropasjo
cJloKHee, UeM AJIsT eCTeCTBeHHBIX CKJIOHOB C HENOJIHBIM BOJOHAaCHIe-
iieM rpynrta. B rujiporexHHYECKHX COOPYIKeHHsiX TpeOyeTcsl YUHTLI-
Bath neHcTBHe AapJieHlsl CIJIOWIHOH axksBaToOpHil ¢ OAHOH CTOPOHBI
HACBIMH, BO3IMOMXHOCTH OLICTPLIX CMagoB YpOBHA BOABI B BOLOXpAHII-
Juule, HHTEHCHBHYIO (HJbTpaWilio HapyKy OTKOoca HJII BHYTPL €ro
H v A Mol ke paccmarpluBaeM JHlWb AeHCTBIie TPYHTOBBLIX BOJ, Ha-
XOMUSILLIXCA B €eCTeCTBEHHOM CKJOHe B MOKOe HJAH (PHALTPYIOULHXCS
papyXKy OTKoca {(HepelAKO JAaKe B BHJAe OT/eJIbHBbIX CTPYHUYaThIX MO-
10k0B) lloaToMy Ml ynpocTtiim cnoco® onpeneneHust THAPaBJIHYECKOI]
cudinl ., npepyoxenuslt P. P. YyraesuviM, H npuMem ero Taxkum ke,
KakK H AN8 APYyriuxX paccMaTpHBaeMbIX HAMH MeTOAOB pacuera. DboJjee
npocto OyjieM yulTbhbiBATH I CeHCMHUYECKHE BO3LEeHCTBHSI (TaK)Ke aHa-
JOTHUYHO y4YyeTy B Ipyrux Mertonax. pacueta). B paborte ke [34]
P P. Yyraes npensaraer ocobblii crnoco6 pacyeTa YCTO{IUHBOCTI
OTLOCa C VYeTOM CeHCMHYeCcKHX CHJ, la3BalHblil HM cinocoboM NoBO-
poTa oTkoca (CcM. Bbllue). B npouecce ykaszaHIbIX YNOPOLIEHiH OT-
AeJbHO HAKJOH paccMaTpHBaeMbIX CHJ He OyaeM YUUTbiBaTh, Tak
Kak 3HaullTeJbHOe YCJOXKHEeHHe pacueTa He onpasiabiBaeTcst TOJY-
YyaeMbIM YTOUHEHIIEM.

[Tpnn Takux ponyuweHHsix ypasiieiilie NPEeaedbLHOro papHoBecHst I
hopmMvJa OMOJIBHeBOro AaBJieHHsl Jisl CBSI3HOrO HEOILHOPOILHOIO TPYH-
Ta C VUYeTOM THAPOAIHHAMHYECKOH H CEHCMHUYECKOH CHJ BbhIpa3siTcs
BLiDd.KEeHHIAMH

Ooc¢
E[ipt/]ﬂf COS "EPHI_— +if+QGt]
C),°0C = — 2 — : (50)
S {Aor cos BT 1 g (@ Fepa®e) Fal4 (he” — b)) =
e Ot 2 ! ! 151 1 § t tE El'[‘;“ﬂc
1= '
Eon= 2 {£PAgicos @ +j,+ Q¢ —{Ap. cosT__
1=—1] 2 2
X [z, clg (@iTF o) Fal+ (b —h/) 22— )}, (51)
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Pacyer yCTOHYHBOCTH OTKOca (onpenesieHHe KO3(oitiieHra ycroii-
yupocTH Ky) no meroay P. P. Uyraesa (npu Hcnoab3osaHilil croco-
6a HAKJOHHBIX CHJI) CTPOHTCA CJeAYyIOWHM 00pa3oM: HCXOAST H3 CO-
OTBETCTBYIOLIEr0 YpaBHEHHS MNpeaeJibHOrO paBHOBECHs, COCTaBJIeHHO
ro AJs1 pacCMaTpPHBAaeMOro omnoJi3HeBoro O6Ji0Ka, HaxOLUTCS BeJHuHHa
tg ok (MM k), 3aTeM no QopmyJe (38-a) nay (38-6) BbIULC/ACTCSH
HCKOMasl BeJHuHHa Ky.

[Ipu sTOM, Kak NpaBHJIO, pacyeTy cJeiyeT HOABEpraTtb He 3ajai-
HBIfi OlIOJIBHEBOH OJIOK, a HEeCKOJbKO YNpOIIeHHYIO ero cxemy: pa3-
JHYHbIE JeTaJld, KacaiouiHecs, HanpimMep, oOuyepTaHlisi OTKOoca HAH
FPYHTOB, cJlaraioulix ero TeJo, NMPHU pacyere CJeJlyeT OlyCKaTb, eCJlIl
3apaliee OUEBHJAHO, UTO OHH HE MOTYT CYILIECTBEHHO BJHSATbH 11a OKOH-
yaTeablible pe3yabrartbl pacuera. [lpn Bouncaenuu tg g, (1l @x)
o0blyHO MpHuMeHseTcss crnoco® npoOHBIX nmonbiTOK. last sToro Moxewm,
HanpnMep, HCHOOJb30Ba1bL rpadyueckHii npHeMm, TNpeacTasiB ypaBHe-
Hile TpeaenbLHOIO paBHoBecHst B BHae (hyHKUUH [ (@x). Ocobenno
3TO yA06HO B CJyuae OAHOPOAHOrO CLINyUCro rpyHra, Korga cx=0.
Torpa BesuuHHy F(px) TOACUHTBIBAIOT JUJISI PA3JIHUHDLIX YIJIOB Py II
cTposAT KpuBylo F(qy) na rpaduxke zaBucHMocTH F(gpx) OT @i Hec-
KOMOe 3HaueHHe @i Oylaer TO, NpH KoTtopom Beanulna F(¢px) obpa-
H1aeTCd B HYJIb.

OpHako BO3MOXHO onpefedsiTe Ky cpady, 6e3 mnpoMeKyTOYHOro
onpeaeneHist @x. B Takom cayuvae KospdHUHEHT YCTOHUUBOCTIH CKJIO-
a onpejensiercsa (non6opom ual rpadHuYecKH) H3 ypaBHEHUS

Fi(KY)=F2(KY): (52)

rape (yuutbiBas pbipaxkeHis (38-a) u (38-6)

Fi(Ky) =Z[£ PsAoi cos 25 4 ji+Qei). (53)
F2(Ky) =3 {Ao; cos ;";,; [zi ctg (o, °F Tf; ) FQ,]+

Cnt

+ (hi” — k') K"mm (54)
tg K,
B 3TtHX 3aBHCHMOCTAX
sin (a.7F L

A, = Ky ) (55)

cos (ai7F1,5 —Efi)

Hanee, 3agaBasicp, pa3siHuHbBIMH 3HaueHusamu Ky=10; 1,1; 1,2;1,3;
1,4, na obuiem rpacuke crposarcs Kpusble Gyukunii Fi(Ky) n Fo(Ky).
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Touka mepecedeHns aTHX KpUBHX (pHC. 7) MaeT HCKOMOE 3HayeHue
Ky. To ects xosduunent ycroituuBoct Ky paccMaTpiBaeMoro ckyo.
Ha paBeH 3HAYeHHIO, NPH KOTOPOM CTAHOBATCS TOMK/JECTBEHHO pap-
oM GyHkuuu Fi(Ky) n Fa(Ky).

st OJHOPOAHBIX TPYHTOB ypaBHEeHHe IMpeleJibHOrO paBHOBECHS
OyIAeT HMeTh BHJ

) [iPiAﬂi-_I:_fij-Qui]

K= S ez clg (@iFon) Fa) & P (96)
A€
A sin (@i F@x)
Ot

COS (U.i:Fl,5l'pH)
Fulky Py B Takom cJayuyae uMeercsi eule OJHH
f;(H{pJL crioco® onpeneneHus KoagduuueHTa ycroii-
it Ll | A 1 unsBcerd Ky. Hust atoro mo  ypasueniio
500 b s ] ‘ 4 (506) cTposT rpaduk-KpHuByI0 CBA3l (CM.
P‘ pHc. 5), 3amaBasch NPOH3BOJLHBLIMH 3HAa-

1000 } - yeHHAMH @x H onpenedsis cx. Bce Touki
KpHBOIi CBA3H AJA JNAaHHOILO  OINOJI3HEBOTO
20 S 6J0Ka YA0BAETBOPSIOT ycioBHIo Ky=1. Ha
ol 1 rpaHK HANOCHTCH TaKKe TOuKa 71 ¢ HOp-

0 8 24518 1 Hy  MATHBHBIMU 3uauveHHaMH tgoe 1 ¢, yepes
Pitc. 7. Onpeaenenne Ky KOTOPYIO ITPOBOANTCA JIHHHSA, NapaJsjejibHasd
metronom P. P, Yyraepa KpHBOI CBsA3H H Jy4Y Of 4epe3 HavajJo KO-
opannar 0 rpaduka. [lajnee Ko3pPuUUIHEHT

VCTOfMHBOCTH CKJOlia OfnpenesasieTcst 10 OJAHOMY H3 COOTHOLIEHIH:

08’ oa’ on g @n Cx (57)

e — P pp—
e — — ey —————

Ky= 08 oa on, tg ok Cxe

[Tpi 3azannoM Ky (TO ecTb NMpH NPOEKTHPOBANNH YAEPKIIBAIOIHX
KOHCTPYKIIHH, oOecneunBaominx Tpedyembld KosdduuHeHT 3anaca
VCIOHUHBOCTH HO CPaBHeHHIO ¢ IPeleJbHbIM COCTOSIHHEM) OMOJI3HEBOE
napJieHilie MoweT ObiTh NpeACTaBJeHO BblpaMeHHeM

i==n
Eon= 2 {iPiAoi'COS Pri +ff+Qci’_
1=—1 2Ky
Crt
LI — K1 — 7 / K‘I.f
— {Aoi cos 2[;:? [2i ctg (@i ;& ) Fa]+ (hi" — h)) rpui___}}’ (58)
e =K,
rne
. . Px
Aoi= _ (ai_: rK‘-"ﬁ—) . (59)
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B RaHHOM BLIpaX{eHHH (py; H Cx; — 3HaYeHHSI MPOYHOCTHBIX XapakK-
TepPUCTHK TPYyHTa, onpenesieHHble HATYPHLIMH MeTOAaMIil AJISI KaXXA0ro
H3 OTCEeKOB ONoJi3HeBOro 0OJsioka, tpebyrolero ykpenaeHlist (TO eCThb
HaxOAsiulerocds B COCTOSHHMH, OJi3KOM K npepeasnHomy). LEcan xe
npeanoJaraercst yKpenJienie CKJ0Ha, COCTOsIHHE KOTOpOro B AaHHbI
MOMEHT YCTOHYHUBO, HO MOKeT NPUOJNH3UTLCA K IpefesbLHOMYy B pe-
3yJbTaTe BHEIUHHX BO3JeHCTBUH (mOApe3Ka CKJIOHA, Harpy;keHiie ero
M T. A.), TO JS TaklX YCJOBHH HATYPHO YCTAHABJHBAIOTCH g I Cy,
a 3aTEM ONPEAeJSIIOTCA @ M Cx C IIOMOIULbI ypaBHEHHA NpejesbHoro
paBHOBeCHS (METOJOM NPOOHBIX NOMNBITOK).

[ToacuuTniBaTh AasJseliie npu Ky=1 1 3areM yMHOXKaTb HTOTrOBYIO
HHOpPY Ha KO ¢uuHeHT YCTOHUHBOCTH Heab3si, TaK KaK 3TO Hel3-
O0eXXHO 3aHHXKAaeT CYMMAapHYIO BeJIHUHHY OIIOJ3HEBOrO JaBJeHIs.
Ilpn nocsaenoBaTesbHOM CYMMHDOBAaHUH TIO ypaBHeHnio (08) Beanuuit
JUIST Ka:KAO0ro nocJefylomero ceuyeHus cJenyeT HNpoBepsiTh 3iHaK Io-
JydyaeMoH CYyMMBbI. EcjaH ans1 Kakoro-jaubo ceueHHst pe3yJsibTHPYIOILLAs
cymma Oyaer pasHa HyJdI0 HAH npuoOpereT OTpHUATENAbHLIT 3HAaK,
OTCEKH BBILIC 3TOr0 CEYEeHHSI MpPH CYMMHpPOBaHHH He YUHTBLIBAIOTCSI,
1aK KakK HMeloT coOCTBeHHBIH 3amac  yCerofiMdBOCTH  (paBHBLIH 1JH
6oablIHil TpebyeMoro) W He OKa3plBalOT HaBJellsl Ha HIzKeJexXallie
YYaCTKH.

Paccmorpeunntii Mmeton P. P. YyraeBa HMmeeT Ba)uoe TeopeTHue-
ckoe 3naveHule. OAHaKO B NPakKTIYeCKOM CMBIcJie ol 6oJiee NIpHMEHHM,
KaKk Mbl yXKe BHJAeNH, AJST HCKYCCTBEHHBIX OTKOCOB THAPOTEXHIUECKIX
coopyxkennit. Hns pacuera ycCTOHUIBOCTH €CTECTBEHHBLIX OIMOJ3HEBDIX
CKJIQHOB €ro HCIOoJIb30BaHHe MeHee onpaBAaHO MO0 CAEAYIOULIM Iipii-
yHHaM. MeTox HCXOAHT M3 TOro, YTO B MOMENT pacuera YCTOHUHBOCTH
OTKOCa IPOUYHOCTHEIE XapaKTePHCTHKH cJaraiollero ero rpymnra 0OoJiee
hPHTHYECKHX — TeX, KOTOPbieé BO3HUKHYT B 3TOM Ke rpyure npH
JOCTHEHHH HM COCTOSIHIA NpeAenbHOro paBHoBecuss. To ecth, pac-
CUlITBIBAaeTcsl OTKoC, Ko3dpHuHenT yCTOHUHBOCTH KOTOPOro, Kak
npasiijgo, 6oJice eannnnsl. Ilpoekruposaiiie e yaepxKiBalouiix KoH-
CTPYKUHH [ NIPOTHBOOIMOJI3HEBBLIX MEPOINpPHATIIIT Benercs O0LIUNO IS
YKpelnJyieHusi HeYCTOHUHBLIX HJHI OMacHblX B ONOJ3HEeBOM OTHOUIEHHII
CKJIOHOB, Y KOTOPBIX OOLIYHO KO3(M(HILIEHT YCTOHUHMBOCTH Melce IJ
030K K edHHille, a 3HaueHHS onpelesyieHHbIX HaTypHbLIM NyTeM B
JJAHHBIT MOMEHT IMNPOYHOCTHBIX XapakKTePHCTHK OJIH3KH K KpHTHUE-
ckM. 1o cyTH, B8 TaKOM cayyae HaM H3BECTHLI ®x M £ 11 HEI3BCCTHD
¢ox H €y, TU €CTbhb Ky 3THM METOLOM onpeneniTb HeBO3MOXKHO [azy-
MEeTCsl, MOXKHO BO3pa3UTh, UTO NpH HAMMUHH ®x H Cx KO3IGMPIUHCHT
YCTOHUHBOCTII AOJXKeH paBHATHLCH epruiine. OaUako BCIOMHNUB Halle
JOlyuleHe O TpHMEHEeHHH MNPHHUHUIIOB TEOPHI NpeAeIbHOro paBHo-
BeCHf K 3amnpeaenpbHOMy COCTOSIHHIO, TNOiiMeM, UTO KO3 }HIIHeHT
YCTOHYHBOCTH CKJAOHA (¢ KOHGUrypauHeii, KOTOPYI0O Mbl eMy CcOOH-
paeMcs MnpHIaTb, BOCCTAHOBHB NOCJ€ OIOJA3alHsS H YKPenuB yuaep-
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KIBaomwel KoHcTpyxunei) Mmoxer OblTb H Menee eannuHubl. Caepno-
BatesbHO, NnpuMensath Meron P. P. Yyraesa pansi pacuera xosddu-
iilleHTa YCTOHYMBOCTH HEYCTOHUIBHIX HJH MaJIOyCTOHYHBBIX CKJIOHOB,
0e3 N0MnoHHTENABHBIX NMpeo0pa3oBaHtii, HECKOJILKO HeBepHO.

Cnoco0 Ke onpepedieniisi ONOJ3HEBOro AaBJieHHS! IO HaHCAHHON
pbitie Gopmyse (08) caeayer onpoboBath B CpaBHEHHH C APYrumy
paccMaTpiBaeMbIMH B JaHHOH paboTe MeTOLaMH.

Heckoabko Ttepsier meron P. P. Uyraesa W B TOM OTHOWIEHHH, YTO
ypabBHeHlie NpeAesbLHOro paBHOBECHs pelllaercss (B OTHOWIEHHH ¢y H
Ky) mertopom nopbopa. Kpome toro, Meroian! yuera AeHCTBHA THADO-
AIHAMH4YECKON 11 celicCMHYeCcKOH CHJI, BIIOJIHE InpiieMJieMblie AJs CJy-
yaep pacuera THAPOTEXHHUECKHX COOpyMKeHHH (AJas1 KOTOpPBhIX OHH H
paszpaGorannt P. P. Uyraesbim), st pacueta OObLIUHBIX €CTECTBEH-
LhbLIX CKJOHOB HeOnpaBIaHHO CJOXKHBI.

2.5. MeToa ropH30HTAJNbHBIX CHJI

I pyrie ynorpebJsieMble Ha3BaHus 3Toro crnocoba pacuera [13, 19,
24, 26]: metron Macaosa — bepepa, waHxaiickid MeTod, METOL TIoO-
ni3onTanbibiX cun Macnosa. Ilpumensiercsi B cayuyasix, Koraa OTKOC
CJIOX<eH pas3HOPOAHBIMH TpPyYHTAaMH H OIIOJI3eHb I[POUCXOAHUT 110 H3-
BecTHOIl NpoON3BOJAbLHOII NOBEePXHOCTH CcKoJbKeHHus. [lpeanonaraercs,
yTO 3TAa NOBEPXHOCTb CKOJbXEeHNst (noaoXeiHe H ouepTaHHe) YKe
yeTanoBaeHa xoTsa Obl Ha 4dacTH €e IPOCTHpaHud  KakiM-Jubo H3
ONBLITHBIX HJIII TeopeTiiuecKHX cnocobos. Ha nenspecrHol yacTtu no-
BEPNHOCTh CKOJIbXKEHHS ycTraHaBJiliBaeTcs MeroAoM noabopa. B yc-
NOBHAX NJOCKOH 3aAaul 3Ta KPHBOJIHHEHHAs NOBEPXHOCTb CKOJibXe-
HUA C HeKOTOPLIM MpHOAHKeHIeM MOXKeT ObITh 3aMelieHa B MMJIOCKOCTIH

eNPPLCUOHHA

10860 XHOCIMY

CHONMVMERL R

Puc. 8. Metoa ropH3oHTaldbHBIX CHI:
a -—— OCHOBHON npuHuNn;, 6 — HCAONb3OBaHUe AN pacyera yCTOMYH-
BOCTH CKJOHA
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yepTeXa TOH HJAW HHOH COBOKYMHOCTLIO NPSAMBIX JIHHHIA — JHHHI
CKOJIb2&KeNHA. B cooTBercTBlil ¢ 3THM BeCb MAaccClB TPYHTa BO3MOXKHO
pa3buTb Ha oOTAesabHbie OTcekH. [lpaxkTHyeckd nocrynaioT HaobOPOT:
MacCHB TpyHTa pasiaensiioT Ha OT/AeJibHbie OTCeKH 113 TakHX coolpa-
XKeHnni, uToObl KaXXAblii pacueTHbLIH OTCeK COCTOAJ, MO BO3MOXHOCTH,
113 6oJiee-Menee OAHOPOANOro rpyHta (AJist NPOCTOTLI BLIUHCIAEHII).
Kax@(iylio JIHHHIO CKOJIbXKEeHHSI B OTAeNbHOM OTCeKe NPHHHMAIT 3a
npsamyio Jguiuio (puc. 8, 6).

Ha pucynke 8, a ciujna N — nHopMasabHass K NOBEPXHOCTH CKOJb-
XKeHHs1 cocTrapJsiollast pearuliy Beca P HEKOTOPOro BLIIEJEHHOro
pacueTHOro orcexka, npu ycJjosmi, uto =0 1 ¢=0. Cuna N' — rax-
JKe peaxuust P, 1o npH nHaJnuyiiy B TPyHTE Ha NOBEPXHOCTH CKOJILXKe-
HUSI Tpennst n clienJenls; nanpasjeune cHianl N’ onpepesnsercs
yrJoM Tpenus ¢ Hau yryaom casira W, npu HaJdHYHK B FPyHTE CUEII-
Jenns {cs=0).

Cuaa H xak npoexiuusi Ha rOpH30HTaJbHYI0 OCh ciinl N npejcras-
Aser cobo# pacrnop, T. e. JlaBjenle Ha BePTHKAaJbLHYIO CTEHKY BbLlje-
JJIEHHOro no pHc. 8, 06 HIKepacloJoXKeHHOro orceka MpH OTCYTCTBHIL

B TPYHTe TpeHHs1 ¥ cuemsenus. Cuga R — yacTe pacnopa 1, Boc-
npuHHMaeMast TpeHueM I cuemjenteMm; £ — HenorauenHast 4acTth
pacnopa f1.
Ouepnniio, UToO
H=Pliga;
E=Ptg (a—¥p); (60)

R=H—E=P{tga—1g (a— )]

Hanomuum, uto yroa conporupjenust casury \W,=arctg/l,, rae

Fp — KO3p@uuHenT cOonpoTHBJEHNS CABHIY, onpejessieMblii no ¢op-
MyJie
C
~ - 61
Fp=tgo+ 5 (61)

Dra (opmyna nojyuyeHa H3 ypaBHEHHS] MPOYHOCTH

C

th=0nlg@+c=0n (lg o+ ——) =0nfy, (62)

[} |

[IpHUYEM B Ka2KAOM OTCEKE

P i
Oni= ____fC(;_'S(I (63)

3uak cuapl f; onpepensiercs 3HAKOM yrJla HakKJoHa NOBEPXIOCTIH
CKOMbXeHHsA a; K ropusonty. Ilpu cosmanennn namnpasseniiii nosepx-
HOCTH CKOJILXKEHIS 1 caMoro OTKoCa VYroJ a; a cJeioBaTeNibHO I
ropusonraiabHass cuna H; 1uMel0oT NOJIOXKHTEJbLHOE 31auveHhe, H la-
0bOpOT.

Pacniosiarasi BeanyuHamMu XH; u XR; no orcekam BCero onoJisie-
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BOro 0.J0Ka Mbl MOXKeM BBIUHCJANTL OTBevaloulinii emy KoaddhHUHeHT
3anaca ycToiluiBoCcTH (C y4eTOM celicCMHYeCKHX CHJ):

2R
KFZ_HZ—HH-EQH ' (64)

[Tpir Haanuiu B CKJAOHE (PUABTPAUIIOHHOIO NMOTOKA OH Bbi3bIBaer
Ha ofo.Ja3aoulie Maccbl rpynra AONOJHHTeNbHOe HaBJeHHe [, ompe-
neasiemoe no gopmysie (B yCJAOBHSIX IIJIOCKOH 3amauil)

Ji=Ywwi Sin Ppi. (65)

Hanpapaeune JHHHI HNEHCTBHS QHALTPALUIOHHOH CHJBL [; B Ipe-
Je1ax  KaykJAoro 13 OTCEKOB NpHHHMAaeTrcs  mnapaJjnesiblibIM  KPHBOI
jenpecclil B JdadHOM otceke. Taxkum o006pa3oM onpeaesisieTcst yroJ
Pai, KOTOpPLIIT OOpasyeT JIHHHS HNeHCTBHA j; ¢ ropu3oHTom. Koadhii-
LIteHT 3anaca yCTOHYHBOCTH Ky OMOJI3HEBOro TeJsa B JaHHOM cJyyae
(npi yyere (pUABTPAUHNOHHOTO HAaBJeHiist) OyAeT OIpejessiTbCs cJie-
AYIOLIHM BbIpazKeHHEeM:

YR
KY“ SHi+Zjicos Ppi+Z0ci (66)

B pasBepHyTOM BHIe (POPMYJIB BLIYHCAECHHSA KO3(pdHIHEHTa yCTOMH-
YIBOCTII METO/IOM TOPH30OHTAJILHBLIX CHJI HMEIOT CJAeAVIOUIHHE BIi.
be3 yvuera GUABTPAUHOHHOrO JaBJeHIISA

i=n

2 Pitgoai —tg (0i —Wpi)]

i=1

Ky= — - (67-a)
P:'tg ai‘i‘Qc:‘)

L

_H

C yuetoM PUALTPAUNUOHHOTO JaBJASHIIN

[opnsouranapitoe papiaeune L; oT pacueTHOro oOTceKa lia HHKepac-
fosoxkennntilt (eM. puc. 8, 06) Oyner paBHO pasHOCTH MexAy pacno-
poM /{1, n cunoit conporusiyenust R; kcenonssyss ¢popmynnsl Ko Pii-
HieHTa yCTOHUNBOCTH, Mbl TMOJAYUHM cJejlylollee. BuipakKeHie s ro-

PH30HTAJALHOrO JaBJeis:
Ei=Ky (Hi+Qci) — R, (68)
a npi HaJaunuii GpUIALTPAUIIONHOro AaBJeHHS:
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Ei=Ky (Hi+jicos Bd)i'l"Qci) — R.. (69)

HanpasJseline ceicMifueckOl CHJB, KaK i B MNPeAbIAYWHX MeTonax
pacuyeTa, B 3anac NMpHHHMaeM COBMAaAaloUIHM C HanpasJieHlieM OCHOB-
Holl caBHrawwen cuasl. CaepoBaTenbiio, CyMMapHoe TOpH3OHTAaJNLHOE
OmoJi3HeBOEe LaBJieHue OyneT paBHO:

6e3 yuera (pHALTPALHOHHOTO AaBJieHHs

Eon=KyIPitg ai+KyZQci —ZPitg ai+2ZPitg (i —Wpi) =
= (Ky— 1)2P, tg ai+ KyZQci+ZPitg (ai— Vpi);

Lon= =§1 [(I<Y o ])Pl tg ai-t 1(}' Qci‘*l‘ P; lg (O.i — 1[rp¢)]; (?O-El)
1=1

C yueToM (PUJABTPaUHOHHOrO JaBJeHHs

EUII= KyZ‘Ps tgm—l— K;;Eif COS ﬁlhi‘l“KyZQci — EP'I tg ai -+
+Epflg ((1;‘ —Ilrpi) == (Ky-—— I)Epi tg ai—l—KyEfi COS |3qn'+
+ KyZQei+ZPilg (ai~— Vpi);

Eon=:2 [(Ky — I)P: tg a;+ KY!: COS B{[li+
=1
+ Ky Qci+ Pitg (ai — Wpi) ] (70-6)

Kak BHAHO M3 HanucaHHbix ¢OopMyJ, npu onpeneyseHuH Lon Mbl
CABUTAIOIIHE CHJIBI YMHOXKaeM Ha KO3(p(pHUHEHT YCTOHUHBOCTH Ky,
yToObLl YAEPXKHUBAIOIYI0O KOHCTPYKUHIO pacCUHTLIBATL Ha pacyeTHLIe
YCHJIHSI, a He Ha (pakTHuUecKoe naBJsieHHe. B TaxkoM cJjyuae BeJsiuiina
Ky npuHHMaeTcsi B 3aBHCHMOCTH OT KJacca BCero COOpYKeHIHs, Tiina
CKJOHA, 'PYHTOBBIX YCJOBHH ¥ T. A. (CM. BBIpaxkeHue (3) n noapas-
nejq 53), M ero B HamHCaHHLIX BBIpa:KeHHsIx cJaenayer o6o3Hayarhb

3
yepes Ky.

ChenyetT OTMETHTL, 4YTO MPH onpenesenHun L,y cyMMmiipoBatlie IO
OTCeKaM HeOOXONHMO BeCTH I[OCNef0BaTe/IbHO, HAauiHas ¢ CcaMoro
BEpXHEro, AJisi TOro 4ToOBbl BHLINOJIHSAJIOCH OCHOBHOE YypaBHEHIIe CTa-
THKkH. [logpo6Guee aToT BOnpoc Oyaer pasobpaH npH paccMOTpeHil
aHanuTHueckoro Merona I'. M. lllaxyusauua.

[Ipu Boiuucaenuu Ky HAH £,y OpU HAJNHUYHH TPYHTOBBIX BOJ (B JIHO-
OoM BIIAe) HJsl onpefenieHuss yrja casura Wp,; npHUHMAIOTCS CABH-
ropble XapaKTepHCTHKH Cp; I (p; AJSI TPyHTAa B 3aMOUEHHOM CO-
CTOSIIIHH.

Kak 11 panee, npi 31auHTeNbHOM PacXOKAEHHH MEeMAY HaKJAOHAMII
JenpeccHOHHOH KpHBOH ((PnabTpaulloOHHOro AaBjaelns) I AOBCPXHO-
CTH CKOJIBXEHIiSl, NOCcJe HaxOoMJelsi BeJHUIHbL 1l HallpaBiaeHHsi pan-
HOAeHCTBYIOLIEA CHJI  (PUJALTPAUHOHIOTO  jAaBJeHisi Ha  KaXAblil
pacyeTHbHIH OTCEK, PEKOMEeHAYeTCs1 YYHTBIBaTh yMelibUIeHlHe Beca pac-
UeTHOIO OTCCKa Ha BEeJMUHHY BEPTHKAJbLHOH COCTaBAsiioUleH paBHO-
JEeHCTBYIOEeH THAPOANHAMIYECKOro AaBhaellis 1 yBeJllueHHe TopH-

47



30HTAJIBHOIO CABHTrawLiero yCHJHSI Ha BeJIHYIIHY  TI'OPH3OHTAaJbHON
COCTaBJISIIOIUEH 3TOro paBJjleHHst (C yuyeTOM H3MeHeHUsl THApaBJliiye-
CKOro rpafiieHra B pa3ibiXx HampaBJeHHSX).

Merox ropH3OHTaNbHBLIX cHJ BecbMa 3(P¢eKTHBEH A YCJIOBUY
paccMarpliBaeMOH HaMH 3ajaud, NMOCKOJIbKY JaeT BO3MOXXHOCTb OIl-
penesieHiiss BeJUIYHHBI pPe3yJibTHPYIOUIeH CABHTalOUIHX H yAepIKHBalo-
X CHJ AJs cjiyvyast pa3HOpOLHOH OmOJA3HEeBOIl TOJIMH TPYHTOB H
NpPOH3BOJBHOrO OUYEepTaHHS NMOBEPXUOCTH CKOJb:KeHis. IIpHyeM Meron
3TOT BBLIFOJAHO 1ICNOJbL30BAThL, KOrAa KOHTYPLI NOBEPXHOCTH CKOJb-
ZKeHIsl onpejcaenn nejloctatouno yerko. Hanpnmep, xorna nobepx:
HOCTh CKOJDBLXEeHHS yacTHUYHO coBlajaer ¢ Kakoil-nubo ocnabueniioi
MOBEpPXHOCTbLIO, KOTOPAsI He BLIXOANUT Ha MOBEPXHOCThH 3e€MJIH MJH Bbl-
XOHT Janexko ot OpoBKH CKJOHA.

2.6. Meton KacaTeJdbHBIX CHUJ

YnorpebJsieMble HasBaHisi MeTtona 1 ero pasuosngnocrei [i4, 19,
[7. 19, 24, 30, 38, 39]: oOuiunbiii Metron, meron . M. llaxyusinua,
MeTOoJ MnplicyoHendbix orcekoB, merton Ilerepcona, Meroa aJsrebpan-
YOCKOTO CYMMIIpOBAlilisi, MeTOJ MJOCKIIX [OBepXHOCTell CABHra, MeToll
a/reOpalueckoro CJoXKeHHst  CiJI,  MeToh  NPHCJOHEHHOro OTKOCa
H T .

MeTtoa danbosee yacTo MNpHMEHsIeTCsl, KOrja IOBepXHOCTb CKOJIb-
Wennst KakuM-aitdéo 13 HMelulxcss MeTON0B 4YeTKO olpeneJseHa Ha
pceM mnpoTskeHuun. Hanpumep, Korjga [HeJIOBHH CIOJ3aeT MO KOpeH-
HLIM TOpoAaMm, I KpOBJAf MOCJHENIHX NPUHHHMAaeTcsl 3a MOBEPXHOCTH
ckogbkeHHsi. B takom cayuae ynoOGHO yuuThiBaTb (PaKTHYECKH CHABH-
ratouliie CHJLI, HanpapJeHHble 10 KacaTeJbHOH K MOBEPXHOCTH CKOJib-
kentst. [Ipit 3TOM NOBEPXHOCTb CKOJbXKENNS MPEACTaBJIAIOT COCTOS-
el 13 psjga IVIOCKHX Y4acTKOB, TO €CThb B BIAEC JIOMaHOH JIHHH.

. M. Idaxyusanuy, ganpumep, Mpeasioxiy HCIOJNbL30BAThL JJisl OINpe-
nenenna xosddiuuieniTa yCTOHUHBOCTI MacciiBa TrpyHTa, CroJi3atolle-
ro no GHKCHPOBAHHOI MOBEPXHOCTH CKOJIbKEHHS, POPMYJY, MOJIydyeH-
HVIO 051 KPYTJIOUHJAHHAPHUYECKOH NMOBEPXHOCTH!

5 N, Lo i + Xl
=1 i=1 (71)
iy = — -

% Qi

i=1

K taxkomy cnocoOy obpamanich H MHOTHe HApyriHe aBTOpbI, XOTSI
MaTeMaTHYeCKH OH He COBCEM CTpOr: B NaHHOM cJjyyae HHOrjga cKJja-
JbIBAIOTCSl pa3tolanpaBJ/ieHHbIE CHJIBI.

OOpawasicb K pasyosKeHHlo CitJi, npejacrasieilHoMy na pic. 9, a,
C yUETOM CeHCMIYECKOro BO3/IeHCTBIST HOJYUHM:
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NMpH OTCYTCTBHH TPYHTOBLIX BOJ

1=
2 (Picosa;tg pi+cili)
=1
Ky= . : (72-3)
5 (Pisinai+ Qci)

i=1

MpH NMPOCTOM 3aTOMNJEHHH CKJOHAa

; (Pﬂi COS 4y tE an:'-'-Cnf!i)
i=1

Ky= —,_. T : (72-0)
3 (Ps;sin ai4 Qci)

i=1

TIPH BO3AEHCTBII Ha CKJOH (DHJABTPAUIOHHOTO NOTOKA

:Z: (Pﬂf COS Ui lg fpni'i‘cni[l)
Ny= =! _

i=n (72'5)
Y (Pisinui+Qci)

1 =

[kak 1 paHee, BeC rpyira ¢ yuyeToM B3BelUlIBaHHs paBeH ([pi npo-
TSAXKEHHOCTH BBIPE3aHHOrO yyacTKa CKJIOHa, paBHOIl eqHHILe)

PBi =‘Yifihcp.i —'\’w[rfhi = ('\’ihcp.i — 'Ywhi) [i- (73)
Bec rpyHra 6e3 yyeTa B3BelIIIBAHHS
Pi=wvilihcp.i. (74)

Ecan B npemesax pacMarpuaeMoro orceka (Ha MOBEPXHOCTH CKJIOHA
HAH nHa OpoBKe) HaxoasTCA KakHe-Jii60 coopyKeliif, TO X BEC cJje-
ayetr noGaBJisiTb K BeCy IpyHTa B JLJaHHOM OTCEKE.

B yacTHOM cJhayuae, kKorja (HKCUpPOBaHHAS MOBEPXHOCTH CKOJILIKe-
HUS1 BCEro OMNOJI3HS TNJIOCKasi, KaK npeacraBsieHO Ha puc. 9, a, B
HamiCcaHHbLIX (POpPMyJiax TpPHroHoMmerpuyeckie G(GyHKUHH yrja HakKJo-
Ha 3TO# MOBEPXHOCTH K TOPH3OHTY (Sina H COSa) MOryT ObITh Bbi-
HeceHnl 3a 3HAK CyMMbl. Torga B ciyuyae OQHOPOAHOrO rpyHra (mo-
CTOSIHHBIE CABHUIOBbLIE XapaKTepHCTUKH) JUJIST BCei ONMOJ3aloueil npi3Mbl

popMysia OnoOJI3HEBOrO JaBJEHHSI HMeeT npocToil BIJ (IPH OTCYT-
CTBHI I'DYHTOBBIX BOJL):

Eon=Ky(Psina+Q¢) —tgp Pcosa—cL, (75)
rne P — pec Bceil cnoJsizalouieii mpH3Mbl;
L. — npHa nJoCKOCTH CKOJbXeHHS.

Haule ke Ha npakTiike ObiBaeT, YTO MOBEPXHOCTL CKOJILIKEHHS Iie
SIBJIsieTCA MJIOCKOH, a MoXXet ObITh TMpejcTasJieHa 113 OTAEJIbHbIX
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Pic. 9. Mertoa KacaTelbHBIX CHJI:
a — Ccayuail IJIOCKOl NOBEpPXHOCTH CKOAb}KeHHA; 6 — ilyyal Jo-
Malloil NOBepPXHOCTH CKOJbXKEHIS

Y4acTKOB, HMeIOIHX pa3JiiuHble HAKJAOHbl K TODH3OHTY. B 3TOM cJay-
yae yA00HO onpenesisiTe ONOJI3HEeBOe [AaBJieHHe OJAd OTHEeJNbHBIX OT-
CeKOB, a 3aTeM CTPOIITh 3MI0OPY ero H3MeHeHHH.

[IpeanonosiiM, 4TO OnoJi3HeBble Macchl ABHIKYTCS 110 NOBEPXHOCTH
abede (puc. 9, 6). Has onpeaenenusi kosdguuiienta yCTOHUYUBOCTH
I BeJIHY{HBl OMNOJ3HEBOro HasJsenHss pa3buBaeM BecChb OIN0OJ3aI0ULIHA
MaccHB Ha psj OTCEeKOB TakKHM 00pa3oM, ytoOLl B Ipejieliax KaxKIoro
OTCeKa NMOBEPXHOCTb CKOJbKeHHs Oblna miockoi. OnpepessieM gaJee
BeC Kakaoro orcexka F; U packJiajblBaeM ero Ha HOpPMaJibHylO H Ka-
caTtesiblylo COCTABJIAIOILHE K IJOCKOCTH CKOJIbXS€HHUSI AAaHHOro OTCEeKa.
s onpepneJdieniisi ONOJI3HEBOro AaBJjelHsi pacCMOTPHM YCJIOBISI pas-
HOBECHST OTHAeJbLHBIX OTCEKOB OI0JI3HSsl, B3SIB CYMMYy MNpOeKuHH BHEL-
HIX CHJI Hfa HanpaBJeHile JIBIDKeHIsl Ka)kaoro orceka. Has ynobcrTBa
laulleN 3TO paccMOTpeHne ¢ Bepxuero orcexa J/, satreM nepenjeM K
coceaHeMy Z U T. .

Ilas orcera I Hapo B3ATh CYMMY INPOeKUHH Bcex CIIJI Ha IJIOCKOCTD
CKOJIbIKEeHIIs1 ab, BKJo4Yass H Hel3BecTiOoe [aBJieHlie cO CTOPOHbI CO-
cejliero orccka 2, i npipasHsiTh ee HyJdio. Taknum oOpaszom HaHAEM
BeJIIYNHY peakuu £y, xoropas pojxkHa ObITL npijoxena K OTCEKY
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! co croponnl orceka 2 mo HampasJseHuio ab, urobul orcexk [ naxo-
AHJCst B pasiosecint. Beanunua £y M ABAAETCs ONOJ3HeBbLIM jablie-
HITeM.

[Tpunsis obo3znaueusi, ykasasusle Ha pric. 9, 6, naiinem (nepsona-
yaJibHO §e3 yueTa I'pyHTOBBLIX BOA H CEICMHYECKOH CIJIbL):

Ei+tgoNi+cily — Q,=0;
E1+tg (D1 Pl COS (11-!—6111 *--—Pi Sin (11=0,
OTKyHa NOJNYUHM
Ey=Psina; —tg ¢iPcos a, — cli.

[Ipn paccMmorpeniin paBHOBeCiA OTceKka Z HEOOXOAUMO yueCTh I
peficreue cuanl £y, Ho c ob6paTHbIM 3HakOM. TOUHO Tax ke paccMmar-
PHBAIOT YCJOBUA pPaBHOBECHA AJA BCeX OCTanbHbIX orcekon. B 00-
HieM cJyyae JJist onipeneseHHs OMOJ3HeBOro AaasJieHlsi Jioboro or-
cexka onoJ3ist Oyaer clipaBeiyiHBO BhipaxeHiie:

E{=pi Sin (I-i"—"tg (pipi COS (11“—0111+Ei-.1, (76)

rae E;—y — mnpoexuusi ONoOJN3HEBOro HNaBJieHIs] NPEeALIAYLIEro OTCeKa
Ha HanpaBJIEHHE CKOJIbXKEeHHSI paccMaTpliBAeMOro OTcexa.

OnpepedniB BeJHUYHHY ONOJI3HEBOTO JAaBJeHHS [JsI OTAEJNBLIIBIX OT-
CeKOB OINOJI3HA, N0 NONAYUYEHHBLIM HNAHHBIM CTPOIM 3MOPY ONOM3HEBBLIX
papaednit (puc. 9, 6), neobxonumyio aJisi Bhibopa no AJiHe ONOJ3HS
MECTa 3aJIOEHHS YAepKIBAIOUIEro COOPYyXeHUsl, KOTOopoe palllio-
HaJIbHO pPAacNnoOJIOXKHTb B CEeYyeHHH ¢ MHHHMYMOM £E; [as noayuenns
TpebyeMoro 3amnaca yYCTOHYUBOCTH NPH BBIYHCJACHHIT ONOJA3UEBOTro 1aB-

JeHHsl, KA&K H paHee, CABHrawuie CcHJAbl yMHOXaeM Ha pacyeTHDLI
3

Ko3(pdHLHenT yCTOHUNBOCTH Ky.

B «o6biuHOoM» Meroje pacuera HepelKO Lj_y NMPHHEMAIOT PaBHDLIM
pe3yJbTHPYIOWEH KacaTeJlbHOH cHJe B NpeAblAylleM OTceKe, a He
NpoeKHiii ee Ha HAMpPaBJIeHHE CKOJbXKEeHHs PACCMATPIBAEMOro OTCEKA
IIpn pasnpiume B yrsaax HakJOHa K TOpPH3OHTY JHHHI TNOBEPXHOCTH
cKOMbKeHHst B cocenHnx orcekax Mepee 10% owmnbxa npi TakoM
crrocobe pacuetra noJyuaercs HedHaunteabHo#. IIpn pesxknx koseGa-
HHSIX HaKJOHA NOBEPXHOCTH CKOJbXeHHsT 3TOH pasnnueii npeuedpe
rath HeJsb3s. OAHAKO, NOCKOJbKY MBI paccmarpinbBaeM «MeTon Kaca-
TeNbHbIX CHJAY», HanumeM {JPOopMyJabl JJs ONpeAeseHHsi ONOJI3HEeBOro
JlaBJiellHsi B cJydyae NPOCTOro CYMMIDOBaHHs KacaTteJibHhbix chJil. Ecun
e 3abbpIBaTh O TOM, YTO CyMMIpOBaHiie 00S3aTeJLIO JNOJIKIIO HATH
nocJJe/0BaTesibHO, HauylliHasi ¢ caMOro Bepxlero orcexka (Tax, yTolbi
E._y BXOnHJ0 B cyMMy), TO (POPMYALI WJIsI onpeleseHisst onoJ31iesoro
Japientst OYAyT HMCTL CJAENYIOUIHE BHA.

Ilpn orcyrerBHM TPYHTOBHIX BOJ

EGH= Z=[K33 (Pc sin e - QC:) — (P: COS a;"[g fPr+C:lt)] (77 El)

=1
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Ilpn npocrom 3aronaenni CKJOHA

1="N 9

Eon: 2 [Ky (Pni sin a.; + Qci) — (Pni COS tg (PB£+ Cnili)]. (77-6)

1=1

[Ipn BO3AeHCTBHH HA CKJAOH (HABTPAUHOHHOIO NOTOKA

1= 3
Eon= 2 [Ky (P,sinai+ Qci) — (Psicos uitg (pei + Coili) ). (77-8)

1i—1

2.7. AvaautHueckud Metoa I M. llaxyHsxnua

Hauuwiii meton {23, 36, 39], kak u npeablAyuilifi, yiobHee Bcero
NpHUMeEHsiThL, Korpa Komdurypails noBepxiocTH CKOJILXKEHIIsT Ha BCeM
nporsiKennn ymwe ycranosiena. Merop I'. M. Ulaxyusnua B 1eaom
aHanorivell MeTOAYy KacatejibHblX CIiJI, OAHAaKO B JIaHHOM cJyuae
GoJjiee cTporo cobJioflenbl 3aKOHLl CTPOHTENbLHOH MexaHukH. Kaxk #u
panee, ononsznepofl OJIOK AJst PacueTOB MBICJAEHHO WICHHTCS Ha DSl
orcekoB. OObLINHO OTCEKH NPHHIMAIOT TakHMHU, 4YTOOb! 0Oe3 npaxtiue-
CKOIf MOoTepH TOYHOCTH MOXHO ObIJO B HX M[peaesax NpHHHMATbL MO-
BEPXHOCTL 3a IJIOCKOCTBh 11 uTOOLI COCTOSsIIIHE TpyHTa, OuepTaHiie
CKJIOla, aeficTBHe BHEWHHMX CHJ H T. I. OblH NpakTiiueckl! oAHOPO/L-
HBIMI.

&
H""--..
=g N
h—g
o &"u

Pic. 10. Ananuruueckuit meton I'. M. lllaxyusinua

byunem onpejensts ycToHunBOCTL OJi0Ka NpPH DNPOI3BOJLION IIO-
BEpXHOCTIE BO3MOXKHOro cmewmenus (puc. 10). Paccmorpum ycioBne
pasuopecus aio6oro (-ro orceka (Hampumep, BToporo). Bcee BHewnie
dKTHBHbIE CHJIBI (Bec rpyHra B OTCeKe, BHELIHsisi Harpyska H T. 1.),
aefcrspyioulie na (-it OTCeK, NPHBOAHM K paBuojaedctTpyloweil Pi;.
[locsnenniolo packsiajibiBaeM B TOYKE €e NPHJONKEHHS! Ha COCTaBJISIO-
utiie: popmManbuyio N; 1 TaureHunaabHylo Q; K MJOCKOCTH BO3MOXK-
Horo cusnra otrcexa. I'. M. Ulaxyusanu B obuiem cayuae npuHHuMaeT,
UTO DaBHOAEIHICTBYIOLLAST BHEIUHNX AKTHBHBIX CHJ HaKJaoHeHa K Bep-
THKaau nox yraom ©; Mul aaa ynpouieunst paccy;xpenuili  oynem
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paccMaTpHBaTb cJjyyad, Koria cuja P; BepTHKajabHa, TO €CTb YroJ
0;=0, Torjia

Ni=P;cos ai; Qi=P;sinai. (78)
[IpH malleHHH HOBePXHOCTell CKOJILXKEeHHd B Ipefeliax KaXAOro orce-
Ka B CTOPOHY BO3MOXHOro cmeulenliss 6joxa 3mnauenns a; depyrcsa co
3HaKOM MJIOC, NMpH MajeHHH MOoBEPXHOCTEH CKOoJbXeHusg B 00paTHYIO
CTOPOHY — CO 3HAaKOM MHHYC.

Creayss OCHOBHBLIM 3aKOHAM CTPOHTENbHOH MEeXaHHKH, BLIACJNHB
JJIST pas3jneJibHOro pacCMOTpeHHsI (- OTceK, Mbl 00513aHBl 3aMeHHTH
BJAHSAHHE Ha Hero poluiesiex<aimiein yactu 6soka cuaoii E;_y, a sansauue
HHXKeJIexaugeil yacTH — a”aJIorHyHo cusaoil E; B obmeM cayuae
[ M. lllaxyusuu npunumaer, uro cuaa E;_; nanpaejaena noj HeKO-
TOPBIM YIJIOM Ti-y K TOPH30HTY, cHJa £E; — NOA YrJIOM 1); K TOpIii-
30HTY 1 T. A. Mbl Xe B JAaHHOM cJiyyae JONYyCTHM, YTO CHJABLI £; na-
paBJieHbl N0 NPAMBIM, NapajjesbHbiM HalpaBJeHllo peaxkuuil yaep-
XKNBajouleli KXOHCTPYKUHH, KOTOPOE HNpPHMEM TFOpH30OHTaJbHLIM (Kak
3TO OOBLIUHO NMPHHHMACTCS TIPH  BePTHKAJALHOCTH I'paiii  KOHTAKTA
rpynta ¢ yaep:xusalomeid xouncrpyxuneii). Ilostomy sce cuant [
paccMaTpHBaeM OPHEHTHPOBAHHBIMII TOPII3OHTAJILIIO, TO €CTh M;=0.
Conpomanmmcn CABHIY [-TO OTCEKa MO IMJOCKOCTH €ero ocHoBatlils,
HAaKJOHEHHOIl MOoJA yIJOM «; K TOPH3OHTY, ClJia cuenjenust c,/;

H }
cuna tpenus S; tgg; (rme Si — HopMaJbHas peakilisi OCHOBaHIIS).
Tak xaxk Beauunna E;.; siBAsgercs, Kak 3to O6yAeT noxkasaiuo Jialjee,

I3BECTHON H3 pacuyeTa NpeAblAyLIero OTceka, TO HEH3BECTHBLIMII CH-
H

JaMli oKasniBaioTcda Juumes S; u E; s Hx naxoxjgeHusi A0CTaTOUHO
HCIOJIb30BATh JABa ypaBHeHusi craTHKH. lIpoexkTiipysi Bce cHAbLl 1A
HOpMaJib K OCHHOBaHIIO OTCEKa M Ha HanpapJielle caMOro ocHoBatiis,
MOJNYUHM:

S;-"::NH-(Efsin a; — L sin uw); (79)
Qizcili+s}:' tg P+ (Ei cos a; — £y COS.U‘.;). (80}

H
[TopcraBass HaligenHoe 3HayeHHe S; B BbIpa:Kenue uaa Q; 1 yse-

3

JHUYHUB nocaennee B Ky pas, noayuim ypaBHeHHe Ui ofipejelfe-
Hist £

f(?y Qf:—:Ni tg (‘pf-l- C{Zi—i— [E; (COS {Ii—l‘tg {01 sin.m) S
——E;'_l (COS O:i—l—tg (1 Sinai)]. (81)

4
3nauenne Q; yBeanueno B Ky pa3 nnas Ttoro, ytobul obecneuiiTh KaK-
AOMY [-MY OTCeKy B CTAaOUJIH30BAHHOM MaccHBe 3aJlaHublil KO3()i-
HHEeHT ycToiupBocTH Ky NMPOTHB cABlra no cBoeMy ocHoBatiio. B
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3TOM cJayyae H Bechb OJIOK BO3MOIKHOro cMmeulennsi Oyper 1MeTb B
e JI0M TOT :Ke KO3 (PpHUHEHT YCTOHUHBOCTH.

3 panpHeiuwleM 3Ty TaHreHUHAJbHYIO COCTaBJAAOLIYIO Q; BHEWIHHX
AKTHBHBIX CHJ £, €ecJiH oHa CTPEeMHTCSI CABHHYTb OTCE€K IO CBOEMY
ocHoBaHllio, OyneM o6o3Hauath uepe3d (Qi—¢n. EcAH Ta ke TaHreHu-
a;lbHasl cocrapJasiioiast (Q; HanpasaeHa B CTOpPOHY, oOpaTHyiO Ha-
IPABJEHHIO BO3MOXKHOro cMmeuieniss 6J0Ka, To oua OyaeT y:Ke CHJIOH,
y1epIKiBaloulell OTCeK OT BO3MOXKIIOLO CMeElleHHS, H €ee He CJelyer

3
yBeanunpate B Ky pas. O6o3nauum B 3TOM cayuae @; uepe3d (i—yrx.
[Ipeabinyulee ypaBieHHe MOXKHO YNPOCTHTh, MOMHSI, YTO

. COS Ui COS (pi-fSin a; sin cos (a, — ;) ‘
. ('T + §  — —— [ | 82 '

[Tocae caeqaliHbiXx HNoOsicHeHI T HaljeM 3HaueHHe Ej:

3
F.o_ (Ky Qi—cq — Nitg @i~ ¢ili — Qi—yn) cos i L E, (83)
‘ cos (Ui — ;) t—1-

st orcekoB, y KOTOpbIX Qi=Q;—cx, B (popmyne (83) cneuyer 3Ha-
yeilitst Qj—yyx NPHHIMATb PaBHBIM HYJO; B ciyuasnx, Korjga Q;=i—yn,
Jle/lyeT NPIHHHMAaTh PaBHBIM HYWIO Qi—cp. [10CKOJBKY B OOJbLIHHCTBE
IpaKkTHYecKIX cJiyuaen HallpaBieHHe mafeuiisi NoBepXiOCTH CKOJIbXe-
HHS MO Bcell NPOTSAMKEeHHOCTH COBHAjaeT ¢ HanpasJieHiieM BO3MOXKIOTO
cMelileHnst onoJisneroro 0OJioxka (TO ecThb SIBJISIETCSI MOHOTOHHBLIM), B
qadbHelwux (Qgopmydax y Hac Oyayr ¢urypuposath Jilib (i KOTO-
pbie Mbt Oynem noapasymeBath Kak Qi—cy a Qi—yx OyldemM NpHHHUMATH
papubpiMi HyJ10. OnHako B Ka)XJI0OM XOHKDETHOM cJyyae IIpH BHI-
nosneli]; pacuyeToB CJEAYeT INOMHUTb O BO3MOXKHIOCTH IOSIBJEHHS
CHJI Qivy.

Peakuwiin L£; uyactu OJi0Ka, HaxoAsiuieHCss HUuXKe i(-TO oTceKa, B 00-
lleM cJiydyae MOXKHO OINpefeNuTb NocjeloBaTeJbHbIMH pacyeTaMmi,
liJs1 OT MepBOro orceka, AJsi Koroporo £;_y paBHO HYJIO, K NOCJEN-
nemy. IlocaepoBarennoe onpenesaenve cua £; ocobeHHo uenecood-
pa3Ho, Korjga 6e3 pacueta HEBO3MOXKHO 3apanee OTAEJIITbH Ha MNole-
peyHHKe YCTOHUYHBBle YacTH CKJOHA OT HeycTouulsbix. [lepBbi H3
OTCeKOB, AJs KOTOporo £; NMOJNYYHJOCh PABHBIM HYJIO HJI Jaxe OT-
PHUATEJILHBIM, OTHeJisieT BHIIIeJeXallyio yCTOHYHBYIO YacTh OJ0Ka
(BiJiovast cclOsi) ot uipkeJsexawei. Ilpn vHexgonywieHuit B TPyHTE
pacTArHBaloUIIX HanpsnpKeHui nmxkesexauwias YacTb JAOJKHA pac-
CMaTpHBATLCA OTAENbHO. AHaJH3NPYS  TOCJeN0BaTeJIbHO 3HaueHHsl
L, uerpynio ycTanosiTh MECTa BO3MOXKILIX pas3pbiBOB rpyHtra (Mec-
10 NCPEX0Jia- OT YCTOHYHBBLIX K ileycToiiunBbIM uactsaM 06JoKa), MecTa
e 1eCco0OPa3HOro  pacnoloXen!ls  yAepKIBalulHX KOHCTpyKUNH (Hna-
HpiiMep, MecTa HalMeHbIIHX 3HaueHHit L; U yMepeHHHIX 3HaueHui
TOJULHH cMellalouerocs ¢aos) I T. 1.

[Tpin npuugarun Qi—yg=0 nocaenussa wHanucanuas namni QopmyJia
MpuMEeT Bl
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3
e (f"?_@ —— N:th Qi — cili) cos @i
Ei= cos {ai — @) +Ei-s. (84)

Ina nepsoro orceka £;_=0, cirenopatTesnuo

3
E @ —Nitgg—al)cosq
1= cos (uy — @4)

Jlnst BTOpOro otcexa

3 3
E _ (KY Qg —_— Ng tg (P;_rl-— Cglg) COS q)g__—l—- _(I<y Q; e N; tg P — Clll) COS (;
&= cos (az — @2) cos (ay — )
2 3
- (Ky Qi — Nilg @i — ¢il)) cos ¢

i cos (a; — i)

B obuieM caiyuae conoJjsinepoe JaBJieHHE PaBHO:

i—n

Eore S (K, QL_ Nitg @i — cii) cos @i ] (85)

—1 cos (Ui — ¢,y)

OueBuano, utTo y ¢BOGOAHOrO OTKOCa cHsa E,y NOAAEpIKIBaIOLLas
nocjaeAHHd OTCEeK, A0J2KHa ObITb paBHa HyJAI0 (TaKk KakK HHUYTO HE
nojJepKUBaeT 3TOT nocjenuHi orcexk). MHcexomst M3 3T10rOo, MOKIO
JJisT cBOOOANOro OTKOCa MOJYYHTL 3HaueHHe KoadpuuHeHTa ycTOuH-
BOCTH, npupaBusiB LEo=0 (B AaHHOM cJiyyae, KOrja peuyn IAET O

CTCIIEHH }’CTOﬁllliBOCTH CKJIOHa, a H€ O BeJIHUlilHe 3anaca ero ykKper-
3

JeHus, 3To 6ynetr Ky, a He Ky):

l'==ﬂ =

Ky Qi — Cos @i (“N: tg pid-cil;) COS (s

i
-y cos (w—@i) [, cos (a,—p,)

f=mn COS ;¢
2 (Nilg gitcdy) - -
[ cos (ai—q;)
Ky=""" . (86)
fg "(‘21 _ COS ¢y

{ = | COS ((Ii*—(p;)

Ecan nmoBepxHocThb BO3MOXKHOrO CMeEleHHsI — IJIOCKOCTL C Hel3-
MEHHBLIMII XapaKTepHCTHKAaMH ¢ I ¢ 1 pa3OHBKIl Ha OTCEKN HeJiaTh He
TpebyeTcs, TO ONOJI3EBOEe JaBJeHlie onpelesiercs no (popmyae

3
Eon= 19=T8 T o5 g, (87)

TaxkiiM 06pa3oM MOKHO ONpeeiiHTh He TOJNIbKO aKTHBHOe JasJelitie
rpyliTa Ha yaepKuspaloulee coopyxkenie (o6parnoe no uanpasJieiliio
peakuHH KOHCTPYKUHH) Egq=~FEq; HO H naccinBHoe pasnaenie (0Tmnop)
Eo=Eq.n Taxk xak npu ornope TapreHmyaJdpiias cuaa Q craHOBHTCS

CHJIOH, COMPOTHBJAAIOUIEACS CABHIY, TO NPH 3TOM cJejayeT TMpliHsiTh

K}r—‘: 1.
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Maxkcnmadgaploe 3navenne £, 1 MuHumannioe 3Hauenne E, Moryr

o dE
OblTh HaligeHbl H3 YCJOBHS — d;"——=0 — MpH OTpHLATe/NIbHOM 3Ha-

YeHiiH BTOpPOH MNPOH3BOAHOH B nepBOM CJyuae H TOJOXHTEJbLHOM BO
BTOPOM.

Hast wactHOro cisiyyass oObIYHOrO KYJIOHOBCKOIO AasJjeninsi (nmpH3Ma
oOpylleHlss y [OANOPHOH CTEHKH C TOPH30HTAJbHOH TMOBEPXHOCTLIO

3acbinki) npH Ky=1 ykaszauueiM cnoco0oM noayunm oOLeH3BecT-
Y10 (POpPMYJY:

- | _ . .
Eon= o=y[{?tg?(45F 2-) + [ptg(45F <) —cl [ lg (45F —-), (88)

2
rie p — BepTHKaJbHasi Harny3kKka Ha 3acbilIKy 3a CcTeHKOoil. 3nech
BepXiie 3HAKH OTHOCATCSt K cayyaio Egn=L[,, a 1HxKile — K CJyualo
Ermrlew

Taxum o6pasom, meron 1. M. Ulaxyusinua sisjsiercsi eAlHHbIM Kak
A5t pacyetda KO3 (puHUHEHTOB  yCTOHUHBOCTH  CcBOOOAHLIX  OTKOCOB
(CKJAOHOB), TAaK N [AJisl OHpejleJieHHsT CUJI, NepesaBaeMbiX Ha YILep K-
BaloUuilie KOHCTPYKUHH.

Besituiita GuapbTpaulHONUON CHABL {, NpH HaJdHuUHIl THAPOALHHAMH-
YOCKOr0 JaBJselisl, H BeaHuHHa cedcMHYecKOH cHMBL (Je, TIPH paclio-
JOXKEeUIIl CKJOHA B CeHCMHYeCKOM paunoHe, ONpenessiiorcs, Kak II
patiee, no QGopmynam

fi=ywwiSin fpi; Qei=pPu. (89)

B stoM MeTome TaxxKe OyjaeM noJsiaratbh npubJikenno (B 3amnac),
yto QHabTpauiionyas H celicMilyecKkasa CHJLI ABJIAIOTCA CUJaMIl CHABII-
rajowtniMi (T. €. HanpaBJeHHbLIMH MapaJijieJlbHO OCHOBaHIO OTCeKa).

Benomune Beipaxenus (78) cocraBasiiomwnx N; v (Q; yepe3 OCHOB-
HVIO CllAY £,, NMOoJyulM OKOHYaTeJbHble (OPMYAbl AJA OlpeAtsieHd
KO3 duueHTa YCTOHYHBOCTH CKJOHA U BeJHUIHBI OMOJ3IeBOro JAaB-
Jenns. Hpa oTeyTeTBUHH IPYHTOBBIX BOX

i=n _ COS i _
Z,’=(;Dl COS U tg (p,;-!—C;l:) COS5 (a:—(Pi)

Ky= - — ——— (90-a)

RN 1R,

i— n

Lon= 2 [Ky (Pisinai+4 Qei) —

f==1

— (Picos aitg gitcili)] - o (91-a)

COS ((I;""fpi)
[1pin oObluHOM BOAOHACHILLEHHI CKJIOHA

o= n COS @®ni
EX=I(PBILOS i tg @oitcnili) CoS ({If—"fPM)q

. o eos (90-6)
{ 5= 1 _ ) COS Py
?#{lpsj Sint {1]+ Qﬂi) COS (al —_— (pnj)
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=1

Eou= 2 [Ky (Pgisin ai+ Qci) — (Psi cos aitg @ai+Caili)]X

§ux]

COS (pni ) _
cos (ai— @pg) ° (91 6)

[Ipu Bo3pgelcTBIll HA CKJOH (UABTPALHOHHOIO MOTOKA

X

[ = n COS Pa:
iE==I(PBi COS U tg fPBI+CBi[i) COS (ﬂi — me)

Ky= ———— (90-8)
=n . ] COS fpﬂf
IE21(1'-'3',]:&!‘1 ai+ Qci+ i) <05 (01 — Poi)

E0n=

lﬁﬂiKv(Pm sin ai+ Qei+ji1) —

cos (O = n:)

— (Pgicos aitg @pi+ Ccnili) ] (91-1)

Hepenko na npaxtHke BCTpeualoTCs caydail Bo3fAeilcTBIS Ha CKJOH
CTPYHYATBLIX NOTOKOB TPYHTOBLIX Boj (nanpinmep, na [Oxuom Oepery
KpoiMa mui ckaonax Kaskasckux rop). B Takom cayuae ruapoaitna-
Milueckoe jpaBJelie HeoOXOAUMO YUlUTbLIBATh, a B3BelllBatine rpyll-
Ta — He YUYNTblBaTh, TAaK KAaK CHJOUIHOe Hachllllenie rpyHTOB CKJOHA

OTCYTCTBYeT. TO ecTh cieayeT npHMeHsaTh (QOPMYJABLI TOJALKO C YUETOM
GuALTPanoONHOro JAasjenis;

EH (P;cos a;tg i+ cdy) "OS
=1 tos (o — ;)
K‘y= ‘ " ' (90'])

E(PE sin a;i+ Qci+ i) ©0S ¢
=1 cos {(a; — i)

EOH._I“] [K,,(P sin a;+ Qei+ Ji) —
COS Wy
— (Picos aitg it cil)) oo (90-T)

[Ipu BeIBOAC dopMyJ Aas onpefedelllisi OMONA3HEBOTO AaBJellsd I
Koad@prunenra ycroilunsoctn OuiJi HCNoabL30Ballbl  ABa  ypaBlelllis
cTaTHKH. Tperbe ycnoBHe craTiki (ypasiieniile MOMEHTOB) JaeT BO3-
MOXXHOCTL ONpeesiliTh TOYKY NPHAOKeHIsT peakilil Eop yaepkKiBaio-
lIero Coopy:KeHHsi (HJAH CHJbl £; [as Ja1060ro i-ro orceka). ITo pe-
HIeHHe SIBJASeTCS TOYNBLIM NPpH KPYTMJIOUUJAHHAPIIYECKOI TNOBEPXIOCTH
CKOJbXKeHHs U NpubAN3NTeJLILIM B APYIiX CAy4Yasx. YXazaniblil npi-

eM ONHcau MpH paccMOTpenun Metroaa mMuoroyroaptikon citan I'. M. lla-
XYyHsHUA.
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Haniicanuole pacyeTHble GOpMYJILI MOFYT OBITh HCIOJIL30BaHbl TaKkKe
AAS CXeMbl, YYHTHIBAIOWEH, YTO CHJAbl £ OTKJIOHEHBl OT TOpPH30HTAaJAH
Ha YroJ 1, MOCTOAHHBLIH A1 BceX OTceKoB. [lockosbky yros m orpa-
Hityed Begiunnamin 0<n<<vy (rae {Pp — yroJj cCuBira), To oH MOJKET
npibJaIKeHHo npHHUMaTbest paBHbiM 0,0¢. [las 3TOH cXxeMbl B pac-
COS @

cos (a—)

yeTHBIX (QOpMYJax BbipaKeHile (orBeyaiowiee n=0) 3ame-

COS @

- {rpe n=const).
cos (a—n—o) (rae m )

HACTCH Hd

2.8. I'paoaHanuTHyeCcKU MeTon,
muoroyrosbuukos cua I'. M. laxyusauua

Ecmir noBepXxinoCTh BO3MOIKHOIO CMeIlleHlisi H3BeCcTHa, HalplMmep,
npefgoipenesena  reoJioriyeckoll CTpYKTYpPOH CKJAOHa, yCcTaHoBJieHa
HPH BLITOJHEHHIT NHXeHNepHLIX H3LICKAHHN U NpHHATA ¢ [OMOILLIO
pa3JHYHLIX TeopeTHYeCKIX MEeTOAO0B, TO pacuyeT YCTOHUHBOCTH MacCH-
Ba HepelKo UeJjiecooOpa3HO BeCTH CMOCOOOM MHOIOYTOJABHIKOB CHJI
123, 38, 39].

B ocHOBe pacuera coxpaHsieTcssi rHmore3a 3arBepjepuiero TteJa.
DJTa Trinores3a HapyluaeTrcsl, ecjl MNOBEPXHOCTb CMelieHHsi He TMJ0oC-
KOCTh I He IOBEepPXHOCTh KpyrJjoro miHHApa (no KOTOPLIM BhILUE-
neXaullid MaccHB JAEHCTBHTENbHO MOXKeT CMellaTbCsl, Kak OAHO le-
Joe), Taxk Kak npi JitoboM HHOM ouepralHi NOBEPXHOCTH INpPH CMe-
IIeHIIH B MaccliBe BO3HHKAIOT MECTHbie HanpsikeHiss. Ho 3tH mecT-
Hble HaNpsiXKeHHst MOryT I[pH JABHXKEHHII MAacCcHBa CO3[4aBaTb JHUIb
YIHCTO MecTHbIl 3ddeKT B BiHAe OTAECJNLHBIX TpEeUiHH pa3peiBa HJH
MEeCTHBIX YIJOTHeHHI rpyHTa. Taxk Kak pacyeT BepeTcss AJis olpeje-
JdeHUsT YCaoBHIlT YyCTOHYIIBOCTH MaccliBa, TO NPEACTaBIAAETCS BO3IMOXK-
HLIM COXpaHHTh Kaxk pabouyylo THIIOTe3y IpeANnoJIOKeHHe O 3aTBep-
nespileM teJse. llannoe npepnonoxeune JIeKHT B OOBIUYHBIX paMKax
TeX MONYULeHIIH, KOTOpbie NPHHATbHl NPaKTHYECKH B OOBIUHBLIX pacue-
TaX CTPOITeJdbHOH MeXaHukH. B OoabluoM KoJiHuecTBe ciayyaeB CTPOIi-
TeJbHBIX pacueToOB [eTaJib paccMarpiBaeTcsd KaK OQHO UeJoe H pac-
cunTpiBacTcst Ha ofille nanpspkeuns. Ecant tpebyeTcsi, TO AONOJIHII-
1TeJdbHO VUHTLIBACTCS BJUISIHIIe MCCTHLIX HallpsiMKeHIii.

JToT crnoco( NoKa)eM Ha npimepe olpeneseniiss naBJjeHls Ha
VIepKHBAOLWIYIO KOHCTPYKIIIO, HCXOAS 13 NpPeAnoJOKeHHs, uTo Oe3
B3alIMOAEICTBHSI C 3TIM COOpyKeHiieM MacciHB OyaeT MaJJoOyCTOHYHB
HJH HEeYCTOHUIB.

Ha puc. 11, a npencraBsien TPpYHTOBBIH MaccCliB, HA KOTOPOM IIMe-
I0TCS1 Kaxne-a100 coopy:xKeHHsa (Ha pHCYHKe He nokKasaHbl). Maccus,
noaaepxiBaeMblil MPOTHBOONOJI3HEBOH KOHCTPYKUHEH, HAXOAHTCA B
paBnosecii. lHeobGxomliMo omnpegesiTb AaBjeHde TFpyHTA Ha yaep-

C
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Puc. 11. Meron MHOroyronbHHKOB CHJ:
d — paciernaa cxeMma cCkJoOla, 6 — cxeMa OJHOTrO 13 OTCEKOB C MHOTOYTIOJALITHKOM
CHan, 8 — jaAcTaJb 1oJouiBbl OTCEKa, & — o611 MHOTOYFOJILHHK CIJI
JKiBalolllee coopyxeliie, paBHOoe IO BeJiluiige i1 obparHoe no Ha-
NpaBJeHUIO0 peaKllll 3TOro0 COOPYKeHHs.

Pa3zobbeM Bech MaccHB Ha PSS OTCeKOB. B3 Beca mnoayyeHubiX OT-
ceKOB P; BrynouaeM BeC TPYHTA H COOpPYKeHNI, HaXOASUIIIXCS Hal
KaXabiM oTcexoM, Ha kaxXawnlli oTcek AedcrByeT Taurenunanasuast Q;
H HopMananHasi N; cocrasJasiolllie Beca otceka P;. Beipexem Muic-
Jenno Kakoi-nubo orcek H3 MacciBa (uanpumep, 3 — cM. pic. 11, 6)
H TIPHJOKIM K HeMy, KpoMe yKas3aHHLIX CHJ, Ciuibl Lo 11 L4, 3ame-
Hslollie Bo3jeiicTBHe Ha Hero cocepHux orcexoB. [lo nomepxunocTit
AB B03MOIKHOro cMmelllelliss oTceka AeHCTBYIOT peakillil O CTOPOHBI
3TOIl TIOBEPXHOCTH, pPAaBHLIE, B YCJOBHAX HNpedesblioro paBHOBeCH,
cijiaM cuenJeliss ¥ TpPeHHst 10 3TOH NOBepXHOCTH  (MpH  YCJAOBHH
MOJIHOTO NpOSIBJEHHS 3THX CHJA), H HOpMmaasnas peaxnus. Cuay

cuenyeruss obosnauuMm uyeped Cy=czlz. Cuny tpennssi 73 1 HOpMadb-
I

HYIO peakuio Sz noBepxuoctit AB 3aMenHuM ux pasliofeficTBylouleil
31
S3 (cM. pue. 11, 8). Cnna tpenus Ts3=3S3tgps, a paBuogeiicTByiolas

— - . H
S3=VT3*+S32=YS3"? tgl s+ Sz =Y I+1g?p3-S;. (92)
Yrosq HakJoHa paBHoAeilcTBRyoumled S3 K HOpMaJili K TNMOEEpPXIHOCTI!

AB 6yner mpH 3TOM paBeH YIJAY @3 BHYTPeHHeEro TPpeHus rpylra no
rpyHTY Ha nosepxHoctH AB (cM. puc. 11, 8), Tak kak tauremnc 3To-

K
ro yrja paBeH OTHOUIEHHIO CHJBl TpeHHUs] Ty=1tgpiS; K HOpMaJbHOI
R

peakidu Sj.
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Becb Maccus Oyner nMmeTb 3aJaHHbIl KO3 PHLUHEHT YCTOHUHBOCTI
K¢, ecan assi KaxXaoro orceka OyaeT BblAepKano 3To Ke Tpebopa-
HIE.

CiJjiami, CABHTAIOUWIIMIH BeCb MacCHB MO MOBEPXHOCTIl CKOJIbXeHIis,
OYAyT TaHreHuualjibHble cocTaBasiouiiie ; cua P, ecJH oHH Hanpas-
JeHbl B CTOPOHY BO3MOXHOIO CMeuweHlis MaccuBa. Bce ocranbHble
CHJLI, B TOM dlicjie H peakuiit YAepKHBAIOUWETro COOPYKEHIA, SBJS-
0TCst cujamMH Jinbo HenocpeACTBEHHO He BJAHAIOWHMH Ha YCTOHYIL-
BOCTL (Kak cuasl N,), saub00 CONPOTHBASIOUIIMHCA  BO3MOXXHOMY
cMeuleH!HIo.

PaccvarpuBaeM Ko3d@uuHeHT  YCTOHUHBOCTH B OTHOWIEHHI BO3-
MOJKHOIO CMelleHIIs Ka)KJoro oTceka No MHOBCPXHOCTH CKOJIBXKEHIIS
(npuiiMaeMoIll 415t KaXJIoro oTceka 3a IJIOCKOCThb) KaK OTHOLIeHIie
Bpcex TaHrenunaJblbplX CHJ, yaepKusamownx maccuB (Ryy), K0 BceMm
TaureHuHa bHbLIM CHJaM, CTPEMSLWIIMCS  BLI3BATL  CMelleuile  ero
(Qewm). Torpa moOXKHO 3amicarb, 4To AAs1 ofeclieuelilis 3ajalHOro
ko3 diuenta ycToiunBoCcTit 11€00X0AUMO, YTOO

Ryqg— KyQean=0 (Ky= Qi}?: ; Ryn=KyQcus). (93)

I{itaue rosops, 3apgauy obecneyenist 3ajgaHHoro kKosdduuilenra yc-
ToONuHBOCTH Ky MOXKHO cBeCcTH K OOBIYHLIM VCJAOBHSM  DaBHOBECHS,
ecsl MpIl pacCMOTpeHHIl AeHCTBHA CIJI BMECTO CABIIalolKHX Talrei-
HilaJdbHBIX clial 6paTh cuasl B Ky pa3 OoJiblllle no BeJlYliHe I Acil-
CTBYIOLIie B TOM K€ HamnpaBJeHHI],

[ToaToMy mpHHIMAEM MNPH COCTaBJEHHII YCAOBII paBHOBECHS BMeC-
TO TaHreHunanabHol cocrapastouieid Q; cuasl P, Beanunny KyQ,,
ec.i citra @ cTpemiTes CABHHYTH MacCHB (KaK 3TO IIMeeT MeCTO B
oTcexax /, 2 1t 4). 3uagenne cuabl ¢, npiunmaercs 6e3 H3MeleHs,
CCJIIL oHa COMPOTHBJASETCS cMelleHiio (KakKk 3TO HMeeT MeCTO B OTce-
Ke J).

[Ipu nposegenuy pacuera JAonyckKkaem, UTO CHJABI £; HanpasJieHbl
10 NPAMBLIM, MMapajJesJbHbLIM HamNpaBJeHIlo peakuull yaepiKiiBaloile-
ro coopyxeHus Eoq. Ha puc. 1l,a peaxunsi Eon NpOTHBOONOJ3HEBOM
KOHCTPYKUHIT TIpHHATA HanpasJelnHoH TopH30HTaNAbHO, MNO3TOMY BCe
CILILL L, opuenTHpoBansl ropu3oHTaNbHO.

Perwsast 3apauy OTHOCHTEJbLIIO KaXJAoro oOTceKa CaMOCTOSITENbLIO
(cam. prc. 11,6), caeayer cunraTth s Ka)Kaoro otcexka ciabl Qi
C, n E,, uspecruuimu. Ilpn atom cuna L;-; uH3Bectna B pe3yJbTare
pCLUCHIA 3amaull Vsl nNpeabiiyilero orceka, nmMes B BHAY, 4TO B nep-
BOM OTceKke cuja orcyrcrByer. HeuspectubiMu cHIaMil B KaXKAOM OT-
ceKe SIBJSIIOTCH, cJefoBarteabHo, Citjbl £; i1 S;.

Ocras.isst Ha BpeMs B CTOpOHE BOMNPOC onpefiesieHlist ToueK HPHJO-
YKCHIISt CILT, pelllliM 3agauy no onpepedneriio Beanunn cua £, u S,
KOTOopble 3ajalbl CBOHMH HamnpaBaeHusimi. Jlass 3Toro  gocTaTouHO
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JBYX YCJOBHIT cTaTHKH. DTa 3ajaya MoxeT OblTb pelleHa Kak aHa-
JaaTHYeckd (cM. npeabiaymiii cnoco® pacyera), TaK 1 NOCTpoeHiieM
MHoroyroJibHiika cus. Ilocaeanee pelueHtie OOLIYHO rapaHTHpyeT [0-
craToynyio ToyHocTb. OHO H MoOKas3aHO [Jg TpeThero ofTcexa ua
puc. 11,6. Hnsa Bcero cxkaoua 3anzauva peuiaetrcs rpaguueckit OT OT-
ceka K OTCeKy, MOCTpOoeHHeM IJs Ka)KJAoro i3 HHX MHOrOYyroJibHiiKa
cus. Ha puc. 11,2 3TH MHOroyroJbHHKI MOKAa3aHbl HelpepuLIBHO cJie-
OVIOULIIMH OANH 3a ApPYrHM ¢ o6uled CTOPOHOH MHOIOYIOJIbHIIKOB
E; — nns paunoro orceka H npeasiayuiero. Ilpu nepexome ot oailo-
o OTCEKa K JIPYyroMmy cjaeavert JiUL MEHsTL HanpaBJeHile cuabl L,
(saBJIstIOLIENCA peaKuliell jaanioro orceka Ha fnpeAbiAyuilii) na o6-
paTioe, TaK KaK B 3TOM cJjyudae cuja £;.; nepepaercst oT npenbiay-
HIero oTceKka ita AaHHDIIL.

Cusa £4, onpenejenHas [Jist nocjennero orceka, n Oyjaer npej-
CTaBJISATL COOOH TIOJIHYIO peakuUilo, KOTOpPYi0 MAOJIKHO obecneuliTh
yaepKiiBalolilee coopyxkenme, ytoOnl MaccluB IHIMeJ 3aJaHHbIH KO-
GHUIIeHT YyCTORUNBOCTH Ky.

B cBsi3H ¢ 3THM TpPH pacyeTe CaMoro yUEepIKUBAIOUIero coopyKellis:
caeayer TpeOoBaTh JHIIb BLINOJIEHNHA OOLIUHBIX YCJAOBHH paBHoBe-
cusi, 160 KO3(ODUUIEHT YCTONUHBOCTH yiKe YyuTeH NpH onpepesenii
CHABI Lon.

Touky npuaoxenls peaxkuill YAEpXKHIBAWUIEro coopyxeuus L[y,
yiKe H3BECTHOH Mo BeJHyliHe [ HanpapJaeHilo, MOXHG npHubiisii-
TeJIbHO HaHTH, HCMNOJbL3YSI OCTaBlUleecd TpeTbe YycJaoBHe paBllOBCCIS
Hust 3Toro cuelyetr HaHTH UEHTP KPYroBOH KPHBOH, BO3MOXKHO OJIl-
e coBnajalouled ¢ dakTHYecKoli KPHBOH  CKOAbXells  (Ha pilc
11, a 3amensioulas ayra kpyra paanyca r ¢ ue"HtpoMm (O noxaszana
nyHktipom). Ilneyo ot uentpa O po uanpassenis ciibl Loy — pe-
aKUIIH yaepikiiBalolero coopykeiiis — o00o3iiayeyo depes z.

bepss MOMeNT Bcex CHJ OTHOCHTeAbHO IenTpa O, noJyulm:

FU"'Z"—"f ([GEchnb-—ECI—ZS, S rp,-—Z‘ N, 1{1 fp;—EQn q);
K,—EQ;GHH-—HECE-—-ZSISH] fp;—ENg tgfp;—-anu
e i h r (94)
OI1

MBHOroyronbHHK CHJI JaeT BO3MOXKHOCTb Onpeaesisith TakyKe If Irali-
Jyquiee MeCcTO pacHoJIOXNEHHs1 YAepKHBaloero CcoopyxKelsa, I
MecTa unanbdonee BeposSiTHLIX Pa3pPLIBOB MacciBa, H MecTa BO3MOMIIbLIX
BO3NITKHOBeHNil OYyrpoB 1 Teppac BLINHPAHHS B cJaydae ClnoJa3alls
Maccina (to ecrub npu Ky<l), 1 psag apyrux BoOnpocos, INpeacTan-
JA1I0W X Ha MpaKTHKe HepelKO OONBbLIOIN ITHTEepec.

k3 paccmorpennsi pucynxka 11, e BuaHo, HanpimMep, uro 6ojee pa-
IITHOHAJBLHBIA OLIIO ObLl pacrnojioKeHlie yaepxupaiouieil KOHCTPYKILIIL
Ha rpa’Hyiue He YeTBEpPTOro, a TPeTbero OTceKa, TAaK KaK Mpli 3TOM
Oblia 6bl MeHnblle peakiiug Eqn, 160 oHa paBusaace 6ol L3, a He Ly
(a 113 MHOTOyroapHiika cHJ BIAHO, uTO [3<[y).

L =
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Ilpun nocrpoenny MHOroyroJabHiiKa cligl HeoOXoAHMO CJieflliTh 33
TeM, He CTAaHOBHITCS JH B KAaKOM-TO (-OM OTCEKEe CHJia pPaBHOH HYJIIO
171 oOpaTHOro 3Haka, TO eCcTh He Hcue3aeT JI't OHa HJi AadXKe He CTa-
HOBHTCS 1l BMECTO CluUlbl NoAieprKHBaloulell ciJjiod casuraioueit. I'lo-
ciefiee QU3NUYecKH ObIThL He MoxKeT (ecJH B IpyHTe He MOTyT BO3HII-
KaTb pacTAruBaioulie HalupsKeHHs) H MOKaXeT JUIllb, YTO YacCTb Mac-
cjiBa OT HauaJa Il J0 IpaHHUbl TAe-TO BHYTPH AAHHOTO OTCeKa iiMeer
He TOJILKO 3aZaHibIH KO3 (HIHEeHT YCTOHYHBOCTH, HO jpaxe H30ObLITOK.
Taxkim oGpa3oM, nIpi IOCTpoenil MHOTOYroJbiiKa CHJ HenoCpe/CT-
BEHHO ONpPeAesiioTCs IPaniilbl yCTOHUNBLIX yyacTKoB Maccupa. Ilpn
HaJ Yyl OTPHUATEJBHOTO 3Hauenns Cibl (KOrga oHa iMeeT Hanpas-
gele B [-OM OTceKe B CTOPOHY CMellleHHSi) H MOCTPOEHIH MHOTOYTrOJb-
HHKAa cHJ st cdejyioliero orceka t+1 cuna £, B 3TOT MHOTOYroJb-
HIIK e BRJAlouyaeTcst (ApH YCJOBHH HeHONYULeHHsT PacCTSIrHBAIOLLIX Ha-
npsizkeHitd; npi JONyLEeHHII pacTarupaloliix HampsikeHiy  MOXKeT
VYHTLIBATBLCS JHIIL Ta 1acThb CHALI £; NpH KOTOPOI pacTsrisaloLllie
HAlPsI2KeHIs He [PEeBOCXOAAT JIONyCKaeMbiX).

Onncaniblii HpueM NOCTPOEHIIsI MHOTOYTOJbHHKOB CHJ MOXKeT ObITh
npliMesen o JJisl pelleHllss 3ajadil: HMeeT JII JAauublil MacciHB Ko3d-
(p1LIIEHT YCTOIYIIBOCTH HE Melee 3aJaHHOro?

Ecan yaccuB He Oyner HMeTh 3alaHHOTO Ko3ddiulieHTa yCTOIYH-
Bocti Ky, To cunta Lon, paBuasi, HalupiuMep, B pacCMOTPEHHOM cJy4dae
E,, KOTOpylO HALO HNPHAOXKIITH B KOHUE MOCJAENHero oTceKa, uToOH
ofecneuiiTh MacciBy 3T1oT Ko3dodiuneHt, OyaeT HanpasJ/jeHa Ha OOA-
qep:kanie maccuBa. Ecan ¢gaxktiuecknid xo3g@uuieHT yCTOIYIIBOCTH
\iacciiBa paseH 1in Gosee 3apannoro, To cuga Lop=~£F£, Oyner 1iH
paBla HYJA10 HJAH HanpaBJeHa B CTOPOHY BO3MOXKHOIO cMelleHIlss Mac-
cupa. [locnaepnee mnokassiBaeT, uTto IJsi TOro, 4rtoOnl axTHyecK:
Ooabuioll KO3 @PuUIIeHT YCTOHUUBOCTH CHH3UTL A0 3aMaHHOI0, HYXKHO
HUPILTOZKITE caBHraomyio ciay Egoag=1~Ly4. B pasoGpannom mnpumepe
MACCHB He HIMeeT 3a/laHHOro Ko ¢uuilentTa yeTolwipocTil Ky, Tak Kak
ci.ia Lon=~F4 B MHOroyroJsibHiiKe CliJl OKasaJjachb HamnpanJenuoil Ha
[1o/ilepranile OTKOCA.

[Ipin Haanynn Ha cKJOHe TPYHTOBBIX BOJ iJI HEOOXOAIIMOCTII y4yeTra
ceilcMITUSCKOro Bo3zelicTsiis ciibl j; T Qg 106aBisIOTCs] HemocpeacT-
Benno K civiaM Q; 1 TaxjiiM oOpa3oM TaKkiKe yuacTBYIOT B Tpadiiue-
CROM pocTpoelnin. DapewmnBanye rpyuta  yulTHIBaeTcst  aHaJlOTIuno
TOMY, KA 3TOo OBLLJIO ONicaHo B NpeablAYUIIIX MeTolax pacuera.

Kaxk BIIAHO I3 CKa3aHlOro, paccMOTPEHHBIH METOA MHOFOYIOJIbHII-
KOB CIT JaeT BO3MOMKHOCTL HEMOCpeACTBEeHHO OlpeleisiThb BeJHullly
OHOJI3HEBOr0 AasJjenlisi, Ha KOTOpoe AOJXHA pacCUlTbiBAaTbCA MNMPOTH-

BOOMOJ3HERAST YAeNKIIBAIOWLAs KOHCTPYKILHA.
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2.9. YckopeuHpiit criocob pacuyera
meropom I'. M. laxynanua

Kaxk noxkasaja npakrika pacyeToB, BHIIOMHABWHXCA NPH NPOeKTH-
POBAHHH NPOTHBOONOJI3HEBLIX YAEPKHBAIOUIIX KOHCTPYKILHI rny6oKo-
ro 3ajoxeuus, avaqntuueckuilt meron I'. M. Illaxyusnua Becbma 3h-
¢exTHseH. CoopyKeHiisi, pacCculiTaHHble Ha OlOJI3HeBOe faBJielllie, Bbl-
YiCcJEeHHOEe NAaHHbIM MEeTOLOM, HOPMAaJIbHO 3KCNJYATHPYIOTCS1 B TeueHie
psiga Jjet. OcobenHo yaoOHO npuMeHeHlle HamHCAHHbIX BbllIe (GOpMyJ
npi rncnodb3osannn ILUBM. B TakoMm ciyyae BhiuncjieHus no paspa-
6OTaHHLIM THOOBBIM MMporpaMMmamM TpebyioT MUHHHMAJBULIX TPY/AOBHIX
3aTpar.

Opnako HepeldKO ellle NPHXOAHTCHA BBINOJHATL YKa3aHHbLIE pacuersl
Bpyunyio (npu orcyrcTBiu IBM, npi BulnosHeunn npuxkiuaounnX pac-
yeTOB, NPH CpaBHEHHH BAapPHAHTOB, NPH BbINOJHEHNI PacHeTHLIX TpIl-
KHJIOK HeNoCpeACTBEHHO B HaType B npouecce olcnaejioBatis oOioi3-
Held, TIpH peldeHHIl BONpPOCa O BO3MOMKHOCTH YCTAHOBKI MEXaHI3MOB
H4d CKJIOHE H T. 4.}, Koraa tpebyercsi onepatHBHBI cYeT H HET CMOLIC-
Jla HAH BO3MOXKHOCTH BBHIXOAHTb Ha MalluHy. B Takom cayuae gopmy-
net . M. lllaxyusiHga BHIFOAHO TPHMEHSTb B HECKOJLKO npeobpa3zo-
BaHHOM BHJeE, NpeJioXKeHHOM aBTOPOM AaHHOH palboTrwl [3].

Onopsredud
PROX

[logepxuocms
CHONONEHUR

(X3),

Puc. 12. Yckopeuuslit cnocof6 pacuera MeroLoM
I’ M. [Haxyusnuya:
a — o0mas pacuerHas cxema ckjaoua; 0 —
3NI0Pa Of0JI3HeBOTo [laBJeHs
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[Tanuuiem ana CKJAOHA, NpelcTaB/deHHOro Ha plic [2, BoiBeJEHHYIO
panee ¢hopmyay (91, e)

1=n 3
Eon= % [K\ (Pesina, } Qo ju) — (Picos a,tg gt cl)]
=1

cos (wi— ;)

[TonctaBus B 3To ypaBnenile 3navenns: P,=y,a,ficp, (npuues y;
AOAAHO YUl bIBaTL HE 10JbKO 0ObLeMunlil Bec rpynra, 1o i Bec BHelll-
Helt Hairpysnit Ha oTcene UpH  ee Hadmuun); Qe =y llep s 1=
= V@5, HOCHE HECHOXHBIX jipeoOpazoBatnil Mmoayynm

=7

3 3
Eou= X Aa (y.ticp(€s. C;-; + Ky w) + Ky ywfty sint Bpa]. (99)
i — |

31aech 06031aUCHLI:

3
eor= Iy sin a; — cosia, tg @;
Cy .
Cor= lhicpicosa; (96)
COS (Pq

?\.1=

cos (a, — ;)

I1.as1 91X tpex cootnowenuii ¢ nomomblo 3LBM ™Moyt 6with no-
cTpoelut 1padlKkii 1o THIY NpeAcraBldenHblX nHa pucynkax 13, 14, 19,
oOJer varolillie BbIHOJHEHHe BbIMIICJAEeHIII.

113 ipadpurka na puc. 13 sicna nHrepecHast getanb: NpH BO3pacTaHH
Vidda HaxJaoHa nopepxXHOCTH CKOJMLXKEeHIs g BAHsIHIE [H3MeHeuusa yrJja
BHYTPEHHEro TPeHlia ¢ yMeHbluaeTca ITO eCTeCTBEHHO, 1160 Mnpil BO3-
pacTamiy yrJaa a OCHOBHYIO pC/lb HA4YHHAIOT HIrpaTh CHJIbLI FpaBIiTalliii,
He 3aBlcaAuLie OT NPOUYHOCTHLIX XapaKTePHCTIIK TPYHTOB

Ecan npn BuinoJiHeHHH peadnblbiX pacucTOB KOHKPETHDLIT CKJOH He
VAOKUTCH B IpHBeaeliHoe Bullie AonylleHile 0 MOHOTOHHOCTH MOBepX-
HOCTH CKOJBL2KeHlisi 1 B KAaKOM TG 01CeKe OHa OKaXKeTCss He HIicnaaaio-
11CH, a BOCNOAsiUIel, 10 3TO MuXKeT OblTb VYuTeHO HNpUHATHEM €y, I3
I padpuika Ha puc 13 npu oTpliLaTeSbHOM yiJae ..

Ilpi cnaowinom poaoHacuillieHlin TpyHTa, rie 310 Tpelbyercs, Ciey-
eT NPHHIMATDL GU3HKO-MeXalilyecKiie XapakTepHCTHKH ITOPOJL ¢ YUETOM
N 3aMauiBanisgs BOAOI: Yu,, Cpi, Ps,. D TAKOM CJayyae ceflcMitueckite
CIELE CJlelyer YUHTLIBA 1L He TOJNbKO OT Beca rpyHTa, HO aiaJoriiHbiM
oOpa3oM 11 OT Betad BOJLL

Kpose npuscaennnx rpaduikoB, aBtTopoM JlaHHOH paboOTLl cOCTaB-
deunt tabs 1—3 (cM upnaoxkenue), cnocobCeTByioltile BLHTOJHEHNTIO
A0CTAaTOUHO TOYHLIX pacdeioB Kpome 1010, B Tabunuax npuBeaelul
HEOOXOAIIMEBIC AaHHbIC AJst Oosiee MWIIPpOKO10, YeM B Ipadukax, anana-
joHa HCXOAHLIX llapaMeTpoB.

[Ipnn pacnosoxeninn ckJjgona B HeceHcMIiyeckoM pailole mnpiHiIMa-
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Piuc. 13. I'padpukn 3aBnucumocTi e,i=Ky sin a; — cos wi tg ¢y

eTcst w=0, NpH OTCYTCTBHH NMOTOKA FPYHTOBLIX BOJ — /1;=0. B Takom
ciyyae dopmyaa (95) npunumaer BUA:
gl Col
Egn=i§?«ia£?ihcni (€oi— Vi ) (97-a)

WIH, YTO TO 3Ke camoe

f=n
Eon=1 MiPi (ot ‘;;:‘ - ). (97-6)

Ilpn nonb3oBanHu nplBeAeHiBLIMH BbipaXKeHHAMHI chaenyer 1OMHHTD,
YTO AJIs1 onpenedieHHst NOJHOIO ONOJ3HeBOro AaBJJeHHsI B KOHIe (-1'0
OTCE€Ka OT 4YacTH Ol0Ji3HeBOro 0JiOKa, pacHoNOXeHHOIT Bule Nno CKJo-
HY, HeoOXoaAHMO Moc/eloBaTeNLHO CYMMHPOBaTh BCE OMNOJI3ZHERhie J1AR-

JeHNst OT KaXAoro H3 BbilleJeXXaullXx OTCEeKOB, Hauunas ¢ [epsoro
(camoro Bepxnero):

3—1803 I
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== 1

C noMmoubio 3THX POPMYJa CTPOHTCS 3MIOPA ONOJ3HEBOTrO JiaBJleHIs
0 IJHHe BCero ckJAoHa (cM. puc. 12, 6). Buluucnenns npi 3ToM pexo-
MeIyeTcsl BLIMOJMHATb, HCHOALSYSI 3aroToBki Taba., 2 n 3.

Heckonbko ynpouiena npn atom cnocobe moxker ObIThL 1t (popmyia
(90-r) mast onpepenennsa Koddprunenta ycroiiunsocti craona. [loc-
Je HecJOXKHLIX npeobpasonamiit ona npuobOperaeTr ciaeilyioiiii BIL.
B o6mem cayuae:

f==n

b) (’Y; COS Q; lg (Pi+Cui) tlghgp_,'lj

Ky= — — ; (99-a)

2 (yisin ai+yiph+ Yo il sint Bgpi) ailtep.ihi

o}

lep.d

3* 67
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IPH OTCYTCTBHH TPYHTOBBIX BOJ, B HECEHCMHYECKHX paloHaXx:

== n

2 (y.cosaitg @+ coi) ailtep 1A

{==1
Ky= ——7— - (99-6)

E 'Yg Sill U, alhcp 11&'
=1

Boelunicienns xosgguuieHTa ycToilulBOCTH PEKOMEHAYETCsl BLINOJ-
HsITb, HCIOJIL3YS1 3aroToBkd TabJu. 4 11 5.

2.10. I'padocratnueckuit meton JI. JI. Mepkosckoro

Hanupiili Meroxs, 1o mMHeHHio ero asrtopa [19], yaoBaernopsiet asym
TpeOGOBaHISIM, KOTOPbIM He OTBeyaeT QOJbLUNHCTBO HHbLIX MEroaoB pac-
yeTa:

a) YUHTBLIBAeTCsi B3AIMOJICIICTBIIE MEXAY OTCeKaMIl;

6) YIAOBJETBOPSIOTCA OCHOBIible TPH ypasienus crartuku; Zx=0;
>y=0; M =0 (a He TOABKO OAHO H TO HEe B MOJIUOI Mepe, KakK 3To
IMEeT MecTO, HalplMep, B MeTOoAe KPYrAOUUAHHAPHYECKOH NOBEpXHoO-
CTH CKOJbXKeliHs).

CyWHOCTh ero 3aKkJjio4aeTcsi B TOM, UTO JJIS BLISICHEHIST COCTOSIHIIS
YCTOHYHBOCTH 3eMJISIHOrO MaccHBa CTPOHTCH MIIOroyroabHuk ciul. LEc-
JH Ol 3aMbIKaeTcst, TO HMeeTCs HJIN paBHOBecHe MaccHBa, HJIl cayuail
pPaBHOMEPHOTrO ABIKEHHS. LEcail B MHOTOYrOJIbHITKC HOCJAeMINST Clijia
(3Ta cuyla peakTHBHAasi) HE NOCTHraeT TOUKH 3ambikauist (Touka U na
pic. 16), To 3TO 3HAYNT, YTO MACCHB HEYyCTOHUNB, UTO IimMeeTcst 1130Li-
TOK CABHTAIOWIUX CHJI, UTO AOJKHO OBbITH ABHXXEHHE; ecJlll Moc/e s
cusia nepedaeT 3a TOUKY 3aMblKaHHS, TO 3ACCh HAANUO 130LITOK Yilep-
XKUBAIOILHX cHJ, T. e. Ky>1, 1o aABH>XeHnHust He Oyjner, TaK Kak 3TO H3-
ObITOK NMAacCCHBHLIX, PEaKTHBILIX CHJI.

HaOMmon ydepriuss-

FOULiEX CUA

N s
rJ..I-J

Pnc. 16. I'pagocraTtnuecknii meron JI. JI. Ilepkosackoro
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[TocTpoetiile CHIOBOrO MHOTOYroJibHHKa B rpacdocTaTiiueckoOM MeTo-
ae 6GasupyeTcsi Ha MNOJIOXKEHHI, YTO CHJAbLI B3aHMOAEHCTBHA  MEXKRY
pPacUCTHLIMH OTCeKaMH HamnpapJelbl apajJjenbHo MOBEPXHOCTH CKOJb-
edig., KpoMme toro, 3aecb KOs@puUHeHT YCTOHYIBOCTI ONpeaeneTcs
HENOCPEACTBLHIIO H3 MHOrOyroJbHHKa CHJA NYTeM  NPOEKTHDOBAaHUA
BCOX JICEHCTBYIOUIHX HAa MacclHB CHJA HA HEKOTOPYIO YCJOBHYIO JIHHHIO
AB (cMm. prc. 10) — aunuio obuiero nanpasJjedis cMeweHns — I Hc-
UHCJAeHHsd OTHOLUEHHST MEXAY CyMMami YyIep:KHBaloullix H CABHralo-
ULHX MPOCKUHH CHJ.

{1a puc. 16 nplBegen cxeMaTH3NPOBaHHLI pa3pe3 OMOJ3HEBOrO Mac-
CHBA, YCHJIEHHOro KouTpbankeroM. 3/ecCh XKe MoKa3daH MHOIOYroJbHHK
citz1. Koutrpbauker it oTHOCAUWAsSICE K HEMY HaCTb CHJOBOILO MHOIO-
YroJIbHHKA HaHeceilbl NYHKTHDOM.

M3 pic. 16 Bugno, 410 NpH OTCYTCTBHH KOoHTpOankera MHOTOYroJib-
HIHK cHJ 3aMKHyT (Ky=1); nocse coopy:eHlss KOHTpOaHKeTa MHOIO-
YIOJAbLHIK CHJI AesiaeTcsi HE3aMKHYTHIM — «MOCJAeAHsA CliJia 3aunia 3a
TOUKY O», T. €. NOABHJICA H3OLITOK YAEPXKIUBAIOWMHX CHJI 1T Ky NpeBbl-
CHJI edHHILY.

Beueacrsie toro, 4tro rpadocraTHidecKH MeTOd YYHTBIBA&T B34HMO-
jpelictiie MEXAY orcexami, xosdduuUedT YCTOHYHBOCTH CTAHOBHTCA
OoJiblle, YeM B cayuae onpenesemiis ero, HanpuMep, no OObLIYHOMY Me-
TOAY.

CJenyer OTMeTHTb: Ii HeLOCTATKH pPAacCMOTPEHHOro MeTona:

YCAOBHOCTL Bulbopa Juunil obulero nanpasJenlis cMellennis, Ha Ko-
TOPYIO NPOCKTHPYIOTCS Bee Civibl (H OT KOTOpOoil, cliegoBaTesibHO, 3a-
BHCAT BeJHYIIRL NPOEKILil I COOTHOLEeHHH MeXAy HHMH);

CJIOXKHOC1b 110J1IyYaeMOro MHOrOYroJIbHHKA CHJ NPH O0JILILIOM KOJIH-
YeCTBE OTCEKOB;

OTCYTICTBlie B HPSIMOM BIlie HTOrOoBOH BeJIHYIHbLI ONOJI3HEBOTrO AaB-
nenitst (Lon) Ha MHOrOYroJibHike cHJ  (Kak, Hanpumep, B MeToje
I'. M. llaxyusinua);

OTCYTCTBlHIE YETKOCTH H TPOCTOTHL 113-3a HEeOOXOAHMOCTH CHSTHS MO
MacluTady BeJHUHH npoekiltil, HHOrjga Haxk/JaAbiBaloOIMIIXCsl oJia Ha
ApYyryio Ha anuny AD;

TPYAHOCTL yueTa AeificTBHA TPYHTOBLIX BOJ.

2.11. Metop 610Ka u NMPU3M

IHepenxko wnenmocpejicTBenio B OCHOBaHHH OTKOCa laJderacT  IJacT
rpyHTa ¢ $ipKo Bbipa»KeHHOH MOHINKEHHOIl COnpOoTHBAAEMOCILIO CABH-
ry. B rakoil o6ctaHoBKke MOTYT BO3HHKHYTb YCJIOBHS, CITOCOOCTBYIOILHE
oCTynaTeNbHOMY TepeMelleHiiio ONO0JI3HeBOTrOo MaccHBa OoJblie, yeM
BpaiiarenbnoMy. s nogoOGueiX ycJOBHH npiuMeHsieTcsl MeToh 6J10Ka
11 npusnm [29].

B 3TOoM caydae npHHHMaeTcs, UTO OMOJ3HeBOil MacCIB cJaraercs H3

70



wenTpaJsbHoro Osoka B n ayx npusm A u £ (puc. 17). Lenrtpap-
nplil 60K B BblinoJiHseT A0 HEKOTOPOH cTeneHN (PYHKRUH rpaBHralll-
OHHOI TOMMOPHOM CTEHKH, KOTOopas NOAAeprKHBAaeT TOJY TpyHTa, Ha-

1

xOSIILEerocs ¢ JieBoH CTOPOHBI MO rpaHd ed. Bec rpynra B npiiame £
OKa3biBaeT Ha UEeHTpaJibHbLI

] 4
‘ > 6j0k B GOKOBOe JamJjietiie,
B KOTOpOe H3BECTHO INOoJ Ha3Ba-
o e T HHeM aKTHBHOTO  JaBJleHiisl.
— __ s eeh OueBHAHO, YTO 3TO AABJeEHIIE
= | /i ¢ pomnen- CTPEMHTCSt BBHI3BATh TMOCTYMA-
— e cobiey TeJibHOe JABHXKeHlie OJoka B.

IJTOMY JABHKEHHIO IIpPOTHBO-

Puc. 17. Meroa Gnoka n npH3M (pacueTHas  [efCTBYeT MacCHBHOE JaBJe-
cxema) HHe (oTnop), pasBlBaemMoe

npH3Moil £, a TakxKe conpo-

THBJEHHE CABHIY MO NoAolBe ueutpasdbHoro 6aoka. llpiu stom ychno-
BUM KO3dHUHEeHT 3araca YCTOHYUBOCTH OTKOCa MOXeT ObIThb olipe-

A€JICH IO BBIPDAa2KE€HHIO

cLb+ Pt E
Ky= — __E_g_(?i"__?_ , (100)
{a
roe P — Bec O6gqo0kKka B Toaumnno#t b:
E, — naccuBHOoe paaBJieHHne (ornop), melicTrylouiee Ha O6J0K B;
E,. — axTiuBHOe naBJjeHne Ha OJOK B.

OctanbHbie 0003HaUYEHUS NPEXHIE.
IJist ynpolueHHBIX YCHAOBHI MNoOCAeAHIle BeJNUNHBI ONpelessioTcs

0 BLIPAXKEHHAM

2 —_ 2 :
R = TR

OnonsneBoe faBJieHHE 110 JaHHOMY MeTOJly MOXCT ObiTh olipejeJie-
HO caenyownM obpasom (npimem b=1,0):

oy l—singy yi?  ltsing
Eon:Ea""'CL—'Ptgq)'"EP_ 9 | 4-sin @ 2 I—sin @
—cL — Pigo. (102-a)

Ilpu mananduu ceiicMiiueckKoro BO3AeHCTBHS H HAMOPHLIX TI'PYHTOBBLIX

BOJ BbipaKelue NpHMET BIHA:

vi?2  1—sing . yh*  l4sing o _

Eon= 2 1 4-sin @ + e+ 2 . lesin @ cL—~Ptge. (102:0)
EcrecTBenHo, maHHblii MeToA NMpHMEHUM JHUWb MPH HECJOXKHOI KOIl-

purypauun nomnepeuHoro cedeHis CKJAOHA H NMOJOroM 3aJjieranifil 1Jja-
CTa TrpyHTa C NOHIDKEHHO# COMPOTHBJASEMOCTbLIO casliry. Bonay ero

IPOCTOTHI METOJ MOIKEeT MPIMelsATbCS AJIst NPHKILAOUHBIX pacueTos.
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2.12. Meton JI. Il. Scionac

Crioco6 [12, 40] cocrour B ciieayiouiem: npexpnogaaraercsi, 4To BCe
ONOJI3HEBLIE MacChl NBHXKYTCA €AHHLIM MAacCHBOM IO IOBEPXHOCTH
cKoJbxeniisi. Haa oupeneseHss OnNoJA3HeBOro JapjieHlss paccMaTpH-
BAlOTCsl YCJOBHSI pJaBioBecHst ONOJA3HEBOIO MAccCHBa B MPOEKLUHsIX BceX
CIIJ Ha HamnpasJieHlie ABHWeHIs.

Hanuplii Meton paspaborau AJasi KOHCELBENTHLIN OIloJ3Hed.

Iast npoBejciiisi pacyeTa YCTOHYIBOCTII BeCh OMNOJ3€HL (paccMart-
puBaeTcs, Kak u paimee, | M IIHPHULI €ro) B COOTBEICTBHII C Xapak-
TEPOM MOBEPXHOCTH CKoNbLXKelNst AeJqHTCst Ha orceku (puc 18), B mpe-
Jejax KOTOPbLIX cJiejl NOBCPXHOCTH CKOJILXKEHHsI MOXKeT OLIThL IPIHAT
3a npsimyio. Hanee B xaxaoMm orcexe onpeneasiercsi Bec (P, =v,a.fi¢p.i),
Taurennnanpuas (Q,=~F,sina,) 1 HopmanbHasi (N,=P,cosa,) ero co-
crapJsiiollinie H yaepxnsaiwuiue cuanl: Tpedns (7,=N,tge,) 1 cuen-
neunist (C,=c,l,).

o B i S ele NS

'c -‘ﬁﬂbf'{ﬂ ‘ - 'i

Puc 18 Meron JI I1 jlcwnac.
a — c\emMa »3aemerrapHoro ofbeMa, 6 — CXemMa ONO/JI3HeBOro
CKJOHA, 8 — 3Miopa OMOJI3HEBOr0 AaBJeHHS

3areM, L5 cBepXy BHH3 01 oOTceka [, paccMaTpluBaercs MOCJaen0-
BaTeqbHO paBHOBecHe KaxAoIo OTceKa, Ipll 3ToM OepeTcs CyMMa
Npoeklilii BCeX CiiJl HA HamnpasjieHle BO3MOXMCHOro CMEIeHH . [lep-
BolauasbHo Oblio MPHHATO B JAaHHOM crniocobe onpenesnsitb CyMMy
NpoeKIlii BceX CHJI Ha TOPH30OHTaJb Il Ha HeKOTopoe oOlllee Ha-
npapicnne cmeutenns Opnakoe npH pewieHuH 3ajayil B IPOEKIHAX
Ha 3TO HalpaBJieHlie MoJyyaJliCb HEH3BECTHBIMH pEaKilii €O  CTOPOHDI
necMelnaeMoro octiosauns. 3 cBa3im ¢ 3THM B 3TOM METOAE CTaJH
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pacCMATPHBATBLCS YCJOBHMS PaBHOBECHS OTHOCHTENBHO HanpasJeHiis
BO3MOXHOI0O CKOJIbXKEHHS BHYTPH KaXJA0ro oTrceka H HoToMy noJyya-
JOTCS NPOEKUHHM ONOJI3HEeBOrO AaBJIeHHA BceH BbillesexXauieil uacTi
OMoJI3H#, BKJOUAS 11 pacCMaTpHBAaeMbiH OTCeK, Ha HallpaBJeilllle CKOJb-
Kellilsi B 3TOM OTCeKe.

3anavya pemiaeTcss, KakK YKa3bBaJjoch, NocaenoBaTesibiio HO OTce-
kaM. Taxg, ansa orceka I Oepercsi cymMMa NpoekUHH BCeX CHJ Ha Ha-
npasBjeHie a—b. OTciofla onpeaessierca Bejnynpa peakunn £y, ko-
tropasi AOJXKHA ObITb INpHJIOKEHA K oTceKky [ co cropousl orcexa 2
Ha HanpasJeHHll a— b ans obecneuenusi paBHoBecust orceka [, Be-
JiUIiHA 3TOH peaklHll paBHa JaBJEHHIO, JlepeiaBaeMOMy OT MepBOro
OTCeKAa BTOPOMY. AHAJIOrH4YHO paccMaTtpuBaercs pasHoBeciie 2-1o, 3-1o0
H T. J. OTCEKOB B IIPOEKUIISIX HA COOTBETCTBYIOLLHE HaNpaBJeHHs C
yyeToM COOTBeTCTBYIOUIHX AaBaenntt £, E,, E3 0 T. 1. OT BbllIcaexa-
ninx orcexoB. TakiMm o6pasoMm onpejeasiercsi onoJ3HeBoe jaBJeliile
B KOHIle Kar<J0ro OTcexka OT rojoBbl (BepluliHbl) A0 NMOAOLIBLI OHOJ3-
ust (Eon).

s narasauoro npeacrapjediiss 00 H3MeHeHlH ONoOA3NEBOrO aB-
JIeHIIA 110 JANMHE ONOJI3HS B AJSt HaXO:KAeHUsl JaBJetls B nurepnpanax
MEXJY TpaHHIaMll OTCEKOB 3JeCh e, NOA pa3pe3oM 10 0IoJ3HIO,
CTPOITCS 3MI0pa OnoJiznesoro papnennsa (cM. puc. 18). ITolt 3nopoit
MOJKIIO TaK)Ke NOJh30BaTLCA, KaK OyJeT NoKasaHo HIDKE, aJis Buhibopa
MecTa 3aJI0KeHHsl COOpYyKenHus 1o pJatine OnoJ3iis.

Korga BmIOpalHo MecTO 3aJI0KeHHsl YAepIKIBaloIero COOpyXKeHils
H ornpejecHa COOTBETCTBYIOLLAst 3TOMY MeCTy BeJuliiia onoJ3ieno-
ro pasJjenus, nochenHee, no JI. Il. Jlcionac, 3atem ypennuupaercs
B Ky pa3, rae Ky — 3anaunplil Ko3(p@uiueHrt ycToilunBoctH, 11 Ha
BeJWYHHY 3TOr0 A4BJIEHHS NPOU3BOAHTCH pacuer yaepxkKipalouicit KoH-
cTpykiunt, OnpHako, Kax BbiTekaer 13 pabotut (6], ymuoxenne na Ky
BeJIHYIIHBI pe3yAbTHPYIoWEeHd cilanl (BMeCTo CYyMMapuoil Bejuuilibl
CABHTAIOUIHX CHJI) 3HAUYHTEJNbHO CHIDKAaET pPacueTiyio BeJIHUNIy O[HoJi3-
HeBoro aanJieHns. [lo BeimosiHeHHOMY 1taMI AHAJMH3Y NP HECOOABLUIOIN
pPa3Hiille MeXAY CABHTaloIIIMH H yaepxupawoiiiMia cunamn (go 20% )
ONIOJI3HEBOe JaBJelHe MoKeT OblTh 3aHinKeno B 6—7 pas. Iloatomy
TaKkoe HCIoMb30BaHue Ko3h@dIiliedTa yCcTONUIIBOCTIH CyejlyeT cHUTaTh
HeNnpaBilJibHLIM,. 3TO BHAHO I H3 CJEAYIOUIHX COOTHOLUEIHI:

Ry
]<y——“- ' QI_-; EOH':[(}'QI""“RL (103)
Hnas ynpowennss Boiuncaenuir JI. Il. fIcionac Henmoan3yer noisitiie

€IHHHYHOrO OIMoJ3HeBoro nasJseHus. M3 pucynka 18, a, npoexrtipys
BCE CHJBI HAa HanpasJieHHe IMOBEPXHOCTH CKOJIbXEeHHS, foJyyaeMm Be-

JUYHIY eJHHHYHOrO OIIOJI3HEBOro JaBJieHHsT OT TPYHTOBOro Macclinpa
AJTMHOH, WIHPHHOH H TOJILIHHOH, paBHBIMII eIHHHUE:
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: { Ci R £
Conn-i = Yi SIN i — Vi COS (; g pi — Lhnp { CuS U, o COS X

Ci
fiep.1COS Uy’

(S uy COS i — COS Ui Si ;)

OTKkyd
Vi

€or.i = ——— SI ; — —
Ol COS 1 S1I1 ((1;. (P:)

Ci
hnp_i COS ¥

(104)

BoluitaeMoe B HaniucanioM BbIpa)XeHUH TNoJayueHo H3 CcJelYiouliX
cooGpaxenuit. Iloanoe cuensenre no MnojouwiBe (-ro 0OTCeKa pasBHO
cil;. Ilas mosyuenust cueiieniss no NoAoUIBE eIHHYHOro oOBbema
[MOJIHOE cUCHJ/eHIIe HCOOXOAIMO pa3jestiiTe Ha o6beM oTceKa:

C,l: cil; Ci

il

hepot  Nep.ili cos o lep.i COS O

Onon3nesoe papjeuite 0T OAHOIO OTCeKa PAaBHO:

Ei=Pisinai— Picos a;tg i — cili=vyiaihcp.i sin a; —
— vi Qificp.i cos ui t@ i — Cili=[yisin ai — yicos a; tg i —

. Cils e Yi Ci | |
ailfiop Jafigpa=]| o5 T Moo cos m—]a;hcp.l. (105)

sin (ai — (P;') —

Kak 1oxKka3aHo BLllue, BLIpa)KehHe B KBaApaTHbLIX CKOOKaX ecThb €on.i,
CJIe10BaTENbHO

Ei=egﬂ.iaihcp.i. (106)

OnpepeJdieniie onoJ3HeBOro JaBJ/JieHHSI paccMaTpiBaeMblM MeETOJOM
MOJKET BBIIOJHATHCS ABYMsI crnocofGamil. [lo nmepBoMy H3 HIIX 0MoJ3-
Hepoe gapJielilie OT OAHOIO OTCeKa BbIDANACTCH ‘IEPES ero Bec

Cil

Cos o (107-a)

[1au ¢ yuerom koyddumiicuta yctoilyiBocTi, CeiicCMIMCCKOTO BO3JIeil-
CTBISI I FHAPOAINAMHYCCKOH CHJIbB

: P .
Jf:,*-— ! St (U:i-—--(pf) —

COS ¢

. Pﬂ . . Bite{
Ev=Ry| :p;— sitt (i — @pi) +UQeitji ) (107-6)

COS U;

Kak rtosbko uro 6Li10 morasano, 1ie cTporo B 3ToH dopmyne To, UTO
Ha kKos(pQuuiteHT YCTOHUIBOCTH YMHOXEHLl II CABHraioliHe I yuep-
KiBatolitle rpaputaitiiontble cianl. OAHaKo Mbl OCTaBaAsieM JUJIsl aHa-
ausa popMyay B TakoM Bije, B KaKOM ee IICIoJib30BaJ aBTop.

[lonioe ononsHeBoe japJellie B KOHLUE KaXKAOTo OTceka CKJalbi-
BAeTCst 13 OMNOJI3HEeBOro JlaBjeHllst OT LAaHHOro (-ro OTCeKa MNJloC I1po-
CKILIAl HA HaMpaBJaeilie NOBEPXHOCTH CKOJIbXKEHIsT B 3TOM OTCeKe YCH-
JIIst OT BCeH BbIUIeJeXKauleli YacTH ONOJA3HSA:

Eoni=Ei+ Eon(i—1)cos| iy — ai]. (108)
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HanpasjeHnHe AeHCTBHSA 3TOr0 ONOJA3HEeBOro JAaBJeHis mnapaJjielbHo
NOBEPXHOCTH CKOJIbLKEHHSI B {-OM OTCEKe.

[To BTOpOMY cnocoOy lCMoJib3yeTcss eNHHIYHOe ONOJI3HEeBOe aaBJie-
uue. M3 paccMoTpeHiisi BhipaxXKeHHUsl €op.i CAGAYECT, UTO:

eJHHHYHOE OTOJI3HEBOE J[aBJieHlle He 3aBICHT OT JAJHHDLI OMNOJI3HS;

BBHAY HaJHUISl B ONOJA3HEBOM TPYHTE HA IMOBEpPXNHOCTIt CKOJbLKeHis
cilenJieHHsl eHHHUUHOEe MAaBJjeHHe 3aBHCHT OT MOIUHOCTH OMO0J3a10ulHX
MacC; C YyBeJIHYeHHeM MOUIHOCTH ONOJ3aioliHX Macc ficp.i BAMAHIE
cHenJeHnst yMeupuaeTcs;

MPH yrJax HAKJAOHA IJIOCKOCTEH CKOJIbXKEHHS, paBHLIX yriam Tpe-
HUSl TPYHTA [0 3THM INVIOCKOCTAM (a=q), Aa)e Mpil HeyuyeTe BJIISIHIISA
cuernaeniiss (¢=0), eIHHIYHOE OIOJ3HEBOEe [aBJjieHHe paBHO HYJIIO,
mpH y4ere XKe clueivieHus aaBJieHile oTpHllaTeJIbHO, T. €. IIMeeTCst He-
KOTOPBIH «3amac» CilJi CONPOTHBJIEHHST CABHIY. Y4YeT 3TOro o6CTOSI-
TeJAbCTBA liMeeT O60JblUICe 3HauyeHHe MpH [IPpOeKTHPOoBaHUH YyepIKil-
BAJOULIIX COOPYXKeHHH M MIaHHPOBOYHBIX pabOT Ha ONON3INX,

AJs1 cjaydyaeB, Korjga eaHHIIYHOe OnoJi3HeBoe JaBJieHiie OoTpuiaTesnh-
HO, JAOTOJIHUTE/NbHAs HArpy3kKa Ha CKJIOHe He TNpHBeAeT K HapylueHIHIo
€ero paBHOBECHH.

OnoJssleBoe naBJieHHE OT KaXXAoro orceka onpenpeditrcs no ¢op-

MyJsie (MpH HaJHYUH THAPOJHUHAMHYECKOH CHJBl H CelicMHYECKOro BO3-
LeiCTRHS)

Ei=K}* (eon-iaihcp-i+Qci+f£). (109)

[Ipn yueTe ruipoAHHaMHueCcKOro nasJieHHs (pHabTpaulionnoil cH-
Jbl), CO3/1aBaeMOro CIUIOLIHbIM MOTOKOM TpPYHTOBLIX BOJ, OO0BeMHbIi
Bec IpyHTa cjaefyeT HNPHHHMATh B3BelleHHblM B Boje. Ilpu crpyiiua-
TBHIX MOTOKAX IPYHTOBBIX BOA GObeMHBIl Bec rpyHTa ciaeliyeT HpHHH-
MaTb B €CTeCTBEHHOM COCTOSIHHH. [IpH OTCYTCTBHH TpyHTOBLIX BOJI B
Hamicauno#t ¢popmyse npunumalor j;=0. Ilpn pacnonoxenu cxaona
B HecelicmuueckoM patione — Q¢;=0. Ky B ¢dopmyne (109) Taxxe
ocrapJetio, Kak y Jl. Il. flcionac, MHOMIITENIEM KO BCCMY BLIpa>KeHio,

[lonnoe omnoJsisHeBoe AaBJjeHHe B KOHUE Ka)XAOr0o OTCeKa, Kak Il pa-
Hee, pPaBHO:

Eon.imEi‘l'Eou(i-—l) COS| Qi) — Ai ' :

Taxkum oOpasoM, mocisienoBaTtesbio poGaBisist (HadiiHasi OT BepXICry
OTceKa) K Eop.; 3HauveHlss NPOCKUHH HA COOTBCTCTBYIONLIE lianpapJe-
HIIsT BceX Lon(i—y), onpenensieTcst XEon, T. €. 3HaueHiie OHOJ3HCBOTO
AaBJIEHHUS1 B KOHLE COOTBETCTBYIOLLEro (-ro OTCEKa OT BCell BLIlleJie-
XKaued 4yacTi onoa3Hsa Ha HalpaBJ/JeHIil HOBCPXHOCTIL CKOJbLIKCHIST B

AaillHOM oTceke. 3aTteM, Kak ObJIO MOKAa3aHo BLILUC, CTPOHTCS 3Ii0pa
OMNOJI3IEBOTO A aBJEHHS.

Ci
flep 1 COS @

{
E,ILIII{II‘JHOE OIIOJI3HEBOE NaBJEHHE Eon.i= ?Cl_‘:rp Sin ((1 '_"(Pz) —
{
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JI. Tl. Slcionac npeanaraer onpenensitb ¢ NOMOLbIO rpaguKoB 3aBH-
CHMOCTeIl KaXX/Z0TO H3 YJIeHOB [aHHOTro ypaBHEeHIS:

yMelblUaeMoro -— OT ; INPH pa3JIHYHBIX 3HAYEeHHAX a; (AJST KaX-
I0r0 KOHKPETHOTO 3HAYeHHS VYi);
BpiuliTaeMoro — OT ¢, NpH pa3jnuyHblX 3uaueHnsix /gy, (cosa; B

¢hopmysie JI. Il. Slcionac orcyTcTBOBaj, Tak Kak Hhcp; MNpPHHIIMANOCH
[leplueHAUKYJAAPHO NMOBEPXHOCTH CKOJbLXeHis).

[TockonbKy 1uepBasi 33BHCIIMOCTb CTPOHTCS AJST KOHKPETHOTo 00b-
eMIIOro BeCd F'PYHTa v, TO Taklte rpadgukn yuodbinl JHlbL AJAA CKJAOHA,
CJAOXKCHHOTO NMOJHOCTbIO OAHOPOAHBLIM TPYHTOM. B NpOTHBHOM chyuae
HEOONOIHMO AJsT Ka)XUoro OTCeKa CTPOHTh CBOIl 3aBIICHMOCTH, YTO
HCPAUHOHAULHO.

O6mne 1padukil mJst pasiyHblX IpaKkTHYECKHX cJyyaeB aBTOpPOM

e ObLLJI [IOCTPOEHLL.

2.13. Meton JUHTa

Hanuwii Meroy paspatGoran Ha kadeape OCHOBaAHIN H (yHaaMell-
ToB JlHenponeTpOBCKOro HHCTHUTYTa HHXKEHEPOB Tpalcnopra aBTopa-
Mit b, B. BecenosckiMm, A. I. Hopdpmauom, II. B. CmupHoBLiM H
M. . llesuenko nog pyxopoactBoM A-pa T. H. M. H. TlNonpauwreiina
[1, 9]

Metox paer BO3MOXKHOCTL pPacCUliThIBATbL ONOJ3HEBOe JjasJelile I
VCTOIUIIBOCTL CKJIOHA NPOTIHB Nepenon3aluss TPYHTa uyepe3 YyAepKII-
BAOMLYIO KOHCTPpYKILHIO (oOuiiil Ko3d@uulleHT YCTOHYHBOCTH CKJIOHA
9THM METOJAOM le BLIYICASIEeTC ).

9

floseprriocm
CHOM KEHU S

Puc 19 Meron HHIITa:
a — OfoJ3HeBOH CKJOH; 6 — cxeMa [-T0 OT-
ceKa
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Ilast omnpenesieHHsT OIMOJI3HEeBOro JAaBJeHIss H TOUYKH MpHJOXKEeHNIs
OMOJI3HEBOH CHJIbl BECb MACCHB TpyHTa, OFpaHIueHHbll CBOOGOAHOI]
MOBEPXHOCTLIO CBEPXY M TMOBEPXHOCTHIO CKOJbXKEHHST CHH3Y (KoTopas
npejniosiaraeTcsl 13BecTHoll), pas6upaetcs na otceri (punc. 19, a).
[IpH 2TOM CUHTaETCSsl, YTO IPYHT BAOJb MOBEPXITOCTH CKOJILKCHHS 11a-
XOAHUTCS B NpefesibHOM COCTOSIHHI.

B cooTBeTCTBHII C 06GO3HaYeHHsIMH, NpHBeReuHbIMi HA puc. 19, 0,
pasMephl {-TO OTCeKa TAKOBHI:

Hrp, =Nl i1 — aitg ari+aitg agi=lep, i-1 +ai (tgagi—tg ai); (110)
b=t
.  — a‘ . b — a‘ L]
hrp,, 1 == Eﬂﬁlh (tg ok — tg U»lh) y Z‘l“‘“" cos a1’ l:-—- COS ot
- liep., i—14Nep, 1 . Nep., =1+ hep., 114 a; (g agy—tg o) -
cCp.t — 2 2

= Nyp. i—y + ;i (lg agi —tg ayi) =hrps — a; (tg agi — tgaii) +
h=1

+ 2 (tg aos —tg ai;) = 2 ar (1g aon — tg ajn) —

h ==l

(tg agi —tg ays).

Iep.i; Mip.,icy — TpaHiulble BepTHKaJbHbIe pasmepbl orceka. Bec or-
ceKxa paBeH:

h == a

vi[2 an (tg ase—tgam) — —5—(gai —tga)) (1)

CuJipl, AelicTBylouUlle Ha OTcCek, Nnokal3aHbl Ha puc. 20, a. CuenJe-
HUe 3aMeleHO CXKHMAIoUIHM HanpsizKeHIeMm

- C
9= tgp (112)

[Tono6bno Tomy, xax 310 genajochk B merojge P. P. Hyraena, npi-
HIIMAaeTCsl, 4YTO peakiid no OOKOBLIM TpaHAM OTCeKa OTKJOHAIOTCS
OT HOpMaJsin Ha yroa /2. [lo ycnoBuaM paBHOBeCHSI CHJAOBOIl MHOIO-

YroJibHHK 3aMKkHYT (cMm. puc. 20, 6).
PaccmaTtpnBast TpeyroJbHilKil, HAaXOANIM:

CB=§ ——; KC=§ailg ayi; BK=ga;

COS (o
a;tg a
£ CAK=arctg TZHE2L (113)
Nuyp=AC= 'V(P +qa)2—|—(qa tg Qo) 2;
t
Bi=<4 DAC =gy — @ — arctg q,f: fq;‘f‘ ; (114)
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Piic. 20. CxeMBl CcHA:

Q@ — CHAL, NeNCTBYIOHUEe HAa OTCeK; 60 — CHJIOBOH MHOTOYroJbHHK
_ 0 P qai tg au
Pr=L DCA= 2 2 +arctg Pi+ga;
3
Bs=LADC=5— B — Ps= —5— + —5— ¢ — a3 (115)
ﬁEinp_ anp . L "'"'"'" - ) —-" ND Siﬂrﬁ_;_ ]
s = > AEmp=V(Pi+§ai)*+ (qailgax)® G5 (116)
R
Linp=Ei—1,up+ALinp; Einp=hElAEka; (117)

NK;=Eipsin ——; CKy=Einp cos —y—; KoM=Einpcos -~ ghup, i;

2 2
E,=Y (Ep sin—g—)?+ (Einp cos —y——hrp.)? ,  (118)
rne Linp, — npusBesentoe 00KOBOe AaBJjeHlle,
£ — papHoaeilcTBYIOLIAA OMOJI3HEBOTO JaBJIEHHSI.

Yrosa HakJoHa paBHOJAEHCTBYIOIEH K TOPH3OHTAaJNH oOlpeaessiercs
no (¢qopmyJic
T
Einp sin ——

(119)

Q= ZLNMKy=arclg

Eiup cos %—-——Eihrp.. {

Paccrosiniie ;A oT HiXueil TOYKH OTCeKa A0 TOUKH MNPIJIOIKEHHS

ciant £y pashuo 2 (puc. 21, 6). as nepBoro orceka M3 pHc. 21, a
IIMeeM:
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Q 1 a1 ay

2y = ( A tg as ) tg @)1= —— g B+ tgas;

<1= - ‘;I (tg61+tga2l) (120)

JInis BCEX OCTaJIbHBIX OTCEKOB 2; olpenessieTcst cjeaylowimM oOpa3om.

Koopnunata A/l TOYKH NPHAOKEHHS paBHOAelicTBYIoUieil onoasie-
BOro HaBJIeHHSsl olpelensieTcs H3 YCJHOBHSI paBelicTBa HYJI0O MOMEHTOB
cutt E; n E;_; orHoclTenpHo Toukd O;. Ilneun cun £; n £;-, ob6o3na-
ydiM COOTBETCTBEeHHO uepe3 L; 1 L;—;. YcaoBlie paBHoBecHs 3amiuler-

¢ B BHAC
EiLiy+E:L;i=0. (121)

PacueT BejeTcs nocJjenoBaTesibHO OT NEpPBOro [0 mochieniero orcexa.
Mast i-ro OTCeKa HMeeM:

Li-_l — OiC’i; L,'= O,'Ci.

M3 pacuera i-—1-ro orceka H3BeCTHBl IWleyll NPHJIOKEHHs CHJDI
Eiy:Liy=0i4C" 1 zi-1=A,F.
3 puc. 21, 6 uMeem:

G-

Puc. 21. Onpenesenie TOYKH NpHaoxenus cuasl Ly

a — JJs 1epBoro orceka;, 6 — anf i-ro orceka
FM= gi tg doi, A1M=2i—1+ azf tg Lai. (122)

Han onpenenenns nuaeda L; COEAHHSIOTCS TOUKH NplJoxenus: £
H E; ¢ Toukoit O; orpesdkamn A,0; n1 AQy; 13 toukn O; NpoBOMHTCS
roprzouTasbuast JAHHIS KO nepeccucHnst ¢ JHHuell apelicrous ciant L.
M3 nosayuenneix TpeyroJibHHKOB HAXOLATCH:

a; _
;= ZMAIO,;': arctg -ﬁzi_lm ,
— _______ai_______ . !.-—— ﬂ — . a— »
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SiﬂéOiA]Cfi—_-COS(@i——l‘l‘(Si);
Li_=0.C’ 08 (8i—1+8:); Li= -E-‘:-!——L:—l;

2 sin O; E,
Li= =g% - g 08 (8ii-+8);
ZABO=8,; 08— st B =it ——3 -
Afl= (o~ —3—)1g (123)
Al — opnuHaTa 104Kl {IPHJIOKEHIst onos3HeBoro nasJjaenns. Pac-

cTosiniie 2, OT HIXKHell TOYKH CTceKa A0 TOYKH NPHJOXKeHHA Cuabl Ej
Buipakaercsi oKoHuateabito (popMyJiofi

siéf(ﬂ: - [;‘ ) tg B:+ - 5 tg ao:. (12:4)
Takum o6pasom, NMOJHOCTLIO OlipeJeJieHa Mo BeJHyliHe, HaNpaBJeHHIO
I TOYKe IIPIJIOXKEHHST paBHOAEHCTBYIOLAS OIIOJI3HEBOrO JAaBJieHlis.
st onpegenetliss BO3MOMHOCTIL Nepenon3dalis rpyura yepes yuep-
AKUBAIOULYIO KOHCTPYKILHIO PACCMATPHBAIOTCSI HECKOABKO IHPH3M BbI-
nopa n mJasi Kaxuaod naxoaptrcs tpebyemoe pasJdieHiie £, (KpuTilye-
CKasi CHJIa, CONPOTrHBJSIONIASICS BBHINOPY, IJIKH CHJIA BLIOpA), KOTOpOe
3ateM CpaBHilBaercsi ¢ ONOJA3HEBLIM Aanjenuem Lon. Ecan Eqy,>Eon—
Buinopa Het, eciit Erp<CEyy — NpPOHCXOAUT BHIIOP TIpyHTa Il nepe-
oJi3aHiie ero uepe3 YyAepXKHUBawllyio KoHcTpykuiiwo. [lpeanonaraer-
Csl, UTO JIHHUS BblIIOpAa — INpsiMasi, U, HHa4dliHas C OTCEKOB, NPIMbIKAlO-
X K yAepKHBaioutell KOHCTPYKUHH, HaMeyaeTCsd HECKOJbKO MNpi3M
BoiNopa. CorJacHo pHuc. 22, ¢ onpepessiloTcsi reoMeTpiiucckiie pasme-
pul i BeC KJlila BbUIHpaHlist (Ha pHCYyHKe 3awiTpuxoBai). [Ipi sTom
pasMmepbl I'palHUuiblX CTOPOH KaxAOro OTCeKa, B 3aBICHMOCTH OT €ro
MecTopaciloJioXKeHlss, ONpelesisiloTcsl Mo OAHOH 13 caeayiownx ¢op-

MYJI:

2,-,:(

g(
' Ep 4
Nﬂﬂ »
o » ]
Nac
& p
£
v |
i
\ v
N I
5 n
Puc. 22. Onpenenenite CHABI BHINOPA:
a -— CXeMma KJAHHA BHIupanus;, 6 -— CHJIOBO MHOTO-
YTOJbHHK
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k==|]

hyp., i-1=No+ (tg a; +1g ag) Zlah; (125}
h =
he1i
hrp, i=le+ (g oy —tg ag’)hzlah, (120)
~ne /o, — BLICOTA TIpaHil OTCeKa, NpHMHIKaUel K yAepXHBaloUel
KOHCTPYKLHH;
iy — BBICOTA OTCEeKa B 'rOYKe I3JI0Ma MOBEPXHOCTI CKOJbIKEHIIA,
/ K ==1{
Bec xanHa P= -—""—-I-é"-"'—-"'— - 20y, TApaMeTpHl JHIHHH BBHINIOPA:
K=1
h={
hep., 1 —tg o1 2 an
Ah={ R ={ vw |
le=V (Zag)?+ (frp,i—1tg a ) ak)2 Bi=arctg — (127)
~= Eah
he=l

Ha puc. 22, 6 nocrpoedH CHJIOBOH MHOroyrojiibHukK, B KOTOPOM
AC=P; BC=C=clc=¢qg (cuensenHe rpyHra Nno HOBEPXHOCTI BLIIH-
pauusi); AB=N'y, — paBHOAeHCTBYIOIIASS Beca H CUEIJIEHHS,;
BE=Ny, — peaxkuHsi HENOABMXHOI0 MaccuBa rpyHra; AE=EL.;, —
Tpebyemoe papaene. Peaxkuus Nyp OTKJAOHSETCS OT HOpMAaJaH K ILJIO-
CKOCTH CABHIa Ha YroJ BHYTPeHHero TpeHHs rpynra . Cuna, HeoO-
Xoaumas Aad TOro, 4ytobel NPOH3OLIEN BHINOP, Lyp OTKIOHAETCS OT
FOpH3OHTAJAH Ha yroa O (cnocob ero onpeneseHHsT H3JOXKeH BhIle).

JHononHuTeabHo npopogurcs orpe3ok B 1 AC. U3 paccMmorpennsa mno-
JYYEHHbBIX TPEYTOJbHHKOB BHITEKAaeT:

CA=gsinpy; AB=qcosP; Al=P-+qsinp;

, _ L _geosfPy
N'up=7V (P+¢qsinp1)? + (qcos p1)? LAAB=arctg pizsinp;

ZABC= g — (B +arctg Pi?;ﬂ?}h“ );

/. CBE= LBAE—-A- - +0 — arcig pq; (;;Oiiﬁlﬁi ’
LABEz-—%- -— LABC+o@=0¢+ B +arclg Pi?:iﬁlﬂl ;

LAEB=5— / BAE — ZABE=gn— g — O+ arctg ﬁizo:iglﬁ? o

qeosPy oo o
__(p_.__ﬁl—-arctg p'{*QSiHﬁj =3 @ @ ﬁl*
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A"||Ir Erp

up
sin<AEB =~ sin<ABE
BbIUHCAAETCS 10 hopMmyde

in<ABE .
ETp:-§;2<;qEE~ (P+¢gsin )2+ (gcos By (128)

JTaHHBIH aHaMUTHUECKHH MeTod onpejresieHHsT OMNOJ3HeBOro JasJie-
HHA MOXXeT ObLITh NpHMEHeH K pacyeTaM ONOJ3HeBbLIX CKJOHOB, HMeIOo-

UIHX pasJinyHble pedbed H ¢GoOpMy NOBEPXHOCTH CMeLIeHHs, J1000e
reojiorquecKkoe crpoende. llpu 3TOM B pacuyeT BBOAATCA XapakxkTepl-

CTHEN TPYHTa, NoJyHdeiinple ¢ yUeTOM ypJjarKieniisi onoji3iensiX CKao-
HOB I II3MEHEeHHS HX B pe3y/bTaTe Ce30HHLIX KoJsieOaHHI KJalMariue-
ckix ¢akropos DBpniy Ttoi0, 4TO BbIBeaeHHbIe (QOPMYJAbLl AOCTATOUYHO
HPOCTL!, TNPOrpaMMIPOBAHIe pacyeTa e Bbi3niBaeT 0COOBIX 3aTPYA-

[Io TeopeMe CHHYCOB , OTKyJa CHJIa BHIOpa

neunii. TlporpamMa BoiypcsieHHit COCTOHT H3 ONepallHi  1nocJjejoBa-
TeJILHUI O OllpejeJelnst Bcex MapaMeTpoB, YUaCTBYIOIHX B pacuere.
ABTOPLI aMOr0 MCiona He npiBedai ciocoba yuera celicMiiuecKo

I rugpoiiiaMiiiechoit e, Mt npHd BolYHCJENHH HaCTOAMLLUIIM MeTOo-
HOM ONOJ3HeBOr0 AaBJeHiist B CeliCMHYECKHX paHoHax H INpPH HaJHYHH
[IOTOKA TPYHTOBLIX BOA OyAeM, ¢ HEKOTOPHLIM NpHOAHIKeHHeM, NOJb-

30Ba1LCsE (pOpMYJIOH AJist pacyeTa NPHBEIEHHOro OGOKOBOro AaBJieHUA
B KaxJI0OM OTCeKe:

h=/{

Emp"“—" 2 (AEknp‘*“ QGH‘I’"iI{)r (129)
k=l
rae ch H fH — COOTBETCTBEHHO ceHCMHYecKass H rnHapoaHHaMIive-

CKasi CHJIBI B KaxKAOM OTCEKE, olipeaeJjisieMble CIHOCO-

OaMH, H3JIOXKEeHHBIMH B IpeAblAVUIHX MeToxax pac-
yeTa.

ABTOpLI He NPHBEJH CTPOMHHOro aJropHTMa IJisl BBIYHCJEHHS OIOJI3-
HeBOI'0 AdaBJellsl BPYYHYI0O. DTO He JaeT BO3MOXKHOCTH HCNOJb3OBATH
laHubiil MeTo) NpH onepaTHBHBIX pacyeTax 6e3 npuMeHeniss IBM.

K HemocTaTkaM MeToJa cJieAyeT OTHECTH H OTCYyTCTBHe cnocoba
yueta TpebyeMoro kosdh¢uuHedTa YCTOHUHBOCTH INPIH BBIYMCAEHHUH
pacueTHOH BeJIHYHHBLI ONOJ3HEBOro JaBjeHHs (Tak Kak cABHraloliHe
Il yAep:IKiBaol(He CHJALI 31ech He pasaeJdsiiorcss). Kak Obijio moxasa-
IO paHee, YMHOMeHIle Ha Ky nojsydyaeMOH BedluilHbl Lop sIBASIETCA
HenpaBHJabHbIM. OAHAKO B BBLIYHCJEHHsIX, KOTOpble HaMH OYyAyT BBbI-
MOJHSITBCA [AJA CpaBHEHHS paccMarTpHBaeMbiX MeTOHOB, Mbl, 3a He-

IMeHlleM [HOro croco6a, 6yaeM onpeneliATb pacyeTHOe OlQJi3HeBoe
fapJjeyiie 1o ¢gopmyJie

p
E0H=KYEOII' (130)
B nesoM xe mMeron Moxer OblTh onpoOOBaH nJsg pacueTra INPOTIHBO-
OTIOJI3HEBBIX YAEpPXKIBAIOIHHX KOHCTPYKUUHN, XOTA OH II BECbMa CJOXeH.
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2.14. OnpenederHyde HaBJEHHA OT NPU3IMBDI
oOpyuieHnsa no teopun KyJona

Kak HM3BECTHO, B CTPOHTEJNbLHOH MeXaHHKe NaBJeHHe Ha NOLNOPHYIO
CTEHY OT Orpa)XJaeMoro el rpyHTa NPHHATO, OCHOBBLIBASICH HA rIiNO-
tese KyJioHa, onpefensiTb KaKk aKTHBHOE [aBJieHIIe CBHIIYYero Tesa.
[IpeanosiaraeTcst HEKOTOpas; BeCbMa He3HAUHTeJsibHAsI NOABIDKKA CTe-
Hpl OT MAaccHBa, KOTOpasi BLI3OBET OTHeJsieHlie OT Cbilyyero Tena He-
koTopo# mpuamsbl rpydra. [Ipi 3TOM 1npepnoJiaraercs, 4To CABHT IIPO-
HCXOOHUT IO IJIOCKOCTII I chinyyee TeJo B 00beMe YIMOMSIHYTOI HPI3M
capiracTest, npuuss ¢opmy 3artsepiaesulero xanuna. danaenie Ly,
NPON3BOAIMOE CHLITYUHM TeJOM 1ia CMEeUialolyiocs CTenky, To ecrh
jpaBJeHHe OT 23TOro 3aTBepAeBUIerc KJHHA, Ha3biBaeTcst aKTIBHBLIM
napJjeHHeM rpyHra. Ha 3to nasiensie E; OOBLIYHO H pPacCUHTHLIBAIOTCS
nojropHbie CTeHsl, YCTOH MOCTOB, Habepexxkunle H T. N. HaoGopor 1npn
HaJABHIKKe MOANOPHOH CTEHBLl HA TPYHT (HaAnpiMmep, B ypoBHe 3anCiKi
cTeHbl HHXKe JHEeBHOH MNMOBepXIICCTH) BO3HIIKAGT TAaK HAa3biBaeMoOC Iac-
cupHoe paBjeHne rpyura L. B yactHOM cayuae, npil ropnsoHtaib-
HOH IOBEePXHOCTH chinyuyero Teja (rpyHTa), BePTHKaJbHOI1 3aaneil

rpaHH NOLNOPHOH CTEHB! H OTCYTCTBHH CUEIVIeHHs, 3TH JaBJielils, Kak
H3BECTHO, PAaBHBI:

Ea= — yH2tg? (45°— -2 ); En= — yH2tg? (45°+ L) (131)

[Ipu cBsiznoM rpyHTe (HaJHYHH CUENJIEHHS) STl pe3yabTHpYIoULle
JAaBJeHHs BhIPaXaloTca QopMyJaMH:

Ea= 2 tg? (45°— -2) — 2cH tg (45°— L) + 22

.
’

2
- (132)

Y
En= —o— tg? (45°+ <-) +2cH tg (45°+ —- ).

[Ipaktuka mnoxkasasia, uTo HecMOTps Ha pag aonyuierii, pacuer
Ha aKTHBHOe JaBJieHHe TpyHTa B OOJBbUINIICTBE CjAyuyaeB [aeT JAOCTa-
TOYHO HaJeXKHble MOAMOPHLIE CTEHHI,

Onnako Tak pewaercsi 3amavda B OOBIMHBIX (HEOMOJA3HEBBIX) YCJIO-
BHSAX.

B npaxktuke npoexTipoBanHsl YIAEPKHBAIOULIX KOHCTPYKLUIIT [0
MOAMOPHLIX CTEH Ha OION3HAX TaKxXe HepelKO NpH onpejeneniin jlas-
JEHIS 11a TaKoe COOpyXKeHnHne OT ONOJ3HA coBeplwieHHO Oe30cHOBaTe/Ib-
HO 1OJb3YIOTCSt NMPHBENEHHOH Bbille (GOPMYyJOH aKTHBIOrO jaBJjetis
CbINyyero TeJia, He HMelollero Huyero ofuero ¢ AefCTBHTEJAbHLIM AaB-
JIEHIIeM Ha KOMCTPYKIHIO B TaKHX chayuaax. Taxoe onpenenenne onons-
HEBOTro pgasiseyid OJs pacuyeTa MPOTHBOOMOJM3HEBLIX COOPYIKEHIl siB-
AeTest riy0OKO OWOOYHBIM U BbITEKAeT 3 HENPAaBHJLHOIO NpPeJCcTan-
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JIeHIIsT 0 CYIIHOCTH aKTHBHOrO HaBJIeHHS W JAaBJIeHHs OT OIOJI3HSI HA
YCTpAHBAeMyI0o Ha HeM YJAepKHBAIOUWYIO KOHCTPYKIHIO.

OnoJsizHeBoe JaBJieHlie onpeaensercds H3 pacCMOTPEHHA YCJIOBHH
paBHOBECHS BCero OMOJI3HEBOI0 MaccliBa, a He YacTH ero, B TOM YHCJe
B Bllie KJHHA, KOTOPbI, KAaK JierKO NMOHATb, HA OMOA3He (HEeYCTOHYH-
BOM 11 TpefywouieM yaepKaHusi) He MOXeET HMeTb 3HauyeHUs. 3Aech
NOJXKHA TNpeAnosiaraTbCst HeKOTOopass MHKDPONOABHIKKA YAepXKHBAIO-
et KOHCTPYKILMH, NP KOTOPOH NPpOH30igeT cMelleHHe, HO HE 4YacCTH
MacciiBa B Biijle KJHta, a BceX onoJidHenuix macc. B takoM cayuyae
Aast offecneyediist ycToluiiBoro COCTOsIHHSA ONOJI3HA YCTPOIICTBOM yHep-
KIBAOHEN KONCIpYyKItHi nocjaennsast 4OJKIIAa AaTh B CTOpoHY, obpar-
Y10 JABINRKCHIIO ONOJ3IsS, peakuiio, paBHylo pa3HOCTH MeXJAY aKTHB-
HLIMIT (CABHTAIONINMIE) I pPEaKTHBHBLIMI (CONPOTHBASIOWHMHICA CABH-
ry HAOH YAePHUBRAIONNIMNE)  cHAaMi IO BCeil NMOBEPXHOCTH cMellleliis
ofodsnst TakKas KOHCTPYKIiLlsl ApHBedCT OMoJideHb B COCTOsIHIE PAaBHO-
Beciisi. Ha Beainunny cH/bl ONOJA3HEBOro AaBJselHHs, paBHOIl 3TOH IIO-
TpebHHOoIl peakulin, ¢ yyeTom HeoOXoAnMoro xo3@dQiuunienta 3anaca
(i Tpedyemoro Ko dpHuHeHTA YCTOHUYHBOCTH) U IOJXKHaA OBITL pac-
cylnTala NPOTHBOOIMOJ3HEBasl yAepXKHBalomasa KOHCTPYKLHS.

AxTiiBHOe aaBJjicHlie TPYHTA IIO0 TeopHH KyJsioHa H onoJ3HeBoe HaB-
JIeHlle OT HeycToltyilBOTC IpPyHTOBOrO MaccHBa -—— BeJIHUHHLI COBep-
lIeHH{o pasJillyHbie H HX HE cjeAyeT CMellHBaTb. YHCJIEHHO OHH MOTYT
COBManaaTh, Kak Mbl YBHAHM B JaJibHeHlleM, JHWbL B TeX cCJaAydasx,
KOrga Mo 3aKOHOMepHOCTSM ONOJ3HEBLIX NpPOIEeCCOB PaCCUHUTHLIBAETCS
BePTHKAJAbLHBLII OTKOC C TOPH3OHTAJbLHBIMH (BepXHeil W HHXKHEH) IHo-
BEPDXHOCTSIMH TpyHTa, NpH OAHOPOJHOM CJIOKEHHH CKJOHa, 0e3 yuya-
CTHSI THAPOAHHAMHYECKHX 11 ceHcMIIYeCKHUX cHJI. IIpuueM B IrpyHTOBOM
MACCIIBe TP 3TOM He JOJIKHO OBLITh HUKAKOW HHOK ocnabaeHHOH Io-
BEPXHOCTH CKOJIbXeHHs, KpoMe noJyydalouieicss no teopuu KyJona.

KKcTraTii, coBepuleHHO HEMOHATHO, 110 KaKHM COOOpaKeHHUSM TMpPOeK-
THPOBILIKI ONpenesisiioT . ONOJI3HeBOe [aBJieHHe HMeHHO KaK AaKTHB-
Hoe. TlOCKOJILKY Becb IPYHT HaJABHTAECTCSI HA YAEpPKHBAIOWIYI0 KOHCT-
PYKUIIO (YTO aHaJOrn4HO HaJBIHXXKe KOHCTPYKUHH Ha TPYHT), TO JO-

'p" L L

Jeucmeumens- Ea,n
MO R DO8ERHOCTTS 1. It x
CXOANERHY

MpuMe ofpgusenus
no meopuy Kyrono

\y

Piic. 23. Meroaw, ocHOBaHHLIE Ha Teo-
pun Kysaona
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rHyHell yK ObljIo OBl onpenensitb ero Kak HacCHBHOE, XOTsl, pa3yMeer-
csl, H OHO HE HMeeT HHuero oOiuero ¢ ONOJ3HEBHIM AaBleHUHEM.

UroObl B AaJbHEHIIEM Yy MPOEKTHPOBUIHKOB He BO3HIIKAJO HCKYLIe-
Husg NPHMEHATHh runote3dy KyJsoHa s onpejielieHHs OMOJI3HEBOrO J1aB-
nmeHus, Mbl BBeleM B oflllee UHCJEHHOe CpaBHeHIle paccMaTplpaeMbiX
MEeTOJIOB H [HAaBJIEHHs, onpejeseHHble, KAK aKTIBHOE H naccliBHoC Mo
Kysony. IloBTopsieM — neJsiaeTcs 3TO TOJBKO JJist TOrO, UTOOLI BBbi-
gBHTH, HACKOJIBKO BeJiHKa pa3HHLa MeXAy 3THMI cnocofamil pacuera
U MeTOJaMH ONpenejeHUs HCTHHHOTO OINOQJI3HEBOro naBJjieHlis.

dopMyasl IJs onpejesieHdss aKTHBHOTO H IACCHBHOTO AaBJenst
CBSI3HOTO T'PyHTa TP HAKJOHHOH ero mnoBepxHocti (puc. 23) 1 npu-
HATHH yrJja TpeHHs 00 YAepXKHBAWIYI0 KOHCTPYKIIHIO paBHLIM HYJIO
Bo3bMeM 6e3 BBIBOAOB H3 HOPMATHBHONH JuTepaTtyphnl (21]:

oy cos P sin ag . cospPecosq

Fam =9 T (ot P e (@i 2 Sz (et 0 (199D

_ C
‘ Py sin (u+ @) + L cos ¢ (g2 (45°40/2) (134
EH—-— = —— — ' )

cos (a+ )
rpe P, — Bec NpH3MBI BBHIIOPA;
L — JJIHHA NJOCKOCTH BBLINIOpa IpyHTA.

Bennunnbl Eq U £y MO HaNHCAaHHLIM (POPMYJaM ONpPenessiioTcs: Moji-
60poM MJIsI HEeCKOJNIbKHX BEeJHYHH YIJIOB 0o H a. 3a pacueTioe Mmpil-
HUMaeTcss HauOoJibluee H3 BHIYHCJAEHHBIX TaKHM o0Opa3oM 3HaueHnll
Ey unu En. Ilpu 3ToM npH onpejesieHHH AaKTHBHOIO JaaBJieHlsl pac-

yeThl MeTOAOM nojgbopa peKoMeHAYeTCs1 HauHHaTh € yria ao=495" g?
a NMpH onpeleseHHH NMacCHBHOro aaBJieHHs — ¢ yrja a=45° ----E (yr-

JBl HAKJOHA IJIOCKOCTH CKOJIbX(EHHS 1o Teopuu Kysona npu ropusoH-
TaJJLHOH NMOBEPXHOCTH TPYHTA).

[Ipn Hanmuun BOJOHACLILIEHHSI TPyYHTa (PH3HKO-MeXaHNUuecKkie Xa-
PAaKTEPHCTHKH NPHHUMAIOTCS AJs TPyHTa B 3aMOYEHHOM COCTOSIHIIL.
[Tpn Ha/MHYHH HHTEHCHBHOrO NOTOKA I'PYHTOBBIX BOA K 3HadyeuusiM FEa
Han En caenyetr no6aBisiTb BeJNHUHUHY THAPOAHHAMHUYECKOI CHJIHI,
OnpenenenHOd NPHBeNeHHBIMH BbIlIe MeToHaMH. TakXe HeoOXOAHMO
MOCTymaTb H C CeHCMHUYECKOH CHJOH MNpH pacCMOTpeHii CKJAOHOB B
celicMHYeckHx pailionax. KpoMme Toro, monyckaercst ypejnuentioe 3iia-

[tllelme NaBJIeHHSI TPpyHTa OT 3eMJICTPACENIST ONpeieisiTb no (popmyse
1, 16]

ga.n= (14+2utg @) Ean, (135)
[A€ @an — COOTBETCTBEHHO AKTHBHOE HJIH NMAacCCHBHOE JaBJerie rpyii-
Ta;
L — KO3(p(PHUHEHT CeliICMHUHOCTH;
Eayn — akTHBHOe MJIH TacCHBHOe JaBJjeHHe TPYHTa 6e3 ydeTa
CEHCMITYHOCTH.

6—1808 85



[il. AHAJIU3 U BbLIBOAbI
3.1. CpaBHeHHe METONOB pacyera

Jlnst yncAeHHOro cpaBHeHHs NPHMEHSACMBIX METOAOB pacyera onpe-
peastinch gaxTtiiyeckue KO3Q(PHUHEHTHl YCTOHYNUBOCTH I ONOJI3HEBLIE
AaBjenns AJs MATH peajibHbLIX CKAOHOB. bosabwioil ob6beM BLIYHC/IH-
TesqibHOIT paboTul OblA npoAenaH ¢ noMowbio IBM «Munck-22M». Ha
OCHOBAWINT 3THX BLIVHCAGHHHA MJSI BCeX CKAOHOB MOCTPOCHLlL IMIOPHL
ONOJ31eBOro AasJjeHus (puc. 24—28), KorTopble H paccMaTpPHBAJHCH
IpH aHaJlii3e MeTONOB pacuera.

Ilo smiopaM onpeaesstinch BeJIMUHHLI ONOJI3HEBOTO MAaBJEHHST IS
ceuetiiifi {—1, 8 KUTOPBLIX OPOEKTHPOBAJIHCL NPOTHBOOOJ3HCBLIE YIep-
KHBAOHNC KOHCTPYKIHN ray0oKoro 3anox<enus. 3TH BeJlYliHbl, Tak
Ke KaK M 3Hayenust pakriueckKux Ko3QpPpUuienToB YCTOHUIIBOCTH KaXK-
AOro CKJAOHA, npligejleiist B Taon. 6.

[fa pucynnax n B ta6/. 0 KOHKpeTHDbIE ONMOJA3HeBLIC CKAOHLI 00031ia-
yenb ycaoBHbiMi wudpamii. B paspe3de CKJOHA IOCTPOEHB! JBe MNO-

BEPXHOCTH CKOJIbXKEHHA: CIJIOUWHOH JIHHHEeH — IllepBoHayvyaJsbHO HaMe-
yasluasicst no  MarepHasjgaM  HHXKeHepHO-reoJOrHuYecKHX M3bICKaHHH,
NYHKTHPHOI -— pacueTtHasi (3KCTpeMadib), NOJydeHHass B pe3yabTaTe

BapiauloHHbIX pacyeTos.

K coxajleHH10, B HATYPHLIX YCJOBHUSX ACHCTBUTEJNbHbIE MAKCHMAJb-
HbI€ OMNMOJI3HeBble AaBJICHHS [PAKTHYECKH ONpefeNiUTh He YyAaeTcs H3-
34 HeCcOBEepUWEeHCTBa H3MEpHTeNbHBIX NPHOOPOB, CJAOXKHOCTH YCTaHOB-
JEHHT MOMEHTa MnostudeHHs NpefedbHOro (KPUTHYECKOr0) COCTOAHHA
B cKJioHe 11 T. A. Bce ke B oanoM u3 ckaonoB (KT-1859) aBropy yaa-
JIOCb 3aMepHTh OnoJi3lieBoe faBjeHue KOCBEeHHLIM nyTeM — ¢ TIO-
MOLILbIO H3Mepenliss HalpSKEeHUH B TEH30CBasX, OCTABJIEHHBLIX B TpPYH-
TOBOM MacciiBe Ha JHTeJbiind cpoK. Kak BHaHo 13 tabha. 6, BeJH-
YiiHa 3TOro JanjeHns npudjauxKanacb K 3HAUeHHSIM, ONpejeieHHBIM
merogami H. H. Macnosa n I'. M. Waxyuanuna. Ecan yuects, uTo
MOMEHT IIpefesibHOro COCTOsIHIA B CKJAOHE MOor ObLIThb ellie He JOCTHr-
HYT I ¢akKTtiyecKiie AapjieHHs CO BpemMelleM OKaxKyrcsa OoJibile 3a-
MepeHHBIX, TO CJieAyeT CUHTaTh pPe3YyJIbTaThl, NOJIYyUeHHhie MEeTOLaMHU
[1. II. Macnosa (ropusontranbHuix cuna) 1 ', M. axynsauna, nau-
G6oJiee OJII3KIIMH K AEICTBHUTEJbLHBIM.

B ocrtanpHbIX cayyasx aHaJH3 MeTOJOB pacyeTa MNpPOH3BOAHJCSH,
IICXOASl 113 peaJibHOro COCTOSSHUSI CKJIOHOB. Hanpumep, no HX OMHOJI3-
HEeBLIM MOABHIKKAM OPHEHTHPOBOYHO YCTAHABJAUBAJCA KOIP(PHIHEHT
YCTOHUIIBOCTH, KOTOPLIH CpaBHHBAJICHA C BeJHUNHAMH, onpeleseHHBIMH
pasalyHpiMi MeTosaMu. [IpH HaJHYHH ONOJIBHEBBHIX NMOJABHMXEK H SIB-
HOIl aKTHYeCKOH HeYCTOHUYUBOCTH CKJOHOB (HJAH COCTOSIHHA, OJIH3-
KOro K NpejesbHOMY) HenmpHeMJeMblM CUHTAJCA MEeTOMH, KOTOPhIi Ha-
BaJl OTpHUaTeJbHbIe BEJHYHHLl OMNOJI3HEBLIX NaBJEHHH.

BaxubiM ¢QakTopoM npH aHaAH3e MeTOJ0B pacuera fBJAsJach M
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Puc. 25. Tlpogonxenne cpaBHeHHA

aGCcoJIIOTHAsT BeJluliia I[oJyuaeMblX ONoOA3HeBbIX JaBjaeHHH. JcHo,
YTO MpI NPOUIX paBHLIX YCJOBHAX NPeAlouTeHHe JOJIKHO OTAaBaThCH
TeM MeToJ/laM, KOoTophie aaior 60JblIHe BeJHunubl. Torpa aiobdass HMelo-
11351051 HETOMHOCTL B HCXOAHDIN JIONOXKEHUSX B IpoLecce BLITOJHENHS
pacueToB IOHAET B 3armnac.

Kpome TOTO, yuurtelBa/Miich oOLLlle pacyeTHbie NPEATtOChIJIKH, M0JIO-
JKennble B OCHOBY KdiKjA0ro metoya (YROBJAETBOpPEHile TpeM YypaBHe-
HISIM CTATHKU, yueT B3aHMOIEHCTBHSt OTCEKOB, NpaBHALHOE BBejieHlie
3ajlannoro koagigmntenta ycroftuugoern o 1. ). llanpumep, s
CpaBHeHIs ciocodsnis yuera 3afgdatioro xos(duuniieiTa yCTOHYHBOCTH
B 06uLHIT aHaJili3 Oblj BBefeH TaK Ha3biBaeMblil CpaBHHTRJLHLIH METO/,
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Puc. 27. Ilpoaonxenie cpaBHEHHS

a
pacyeTa, B KOTOpOM Ha BeJHuHHY Ky YMHOXaJjacb pe3yJbTHPYlOULas

BeJliiYiHa JAdaBJieHHd, a4 HEe CABHIraloumiHe CHJLI. HpOBepKa Ha MHOI'HX

3
CKJOHAaX IoKa3aJia HeBepPHOCTb TaKoro crnocoba yyera Ky.
Ananu3ypoBajuce H (QOPMBI 3MI0pP OMOJ3HEBOro paBJeHis, NpHBE-
neHHbIXx 1a puHc. 24—28. SicHo, YTO JIHHUA 30I0pbl, KaK TMNpPaBHJO,
NOJIX)KHA, BO-NepBLIX, OLITb OTHOCHTEJNBHO ILJIABHOH, BO-BTOpPBIX, BO3-
pacTaTh MO HanpaBJieHHIO OT OPOBKH CKJIOHA K €0 NMOAOUIBE, B-TPeThb-
X, He IepexofHTh Ycpe3 HYJEBYIO JHHHIO B CJjyyae, KOrjga CKJIOH
HaXOMHTCA B COCTOsSIHI{, OJH3KOM K NpelesibHOMY.
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Piuc. 28. [lpoaoskenne cpaBHeHn!s

3.2. Pekomeunauun 1o npuMeHenuto

Ila ochHoBe npopencHuolv apanH3a cAenanbl CAeayonie BHBOLLL.
st npoekTipoBalNist NPOTHBOONOJI3HEBLIX YAEPXKHBAIOUIHX KOHCTPYK-
1ifl ray6oKoro 3asioKeHHs HalboJjiee NpHEMJEMBIMII SIBASIIOTCS METO-
auvi H. H. Macsaosa 1 I'. M. lllaxyusnua. Ilpunuem npi BbINOJHEHHH
pacuetoB Ha IBM caenyer npuMeHATb MeTOJl TOPIH3OHTAJibHbIX CHJI
II. II. Macnosa nan asvanntideckuit I'. M. Hlaxynsnua. Tlpu pacue-
TaX BPYUYHYIO peKOMeHAYyeTCs HCNOJNb30BaTh pa3dpaboTaHHbLI aBTOPOM
YCKOpeHHBbIlT Cciloco® onpenesieHllss ONOJA3HEBOro JAaBJeHls MeTOLOM
. M. llaxyusanua.

IlocToBepHOCTb MNMPUHATOI METOAHKH npoBepeHa O6ojsiee yeM Ha 60
NMPOTHBOOMON3HEBLIX YAEPIKHBAIOWHX KOHCTPYKIHSAX, 3aNPOSKTHPOBAH-
HbIX H MOCTPOEHHBLIX 3a nochaeaune 12 ner. Cratucrudyeckasi o6pa6or-
Ka pe3yJbLTAaTOB PAacyeToB, a Takxke HaOJIofeHHA 3a MOoBejJeHHeM 3KC-
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nayaTHPYeMDIX COOpYIKeHIli# MOATBEPAHIH, YTO METOAL! [Haxyuania n
MacsoBa AaloT Hanpbosee 6/13K0 OTBedalolie JNeHCTBUTENbHLIM Be-
HUHHBI OTIOJI3HEBOTO JAaBneHus. B Ykpcneucrtpoiinpoekre paspabora-
gbl IPOrPAaMMBl [UJIS1 BBIMOJIEHIISE 3THX pacyeToB Ha IBM.

HanGonee omacHasi MOBEPXHOCTh CKOJIbXKeHHs1 (IKCTpeMalib) MOIKeT
6LITh YCTAHOBJEHA METOLOM NPOOHBIX HNOHNBITOK — MYTEM pacueTra Ko-

3¢ PHIHEHTOB yCTOHUHBOCTH CKJIOHA JJIS PA3jnunbiX MOBEpPXHOCTEl N
npHHATHA TOH, JUIST KOTOPOH Ky MHHHIMAJIeH.

Korpa MOBEPXHOCTb CKOJILXKEHHS He Inpenonpenelena reoJoriye-
CcKMM cTpoeHHeM cKJona It nauboJiee ornacHoe ee MOJIOXeHle HeJIL 35
yCTAHOBHTL MO MaTepiajaM HIKEHepHO-TeOJOrHYECKIX N3bICKanl,
o[I0JI3HEeBOe JaBJjieHHe MOXKHO OnpelensaTh BapHalHOHHBLIMII METOAaMH
pacyeTa, KOTOpble B HACTOAILEH paboTe 13-3a OrpaHHUYEHHOCTH MecCTa
He paccMaTpHBAlOTCA.

Ilns onpenenienst ko3 duueHTa YCTOHYNBOCTH CKJ0HAa, KpOMe Me-
rogoB I'. M. llaxyusaunua u H. H. Macnosa, ponyckaercsi npiMeHsTh

METOABI KPYTJIOUMJAUHAPHYECKOH MOBEPXHOCTH CKOJbXKeHns (Kak npa-
BiJIO, B ogHopoanelx rpynrax) n 0. M. CosoBresa.

3.3. [IpHHUMNNBI NOCTPOEHUS IMIOPbI
OII0JI3HEBOIC AaBJICHUS

B ¢BsI3H ¢ ocBoeHHeM TEPPHTODHH, ILTOPLIE palibllle cCHHTAJIChH He-
IPHTOAHLIMH, B IOCJAe[Hee BpPeMsi BCe LIHpe BLINOJHSIIOTCA ClielHadb-

Hble MOHTaX{Hble paloThl, cBA3anible C YKpelnjeHieM  ONOJI3HEBBLIX
CKJIOHOB.

s pacueTa NpPOTHBOONOJI3HEBHIX COOPY:KEHHI¥ It MpoBepKll YCTOli-
YHBOCTH CKJIOHA A0 ero VKpellJIeHUS W IOoCJje TpeOyercs MO Ka)Kaomy
H3 pacUEeTHLIX NOIepPeuHHKOB, KaK 3TO YKA3bIBAJOCh BHILE, TIOCTPONTH
3MOpPyYy ornoJ3HeBoro gasienusi Lop (puc. 29). [TocTpoeniie 31011 31110-
PBl NOJI2KHO MNPOH3BOAIITHBCS C OLHOBpPEMeHIBIM YTOUHCHer CHABIIO-
BLIX (I NPOYHOCTHBIX) XapaKTEPHCTHXK TPYHTa B YpOBHE NMOBEPXHO-
CTH CKOJIbXKEHHs (yrJla BHYTPEHHEro TpPEeHHst ¢ H VAeJbHOro cliefiie-
HHA C), MpHYeM MOJIOXKEeHHe CaMOil NMOBEPXHOCTH CKOJIBXKEHIs TalkKe
YTOUHsieTCst MeToAoM noabGopa. DBoiuncjeHHe 3HayeHHiT onoJs3nesoro
AdBJIEHHSI B KaXJAOM OTCCKe, HA KOTOpble VYCJOBHO pa3lblBaercs
ONONIBHEBOH CKJIOH, MPON3BOAHTICA N0 (hopMyJiaM, B KOTODBLIE, KaK MBI
BHICJIH DaHee, HeNMOCPENCTBEHHO BXOAAT BEJHUYHHBI MIPOYHOCTHBLIX Xa-
PAKTEPHCTHK TPYHTOB. B CcBS3H ¢ 3THM TOPALOK yYTOYHEHHs XapakTe-
PHCTHK H IOJIOXKeHHSI MOBEPXHOCTH CKOJIbJKEHHS, a TaKxe BbIIOJIIe-
HH@ BceX mpounx pacyeToB HMeeT Ba)KHoe 3HadenHe. IHinke manara-
€TCA Moc/aefoBaTeBHOCTh TPOBEJAEHHS BHLIYHCJAEHHH, ycTanoniiennas
Ha OCHOBe GO/NBWIOrO ONMBITA IHPOEKTHPOBAHHA TPOTHBOONOM3HEBLIX
COOpyxenuit 1 nabaonenus 3a NMoBeJeHHEM VKpenJeHHblX CKJOHOB.
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[Tono:kerie [MOBEPX-

HOCTIf CKOMbKEHIA, TaK HKe

u KaK H 3HayeHHs TPOYHOCT-
| ' HBIX XapaKTePHCTHK TPyH-
R 108 (@ U ¢), YCTaHOBJIEH-

| d jible 110 MaTepuassaM IHide-

L . % HEPIO-TeOJIOTHUCCKHX  13bi-
G

|

| ) CKamitil, caeayeT npH npak-
|
I

THYECKOM MPOEKTHPOBAHHII
. | yTOYHATbL OOpATHLIMH pac-

B ' " -‘]fm qeTaMHi, HCXOAs 113 3iave-
M\ Wl Hilg KO3(d@IlillieHTa YCTOH-
l N

3 YHBOCTH CKJIOHA, NpHOJII-
3UTeJIbHO COOTBETCTBYIOIILE-

p 9 P . ro ero 3aHayeHHio NMpH ¢ak-
e, 29. Pacuernwiit nmonepeynuk {a) ¢ HUCCKOM COCTORMI CKILO-

3nopoit ononasiesoro aapaenun (6):
Ha. Ilpu 3ToM HCHOAL3Y-

0

[ — [(oBepxHoCThL cKitowa; 2 —- IoBepx-
HOCIb CKOJAbMKeHHsi; 3§ — KOHTyp 3unwput HTCHA H3BECTHLIC H3 BbILIC-
ONON3NEBOro AapieHis [IpHBEAEHHOr0  COOTHOUIE-
$HES
ST
K":_fQ;H: , (136)
3
EDII=I<Y ZQCHB — ZRy,q, (137)
Iy — 3anaBaeMblit KO3 PIiUHEeHT YCTOAYNBOCTH;
3
Ky — 3apaBaeMblii Ko3¢pdHuHeuT YCTOHYHBOCTIH;
2Ryy — cymma ylepXHBawUHX ClIJI BAOJAb IO CKJOHY (B pac-
YETHOM NONnepeuyHHKe);
2Qcnp — CYMMAa CABHTAOUHX CHJ.
Ha npakTike MOryT BCTPEYATBHCA CJACAyOUINe BapHaHTHl pacyeTos.
I-h cayual — CKJIOH HeycTOoiluHB (OPOABJAAIOTCA 4YeTKHe OIlloJi3He-

Bble noasitkki). Ilpie s3tom no ¢akrivecky ycraHoBaeHHblM B HPO-
lecce HHKEHepHO-TeoNoryecKinX H3bICKAHHK MOBEPXHOCTHH CKOJbXKe-
st 1 IIPOUYHOCTHLIM XapaKTeplCTIKaM rPyUTOB MO pacyeTy mnoJiyua-
eTce, uto Ky<{l, T. e, pacuerbl COOTBETCTBYIOT (PaKTIYECKOMY COCTOS-
nuo ckgona. B rakom ciiyuae npnHiiMaloTCst AJisi pacueTa ofnoJidHe-
BOIo agapJjiclus OPpOUYHOCTHLIE XapaKTepiucTHKH Tpyuton, onpenenen-
HbIC 1O MalcpHasaM ITHIKEHePHO-TeoNMOruecKIX H3blicKaunii (IpH caBiH-
re o6pas3uoB B eCTECTBEHHOM cocToAull, 0TOOpaliHblX HA YPOBHE Ipen-
nmoJjaraeMod MOBEPXHOCTH CKOJABMKEHIS): @=@gpaxr; C=Cpaxr, 4 [OJO-
XdieHne HanboJee onacHoil NOREPXHOCTIT CKOALMEHNS1 YTOouHsercs Mo
STHM XapansTepHCcTHUKaM MeToaoM noabopa (sror meron bByaer onu-
cal HiKe), TMOCKOALKY OnpejesieHHass H3bICKAHISIMH  HNOBEPXHOCTD
CROJILXKeHIIsT MoXxeT OLITh He caMoil onacHoH. 3Inepa OnoJI3HeBOro
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naBJieHHsT CTPOHTCS NJis HaulOoJsiee ONACHOH TIOBEPXHOCTH CKOJIbKeHIIS
110 MpOYHOCTHBIM XapaKTEPHCTHKAM Q= Qgaxr, €= Carr-

2-# caydaH — CKJIOH HeyCTOHYUB, OHAKO MO YCTAUOBJIGHHBIM B MPO-
ecce H3BICKAHHH TIOBEPXHOCTH CKOJIbXKEHHSI H IMPOYHOCTHBIM Xapak-
TepHCTHKAM TPYHTOB B €CTeCTBEHHOM COCTOSIHH (Ppaxt, Chanr) MOJY-
yaercsi Ky>1. DTO TOBOPHT O TOM, YTO B MpolECCce HHKeHEPHO-Teo-
JOrHUeCKHX M3BICKAHHH KaKHe-TO ItapaMeTpbl YCTAaHOBJIEHbl He JIOCTO-
pepHO H TPeOYIOT YTOUHEHisi O6paTHBLIMH pacyeTaMH, NCXOAs N3 yC-
qosua Ky=1, ubo atro ycJuoBine o3nayaer COCTOsiHHe TnNpeaeibHOro
paBHOBECHH. B TakoMm cayyae yTOYHeHHe TIIOJIOKEHHS IMOBEepPXHOCTIH
CKOJIbIKEHHST MeTOAOM noadopa H NPOYHOCTHLIX XapaKTepHCTHK TPyH-
TOB NPOH3BOAHTCA CJAEAYIOIUHM 00pasom.

CuayaJia Mo yCTAaHOBJEHHBIM (hagTHUeCKHM (JJisi eCTeCTBEHHOro Cco-
CTOSHUSA TPYHTOB) TIPOYHOCTHBLIM XapaKTEePHCTHKAM @Q@axr H Cgaxr OCY-
LleCcTBJsIeTCS IMOHCK HaunboJiee ONMacHON HOBEPXHOCTH  CKOJIbXXeHHS].
C 3TOH LeJbIO CTPOSIT LeJNblH psal BO3MOMHEIX TIOBEPXHOCTEN CKOJIb-
xkenuss (puc. 30), KOTOpbHle HaMeYalwT HCXOAsA, BO-NEPBHLIX, H3 pealib-

Puc. 30. Haxoxpaenne 3KCTpeMaNbHOI NOBEPXHOCTH
CKOJIbXKEHH A
I — TmOBepXHOCTb CKOMbXXEHHS, HalAeHHas B Ipouecce
HHJKEHePHO-TeON0rHyecKHX Hasickanuit; //—VIHI  — no-

BEPXHOCTH CKOJNbXXEHHS, HaMeyaeMple B Tipoilecce HaX0X-
JIeHHs 3KCTpeMann MeronoM Iloabopa

HOTO CJIOJKEHHSA CKJOHA (YYHTHIBAIOTCS 3aKOJbHbie TpeuiHIibl, HMelo-
Iuecst ocynabJeHHble MOBEPXHOCTH, YUYACTKH BO3MOXKHOIO CKOJIbXKEHH!S
Cl0Sl MO CJIOI0 H T. A.), BO-BTOPbIX, H3 NMOJYUEHHS AHAMA30HA BeJHYHH
Koabh@uunenra ycToOHYHBOCTH ¢ YMEHbUIEHHEM H YBeJHUEHHEM ero npi
ABHXXEHHH € BO3MOXMHBLIMH NOBEpPXHOCTAMII B 00e CTOpPOHLI OT MepBoO-
HayaybHO HaMe4YeHHOH NpH reoJioriyyecknx H3abickanuax. Ecuin o6pa-
THTBCA K puc. 30, To nano naiiTin Takne GopMnl nopepxHocrteil CKOJb-
KCHHSA, 4TOOLI, HanpuMmep, BHINOJHSJINHCH cooTHoulenus: Kiv>Kmn<
'<[<II“<[<I; K1> Kv> Kvi<Kvu, rae Ky, Ki, Knr... — xoagdnunentsl
JCTOHYHBOCTH CKJIOHA HJ1i COOTBETCTBYIOULIX MOBEPXHOCTEH CKOJIbXKe-
HHs. ITocne naxoxpenus cemeiicrBa TakHX KPUBBLIX OJIST Aadabuellinx
Pacieron ocrapaseTcsi Ta NOBEPXBOCTL CKOABLXKEHIS, Mt KOTOPOI
ggg}({b}{%ﬂunem YCTOHYHBOCTH CKJ0OHA MHHHMaNeH (Ky min). Taliaﬂ 11o-

CTb CKOJIbXKEHHSsI CKJIOH& Ha3bhBaeTcsi 3KcTpeMaabnhoit. Jdag
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3TOfi MOBEPXHOCTH CKOJIbXeHHd, npluuMas aia Hee Ky~1, obpar-
HBIMII pacyeTamil YTOUHSIOT 3HaueHHs ¢ 1t ¢. [IpH 3TOM HPOYHOCT-

Hble XapaKTepHCTHKH noAOHpaloTCsl B Alana3oHe:

Pmin <P < Ppaxr.; }
CT’IIIH<C<C(!]51HT_, (138)

€ Pmain, Cmin — MHHHMaJIbHLIE  NIPOYHOCTHBIE  XAPAKTEPHCTHKH
FPYHTOB B YypOBHE TOBEPXHOCTH CKOAbXKeHUf,
olipejelietinible no o6pasuaM rpyuros B Jjabopa-
TOPHU TPH HCHOBITAHHI HA CABHI, KakKk MNpasBHJo,
MO0 cXxeMe «Ivialika Mo maatike» no CMOoYeiHoH
[IOBEPXHOCTH,;
(p, € — TPOYHOCTHBLIE XapaKTePIUCTHKH TPYHTOB, IpPHHH-
Maembie NS AaabHeltlIHX BbIYHCAEHIT (yTOUYHSA-
I0TCAl ¢ TOMOlLbIO 00paTHBIX PacueToB);
@pant, Cpakr — NPOUHOCTHLIE XapaKTEPHCTIKII TPYHTOB B eCTeCT-
BeHHOM cocTosinun (onpenenasiorcsas JgabopaTop-
[{bIMIL 1IJIII HATYPHBIMH METONAMU).
3ateMm no vafffenHLIM BejduylliiaM @ H ¢ IJisI 9KCTpeMaJbHOH MoBepx-
HOCTH CKOJDLXKeHHsT oupejesisiioTc 3HaYeHHsT OMOJI3HEBOro AaBJAEHHSA B
Ka>X/0M OTCEKe pacyeTHOro rolepeudHiHka H noj HHM MO 3THM 3Haue-
HISIM CTPONHTCA 3MIopa OHOJM3HEBOr0 AaBJieHIiq.

3-H cAyuail — CKJIOH YCTOHUUB, B CBSI3H C ueM HeHCTBUTENBLHOH I10-
BEPXHOCTH CKOJILXKEeHIsl B HATYypHBIX YCJOBHAX He cyllecTByer. OpHa-
KO Ha CKJolle Tpebyercs BBINIOJAHHTE KaKie-TO NJaHHPOBOYHBIE pabo-
Tbl, APUTPY3UTL €ro 3JauHsIMH H COOpYXKEHHAMH HJAH Yy4Ye€CTb BO3MOK-
1Hoe H3MeHelllie THAPOJOTHUCCKUX YCJIOBU{|, B pe3ybTaTe 4yero Hamnps-
JKenuoe cocTosillie TpyHTuB CKJOHA u3MeHMTcst. Ilpn aToM 1o pacue-
TaM (C NpHHATHEM Qgpaxr, Cpaxr H HEKOTOPOIl BO3MOXNKHOH TMOBEPXHO-
CTH CKOJIbKEHIsI) IOJyYdeTcsl, YTO [foc/le YKa3aHHbLIX  H3MeHeHHH
CKJAOH MOXKET NPHHTH K COCTOsIHHIO, OJII3KOMY K MpefeliblioMy paBHO-
peciio. B takom cayuae aas HOBOH KOHGHUTypauHH CKJIOHA (C yueTOM
NJallpoBOYHBIX paboT) C yyeToM MNPHIPY3KH OT COOPYXKeHHN HJIH H3-
MeHeHId TIAPOreoNOrHyeCcKHx YCJOBHH MPOH3BOAUTCH NOUCK HaHnbo-
Jiee onacHoll MOBEPXHOCTI CKOJIbXXEHHA MeToaoM Mnoabopa H yTouHe-
Hie obpaTtHLIMH pacyeTaMi ¢ B @ NpH 3KCTPEeMajJibHOH IOBEPXHOCTH
CKOJbXKeHIA — aHaJIOrTHYHo TOMY, KaK 3TO ONHCaHO AJs 2-TO cayyasi.

4-H cayyayi — CKJIOH YCTOH'IUB INPH €CTECTBEHHOH €ro rnoBepXHOCTH
IJIH C YUETOM TMJAaniupoBOUUbLIX I IPHIPY30UHLIX NaboT, a Takxe Ipo-
FHO3UPYCMBIX THApOrcoJiorivyeckix ycaosiiii. Oaiako 3TOT CKJOH Ha-
XOAHTCA B CElCMHYECKOM paloHe H ecJIH yYeCTh CeHCMHUecKHe CHJbI
JUTst cooTreTeTByoliell 6anabliocTit pailoHa no ceficMiike, TO pacyeThl
MOKAa3LIBAIOT, UFO CKJOH MOXKeT MpPHATIH K COCTOSIHHIO, OJII3KOMY K
HpeaesbHoMy paBuoBecHio. B 1akoM cilyyae Bech pacyeT NpOH3BOJHUT-
Csi aHaJorilyHo OMHCAHHOMY BO 2-M cJjydae, ofHaKO, BO BCe€X BBIYHC-
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eHHaX YYHTHIBAGTCS ceHcMuyeckasa cuyia. C ee yyeToM ycTallaBJilBa-
eTcsl 9KCTPEMAJIbHAA NOBEPXHOCTb CKOJIbXKEHHSA, YTOUHAIOTCA MPOUYHOCT-

qple XAPaKTEePHCTHKH @ H ¢ (ucxons H3 Ky (c yueToM ceficMiki)

~ 1) H MO HUM CTPOMTCS IMIOPA OMOJ3HEBOrO AaBJjeHHs (NPHYEM NpI
onpenelieHHn Eon TaKXe yuHTHIBAGTCA CEHCMHKa). “

5-f1 cjaydyaH — CKJIOH, HAaXOAAUWMHHCA B CEHCMHYECKOM pailoue, He-
yCTOHYHB TIO pacCyeTy naxe 6e3 ydera CeHCMHYeCKHX CilJl. B TakoM
ciydae BCE DacyeThl BHIMONHAIOTCA aHAJOTHYHO OMHCAHNBLIM BO 2-M
cayyae, 6e3 yyera CEHCMHYECKHX CHJ — BILTOTH JI0 IIOCTPOEHIS 3TIO-
pLl ONOJISHEBOIO JaBJIEHHSI. [Ipn onpepeseHH Ke OMNOJ3HEBOro /1aB-
nennst Eog YYHTBIBAIOTCSH M CeHCMHYECKHE CHJIBI.

6-if cjaydyad — B CKJIOHE JCHCTBYET rHAPOAHWHAMHUEcKOoe [aBJicHiie
rpyHTOBLIX BOA. B 3ToM ciyyae Bce pacyerTsl BBIIOJNHSAIOTCA  aHaJlo-
FHYHO TNpelbIAYUIHM, OAHAKO, BO BCeX BHIYHCJeHHAX Ao0aBJ/sieTcsi Be-
AMYHHA THAPOANHAMHYECKOrO AaBJeHHS.

Keratu, rHapoaHHaMHyecKoe HNaBJdeHHe AOJKHO YYHTLIBATLCS BCe-
rpa, KOrja eCTh HAaKJIOHHAs AelpeCCHOHHAf KPHBAA YPOBHS TPYHTOBHIX
pog (puc. 31). Hus yyera ¢GHIBTPAUHOHHBIX CHJ YHPOUIEHHBIM CIIO-
coboM, KaK yKasbiBaJjsoch B rjiaBe I, TpebGyercsi JiHlLIb NOCTpoetiie
HMEHHO 3TOH KpHUBOH aenpeccui. HanoMuHaem, 4TO 3TOT YHIPOUIEHHBIIT
crnocol 3akJoYaercss B CJAedYIOLeM:

CABUIOBbLIE XapaKTePHCTHKH I'PYHTA B YPOBHE NOBEPXHOCTH CKOJIb-
KeHHS NMPUHHUMAIOTCS AUl cayuasi ero BOAOHACHILIEHHA (Cp, Pp);

Puc, 31. ¥uer neficTBis TDYHTOBBIX BOJA

COOCTBEHHBIH Bec TrpynTa BO BCeX pacueTax TPHHHMAETCS C YYeToM
B3BEUIMBAHHUSA B BOJE YacTH OIIOJ3HEBOro OTCeKa MeXAy KpHBOH aell-
PECCHH H NOBEPXHOCTBIO CKOJBMEHHS, T. €. OOBEMHBLIH BeC I'pyHTa Npi-
HIIMaeTcs 3a BLIYeTOM OOBEMHOrQ Beca BOJBI (v—-—vw); pal3yMeeTcs,
B3BEIIHBaHHe BOAOI TpebGyeTcs YUHTHLIBATH HJISI TEX CJIOEB OMOJI3lie-
BOI TOMIIH, AJST KOTOPBLIX OHO OOGLIUHO YYHTBLIBAETCSI B MeXaHHKe
I'pPyHTOB (Hanpnmep, OJST TJAHH B3Bewupaioliee AeHcTBiie BOALI 00LIU-
HO He yuyHTHIBaercs);

K BeJIIYHHe caBHUralomlefi cHJbl B KaxKJIOM OTcexke no0apJjsieTcsi Be-
THIMHA THAPOAHHAMMYECKOTO [AaBJEHHS (cm. dopmyany (8) ):

ji==aihiyw sin Be:, (139)
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rae sin Byi=i; ecTL rpaadenTt, T. €. NajeHle Hamopa Ha eJHHHLY
AJAHHLI TOKAa BOABLI (MpHHIMAETCs, YTO VKJIOH KPHU-
BOl Jenpecciid COBMAjaeT ¢ HAKJOHOM paBHOMEH-
CTByIOIIEeil THAPOAHHAMHYECKOrOo HaBJeHHS);

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

[Ipn OTCYTCTBHII HAMOPHLIX TFPYHTOBBIX BOA H HAJHYHHU OOBIYHOIO
BOJAOHACHIEHIIA TPYHTOB OTKOCa B pacuere Ko3qPuUHeHTa YCTOHUH-
BOCTH HJIII BeJIHUHHBI ONOJI3HEBOro AaBJeHlsT YYUTHIBAIOTCS JHIIbL BCE
d13HKO-MeXaHiuecKiie 11 NMPOULOCTHLIE XapaKTepHCTHKII NMOpoa B 3a-
MOUCHIIOM COCTOSIHHIL, B3Beullipaioliee e aejicTBiie BOALI HJI THIPO-
AlinaMilyecKkoe paBJjieHlie B TAKOM CJAYy4yal He YYHUTLIBAIOTCH

Hepeako BblsbiBacT 3aTtpyjaleliie YyTOUHeHHe NPOYHOCTHLIX XapaxTe-
PHCTHK TPYHTOB C NMOMOIbIO 0OPATHBIX pacueToB, 160 He Bcerpa SICHO,
YTO BapblUPOBATb —- ¢ JIH €. UCGHLIMHO COOTHOWIEHHE @ H ¢ HOJKHO,
KAdK NpaBigo, HCNOAHID H3 UPHHATHA OAHOrO H3 MHHHMAJbHBLIX 3HA-
genmil ¢ i nopbopa ¢. OxHaxgo 3jech BO3MOXKHBLI BapHaHTH — IMPH
IpeobnanaonieM Koayyecrse necyaHblX YacTil B rpyHrtax, pacionao-
JheHHBIN B YPOBHC NOLEePXHOCTH CKOJMLXKEHHS, caelyeT MHHHMH3HPO-
BarL , a HpH [JAHHHCTBIX TIpyHTax CA°AyeT MHHHMH3HpPOBAThL C.
3nech HeoOXOaHNMO pellaThb BONPOC, HCXOAA H3 KOHKPETHLIX YCJIOBHH
H npocuuThiBag Ha IBM pasnnudble Bapuantel. B camMoM HayaJje
pacyeTa, BeposiTHO, Uefecoobpas3Ho HCXOAHTh H3 VYCJOBHA, UYTO B
rpyHTax, KOTopble MOXKHO OTHECTH K NIeOeHUCTHIM, CYyilecCdaHLIM, Iiec-
KaM I T. X. CJeAyeT NPHHIMAaTh MHHHMaJabHOE 3HAaYeHHE @ H C NOMO-
Nbl0 OOpaTHLIX PacyYeTOB YTOYHATH €, B I'PYHTAX, KOTOPHIE MOXKHO
OTHECTH X TAHHHCIBIM (CYrJHHKH, TJIHHBI H T. A.) HeoOXOAHMO TIPH-
HIMaTh MHHUMAJNbUOE 3HaueHle ¢ H YTOuUHATL 3HayeHHe . llpu
3TOM CJIBUIOBBle XapPaKTEePHCTHKH 110 OCHOBHOHW TNPOTSAXEHHOCTH II0-
BEpXHOCTH CKoOJbXeuus (8¢ Ha puc. 29), KakK NpaBHAO, NPHHHMA-
JOTCA NOCTOSHHBLIMH, a Ha HHcxoAswel (as) n Bocxopsiuer (cd) Ber-
BAX MNMOBEPXHOCTH CKOJBXEHHA MOTYT NPHHHMATbHCS CBOH CHABHIOBbLIE
XapaxKTeplCTIKH, onpejaejeHHble HeNOCPeACTBEHHO MIJsA Tepecexae-
MbIX TTOBEPXHOCTBIO CKOJILXXEHHS TPYHTOB 1 CHH)XEHHLIe C YyUYeTOM
11X BO3MOXKHOrO 3aMayHBaHisl.

KcraTi, npn pacuyere YCTOHYHBOCTH CKJIOHA Ha mNepernoJizaHHe
yepe3 MPOTHBOOMOJ31IEBYIO KOHCTPYKIIHIO C/ABHTOBbIE XapaKTepHCTH-
Kl NPUHIIMAIOTCR: JJiA TPYHTOB B YPOBHE OCHOBHOH TPOTSXKEHHOCTH

MOBEPXHOCTH CKOJIbXKEHHA -~— XapaKTepHUCTHKH, YTOUHeHHble o6par-
HbIMII pacueTaMil N0 YCTOHYHBOCTH BCero CKJOH&; AJfl TPYHTOB B
ypoBie BOCXOJsIIUeH BETBH IIOBEDXHOCTH CKOJbXXEHHS1 — CABHIOBLIE

XapaKTepPHCTHKH AN eCTEeCTBEHHOTO COCTOSAHHSI TPYHTOB.
[Ipn noctpoenun 3n010pbH ONOJI3HEBOr0 JaBJIEHHS 4YacTO BaXHbBIM
ABAAETCHA YUeT OTnopa TpyHTa, PAcCNOJIOXKEeHHOro HHKe NpOoexTupye-
MbIX YAepKHUBAIOUHX KOHCTPYKUHI.
Bennunita ormopa omnpefesasercs H3 pPacCMOTPEeHHS YCTOMYHBOCTH
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yacTHl CKJIOHA, PAacCHOJIOKEHHOH HHXKE caMoil HHXHEH KOHCTPYKUITH.
HanpuMep, AJAS CKJIOHA, NMPEACTaBJEHHOro Ha pHC. 32, BeJHYHHA OT-

jopa MOMKeT OBITb ONpeje/ieHa M3 DPACCMOTPEHHS YAePKHBAIOUIHX I
CABHFAIOMIHX CHJI AJIst 4acTH cKiMoHa C/:

EOTH"'_:EQYJI(CH)"_KY(DTH)E ann(cm, (140)

rae Kyormy — KO3 OdHUNEHT YCTOAYHBOCTH CKJIOHA, NpPHHIIMaeMbli]
IJisi JaHHOoro pacuera (CM. HUXKe).

[Tony4aiolasics BeJIHYHHA OTNnopa Lorg MOXEeT OTHHMAaTbCs OT Op-
puHaT paHee IMOCTPOGHHOH 3MIOPHL OMOJI3HEBOrO  AaBJienilsi, pasje-
Asisick TPONOPUHOHAJNBHO, HANPIIMEpP, XECTKOCTH YAepKHBaIHX KOH-
CTPYKUHH, MTOA KOTOPBIMH 3TH OPAHHATLI PACMOJJONEHDL.

Jlen0 B TOM, YTO BO BCeX HCIIOJb3yeMbIX METOAAaX pacueTa yCTOHNYH-
BOCTH, KakK OblJIO YKa3aHno Bbille, NMPHHHMAaeTcst THIIOTe3a 3aTBep/ieB-
iero TeJia — NpPH3Ma BO3MOXKHOIO CMelleHHd paccMaTpHBaercst B Bil-
ne sarBepaesiiero kKanna. Ilpu takoMm ponyureduu B pacuete o0tieit
YCTOHYHBOCTH CKJIOHAZ YYacCTBYIOT BCE€ CHJBI IO BCeH IPOTHIKEHHOCTH
CKJIOH4, B CBSI3H C 4YeM OTNOP MOXeT ObITh olpenesieHHbIM 00pa3oM

pacnpelesieH MeXIy CHJaMH, INeHCTBYIOIHMH B Bblllenexkauje yactit
CKJIOHA.

[Tocie OTHATHA CHJ OTHOpA IEpPBOHAYAJIBHO NOCTpOeHHast 3nopa
abcd onos3HeBOro MNaBJeHHS 3aMeHsfeTCsA yMeHbUEeHHOH 3Mmopoil

ab’c’d” (em. puc. 32) 1 pacuer yaepKHBaAOUIHX KOHCTPYKUHIT BegeTcs
Ha yCHJHsS, n3oOparKaeMbie YMeHbUIEHHBIMH Ha BeANUYNHY OTnopa op-
AnHataMmu (Bmecro ob—>b’; Bmecto 0'c—0'c’).

. , Bennunusl Ko3(d@HuueHTon yc-
rOHYHBOCTH CKJOHA4, B COOTBETCT-

BHH C YKa3aHHbLIM Bbille H pabo-

tamu [4, 6, 10}, npuuumaorca 8
SABUCHMOCTH OT Ha3HaueHHst HX

HCIOJIB3OBAHHAD OJIsT Oollpefc/JiCHHA

3
S OTIOJI3HEBOro japjeHHss — [y =
=1,01—1,10; naa onpeneneuus
BeJHYHHBL oTopa — Kyorm=1,1—
Puc. 32, Vuer otnopa mHipkenemauero 1,2, npnn pacuyere obuiei YIFTOﬁ‘“[‘
rpyHTa BOCTH CKJIOHA AOHYCKaeMbLill KO3(-

¢buuwient yceroiiuupoctn [Ky]=1,2
(B 3aBHCMMOCTH OT KJacca COOpYKeHHIl Ha CKJOHE).

[Tpi pacyere wospduunedta yCTOHYHBOCTI YKDeNJeHHOro CKJO-
Ha YyYyHTLIBAlOTCH YJHep:KHBaloLlHe H CABHTAIOUIHE CHJLI, AelICTBYIO-
liNe B rpyHTax no NOBepPXHOCTH CKOJBXeHHs|, a Takxe Jjioboe apyroe
MPOTHBOJENCTBHE CMelUeHHI0O TPYHTOB MaccHBa, BhiparKeHiuoe B CILIO-
BOH uau MomentHoit ¢opme [10]. Ilpn ykpennennu ckaona mpoTiHBO-
ONOJNIBHEBBIMKM YA epKUBAIOMIIMH CBaiHHBIMH KOHCTPYKUUAMII TakKoe
UpoTHBOAeHcTBIIe ymoOHEeH BCero BbIpa)KaTb B Bilje ycuanii cpesa
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cpaid, B TO BpeMsi KaK caMil KOHCTPYKIHH, Aas obecrneueinis X YCTOii-
YHBOCTM, CJlelyer paccudToiBaTh Ha H3rud oT JeHCTBHSA IOpH3OHTAaNb-
HOI ciJibl onoJsidneBoro pasjenns. Jlonyckaercsi npoTHBOAEHUCTBHe
KOHCTPYKIIIl YYHTBIBATL B BHAE CHJLI BOCNPHHHMAaEMOro IiMH ONOJ3-
HEBOI'O jlaBjelis.

CaenyeT oTMeTHTh, UTO Npi nosb3oBaund popmynamn (136), (137),
(140), a TaxkxKe BuIpaXeuuHaAMH [Jg OlpeAeseHliss ONOJI3HEBOro JaB-
Jenns no Meroaam Macaosa au UlaxynusHua, neoO0XoAHUMO NPUMEHSTH
KO3(p(pHUHEHTH COYETaHHsT HATPY30K, HAJEXHOCTH 11 YCJOBHH pabo-

10, npusegennvie B nucipyxuun [10], yBasuiBast HX co 3HayellsMy
3

npuniMaeMnix koadpinnento Ky 1 Kyorm [6].

i

2 o 5 6 ¢ 8

Pic. 33. Cxema onos3sHeBoro CkJAOHA
B IJaHe:

I — OpoBKa CKAOHA; 2 — KOHTYD

ononsHfa; 3—~8 — pacuyeTHble 1OMe-
PEeURHKH

Tpebyercst elle OTMeTHTh, YTO yKa3aHHbie B HaACTOfilleM naparpa-
e pacyeTnl AOJMIKHBI HA KaxXKAOM KOHKPETHOM CKJIOHE BBLITOJHATHCA
LISl Ceplil pacueTHLIX NonepeuyHHkoB (pHC. 33), KOTOpbIE HaMeualoTCH
113 TAKHX coobpaKenui, yTob6u KakKk MOXHO MOJiHee OXBATHTbh BCE pas-
HooOpa3iie HHXKEHEePHO-TeoJIOrHYeCKUX YCJOBHH INIOIAAKH, KOHQHIY-
paiiil MoOBEePXHOCTH CKJ0HA H IMOBEPXHOCTH CKOJIbXEHHS, BO3MOXKHOE
lH3MeHeHIlle KOHTYpOB onoa3isi B njaane (Ha nepcrnexktHsy) H 7. A. Pac-
Moo eHlie XapaKTepHLIX TIONepeynkos, Kak npaBuio, AOJXKHO yCTa-
HABJUBATLCS B poLecce HinKeluepno-reoJOrHyeckKux H3blCKanui, 1 HX
noapodunvie npodhuian HeoOXOAHMO NPUHBOJAUTL B OTYeTe MO H3bLICKA-
misiv, LZcsin B npouecce NPOexTHPOBAHUA TPOTHBOONOJN3HEBBIX KOHCT-
DYKILT CTaneT sICHO, UIQ DpHBEAEHHBIX B OTUYeTe Hornepeiliikop He-
JLOCTATOUIO, YTOOLI NnoJiHee OXBaTHTb TEPpPHTOPHIO CKJAOHA, Ha KOTO-
poit BO3MOXKHBI OIOJI3HEBLIE IOABHXKKH, NPOeKTHPOBUIMKAM CJeAyeT
CaMIlIM CTPOHMTbL AONIOJHHTENbHbIE NONepeuHHKH, HCXOAA W3 HUMeloulHX-
Cs1 B OTYETE IO HHIKEHepHO-TeOoJIOTHYeCKHM H3BICKaHHsAM OTMeTOK Io-
BEPXHOCTH CKJIOHA, IeOJIOTHUYECKHX BHIpaboTOK, pacloJoXelus JHTO-
JIOryecKiX ¢JioeB, YPOBHA NOJ3eMHBIX Box H T. A. B Jiob6oMm caydaé
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pes TIIOLIAAb OTIOJIZHEOMACHOH TePPUTOPUHU CKJIOHA A0JIKUA ObITH 0O0-
~qTaHa 10 CEPHH PACUETHLIX MONEPeYHHKOB B COOTBETCTBHII C H3JIO0-
sKeHHBbIMH BBIIE [TOJIO2KEHUSAMMN.

[TpH cOG/IONEHHH TNpPHBEAEHHBIX MNPHHIINOB  MOCTPOGHIST 3MIOPDI
OIIOA3HEBOTO [aBJEHHsT H pacyeTa NPOTHBOOINOJ3HEBHIX COOPYIKEeHHi
o 5THM BeJHYHHAM [aBJIeHHiH, KaK MOKa3plBaeT OIMIT, obecrneyipaeT-
o] HAJeXHOe YKpenJeHHe CKJIOHOB.

SAKJ/IIOHEHHE

HacToslHe peKOoMeHJaulH Mo BLIOOPY MEeTOAOB pacueta KoO3I(dii-
queHTa YCTOAYHBOCTH CKJOHA H BEJHUHHB ONOJI3HEBOTO JaBJieHis]
npefHa3HAYCHB! JJisi TPOCKTHPOBAHMS NMPOTHBOOMOJA3HEBBIX MEPOTpIs-
THH H YAepIKHUBAIOINHX KOHCTPYKUMH, a TaKXkKe YCTaHOBJIENHS CTeeHIt
yCTOHYUBOCTH CKJIOHOB, Ha KOTOPBIX NPON3BOASTCHA CIHEUuliajbible i
MOHTa3KIble paloOTHI.

[To cyllecTBY AaHHLIE peKOMEeHZaUHH 3aMelsT NOHCK HeOOXOJHMBbIX
cnocof0oB pacueTa B TEXHHYECKOH JHTepaType, KOTOpbIH HEOOXO0MIMO
6bIJI0O MPOU3BOAHNTL B KaXXIOM CJjydae pacueTa YCTOHUHBOCTI CKJIOHA
i BeJIHUHHBI OIIOJI3HEBOTO A aBJIEHUS.

PexomeHsyemble MeTOABl pacyera, BO-NEpPBBLIX, NPOBEpPEeHBl C MNO-
MOLIbIO TEOPETHUYECKHX H 3KCHNEePHUMEHTaJdbHbIX HCCJeNOBaHIIH, BO-BTO-
pBIX, allpOOGHPOBaHLl ¢ NMOMOIULIO OOJIBIIOrO KOJIHYEeCTBA {IPAaKTHYECKIIX
CJyuaEeB.

Ha ocHOBe npHBeleHHBIX pPeKOMeHAauHH YKpcneucTpoinpoexkTom
3aNPOEKTHPOBAHL NPOTHBOONOJ3HEBLIE MEPOTIPHATHSI 1 MPOTIIBOONOJI3-
HeBbLIE YAEPXKHBAIOLllle CBaUHbBIE KOHCTPYKUHUH Gonee yueM Ha 200 06b-
ektaX B KpoiMy, na KaBkase, B 3akapnatckoil oOsacti, B CMosel-
CKoH o0JiacTH, Ha YKpauHe H BO MHOTHX ApYrux MecrtaX. Ha Bcex
3THX OOBEKTaX YKpellJIeHHble CKJIOHbI HOPMAaJbHO 3KCHAYaTHPYIOTCI.

B cBasu ¢ aTHM npemsiaraeMble MeTOABl pacyeTa H HMPHHIHIBL 110-
CTPOEHHSI 3MIOPLI OMOJA3HEBOro AaBJeHHS MOryT ObITh PeKOMeHA0Ba-
Hbl K CAMOMY IUHPOKOMY MpPHUMEHEHHUIO.
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601

[TPHJIO)KLCHHL
TABJIUUDbI 0J14 PACUETA ONOJ3HEBOTO ZABJEHHUA YCKOPEHHbBIM CITOCOBOM

Tabauua |

3HAYEHHT €o,=K sin a,— cos a, tg ¢.

pherr e o e ul

| * €o, NDH . BTpaa (pan)

rgé’a ‘Ho iy 6 3 10 12 6 | 20 24 28 30
(pan) (0) i(o,0698) - (0,105) | (0140) | (0,174) | (0,209) ‘ (0,279) | (0,349) l (0,419) I (0,489) | (0,524)
~y=1,00
—30 1 | : |
(—0,524) | —0,5000 |--05606 |—0,5910 |—0,6217 |—,6527 |—0,6841 |—0,7483 | —0,8152 ‘—-0,8856 —0,9605 | —1,0000
(—-_0,24536) —0,4226 }-~0,4860 |—0,5179 | —0,5500 | —0,5824 | —0,6153 | —0,6825 | —0,7525 | —0,8261 | —0,9045 | —0 9459
(__6?3249) —0,3420 |—0,4077 |—0 4408 | —04741 |—0,5077 | —0,5418 | —0,6115 | —0,6840 | —0,7604 | —0,8417 |—0,8846
(__3,12(?2) —0,2588 *.—-0,3264 —0,3603 | —0,3946 | —0,4291 2_0,4541 —0,5358 |—0,6104 l-..o,sasg —0,7724 ;—0,8165
(..4}_1574) —0,1736 | ~0,2425 —02772 |—0,3121 | —0.3473 | —0,3830 | —0,4560 | —0,5321 |—0,6121 |—0,6973 | —0,7422
(__0,(())873) —0,0872 | —0,1568 |—0,1919 | —0,2272 | —0,2628 | —0,2989 F——0,3728 | —0,4497 | —0.5307 \-—-0,6168 —0,6625
(0,00500) —0,0000 |—0,0699 '—0,1051 |—0,1405 | —0,1763 ]——0,2126 —0,2867 | —0,3640 |—0,4452 I—0,5317 ‘—0.5774
(0,0873) | 00872 | 00175 | —00175 |—0,0529 | —0,0885 |—0,1246 | —0,1985 | —0,5754 |—0,3564 |—0,4425 | —0,4880
(0,11'?4) 0,1736 | 0,1048 | 0,0701 0,,40352J 0,0000 | —0,0357 | —0,1087 |—0,1848 |—0,2648 | —0,3500 |—0,3949
(0,2152) 02588 | 0,1913 | 0,1573 | 0,1231 | 0,0885 | 0,0535|—0,0182 |—0,0927 |—0,1712 '—0,2548 —0,2089
(02:?49) | 03420| 02763 0,2433| 02100{ 0,1763 0,1423L 0,0726 | 0,0000 '—-0,0754 | —0,1576 |—0,2005
(024236) 0,4226 0,3592‘ 03274 | 02952 | 0,2628 | 0,2300: 0,1627 | 10,0927 | 0,091 |—0,0593 | —0,1006
(0,524) 0,5000| 04394  0,4090| 03783 | 0,3473 | 03159 | 02517 | 0,1848 | 0,1144 | 10,0395 | 0,0000
(0?6?11) 0,5736 ! 05163 | 048751 045851 0,4291 | 0,3995l 0,3387 | 0,2754 | 0,2089 ' 10,1380 ' 10,1006




£OI

{,,
rpaxn
(pax)

/ (0)

40
(0,698)
45
(0,785)
50
(0,873)
55
(0,960)
60
(1,050)
65
(1,138)
70
(1,225)
75
(1,312)
30
(1,400)

—30
(—0,524)
—95
(—0,436)

|

t

0 6428
0,7071 |

0,7660
0,8192
0,8660
0,9063
0,9397 |
0,9659 |
0,9848 |

—0,5150 ]
—0,4353 |
—0,3523
—0,2666
—0,1789

0,0892
0,6577

07211 |

0,7790
0,8311

08768 |

0,9158
0,9478
0,9727

—0,5756
—0,4987
—0,4180
—0,3341
—{,2477

J

0,5623 |

0,6328
0,6985
0,7589
0,8135
0,8619
0,9037
0,9387
0,9666

—0,6060
—0,5306
—0,4510
—0,3681
—(,2824

1

vkl

L

€o: MpH @, Brpad (pam)

" -

0,0351
0,6077
0,6757
0,7385
0,7958
0,8469
0,8916

0,9296 |
0.9604 |

—0,6367
—0,0627

—0,4843

—(},4023
—0,3173

(o 0698) I (0,105) I(o 140) , 0174

|

i

|

|

12 16

(0,209) | (0,279)

0,5077 0,4800 0,4231
0,5824 0,5568 I 0,0043
0,6527 | 0,6294 | 0,5817 |
0,7180 0,6972 0,6047 |
0,7779 0,7597 0,7227
0,8318 0,8165 0,7851
0,8794 0,8670 0,8416
09203 | 0,100 | 08917
0,9542 | 0,9479 . 0,9350 |

Ky=1,03

—0,6677 1—0,699] {—0,7633
—0,5951 | —0,6279 | —0,6952
—0,5180 | —0,5520 | —0,6217
—0,4369 | —0,4719 | —0,5436
—0,3525 | —0,3882 | —0,4612

[Ipoponxkenne Taba. 1

20 24 28 30
(0,349) | (0, 419) (0,489) | (0, 524)
0,3640 | 03017 | 0,2355 | 0,2005
0,4497 | 0,3923 | 0,3311 | 0,2989
05321 | 04799 | 04243 | 0,3949
0,6104 | 05638 | 05142 | 0,4880
0,6840 | 0,6434 | 0,6002 [ 0,5774
0,7525‘ 0,7181 | 0,6816 | 0,6623
0,8152 | 0,7874 | 0,7578 | 0,7422
0,8717 | 0,8507 | 0,8283 | 0,8165
09216 | 09075 | 10,8925 | 0,8846
—0,8302 | —0,9006 | —0,9755 |—1,0150

07652 | —0,8388 | —0,9172 | —0,6586

—0,6943 | —0,7707 | —0,8519 | —0,8948

—0,6182 | —0,6966 | —0,7802 | —0,8243
—0,5373 | —0,6173 {—0,7025 | —0,7474



vOI

S

€0, TpH . BTpan (paa)

——

IIpononxenne tabn. |

S gp—

pai 0 \ 4 \ 6 3 l 0 | 10 6 | 20 24 o8 | 30

(pan) (0) | (0,0698) | (0,105) | -(0,140) | (0,174) | (0,209) | (0.270) | (0349) | (0.419) | (0489 | (0524)
_ - | , ; &

.5 | . E
(—0,0873)| —0,0898 | —0,1594 | —0,1945 | —0,2208 | —0,2654 | —0,3015 | —0,3754 | —0,4524 | —0,5333 | —0,6195 |—0,6649
(0,0?000) 0,0000 | —0,0699 | —0,1051 | —0,1405 | —0,1763 | —0,2126  —0,2867 | —0,3640 | —0,4452 | —0,5317 | —0.,5774
(0,0873) |  0,0898 0,0201'—-0,0149 | —0,0502 | —0,0858 | —0,1220 | —0,195¢ | —0,2728 | —0,3538 | —0,4399 | —0,4854
(0}11274) 0,1789 | 01100 | 00754] 0,0405 | 0,052 | —0,0805 —0,1035 | —0,1796 | —0,2506 | —0,3448 | —0,3897
(0,262) 0,2666 | 10,1990 | 0,1651 | 0,1308 | 0,0963 | 00613 |—0,0104 ;—0,0850 |—0.1635 | —0,2470 | —0,2911
(0,23?49) 0,3523 |  0,2866 0,25351 0,2202 | 0,866| 0,525 | 00828 | 0,0103 |—0.0681 |—0,1474 |—0,1903
(0,24536) 04353 | 03719] 03400 | 03079 | 0.2755| 02427 | 0,1754 | 01054 | 00318 |—0,0466 |—0,0880
(0,35024) 05150 | 04544 F 04240 | 03933 | 03623| 03309 | 02667 | 0,1998| 01204 | 00545 | 0,0150
(0?6511) 05908 | 05335| 05047 04757 | 04463| 04167 | 03550 | 02926 | 02261 | 01552 | 0,1178
(0?6098) 06621 | 06085| 05816 | 05544 05270 | 04992 | 04424 | 03833 | 03210 | 0,2548 | 0,2198
(0?7585) 0,7283‘ 06789 | 06540 | 06289 | 06036 | 05780 | 05256 | 04710 | 04135 | 03523 | 0,320l
(0?8?73) 0,7890 0,7441‘ 07215 | 06987 | 06757 | 06524 | 06047 | 05551 | 05028 | 04472 | 04179
(0.960) 08437 | 08036| 07834 | 07631| 07426 | 07218 | 06793 | 06350 | 05884 | 05388 | 0,5126
(1,60050) 08920 | 08570 | 08395{ 08217| 08038 [ 07857 | 0,7486 | 0,7100 | 0.6694 | 0,6262 | 0,6033
(1,61538) 00335 | 09039 | o08801| 08741| 08590 | 08437 | 08123 | 07797 | 07453 | 07088 | 0,6895

| a ) (




[ipononxkenue Ttaba. 1

0. NpH @i BTpan (pan)

ai, _ P A S e

. .
rpaj o | 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)

R BN A Bl R -
70 | | | |

(1,225) 0,9679| 09440 0,9319f 09198 0,9076| 0,8952| 0,8698| 08434 | 08156 0,7860 | 0,7704
75

(1312) | 09920| 09768| 09677| o09585| 09493 09399 | 09207 09007 | 08797 | 08573 | 0,8455
80

(1,400) 1,01441 1,0022| 0,9961| 09899 0,9837 0,9774| 09646 1{ 09511 | 09370 09220 | 0,9141

Ky=1,05
(—_0?5024)1.._0,5250 : —0,5856 | —0,6160 | —0,6467 | —9,6777 | —0,7091 l—-o,7733 l_013402 1—0,9105 ;--0,9855 |—1,0250
(—_—92%6); —0,4437| —0,507 |{—0,5390 | —0,5711 |—0,6036 |—0,6364 | —0,7036 |_0,7736J—-0,8473 —0,9256 | —0,9670
(—0,349) | —0,3591 | —0,4248 | —0.4579 | —0.4912 | —0,5248 | —0,5589 {—0,6286 | —0,7011 | —0,7775 | —0,8588 | —0,9017
(—-_5,12552] —0,2718| —0,3393 | —0,3733 | —0,4075 | —0,4421 | —0,4771|—0,5487 | —0,6233 | —0,7018 | —0,7854 | —0,8294
(—_-6}1074) —0,1823 | —-0,25121—0,2858 03207 | —0,3560 | —0,3917 |—0,4647 | —0,5408 | —0,6208 l-—-—o,meo —0,7509
(—070273) —0,0915| —0,1612 | —0,1962 | —0.2315 | —0.2672 | —0,3033 | —0,3772 | —0,4541 | —0,5350 | —0,6212 | —0,6667
(0,0%00) 0,0000{ —0,0699 {—0,1051 | —0,1405 01763 | —0.2126 | —0,2867 | —0,3640 | —0,4452 | —0,5317 | —0,5774
(0,058?3) | 0,0915 | 0,0219| —0,0132| —0,0485 | —0,0841 | —0,1202 |—0,1941 | —0,2711 i---0,3520 l—0,4382 —0,4836

GOl



901

(1.,
rpax
{paxr)

10
(0,174)

1 i

((,202)
20
(0,349)
25
(0.436)
30
(0,524)
35
(0,611)
40

(0,698) |
45
(0,785)
50
(0,873) |
55
(0,960)

0
(0}

0,1823 l
;
0,2718

0,3591
|

0,0250
0,6023
0,6749
0,7425
0,8043
0,8601

4
(0,0698) ’

0,1135
0,2042
0,2934
0,3804 ‘
0,4644 |
0,5450 |
0,6214
0,6930
0,7594
0,8200

6
(0,105)

0,0788
0,1702
0,2604
0,3485
0,4340
0,5162
0,0944
0,6681
00,7368
0,7¢98

8
(0,140)

{

0,0439 |
0,1360
0,2271 l
0,3164
0.4033
04871
0,5672
0,6431 |
0,7140

0,7795

€o: NMPH @; Brpan (paxn)

10|
(0,174) !

0,0087
0,101

0,1934
0,2839
0,3723
0,4078
0,5399
0,6178
40,6910
0,7590

12
(0,209)

~—0,0270
0,0664
0,1594
0,2511
0,3409
0,4281
0,5121]
0,5922
0,6677
0,7382

16
(0,279)

—(,1001
—0,0052
0,0897
0,1839
0,2767
0,3674
0,4553
0,5397
0,6200
0,6956

20
(0,349)

—0,1761

—0,0798
0,0171
0,1139
0,2098
0,304 1
0,3961
0,4851
0,5704
0,6513

|

l

IIpononxkensie Taga. |

24

(0,419) |

98
(0,489)

| —0.2561 |—0,3413
| —0.1583 | —0,2418

—0,0593 |—0,1405

0,0402
0,1394
0,2375
0,3339
0,4276
0,5182
0,6047

—0,0381
0,0645
0,1667
0,2676
0,3665
0,4626
0,5551

|

!

30
(0,524)

—0.3862
—0,2859
—0,1834
—0,0785
0,0250
0,1293
0,2327
0,3342
0,4332
0,5250



q,
(?aaf) (8) l(ooéga)‘ 6 8 10 2 | 16 l 20 I 24
, (0,105) | (0,140) | (0,174) | (0,209) | (0,289) | (0,349)

60 | '
(1,050) 0,0093 | 08744 | 0,8568 | 0,8391 | 0,8212 | 0,8030 | 0,7660 | 10,7273 | 0.6867 |
(1.61538) 09516 | 0,9221 | 0,9072 | 008922 | 0,8771 | 0,8618 | 0,8304 | 0,7978 | 10,7635
(1:72025) | 09867 | 09628 | 09507 | 05386 | 09264 | 09140 | 08386 | 08622 | 0,8344
(1,73512) 1,0142 | 09961 | 0,9870 | 0,9778 | 10,9686 0,9592: 0,0400 | 10,9200 | 0,8990
(1i000) ﬁ 1,0340 1,02191 1,0158 1,0096| 1,0034 | 09971 | 009843 { 0,9708 | 10,9567 |

y n 1
Ky=1,07

o | ] ]
(—0,524) | —0,5350 |—0,5956 |--0,6260 }—0,6567 |—~0,6877 {—0,7191 |—0,7833 | —0,8502 | —0,9206
___621236) —0,4522 r—0,5156 —0,5475 '-—--0,5796 |—-0,6120 —0,6448 |—0,7121
(-4_:3549) —0.3660 | —04317 | —04647 ;—0,4980 | —0,5317 | ~0,5657 —0,6354 |—0,7080 | —0,7843
—0,262) {—0,2769 | —0,3445 | —0,3785 {~-0,4127 |—0,4473 |—0,4823 |—0,5539 | —0,6285 | —0,7070
(—3}1074) —0,1858 {—0,2547 {-—0,2893 |~0,3242 |~0,3595 {—0,395] {—0,4682 |{—0,5442 | —0,6243
(—05273 —0,0933 |—0,1629 |~—0,1980 | —0,2333 | —0,2689 {~0,3050 |{—0,3789 |—0.4558 | —0,5368 |

0 —0,0699 —0,1763 |—0,2126 Lo,gsm —0,3640 | —0,4452

—0,1001 i-—-O,HOS

€oi IPH @; BTpan (pan)

IIpononxenve Tabxa, 1

i ___ .

(0,419) | (0,489)

|

|

(

|

o

)
g ——

30
(0,524)

0,6435 ; 0,6207

0,7269

0,8048 |

0,8766
0,9417

—0,9955

0,7076
0,7892
| 0,8648

| (0,9338
I

|

—1,0350

—0,7821 | —0,8557 | ~0,9341| —0,9755

—(,8656
—0,7905
—0,7094

—(,6229
—-0,0317

—0,9085
l —0,8346

—0,7544
—0,6684
—(,0774




801

[Iponosaxenne taba. ]

eo: NPH ¢, BTrpan (pan)

i,

rpak 0 4 6 8 10 12 16 \ 20 00 | o8 30
(pan) (0) | (0,0698) | (0,105) l (0,140) | (0,174) | (0,209) | (0,279) ; (0,349 [ (0.419; | (0,489) | (0,524)

0 | - “ -
(0,0873) | 0,0933 | 10,0236 | —0,0114 | —0,0467 — 00824 | —0.1185 |—0,1924 |—0,2693 | —0,3503 | —0,4364 | —0.4819
(031074) 01858 | 01169 | 00823| 00474| 00122 | —0,0235 [—0,0966 |—0,1726 | —0,2527 | 03378 |—0,3828
(0}2562) 02769 | 10,2094 | 0,1754| 0,1412] 0,1066 | 00716 | —0,0000 | —0,0746 {—0,1531 |—0,2367 | —0,2807
(0,23?49) 03660 | 03003 | 02672 09330 | 02003 | o,1662 | 00965 | 0.0239)—0,0524 |—0,1337 |—0.,1766
(0,24536) 04522 | 10,3888 | 03569 | 03248 0,2924 | 02596 | 0,923 | 0,1223} 0,0487 |—0,0297 |—0,071]
(0?5024) 05350 { 04744 | 04440! 04133 | 03823 | 0,3509 | (,2867 021981 01494 | 00745 | 00350
(0,%51 1) 06137 | 05564 | 05276| 04986 | 04693 | 04396 | 03788 | 03155| 02490 o,1782 | 0.1408
(0?6098) 0,6878 | 06342 | 06073| 05801 | 05527 | 05250 | 0,4681 | 0,400} 03467} 0,2805 0,2455
(0?7585) 0,7566 | 07072 | 06823 | 06572 | 06319 | 06063 | 05538 | 04992 | 04418 | 03806 | 0,3484
(o,sgm) 0,8197 | 0,7747| 0,7521 | 07293 | 07063 | 06830 | 06354 | 05857 | 05335 | 04779 | 04488
(0,59560) 08765 | 08364 | 08162 | 07959 | 07754 | 07546 | 07120} 06677 | 06211} 05715 0,5453
(1,6550) 09266 | 08917 | 08741) 08564 | 0,838 ] 08204 0,7833 0,7447 | 07040} o608 | 0.6380
(1,61538) 09697 | 09402 | 09253 | 09104| o08952| 08799 | 08486 | 08159 | 07816 0,7450 0,7258
(1?325) 10055 | 09816 | 09695 | 09574| 09452 | 09328 09074 | 0,810 0,8532 | 08236 | 0.8080



601

rpan
(pan)

75
(1,312)
80
(1,400)

—30
(—0,524)
—25
(—0,436)
—90

(0,349)
15
(—0,262)
—10
(—0,174)

0 l 4 5 8 10 19
(0) |(0,0698) | (0,105) | (0,140) } (0,174) | (0,209)
|
1,0335 | 10154 | 10063 | 09972 | 0,9879 | 0,9785
1,0537 1,0415l 1,0355 | 1,0293 { 11,0231 | 11,0168
,=1,10
[
1 —0,5500 | —0.6106 l—0,6410 —06717 | —0,7027 |—0,7341
—0,4649 | —0,5283 |—05601 |—0,5923 | —0,6247 |—0,6575
}
—0,3762 {—0,4419 [—0,4750 [—0,5083 | ~0,5419 [—0,5760
—0,2847 |—0,3522 |—0,3862 |~—0,4205 | —0,4550 | —0,4900
—0,1910 {—0,2599 |—0,2945 —0,3647 |—0,4003

i

eo: NMpH ¢, Brpal (pan)

16
(0,279) |

| —0,3294

L

| —0,7983

20
(0,349) J (0,

0,9593 | 0,9393

IIpoponxkenue tabn 1

24

0,9183

o ——

28

419) | (0,489)

0,8959

1:0040‘ 0,9905 | 0,9764 \ 0,9614

—0,8652

— 07248 |—0,7947

—0,6457

| —07182

—0,5617 } —0,6363

—0,4734

~—0,5495

L

—0,9356
—,86384
—0,7946
—0,7148
—0,6295

|
—1,01035

—0,9463
—0,8759
—0,7983
—0,7146

s —

30
(0,524)

0,8841
0,9535

—1,0500

—0,9881
—(,9188
—(),8424
—0,7596



o1l

ai,
rpan
(paxr)

—5

(—0.0873)

0
(0)
5
(0,0873)
10
(0,174)
15
(0,262)
20
(0,349)
05
(0,436)
30
(0,524)
35
(0,611)
40
(0,698)

0
(0)

—0,0955

0,0000
0,0959
0,1910
0,2847
0,3762
0,4649
0,5500
0,6309

0,7071 |

el e T s e e e e e e e e e el e e e e e o e ey e R e e T e s ol e e e

4

(0,0698)

—0,1655
—0,0699
0,0262
0,1221
0,2172
0,3105
0,4015
0,4894
0,6737
0,6535

6
(0,105)

| —0.2006

—0,1001
~—0,0088
0,0875
0,1832
0,2775
0,3696
0,4590
0,5448
0,6266

T

8
(0,140)

—{0,235%
—0,1405
—0,0441
0,0526
0,1485
0,2442
0,3375
0,4283
0,5158
0,0994

€o: NPY @, Brpaxn (pail

10
(0,174)

—0,2715
—0,1763

12
(0,209)

10,3076
2126

—0,0798 —0,1159

0,0174
0,1144
0,2105
0,3051
0 3973
0,4865
0,5720

—0,0183
0,0794
0,1765
0,2722
0,3659
0,4568
,0442

16
(0,279)

—0,3815
—0,2857
—0,1898
—0,0914

20
(0,249)

—0,4585
—0,3640
—0,2667
—0,1674

0,0077 |—0,0669

0,1068
0,2050
0,3017
0,3960
0,4874

0,0342
0,1350
0,2348
0,3328
0,4282

[lpoaonxenue Taba 1

24
(0,4.9)

—{0,5394
—~{),4482
—0,3477
—0,2475
—~0,1454
—0,0422
0.0614
0,1644
0,2662
0,3660

28
(0,489)

30
(0,524)

—0,6256 {—0,6710

—0,5317 |—05774

—0,4338

il

—{,4793

—0,3326 | —0,3776

—0,2289
—(,1234
—0,0170
0,0895
0,1954
0,2998

—0,2730
—0,1663
—0,0584
0,0500
0,1580
0,2648



198

i,
rpan
(pan)

45
(0,785)
50
(0,873)
55
(0,960}
60
(1,050)
65
(1,138)
70
(1,225)
75
(1,312)
80
(1,400)

T

(0)
0

0,7778

0,8426 |

0,9011
0,9526
0,9969
1,0337
1,06235

1,0833 |

R

€0, DA @, BTpal (pan)

0,7284
0,7977 |

0,8610
0,9177
0,9674
1,0097
1,0444
{,0711

4 l 5 ’ 3
(0,0698) | (0,105) | (0,140)

0,7035
0,7751 |
0,8408 |

0,9001

0,9525
0,9977
1,0353
1,0650

il

0,6784
0,7523
0,8205
0,8824
0,9375
0,9856
1,0261
1,0589

|

!

[

i

(0,174)

10

]

0,6531 |
0,7293
0,7999
0,8645
0,9224

0,9734
1,0169
1,0527

19
(0,209)

0,6275
0,7060
0,7791
0,8463
0,9071
0,9610
1,0075
1,0464

|

-— e, e, kil P .

A

A

05751 |

0,6583 |
0,7366 l
0,8093
0,8758
0,9356

0,9883
1,0335

16 \
(0,279) | (

nl—

0,5205
0,6087 |
0,6923
0,7706 l
0,8431
0,9092
(,9683
1,0201

\

N

0,349)

[Ipononweune tabn. 1

e e —

94
(0,419)

28
(0,489)

30

(0,524)

0,4630 \ 0,4018 | 0,3696

0,5565
0,6457
0,7300
0,8088
0,8814
0,9473
1,0060

J

0,5009
0,0961
0,6868
0,7722
0,8518
0,5249
0,9910

0,4715
0,5699

0,6640
0,7529
0,8362
0,9131
0,9830



¢l

. €, TDE . B Trpax (par) -~

rpar o | 4 ‘ 6 g 10 12 16 l 20 | 04 28
(paxn) (0) 1 (0.0698) | (0,105) | (0,140) | (0,174} | {0,209) | (0,279) | (0.349) | (0,419} | (0.489)

b =1,20

w0 | | | | | | |
(—0.524)| —0,6000 | —0,6606 | —0,6910 | —0,7217 |—0,7527 | —0,7841 |—0,8483 |—0,9152 |~0,9856 | —1,0605
(-:6,24536) —0,5071 | —0,5705 | —0,6024 | —0,6345 —0,6669 | —0,6998 | —0,7670 |—0,8370 | —0,9107 |—0,9890
(_'-_6,2:?49) —0,4104 | —0,4761 | —0,5002 | —0,5425 | —0,5761 | —0,6102 {~—0,6799 | —0,7524 | —0,8288 | —0,9101
(:6,12562) —0,3106 | ~0,3781 | —0,4121 ]-—-—0,4463 | —0,4809 | —0,5159 | —0,5876 | —0,6622 | —0,7406 |—0,8242
(:6,,11074) —0,2084 !.-0,2772 —0,3119 | —0.3468 | —0,3820 | —0,4177 | —0,4908 | —0,5668 | —0,6468 | —0,7320
(-;igsm)_e,low | —0,1742 !-0,2093 —0,2446 | —0,2802 | —0,3163 | —0,3902 | —0,4672 | —0,5481 | —0,6343
(0,0000) | 0,0000 | —0,0699 | —0,1051 | —0,1405 | —0,1763 ;| —0,2126 } —0,2867 | —0,3460 | —0,4452 | —0,5317
(0?0373) | 01046 | 00349 | —0,0001 | —0,0354 | —0.0711 | —0,1072 | —0,1811 | —0,2580 | —0,3389 | —0 4251
(0,,11@74) 0,2084 | 0,1395' 0.1049 | 00700 | 0,0347 |—0,0000 {—0,0740 | —0,1501 | —0,2301 | —0.3153
(0,12562) 03106 | 02430 | 02091 0,748 0,1403| 0,1053 | 0,0336 | —0,0410 | —0,1195 | —0,2030
(0}349) 04104 | 03447 | 03117 02784| 02447 02107 [ 0,1410 | 0,0684 | —0,0080 | —0,0892
(0436) | 05071 | 04438| 04119 03798 03473 03145| 02473 0,1773 | 0,1036 | 0,0252
(03:5024) o,eooo\ 05394 | 0,5090 | 0,4783 | 0,4473’ 04159 | 03517 | 02848 02144 | 01395

—

N P S S s ey PR

[lpononxenue Ttaba. |

I

§

30
(0,524)

—1,1000
~—1,0304
--0,9530
—0,8683
—0,7770
—0,6797
—0,5774
—(,4706
—0,3602
—0,2471
—0,1321
—0,0161
0,1000



e P e ey

€o: NIPH @; B rpax (paq)

Ilpononaxenne TtTaldn, 1

——
bl

F;*;ﬂ 0 J T ‘6 LJd 8*-_ 10 I 12 \ 16 \ 20 “241 ;3 ) 30

(pan) (0) | (0,0698) | (0,105) | (0,140) | (0,174) | (0,200) | (0,279) | (0:349) | (0419) | (0489) | (0,524)

35 r

(0:46011) 06883 | 06310 06022 | 05732 | 05439 | 05142 | 04534 | 03901 | 03236 | 02527 | 02154
(0116598) { 07713 | 10,7178 | 0,6908 | 0,6637 | 0,6363 | 06085 | 05517 | 04925 | 0,4303 | 0,3640 | 0,3291
(0.785) | 08485 | 0,7991 | 07742 [ 0,7492 | 07238 | 06982 | 06458 | 05912 | 05337 | 04726 | 10,4403
(028:73) | 0,9193 | 0,8743 | 08517} 0,8289 | 10,8059 | 0,7826 | 07349 | 06853 | 06331 | 05775 | 0,5481
(0,69060) 0,9830 | 0,9429‘ 0,9227 | 0,9024 | 0,8818 | 08611 | 0818 | 077742 | 07276 { 0,6780 | 0,6518
(1,60550) l 1,0392 | 11,0043 | 0,9867 | 0,9690 | 0,9511 l 09330 | 08959 { 0,8572 | 0,8166 | 0,7734 | 0,7506
(1%1038) 1,0876 | 11,0580 | 11,0432 | 1,0282 | 1,013l | 09977 | 09664 { 09337 | 0,8994 | 0,8629 | 0,8436
(1%2525) | 1,1276 | 11,1037 | 1,0917 1,0796 | 1,0673 | 11,0549 | 11,0296 | 1,003] | 0,9754 { 0,9458 { 10,9302
(1.83012) 1,1591 | L,1410 ) 11,1319 | 11,1227 | 11,1135 | 1,104l 1,0849 | 1,0649 | 10439 | 1,0215 | 11,0097
(1,400) 1,1818 | 11,1686 | 1,1635 | 1,1574 | 1,1512 | 11449 | 1,320 1,1186 | 1,1045 | 10894 ' 1,0815

Ky=1,30

—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
(5,24536)‘_0,5494 —0,6128 |—0,6447 |—0,6768 |—0,7092 |—0,7420 |—0,8093 (—0,8793 |{—0,9529 |—1,0313 h—-1,0727
(-—_0,23049)"—0,4446 —0.5103 |—0,5434 |—0,5767 |—0,6103 }—0,6444 |—0,7141 |—0,7866 |—0,8630 |-—0,9443 | —0,9872

.-ﬂ(—-"a,12562) I——O,3365 —0,4040 | _0,4380 —0,4722 |—0,5068 [—0,5418 | —0,6134 |—0,6880 |—0,7665 | —0,8501 | —0,8941

x | - l | | l l |



141

Ilpcnonxkende taba |1

a.,
rpan
(pan)
—10 I

(—0,174) 1—0,2257
—D

(—0,0873} —0,1133
0
E(> 0) 0,0000

(0,0873) 0,1133
10

(0,1574) 0,2257
1

(0,262) 0,3365
20

(0,349) 0,4446
25

(0,436) 0,5494
30

(0,524) 0,6500

e

0 l ¢
l (0) |(0,0698)

!

6
(0,105)

—0,2946 q----{},.3293

—{0,1830

0,0436
0,1569
0,2689

0,3789 |

0,4860
0,5894

}

8
(0,140)

‘—-—0,3641

—0,2180 {—0,2533
—0,0699 |—-0,1051 ‘—0,1405

0,0086
0,1222
0,2349

0,3459

0,4541
0,5590

—0,0267
0,0873
0,2007

0,3126
0,4220
0,5283

f

€o. DK ¢, B rpan (pan)

10
(0,174)

—0,3994
—(,2890
—0,1763
—0,0624
0,0521
0,1661
0,2789
0,3896
0,4973

12
(0,209)

—0,4351
—0,3251
—0,2126
—0,0984
0,0164
0,1312
0,2449
0,3568
0,4659

16
(0,279}

~—0,5081
~—0,3990
—0,2867
—0,1724
—0,0566
0,0595
0,1752
0,2895

0,4017

20
(0,349)

—0,5842
—0,4759
—0,3640
—0,2493
—0,1327
—0,0151
0,1026
0,2195
0,3348

oo | o2 | 0%
| |

06642 | —0,7404 | —0,7043
—05568 | —0.6430 | —0,6885
—0,4452 | —05317 |—0,5774
—0,3302 ‘__0,4164 04619
—0,2127 | —0.2979 | —0,3428
0,036 | —0,1771 | —0,2212

0,0262 |—0,0550 | —0,0979
| 01450 | 00675 | 0,0261

02644 | 01895 0,1500




Gl

ey t——

il

 &q: IIpH_ (pt B rpaﬂ (paﬂ)

[pononxkenue Tadbn 1\

ai, [
rpan 0
(Pax) (0) | (0, 0698) ] (0105)
39 l |

(0,611) 0,7456 | 10,6884

(0:16098) 0,8356 | 07821 |

(0:47585) 0,192 | 0,8698 |

0873) | 09959| 09500 |

(0?9560) 1,0649 | 11,0243 |

(1,60050) 1,1258 | 11,0909

(1.61538) | 1.1782 | 11,1486

(1,72025) 12216 | 1,1977

(1:73512) 192557 | 1,2376

(1,84000) 1,2803 | 11,2681

;

0,6596
0,7501
0,8449
0,9283
1,0046
1,0733
1,1338
1,1857
1,2285
1,2620

0,6305
0,7280
0,8199
0,9055
0,9843
1,0556
1,1188
1735 |
1,2193 |
1,2558 !

(0, 140) l (0, 174)

0,6012
0,7005
0,7946
0,8825
0,9638
1,0377
1,1037
1,1613
1,2101
1,2496

12
(0, 209)

0,5715
0,6728

0,7689 |

0,8592
0,9430
1,0196

1,0884 |

1,1485
1,2007
1,2433

16
(0,279)

0,5108
0,6160
0,7165
0,8115
0,9004
0,9825
1,0570
1,1235
1,1815
1,2305

0349) ‘ (0419) 0489) \

0,4475
0,5568
0,6619
0,7619
0,8561
0,9438
1,0244
1,0971
[,1615
1,2170

0,3809
0,4946
0,6044
0,7097
0,8095
0,9032
0,9900
1,0693
1,1405
1,2029

T e i

30
(0,524)
0,3101 | 10,2727
0,4283 | 10,3933
0,5433 | 0,5110
06541 | 0,6247
0,7599 | 0,7337
0,8600 | 0,8372
0,9535 | 0,9342
10397 | 1,024
1,1181 | 1,1063
1,1879 | 11,1800



il

Iponomxenne Taba. |

€o: NPH @. B rpan (paxzn)

a, - | [ 1 1

rpax 0 | 4 6 | 8 10 12 6 | 20 04 08 30

(pax) (0)  1(0,0898) { (0,105) | (0,140) | (0,174) | (0,209) | (0,279) | (0,349) | (D419 | (0480 | (0.524)
Ky=1,40

| |
30 |
(—0,524) | —0,7000 | —0,7606 | —0,7910 |—0,8217 |—0,8527 |—0,8841 |—0,9483 l-1,0152 I-—-I,OSSB —1,1605 l —1,2000
—~25 | a
(—0,436){ —0C,5917 { —0,6550 | —0,6869 {—0,7190 | —0,7515 |—0,7843 {—0,8515 {—0,9215 |—0,9952 I-—-l,073r3 —1,1149
(—0,349)| —0,4788 | —0,5445 | —0,5776 { —0,6109 | —0,6445 | —0,6786 |—0,7483 —0,8208 | —0,8972 {—0,9785 |—1,0214

(—0,262) | —0.3623 | —0,4299 | —0,4639 | —0,4981 |—0,5327 |—0,5677 |—0,6393 |—0,7139 |—0,7924 |—0,8759 | —0,9200

~10 |

(—0,174){—0,2431 |—0,3190 | —0,3466 |~—0,3815 | —0,4168 |—0,4524 |—0,5255 |—0,6015 |—0,6816 T--O,7667 ‘—0,8117
—5

(—0,0873){—0,1220 {—0,1917 {—0,2267 |—0,2620 | —0,2977 {—0,3338 [—0,4077 |—0,4846 |—0,5656 |—0,6517 |—0,6972
0

(0) 0,0000 1 —0,0699 | —0,1051 }—0,1405 | —0,1763 }-0,2126 }—0,2867 }—0,3640 |~—0,4452 {-—-0,5317 {—0,5774
S

(0,0873) | 0,1220 | 00524 ] 0,0173 | —0,0180 |—0,0536 |-—0,0897 |—0,1636 |—0,2406 |-—0,3215 |—0,4077 |—0,4531
(0,11074) 0,2431 1 01742 | 0,1396{ 0,1047{ 0,0695 | 0,0338 {—0,0393 |{—0,1153 |{—0,1954 {—0,2805 |—0,3255
(0,12562) 03623 | 02948 { 026081 0,2266] 0,1920 | 0,1570 | 0,0854 | 0,0108 |—0,0677 |—0,1512 |—0,1953
(0,23049) 0,47881 0,4131| 03801} 0,3468 | 03131 0,2791 0,2094 | 0,1368 | 0,0605 |—0,0208 j—0,0637




IIpononxenne Taba. 1

AR

” , - _ _€oi npu @i B rpan (pal) i .
rpax 0 I s | 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) | (0489) | (0,524)
05 | ' | ]

(0,436) 0,5917 | 0,5283 | 04964 | 0,4643 | 04319 ] 023990 03318 0,2618] 0,1882 | 0,1098] 0,0684
(0,%%4) | 0,7000 | 06394 | 0,6090 | 05783 | 05473 | 05159 0,4517| 0,3848 | 0,3144 | 0,2395 | 0,2000
(02?5)11) | 0,8030 | 07457 | 07169 | 0,6879 | 0,658 | 06289 05681 | 05049 0,438 | 03675 | 0,330l
(0&6598) ' 0,8999 0,8463L 08194 | 07922 | 07648 07371 | 06802| 06211] 05588 | 04926 | 04576
(0,785) | 09899 | 09405 | 09156 | 0,8906 | 0,8653 0,8396’ 0,7872 | 0,7326| 0,6751 0,6140| 0,5817
(0?373)  1,0725 | 1,0275 | 1,0049 | 09821 | 0,9591 | 0,9358 0,8881| 08385 | 0,7863 | 0,7307 | 0,7013
(0%%0) | 1,1468 | 11,1067 | 10865 | 10662 | 1,0457| 10249} 09823 | 09380 | 08914 | 08418 | 08157
(1,60050) 1,2124 | 1,1775 | 11,1599 | 11,1422 | 11,1243 | 11,1062 | 11,0691 | 10305 | 09898{ 09466 | 0,9238
(1,61538) 12688 { 12393 | 1,244 | 1,204 | 1,1943 | 11790 [ 1,1476 [ 1,1150 | 1,0807 | 10441 [ 10248
(1?2025) 13156 | 1,2917 | 1,2796 | 12675| 19553 | 12429 1,2175| L1911 | 1,1633 | 1,1337 | 1,1181
(1?3512) 1,323 | 1,3342 | 11,3251 { 11,3159 | 11,3067 | 1,2973| 1278l | 1,2581 | 12371} 1,2147 | 11,2029
(1,84%0) 1,3787 | 1,3666 | 1,3605 | 11,3543 | 11,3481 | 11,3418 | 11,3289 | 13185 | 1,3014 } 1,2864 | 1,2785




8il

rpan
(pax)

0
(0)
5
(0,0873)
10
(0,174)
15
(0,262)
20
(0,349)
25
(0,438)
30
(0,524)
35
(0,611)
40
(0,698)
45
(0,785)
50
(0,873)
55
(0,960)

[

i-

SHAUYEHHSA Coi= .E.;.E.‘_i.‘mi

Co. NDE 3H2YEHHEX h:]i).i
0,00 | 5,00 l 10,00 I 15,00 20,00 25,00

' |

0,0000 | 5,0000 | 10,0000 | 15,0000 | 20,0000 | 25,0000
0,0000 | 5,0191 | 10,0382 | 15,0573 | 20,0764 | 25,0955
0,0000 | 5,0771 | 10,1543 | 15,2314 | 20,3085 | 25,3857
0,0000 | 5,1764 | 10,3528 | 15,5291 | 20,7055 | 25,8819
0,0000 | 5,3209 | 10,6418 | 15,9627 | 21,2836 | 26,6044
0,0000 | 5,5169 | 11,0338 | 16,5507 | 22,0676 | 27,5844
0,0000 | 5,7735 | 11,5470 | 17,3205 | 23,0940 | 28,8675
00000 | 61039 | 12,2077 | 183116 | 24,4155 | 30,5194
0,0000 | 65270 | 13,0541 | 19,5811 | 26,1081 | 32,6352
0,0000 | 70711 | 14,1421 | 21,2132 | 28,2843 | 35,3553
0,0000 | 7,778 | 15,5572 | 23,3359 | 31,1145 | 38,8931
0,0000 | 87172 l 17,4345 | 26,1517 | 34,8689 | 43,5862

, KH /a3

B KH/m?

30,00

| 30,0000

30,4628
31,0583
31,9253
33,1013
34,6410
36,6232
39,1622
42,4264
46,6717
52,3034

30,1146 |

Ta6auuma 2

35,00 | 40,00 | 4500 , 50,00

' |
35,0000 | 40,0000 | 45,0000 | 50,0000
35,1337 | 40,1528 | 45,1719 | 50,1910
35,5399 | 40,6171 | 45,6942 | 50,7713
36,2347 | 41,4110 | 46,5874 | 51,7638
37,2462 | 42,5671 | 47,8880 | 53,2089
38,6182 | 44,1351 | 49,6520 | 55,1689
40,4145 | 46,1880 | 51,9615 | 57,7350
42,7271 | 48,8310 | 54/9349 | 61,0387
45,6893 ; 52,2163 | 58,7433 | 65,2704
49,4975 | 56,5685 | 63,6396 | 70,7107
544503 | 62,2290 | 70,0076 | 77.7862
61,0206 | 69,7379

|

78,4551 J 87,1723



Ilpomosxkenne tabu. 2

- — — —— —————— - - - — e - ——— - -

ai Co. NPH 3HAUYEHHAX B xH /M3

rpaxn cp. 1§

(pax) |

0,00 0,00 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 j 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 0,0000 | 14,6190 | 29,2380 | 43,8571 | 58,4761 | 73,0951 | 87,7141 }1102,3331 |116,9521] |131,5712 46,1902
(1,225)
(75 0,0000 | 19,3185 { 38,6370 | 57,9556 | 77,2741 | 96,5926 1159111 1135,2296 [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
[,400) | I :

[Ipumevanne. [aa noayueHHs Co¢ B eRHHHMAX TC/M® 3HaueHHA u3 Tabi. 2

caexyer yMeHbinHTb B 10 pas (1 tc/M3=10 kH/M3).

611
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Tabaunuma 3

cos @,

SHAUCHUS A= ——
: cCOS§ ({1; — (p;)

A, NpH @. B rpax (paln)

rpana?banj | 0 I 4 I 6 ‘ 8 ! 10 12 \ 16 1 20 24 A 30

| (0} (0,0698) { 10.103) | (0,140) { (0,174} | (0,209) { (0,279} | (0,349) | (0,419) [ (0,489 (0,524)
—~30 | | : l |
[—2352)4) ;MSMH 1,2033 1,2293 1,2067 1,2856 ' 1,3162 | 1,3838 | 1,4619 1,5042  1,6662 | 1,7321
{—0,436) |1,1034] 1,1406 | 1,1602 | 1,1808 1,2022 1,2248 | 1,2737 1,3289 1,3925 1,4671 1,5099
(—-_(123(‘)19) 1,0642| 1,0920 1,10650 | 1,1215 1,1372 i 1,1534 | 1,1882 1,2267 { 1,2700 1,3199 1,3473
(-—--6,12562) 1,,0353i 1,0650 | 1,0653 ] 1,0758 1,0866 | 1,0978 | 1,1214 | 1,1472 5 1,1755 1,2073 1,2247
(—_6,]1974) 1,0154; 1,0281 1,0346 : 1,0412 1,0480 ; 1,0050 | 1,0695 1,0851 1,1019 | 1,1205 1,1305
-—6,—05873) 1,0038! 1,0100 1,0131 | 1,0163 1,0195 1,0228 | 1,0297 | 1,0368 { 1,0445 1,0528 | 1,0672
(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 l 0,9855 | 0,9793 | 0,9728 0,9662 | 0,9592 0,9556
(0,112’4) |1,0154 1,0031 0,9970 | 0,9909 0,5848 0,9787 | 0,9666 { 0,9542 | 0,9415 | 09284 | 0,9216
(0,12562) 1,0353] 1,0162 1,0069 0,9977 0,9886 | 0,9795 | 0,9614 0,9433 | 0,9249 | 0,9062 0,8966
(0,23919) 11,0642; 1,0378 ’ 1,0250 1,0124 1,0000 0,9878 [ 0,9636 0,8397 | 0,9158 | 0,8916 0,8794
a |
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i
rpan {pan)

25
(0,436)
30
(0,524)
35
(0,611)
40
(0,698)
45
(0,785)
50
(0,873)
55
(0,960)
60
(1,050)
65
(1,138)
70
(1,225)
75
(1,312)
80
(1,400)

]

e e e

0

(0)

|
1,1034

[,1047

1,2208
1,3054

11,4142
i1,,5557’

1,7434

12,0000

2,3662

3,8637
95,7588

|'

———

2,9238‘

p—r

R —

.

A, IDH @, B Tpal (pax)

IIpononxkenne tabn 3

2,576
2,4526
3.0641
4,1235

4

(0,0698)

1,0685
1,1099
1,1638
1,2331
1,3218

14360 |
1,5851 |

1,7839 I

|

i

6

(0,105)

1,0518
1,0886
1,1371

1.1996 |

1,2797
1,3825
1,5189
1,6920
1,9310
2,2687
2,7751
3,6081

g

8
(0,140)

1,0355
1,0630
1,1114
1,1677
1,2399
1,3325
1,4520
1,6085
1,8182
2,1093
2,0344
3,2046

|

10
(0,174)

1,0195
1,0480
1,0866
1,1372
1,2022
1,2856
1,3927
1,632]
1,7170
1,9696
2,3303
2,8794

]

12

(0,209) |

1,0039
1,0285
1,0626
1,1078
1,1663
1,2413
1,3374
1,4618
1,6253
1,8458
2,1546
2,6111

16
(0,279)

0,9732 |

0,9907
1,0167
1,0522
1,0991
1,1595
1,2369
1,3363
1,4652
1,6354
1,8664
2,1928

{

b e—

20
(0,349)

0,9433
0,9542
0,9728
1,0000
1,0368
1,0851
1,1472

1,2267 |

1,3289

1,4619 |

1,6383
1,8794

e —

24 |

(0,419) (0,24889) (0,524)
0,9137 | 0,8842 | 0,8693
0,9186 | 0,8835 | 0,8660
0,9306 | 08896 | 0,8693
09504 | 09027 | 0:8794
0,785 I 09233 | 0,8966
1,0164 | 09523 \ 0,9216
1,0658 | 09910 | 0,9556
11292 | 1,0412 | 1,0000
1,2105 | 1,1056 | 1,0572
1,3151 | 1,1881 | 1,1305
14516 | 1,2046 | 129247
16337 | 14341 | 1,3473

—— ———

30
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