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JIleknus 1.

1. OcHOBHbI€ MOHATHA Kypca. Llesiv 1 3agayu Kypca. CocTaB, CTpOEHHE,
cocTosiHUE M pU3nYeCcKUue CBOMCTBA TPYHTOB.

1.1. OcHOBHBIE IOHATHUA Kypca.

Mexanuka epynmos n3y4aer Gu3NYECKue U MEXaHUYECKUE CBOMCTBA IPYHTOB,
METOJIbl pacyera HaNpsyKEHHOTO COCTOSHUA U JAepopManuil OCHOBaHHM, OLEHKU K
YCTOMYMBOCTU TPYHTOBBIX MAaCCHUBOB, JaBJICHUE I'PYHTA HAa COOPYKECHHUSL.

I'pynmom Ha3plBalOT JIOOYI0 TOpPHYK IOpOAY, HCIHOJB3YEMYIO IIpU
CTPOUTEIBCTBE B KAYECTBE OCHOBAHUS COOPYKEHUS, CPEIbl, B KOTOPOU COOPYKEHUE
BO3BOAMTCS, WIM MaTepHaa JIjsl COOPYKEHU.

I'opnoii nopoodoii Ha3bIBAIOT 3aKOHOMEPHO MOCTPOEHHYI0 COBOKYITHOCTh
MHUHEpPAJIOB, KOTOPAsl XapaKTEPU3YETCS COCTABOM CTPYKTYPOM U TEKCTYPOHU.

ITon cocmasom mnoapa3syMeBalOT IEPEUYEHb MUHEPAIOB, COCTABIISIOIIAX
nopony. Cmpykmypa — 3TO pa3mep, popma MU KOJIWYECTBEHHOE COOTHOIICHHE
CJIArarIlUX IOpPONYy 4YacTul. Texcmypa — TIPOCTPAHCTBEHHOE PACIOJIOKEHUE
3JIEMEHTOB I'PYHTA, OIIPEIEIAIONICE €r0 CTPOCHUE.

Bce rpyHTBI pa3nensiroTcs Ha €CTECTBEHHBIE — MarMaTHYeCKHe, OCaJl0YHBIE,
MeTaMOp(pUYECKHE - M HCKYCCTBEHHbIE — YIUIOTHEHHbBIE, 3aKpEIUICHHBIE B
€CTECTBEHHOM COCTOSIHUH, HACBIITHBIE U HAMBIBHBIE.

1.2. 3apa4ym Kypca MeXaHUKH I'PYHTOB.

OcHOBHOI 3a71aueii Kypca sIBISIeTCS 00YYUTh CTY/ICHTA:

- OCHOBHBIM 3aKOHaM M IPUHLMITHUAIBHBIM MOJ0KEHUSIM MEXAHUKU TPYHTOB;

- CBOMCTBaM I'PYHTOB M UX XapaKTEPUCTUKH - Ppusznueckue, neopMaiiioHHbIE,
MIPOYHOCTHBIE;

- METOJIaM pacyeTa HaMpsHKEHHOTO COCTOSIHUSI TPYHTOBOTI'O MaCCHBA,;

- METOJIaM pacyeTa MPOYHOCTU FPYHTOB U OCAJIOK.

1.3. CocTaB U CTpOEHUE I'PYHTOB.

['pyHT sBAsIETCS TPEXKOMIIOHEHTHOM CpEIOW, COCTOSIIEH W3 meepool,
HCUOKOU U 2a3000pa3HOll KOMIIOHEHTHI. MIHOT/Ia B TpyHTE BBIACISAIOT OUOMmM) — JKUBOE
BellecTBO. TBepaas, xuakas U ra3000pa3Has KOMIIOHEHTHI HaXOASTCS B IOCTOSTHHOM
B3aMMOJICICTBHE, KOTOPOE aKTUBU3UPYETCS B PE3yJIbTaTe CTPOUTENILCTBA.

Tsepovie uacmuybi TPYHTOB COCTOSIT U3 TIOPOI000Pa3yIOIIUX MUHEPAJIOB C
pa3IMYHBIMHM CBOMCTBAMHU:

- MUHEpaJIbl UHEPTHBIE 110 OTHOIIECHHUIO K BOJIE;
- MUHEpAJIbl pACTBOPUMBIE B BOJIC;
- TJIMHUCTHIC MUHEPAJIBL.

JKuokas coctapmstoniasi MPUCyTCTBYET B TPYHTE B 3-X COCTOSIHUSAX:

- KpUCTaJUTU3allMOHHAS;
- CBsI3aHHAS;
- cBOOOIHAA.



l'a3006pa3nas cOCTaBIAIONIAS B CAMBIX BEPXHMX CJIOSX IPyHTa MIpeCTaBlIeHa
aTMOC(epHBIM BO3yXOM, HUKE — a30TOM, METAHOM, CEPOBOJIOPOJIOM U JPYTUMHU
ra3amu.

1.4. CTpyKTypa ¥ TEKCTypa rpyHTa, CTPYKTypHas IPOYHOCTb U CBA3U B IPYHTeE.

CoOBOKYITHOCTh TBEpJbIX 4YacTHI] 0OpazyeT ckeneT rpyHra. dopma yacrtuil
MOXET OBITh yrjoBaTOM W OKpyryiod. OCHOBHOM XapaKTEPUCTUKOW CTPYKTYPHI
ITPYHTa  SIBJSIETCA  2PAHYIOMEmMpuYyeckuii.  cocmag,  KOTOPbIA  TOKa3bIBaeT
KOJIMYECTBEHHOE COOTHOIIECHUE (hpaKIIUA YaCTHI] Pa3IMIHOTO pa3Mepa.

TexcTypa TpyHTa 3aBUCUT OT YCJIOBHH €ro ()OpPMHPOBAHUS M T€OJOTHUECKOU
VMCTOPUH U XaPAKTEPU3YET HEOJHOPOTHOCTh TPYHTOBOM TOJIIIHU B IUIacTe. Paznmuuaror
CJIEYIOIINE OCHOBHBIE BUBI CIOKEHUS TPUPOAHBIX TJIIMHUCTBIX TPYHTOB: CIOUCTHIE,
CIIUTHBIC U CJIOKHBIE.

OcHOBHBIE BUBI CTPYKTYPHBIX CBSI3€M B TPYHTaX:

1) kpucmanmuzayuonuvie CBSI3U TPHUCYIIE CKaJIbHBIM TPYHTaM. OJHEpPTHs
KPUCTAJUIMYECKUX CBSI3€M COM3MEPUMA C BHYTPUKPUCTAUIMYECKOW DHEpPrueu
XUMHUYECKOU CBA3U OTIEIIBHBIX ATOMOB.

2) 600HO-KOMIOUOHbIE CBSA3M OOYCIIABIMBAIOTCS 3JICKTPOMOJICKY/ISPHBIMU
CUJIaMH B3aUMOJICUCTBUS MEXIY MUHEPAIbHBIMUA YAaCTULAMH, C OAHOM CTOPOHBI, U
IUICHKaMHU BOJBl M KOJUIOMJHBIMU 00OJIOUKaMU — C JApyrod. BemwuumHa 3THX cuil
3aBUCHUT OT TOJIIUHBI TUICHOK U 000104YeK. BOAHO-KOJIJIOUIHBIE CBSI3U TIJIACTUYHBI U
o0OpaTuMBbl; NMPU YBEIUYEHUU BIIAXKHOCTU OHU OBICTPO YMEHBIAIOTCA 10 3HAYCHUM
OJIM3KUX K HYJIIO.

1.5. Pu3snyecKue CBOMCTBA I'PYHTOB.

[IpeacraBuM cebe HEKOTOPBIM 00bEM V TPEXKOMIOHEHTHOIO IPyHTa Maccoi
M, pa3ielieHHbId Ha OTACJIbHBIE KOMIIOHEHTHI, rae V,, m;, V,, m,, V,, m, —
COOTBETCTBEHHO OOBEM M Macca TBEPIOH, >KUIKOW M Ta3000pa3HON KOMIIOHEHT
rpyata (puc. 1.1). Torma V =V, +V, +V,; M =m, +m,+m, =m, +m,, TaK Kak Macca
razoo0pa3HoOi COCTaBISIONIEH HUYTOXKHO Majla M HE OKa3blBaeT BIIMSHUS Ha
pe3yJbTATHI OMPEICITICHUM.

Puc. 1.1. Cxematndeckoe H300pakeHue
COJIepKaHUS KOMIIOHEHT B 00beMe IpyHTa

Inomnocmu epynma (r/cM>, T/M°) - OTHOLIIEHHE MACChl TPYHTA K €I'0 00heMy:
p=MIN =(m +m)/(V, +V, +V,). (1.1)
Voenvuuiii sec epynma (KHM): y=p-g. (1.2)



Bnasicnocme epynma - OTHOIIEHHWE MAacChl BOABI K Macce TBEPABIX YaCTHII,
BBIp@KaeMO€ B JIOJISIX €IMHUIIBI, HHOTIa B TIPOIICHTAX:
w=m,/m =(M-m,)/m,. (1.3)
ITnomnocms wacmuy epynma (r/em®, 1/mM°) ompenensercs Kak OTHOIICHHE
MacChl TBEPJIBIX YACTHUI] TPYHTA K UX 00bEMY:
o =m V. (1.4)
ITnomnocme cyxoeo epynma (niomHocmvlo cKelema epyHma) - OTHOIICHHE
MacChI CyXOT0 TPyHTa (Y4acTHI] TPyHTa) K 00bEeMY BCETO TPYHTa!
P =M IV uma p, = plL+w). (1.5)
Iopucmocmw epynma - OTHOIIEHHE 00BEMa TOP KO BCEMY 00beMy IPYHTa, UTO
COOTBETCTBYET 00BEMY TIOP B €AMHHUIIE 00BEMa TPyHTa:

n=(V, +V,)/V. (1.6)
OmHocumenbHoe cooepicanue meepovix yacmuy B €AMHUIIE 00beMa TPyHTA!
m=V,/V,Torqa m+n=1. (1.7)

Koagpdpuyuenm nopucmocmu epynma - oTHOUIEHHUE 00BEMa MOP K 00bEMY
TBEPIBIX YaCTHII:
e=n/m=n/(l-n) wim e = p,(1+w)/ p—1. (1.8)
Cmenenw e1asxcHocmu (cmenenb 6000HACHIUEHUs]) - OTHOILIEHHE 00BbeMa BO/IbI
B MOpax TPyHTa K 00BEMY MOpP U COOTBETCTBYET OTHOIIECHUIO BIAKHOCTU TPyHTa K
€ro TMOJIHON BJIAarOeMKOCTHU:
S, =wp, /(ep,) nma S, =wy, /(ey,). (1.9)
[To KOHCHCTEHITMU pPa3IMYalOT TPU COCTOSHUS TIIMHHUCTOTO TPYHTA: TBEPIOE,
IJIaCTUYHOE M Tekydee. [paHWIlaMU MEXKIy OSTUMHU COCTOSHUSIMH SIBIISIIOTCS
XapaKTEepHbIC 3HAYEHUs BIAXKHOCTHU, HA3bIBAGMbIE 2paHuyeli packamvl8aHus.
(HUJICHULL npeoden NIACMUYHOCU) W, U 2SpaHuyel meKyiecmu (8epxXHuii npeoei
NAACMUYHOCIU) W, .
Yucno nnacmuynHocmu epywma - pa3HULA MEXIY TpPaHULEH TEKy4ecTH U
IPAHULEN PACKATHIBAHUS:

I, =w, —W,. (1.10)
Toxazamens mexy4uecmu TIMHUCTOTO TPYHTA:
1= (w—wp )/(w, —w,). (1.11)

1.6. CtpouTenbHasA Kj1accupuKanus rpyHTOB.
Tunm KpymHOOOJOMOYHBIX M TIECYAHBIX TPYHTOB YCTaHABIMUBAETCA IO
IPaHYJIOMETPUYECKOMY COCTaBY, PA3HOBUIHOCTH — 10 CTEIIEHU BIIAXKHOCTH.
[lecuanpie TPYyHTHI NOMOJHUTEIBHO MMEIOT PA3HOBUIAHOCTH IO IJIOTHOCTH
CIIO)KEHHUSI W HEOJIHOPOJHOCTH. KiaccupuKalMOHHBIMU TTOKA3aTENsIMH  SIBJISIFOTCS
COOTBETCTBEHHO KOA(P(DUIIMEHT MOPUCTOCTH € U MOKa3aTeNIb HEOJHOPOIHOCTH C, .

Tun raMHuCTOrO IpyHTa 3aBUCHUT OT YHUCJA INTACTUYHOCTHU |p , Pa3HOBUJHOCTDb

— OT MMOKa3aTeJsl TeKy4decTH |, .



1.7. CBA3b pU3NYECKUX U MEXaHUYECKHX XapaKTEePUCTUK I'PYHTOB.

OO6o01IeHne OrpOMHOTO KOJIMYECTBA HCCJIENOBAaHMM 00pasloB TpyHTa
IIO3BOJINJIO COCTaBUTH Ta6J'II/IHBI CHI/IH, 110 KOTOPBIM, HCIIOJIB3Y
Kiaccu(uKanmoHHbie  (QU3WYECKUE TMapaMeTphl TPYHTOB MOXKHO  OIPEACIUTH
HOPMATHBHBIC 3HAUCHHSI MX TTPOYHOCTHBIX U 1e(POPMAITMOHHBIX XapaKTEPUCTHK.

1.8. [IoHATHE 06 YC/IOBHOM PAaC4€THOM CONPOTUBJ/IEHUH.

Baxkneiinieii xapakTepUCTHKOW HECyIIeld CHOCOOHOCTH TPYHTOB SIBJISIETCS
pacueTHOE COMPOTHUBIICHHE, KOTOPOE 3aBUCUT OT (DHU3HKO-MEXaHHMYECKHX CBOMCTB
OCHOBaHUSI W TEOMETPUYECKHX mapameTpoB (ynmamenta. OpHako A
IIPEBAPUTEIIBHBIX PACYETOB JOIYCKAeTCs HCIOJb30BAaTh YCIOBHOE pPacyeTHOE
COIIPOTHUBIICHUE TPYHTOB — OPUECHTUPOBOYHOE JOIYCKAEMOE JABICHHUE HA IPYHT I10]
noJOIBOM (yHAAMEHTa, HMEIOUIET0 IIUPUHY 1M M TIyOuHY 3al0XKEeHHs 2M.
VY cnoBHOE pacyeTHOE COMTPOTUBIICHUE 3aBUCUT OT KJIACCU(PUKAIIMOHHBIX MTOKa3aTee
rpyHTa u onpezensercs no tabaunam CHull.

Jlekuusa 2.

2. MexaHH4YeCKHe CBOMICTBA 'PYHTOB

[Togq MexaHWYECKMMH CBOWCTBaMHU TPYHTOB IMOHUMAIOT HX CIIOCOOHOCTH
COMPOTHUBIIATHCA M3MEHEHHI0 o0bemMa U GOpMbBI B  pe3yibTaTe CHUIIOBBIX
(TOBEpXHOCTHBIX M  MAacCCOBBIX) u  ¢usndeckux (M3MEHEHHE BJIAKHOCTH,
TEMIEPATYpPHI U T. M.) BO3AECHCTBUIA.

XapakTEepUCTUKM MEXAHUYECKUX CBOWCTB TPYHTOB HCIOJB3YIOTCS IS
pacueToB aedopmaluii, OIEHKH MPOYHOCTH U YCTONYMBOCTH TPYHTOBBIX MACCHUBOB U
OCHOBAHHUU.

MexaHnueckre CBOMCTBA TPYHTOB 3aBHUCAT OT MX COCTaBa (MUHEPAJIHHOTO U
rpaHyJIOMETPUUYECKOT0), (PU3MUECKOTO  COCTOSIHUS  (TJIOTHOCTH,  BIIQKHOCTH,
TEMIIepaTypbl) U CTPYKTYPHBIX OCOOEHHOCTEH.

2.1. lepopMupyeMOCTb TPYHTOB

ITon nmelicTBuEM Harpy3oK, MepeaaBacéMbIX COOPYKEHUEM, TPYHThI OCHOBAaHHMS
MOTYT UCHIBITBIBATH OOJIbIITNE AeOPMAIIHH.

PaccMoTpuM  3aBUCMMOCTH  OCaJIKM ITaMIla S OT  BO3PACTAIOIIETO
nasyienus p (puc. 2.1.a, 6).

7) p

Puc.2.1. Cxema ombita (@) ¥ TpaMKi 3aBUCUMOCTH OCA/IKU IITaMIIa OT JIaBJICHHS
110 TIOJIOMIBE P NPU HATPYKEHUH (6) ¥ IPU HATPYKEHUU-PA3TPY3Ke (6)



Ha pucynke (puc. 2.1. 6) BUAHO, YTO TPyHTaM CBOWCTBEHHA HEIWHEHHAs
nehopMUpyeMOCTh, MPUYEM B HEKOTOPOM HAYaJIbHOM HHTEpBaJe W3MEHEHMUS
HanpspkeHuit ot 0 g0 P; oHa qoctaTouna Oau3Ka K JIMHEHHOM.

[Ipu HarpyXeHUU U MOCJENYIOUIEH pa3rpy3Ku ITamma o0Ias ocajaka rpyHTa
MOKET OBbITh pa3/ieliecHa Ha BOCCTaHABJIMBAIOLLYIOCA (YHNPYryi0) s° U OCTATOYHYIO
(mnactuyeckyro) s® (puc.2.1.B).

[Inactuueckue aedopManvu B TPYHTAX MOXKHO pPa3AeliUTh Ha OObEMHbBIE U
casuroBbie. O0BeMHBIC AehOpMAIHK IPUBOIAT K H3MEHEHHIO 00beMa IMop B TPYHTE,
T.€. K €r0 yIUIOTHEHUIO, CABUTOBBIC — K U3MEHEHHIO €r0 TIEPBOHAYATLHON (POPMBI H
MOTYT BBI3BaTh pa3pyllieHHE TPyHTA.

2.1.1. KOMHpECCI/IOHHbIe HUCIbITAHHA, ITIOJIVI€HHE U dHAJIN3 KOMIIPECCHUOHHBIX KPHUBBIX.

Kommpeccueli Ha3bIBaeTCsl OTHOOCHOE CxaTue o0paslia TPyHTa BEPTHUKAIbHOM
Harpy3Koll Mpu YCIOBHHM OTCYTCTBUS €ro OOKOBOro pacmupenus. Mcnbitanus
IPOBOJSAT B KOMIIPECCHOHHOM TIpudope — ogomerpe (puc. 2.2.).

ra L Gstr 6

Puc.2.2. Cxema ogoMeTpa KOMIIPECCHOHHOTO ITpUbopa Puc.2.3. KoMnpeccHOHHbIE KPHBBIE TPYHTa
HeHapymeHHo# (1) u HapyeHHOI (2)
CTPYKTYpBI

ITox peiicTBUEM BO3pacTarolIE HArpy3Kd F  IPOUCXOAUT BEPTUKAIBHOE
nepeMeIeHre IITaMia, BhI3bIBarolee ocaaky oOpasma. Jlegopmaiuu yriaioTHEHUS
oOpasiia TpyHTa MPOUCXOJSAT BCJICACTBUE YMEHbIIEHHU o0beMa Top 3a cyeT Ooliee
KOMIIAKTHOI'O pPa3MEIIECHUs YacCTHLl, BO3HUKHOBEHHUS B3aMMHBIX MHUKDPOCIBUIOB
YaCTHL], YMEHBIIEHUS TOJIIMHBI BOAHO-KOJUIOMIAHBIX IUIEHOK W CONPOBOKIAKOTCA
OT>KaTHUEM BOJbI U3 MOP TPYHTA.

I[Io pe3ynprataM UCHOBITAHUM CTPOUTCA KOMIIPECCHOHHAs KpuBas -
3aBUCUMOCTh KOX((PUIIMEHTa MOPUCTOCTH TPYHTA OT CHKUMAIOIIETO HAIMPSHKCHUS
(puc. 2.3.).

dopma KOMIIPECCUOHHON KPUBOU OIPEACISACTCA HATUYMEM WU OTCYTCTBHEM
CTPYKTYpPHOU MPOYHOCTH, OOYCIIOBJIEHHOW CBSI3IMH MEXIY 4YacTHUIIAMH TPyHTa H
MPUJAIONINE CKEJIETy TPyHTa CIIOCOOHOCTh BBIICPKUBATh HEKOTOPYIO HArpy3Ky 0
HayaJia pa3pyllIeHus ero Kapkaca.

2.1.2. lepopmManioHHbIE€ XapaKTEPUCTHUKH 'PYHTOB.

[Ipu HEOONBIIOM W3MEHEHHH CXKMMAaOMMX Hanpspkerwit (mopsiaka 0,1...0,3
MIla) ymenbieare Kod(PUIIMEHTa TOPUCTOCTH TPYHTA MPOTOPIUOHATHHO
YBEJIMYCHHUIO COKMMAIOLIECTO HANIPSHKCHUS.



-1.
Koaddumument cxumaemoctum,, klla™:

m, =(e'—¢e")/(c"—0c"). (2.1)
OTHOCHTEIBHBIH Ko3(huIenT cxnmaemoctu m,, klla™:
m, =m, /(1+¢’). (2.2)
Monyne nepopmaruu rpynta E, xlla:
e B %€, (2.3)
mv mO
rae £ 3aBUCHUT OT Kod(dduiirmenta 60KOBOTO 1aBIEHUS TPYHTA & !
2-&°
) ”
E=vI(l-v), tne v—koddumuent [Tyaccona. (2.5.)

2.1.3. [IpyuHBUN IUHENHOU Ae(POpMUPYEMOCTH.

[Tpu HeOonbUX N3MeHeHusax nasiaenuii (0,3-0,5 MIla) MoxkHO paccMaTpuBaTh
TPYHTBI KaK JUHEHHO JepopMupyeMblie Tela, T. €. C JOCTATOUHOU U1 TPAKTUUECKUX
1eJel TOYHOCTBIO MOKHO TTPUHUMATh 3aBUCUMOCTh MEX]y OO0IUMU JedopMaIusiMu
Y HaIIPSKEHUSAMU 11 TPYHTOB JIMHEWUHOM.

2.2. BoaonpoHHMI1IaeMOCTb I'PYHTOB.

Bodonponuuaemocmbio Ha3bIBAE€TCS CBOMCTBO BOAOHACBIMICHHOI'O I'PYHTA IO
,Z[GﬁCTBHGM Pa3HOCTH HAIIOPOB IIPOIIYCKAaTb YCPC3 CBOU IIOPHI CIIJIOIIHOM ITOTOK
BOJbI.

PaccmoTpum cxemy GuiabTpaiiiy BOJIbl B AJIEMEHTE IPYHTA.

pl/!w

AP
%

Puc.2.4. Cxema (GuibTpanuy Bojbl B Puc.2.5. 3aBUCHMOCTD CKOPOCTH (HIIBTPAIMH B
3IIEMEHTapHOM TPYOKe IPyHTa TPYHTE OT TUAPABIMYECKOTO TPaIHEeHTa

2

Hanmop B mio0oii TOYKe [BHXKYILIErocs NOTOKAa BOAbI H ompenemnseTcs
BBIPAKEHUEM:

H=ply,+2+V*I(2-9)= ply,+2, (2.6.)
rae pl/y. - TbE30METpHUUYECKas BbICOTA (3 — JIaBJICHUE B BOAE; y, — YACIBHBIN BeC
BOJIbI); Z — BBICOTa pPAacCMaTPUBAEMOM TOUKH HAJ HEKOTOPOH TOPHU3OHTAIHHOM
IUIOCKOCTBIO cpaBHeHMs; V>/(2g) — CKOpOCTHO# Hamop (V— CKOPOCTh JABHIKCHUS
BOJIbI B TIOTOKE; §— YCKOPEHHE CBOOOIHOTO MaICHUS ).

CkopocTh (UIBTpAllMU, YYHUTHIBAs CIOXKHYIO HEOJAHOPOAHYIO CTPYKTYpPY
IIOPOBOI0 NPOCTPAHCTBA TPYHTOB M HAJIMYWE IUIEHOK CBSI3aHHOW BOJBI y YaCTHII



TJIMHUCTBIX TPYHTOB, HE MOXET OBITh OMpE/esieHa Yepe3 pacxoj BOJBI U IUIOMIAIb
CEUCHMSI DJIEMEHTApHOU TPYyOKH IpyHTA.

2.2.1. 3aK0H TaMMHAapHOH QU/IBTPALUH.

OKCHepUMEHTAIbHO Y4YeHbIM Jlapcu ObUIO yCTaHOBJIEHO, YTO CKOPOCTh
(GWIBTpALUU PSIMO TPOTIOPIUOHATIBLHO Pa3HOCTH HAmopoB (AH = H, —H,) u oOpatHO

IPOMOPIUOHANIbHA ATTUHE MyTH QuiabTpanuu L :

U:k-Atlzk-i, (2.7.)
rie i — TUAPABIMYECKUA TpajueHT (TpagueHT Hamopa); k — KO3PUIUEHT

¢unbTpany (0OCHOBHAs (GUIBTPALIMOHHAS XapaKTEPUCTHKA TPYHTA).
3akoH JamMuHapHOU QuibTpauuu Japcu: CKOpOCTh ABMKEHUS BOJbI B TPYHTE
PSMO MPONOPLUHOHAIIBHA THPABINYECKOMY TPAJUECHTY.

2.2.2. 3aKOHOMEePHOCTH GUIbTPALMU BOJbI B CHINTYYHX U CBSA3HBIX IPYHTAX.

3akoH Jlapcu crpaBeuIMB I IIECYAHBIX TPYHTOB. B IIIMHUCTBIX IpyHTaxX IpU
OTHOCUTEJIBHO HEOOJIPIIMX 3HAYEHUSX TpaJMeHTa Hamopa (QUiIbTpauus MOXET He
BO3HUKATh. I[lOCTOSHHBIM  peXxuM  (QUIbTpallMM  YCTaHaBIMBAeTCAd  IOCIHE
OIPE/IETICHHOIO 3HAU€HUs i,, Ha3bIBAEMOI'0 HAa4aJbHBIM I'PaJUEHTOM Hamopa (puc.

2.5.).
3aKoH JJaMHHAPHOHN QUIBTPAIMH JJIS TIIMHUCTHIX TPYHTOB MIPUHUMAIOT B BHJIC:
v=kK-(i—iy), (2.8.)
rae k'- kodpuUIMEeHT (QUIbTpAllMU TIWHUCTOTO TPYHTA, OINpPEACISIeMbId B
WHTEpBaJe 3aBUCUMOCTH MEXIY TOUYKaMu a U 0;

2.3. [IpoYHOCTb 'PYHTOB.

I[lonq TPOYHOCTHIO TPYHTOB ITOHMMAETCA WX CBOMCTBO B OIPEICIICHHBIX
YCJIOBUSIX COIMPOTHUBISATHCS Pa3pyIICHUIO WIM Pa3BUTHUIO OOJBIINMX IJIACTUUECKUX

nedopmarimii.

2.3.1. TpeHue U cuenjieHUe B rpyHTax.

. KynoHOM 3KCIIEpUMEHTANBbHO ObUIO YCTAHOBJIEHO, YTO pa3pylleHUEe TPyHTa
IIPOUCXOJNT 34 CUET CIIBUTA OJTHOM €T0 YacTHULBI 10 Apyroi. COnpOTHUBIEHUE CABUTY
NeCcYaHbIX U KPYNMHOOOJIOMOUYHBIX TPYHTOB BO3HHKAET B PE3YJIbTATE TPEHUS MEXKIY
MEpEMEIIAIONIMMY YAaCTULIAMU M 3aleIUIEeHUs HUX APYr 3a JApyra. B TIIMHUCTBIX
IPYHTAX, 3@ CYET BBOAHO-KOJUIOMIHBIX CBSA3EHM MOMHUMO TPEHHUSA MEXIAY 4YacTHLAMU
BO3HUKAET CLEIUICHHE, OO0YCIaBIMBAIOIIEE CONPOTHUBICHUE pPACTSDKCHUIO TIpU
pa3pyLICHUHN.

2.3.2. ConpoTHUBJIEHUE I'PYHTOB NPU OJHOIJIOCKOCTHOM Cpes3e.

CnBuroBoit mpubop  (puc. 2.6.) TO3BOJSCT IPU PA3IUIHBIX 3aJJAHHBIX
HOPMAaJIbHBIX HAIPSIKCHUAX ONPEACIUTh IPEACIbHBIC CIABUTAIOIIAE HAMPSKCHUS,
BO3HHUKAIOIIME B MOMEHT paspylieHus oOpasmna rpyHTta. Casur (paspylieHue)
oOpa3iia rpyHTa MPOU3BOAUTCS MO (PMKCUPOBAHHOM IIJIOCKOCTH Cpe3a.
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Puc.2.6. Cxema ciBuroBoro mpudopa

OKCHEPUMEHTAIIBHO YCTAHOBIIEHO, YTO 3aBUCUMOCTb MEXIY NpeneIbHbIMU
CABUTAIOIIMMU HAIPSHKEHUSMUA U HOPMAJIbHBIMU HaIpsDKEHUSIMU B nHTEpBajie ot 0,3
10 0,5 MIla MOXHO ¢ JOCTaTOYHOUM TOYHOCTBIO MPUHSATH JHHEWHOM (puc. 2.7. a, 0, B).

a) 6) e) T
ud Gy Tnp Tnp.3

Tnp.3 ———————— [ TT T T T T TS
| g R
np, |
| | Topy 2~
T 6| | | | np. IW
np.1 | | ; c
v 1 !

50 g GG GG 0 G GG GG

Puc.2.7. KpuBble ropu30HTalIBHBIX TIEPEMENICHUT 00pa3IoB IPH Pa3HbIX 3HAUCHUAX O (&), rpaduKu
COTPOTHUBIIEHUSAMH CABHUTY 00Pa3II0B MeCYaHOro (6) U MIMHUCTOTO TPYHTA (6)

Torma 3Ta 3aBUCIMOCTh MOKET OBITh BBIpaKCHA YPAaBHCHUSMHU:
- ISl TIECYaHBIX TPYHTOB: 7,, = otge; (2.9)

- JUIs TIIMHKUCTBIX TPYHTOB: 7, = otg¢ + ¢, (2.10)

I€ ¢ - yrojd BHYTPEHHETO TPEHHUS U ¢ - YJEIbHOE CLEIUICHHE SIBISIOTCS
napameTpaMy IPOYHOCTH TPYHTOB.

VYpaBuenus (2.9) u (2.10) HazpiBaroT 3akoHOM KymoHa Ju1st CBIMYyYHX U CBSI3HBIX
TPYHTOB: CONpoOmMuGieHue 2PYHMo8 CcO8ucy ecmv (QYHKYUs nepeol CmeneHu om
HOPMAIbHO20 OABNEHUSL.

2.3.3. ConpoTHBJ/IeHHE CABUTY NIPU C/IOKHOM HaNPAXKEHHOM COCTOSAHUU. Teopus
npoyHocT Kysona-Mopa.

Teopus Kynona-Mopa paccmarpuBaeT MPOYHOCTh TPyHTa B  YCIOBMSX
CJIO)KHOTO HANpPsIKEHHOTO COCTOsHMSA. IIyCTh K TpaHsM 3JIEMEHTapHOro o0BheMa
TPYHTA TNPUIIOKEHBI TJaBHble HanpsbkeHus (puc. 2.8, a). Ilpu nocreneHHOM
YBEIIMYECHUH HAIPSDKEHUSL o; U MOCTOSIHHOM BEJIMYMHE HANPSDKEHUS o, MPOU30UAET
CABUT II0 HEKOTOPOW IUIOIIAJIKEe, HAKJIOHEHHOM K TOPHU30HTAJIbHOM IUIOCKOCTH,
pUYeM MPOMEXKYTOUHOE IJIaBHOE HANpsiKEHUE o, OyJeT AEHCTBOBAThH MapaljIeIbHO
ATOM IJIONIAJIKE, HUKAK HE BIIMSSL HA CONPOTUBIICHUE TPYHTA CABUTY.

B mnpenenbHOM COCTOSIHUM B KaKJIOM TOYKE

45 #/2 IPYHTa UMEIOTCS IBE COIIPSIHKEHHBIE IUIOMAAKN
. 45°+y/2 CKOJIBKEHUSI,  HAKJIOHEHHBIE MOJ  YIJIOM
S 6, 7/4—@pl2 K TUHAN NEUCTBUSA MAKCUMAIBHOIO
wre2 U wld+@l2 - MHUHAMAJIBHOTO TJIABHOI'O

45 ¥/2
11

Puc. 2.8. ITooxeHue IIOMIAIKH CKOJIbKEHUS (a);
OpHMEHTAIHSI IUIOMAI0K CKOJIBKEHUS OTHOCUTEIIHHO
HaIpaBjIeHus IeHCTBHS TIIABHBIX HANPSDKEHHH (6):

L I R ———



Hanpspkenus (puc. 2.8, 0). CooTHomeHHe
MEXy TJIAaBHBIMU HANpSOKCHUSMU o, U o, B

MPEACIIBHOM COCTOSIHUM, XapaKTepU3yeMbIM
napamMeTpaMu  IPOYHOCTH ® u c,
OTIMICHIBAIOTCS] YPABHCHUSIMMU:
- JUISL CBSI3HBIX TPYHTOB Sing = (0; — 03) (0, + 05 + 25,) ; (2.11)
- CHIMYYHX TPYHTOB Sing = (0, — 5,) (0, + 73,) . (2.12)
Bripaxxenus (2.11) u (2.12) yacTo Ha3bIBAIOT yClo8UEM NPEOEbHO20 PABHOBECUS]
2PYHMO8.

a) 17

G; 6;6; G5 Of /"

d)T

v G
0 G G
Puc. 2.10. OnpeneneHne NMPOYHOCTHRIX XapaKTEPHUCTHK

IO OTIBITaM B CTa0MIIOMETpE:
a — CBS3HBIU TPYHT; O — CHITYYHH TPYHT

Puc.2.9. Cxema cradbuiomerpa

2.3.4. IIpOYHOCTb TPYHTOB B HEKOHCOJIMAMPOBAHHOM COCTOSIHUU

N3n0xeHHOE BBIIIE COOTBETCTBYET MPOBEACHHUIO HCHBITAHUM TPYHTOB B
CTa6I/IJII/I3I/Ip0BaHHOM COCTOAHHMHU, T. €. KOraa ocaJkKa o6pa3ua oT ,Z[GI;'ICTBHH
C)KMMAIOILETO HAIPSIKEHUS IPEKPATHIIACE.

[Ipn He3aBepIIEHHOW KOHCOJIWIAIMUA BOJOHACHIIICHHOIO TJIMHUCTOIO TPYHTa
s peKkTHBHOE HANIPSHKEHHUE B CKEJIETe o, BBI3BIBAIOIIEE YIUIOTHCHUE TPyHTA, BCEraa
MEHBIIIC TIOJIHOTO HAMpsKeHUs U 3aKoH KyoHa OyieT MMeTh CIeAYIONTUi BHUI:

z,,=(c-u)gp+c, (2.13)

r7ie u,- U30bIToOUuHOE (TIOPOBOE) JaBIICHUE.

2.4. IlosreBble MeTOABI OIIpee/IeHHs IapaMeTPOB MeXaHUYeCKUX CBOMCTB I'PYHTOB.

B tex cmydasx, korja Cia0XKHO WJIM HEBO3MOXHO OTOOpaTh 00pasibl TpyHTa
HEHAPYIIEHHON CTPYKTYpbl Ui ompenesieHus aAedOpMaIlMOHHBIX M MPOYHOCTHBIX
XapaKTePUCTHUK HUCTIONB3YIOT 1OJle8ble MemOoObl UCTIBITAaHU.

UcnbiTanus npobnoii cmamuyeckoi Hazpy3xkou I ONpPENCTICHUsS MOy
nedopMalniy TpyHTOB MPOBOJSTCS B ITyp(ax HHBEHTAPHBIMH KECTKUMU IITAMIIAMHU.
Monyns nedopmaniuu onpenensiercs mo Gopmyiie:

E=ab@-v*)p, /s, TOC (2.14)
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® - KO3 ULUEHT, 3aBUCIIIUNA OT (OPMBI KECTKOTO IITammna; b - mupuHa
WIM AuaMeTp mramna; v - koddp¢umuent Ilyaccona; p;,s;- HaBlIeHHE U OcCajKa

niTamna B Ipeenax JMHEeHHON 3aBUCUMOCTH KpUBOM Ha puc. 2.1.0.

Cmamuueckoe 30HOUposanue 3aKIIOYACTCS] B MEIJICHHOM 3aJlaBIMBAHUU B
TPYHT CTaHAAPTHOTO 30HAA. MeXaHWYecKHe W TPOYHOCTHBIC XapaKTEPUCTUKU
OTIPEAETSIOTCS IO BETUYUHE yIETbHOTO COMPOTHBIICHUS IOTPYKEHHIO 30H/1a (, .

Junamuyeckoe 3onouposanue NPON3BOAUTCA MyTEM 3a0MBKHU B TPYHT 30HAA U3
KOJIOHKM INTAHI C KOHUYECKHMM HAKOHEYHUKOM. OCHOBOW /I OINpeAeIICHUs
MEXaHMUYECKUX MapamMeTPOB I'PyHTA SABIAETCS NMOKA3aTEIb 30HAUPOBAaHUS N - YHCIIO
yZ1apoB, HEOOXOIMMBIX JJIsl TOTpyKeHus 30H1a Ha 10 cM.

JIleknus 3.

3. OnpepesieHUe HANPSX)KEHU B MAaCCUBaX 'PYHTOB.

HanpspkeHnss B MaccMBax TPYHTOB, CIYKAlldX OCHOBaHUEM, CPEAON WU
MaTepUajoM JJisi COOPYKEHHUS, BOSHUKAIOT MO BO3ICHCTBUEM BHEITHUX HATrPy30K U
COOCTBEHHOI'0 BEca IPYyHTA.

OcHoBHBIE 337]au pacyeTa HallpsHKEHUM:

- pacripeseseHle HanpsOKEHUH 10 MOoAOIIBE (PYHIAMEHTOB M COOPYXKEHUH, a
TaK)Ke 0 MOBEPXHOCTU B3aMMOAECHCTBHSI KOHCTPYKIMI ¢ MacCUBaMU TPyHTa, 4acTo
Ha3bIBAEMBIX KOHMAKMHbIMU HANPANCEHUAMU,

- pacrpezieliecHUe HANpsHKeHUM B MacCUBE TPyHTa OT ACUCTBUS MecmHOuU
Hazpy3Ku, COOTBETCTBYIOLIEH KOHTAKTHBIM HaNPSKEHUSIM;

- pacmpeseNieHne HanpsoKeHUH B MacCUBE TPYHTA OT JIEUCTBUS COOCTBEHHOTO
BECa, YaCTO Ha3bIBAEMBIX NPUPOOHBIM OABIEHUEM.

3.1. Onpeaeﬂeﬂue KOHTAKTHBIX HanmeeHnﬁ IO moAomIBE COOPYKEHHUA.

[Ipu B3aumoeicTBUA PYHIAMEHTOB U COOPY>KEHUU C TPYHTaMU OCHOBAHMS Ha
ITOBEPXHOCTH KOHTAKTA BOSHUKAKOT KOHMAKMHbLE HANPANCEHUSL.

Xapaktep pacnpeaeneHusi KOHTAKTHBIX HANpSKEHUW 3aBUCUT OT YKECTKOCTH,
dbopMBI U pa3MepoB (PyHIAMEHTa WJIM COOPYKEHUSI U OT JKECTKOCTHU (TI0JIaTIIMBOCTH )
TPYHTOB OCHOBAHMSI.

3.1.1. Knaccupukanuss yHAAMEHTOB M COOPYKEHUH MO0 KECTKOCTH.

PaznmuuaroT Tpu ciaydas, OTpaskarolme ClioCOOHOCTh COOPY>KEHHUSI U OCHOBAHUS
K COBMECTHOH nedopmarmu:

- aOCOJIIOTHO JKECTKHE COOPYXEHUS, KOTJa JePOPMUPYEMOCTh COOPYKCHHUS
HUYTOXKHO Maja 1O CPaBHEHHUIO C JeQOPMUPYEMOCTHIO OCHOBAaHHUS W TpHU
OIPEIICIICHUN KOHTAKTHBIX HANPSIKEHUW COOPYKEHHUE MOXHO pPacCMaTpuBaTh Kak
HeZehOpMHUPYEMOE;

- a0COJIOTHO THOKHUE COOpPYXEHHUsI, Korja aedOopMHUPYEMOCTh COOPYKEHUS
HACTOJIBLKO BEJIMKA, YTO OHO CBOOOJIHO ClieAyeT 3a AedopMalusiMi OCHOBAHMUS;
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- COOPYXKEHUSI KOHEUHOH >KEeCTKOCTH, KOrjaa AepOopMUPYEMOCTb COOPY>KEHUS
couszMepuma ¢ 1e(popMUPYEMOCTbIO OCHOBAHMS; B 3TOM ClIydae OHU AehOPMUPYIOTCS
COBMECTHO, YTO BBI3BIBAET MEpepacpe/IeICHIE KOHTAKTHBIX HAIIPSKEHUH.

KpurepueM OIIEHKH >KECTKOCTH COOPYKEHHS MOXET CIYKHTh IOKa3aTelb
ruokoctu 1o M. U. I'op6yHoBy-IlocanoBy

t~105- 3.1)
E.h
rae E u E, - Moayiu aegopMaliii rpyHTa OCHOBAHMS U MaTepuasa KOHCTPYKIIHH;
|1 h — IMHA U TOJIIMHA KOHCTPYKIIHUH.

3.1.2. Moae/ib MECTHBIX yNIPYTrux AepopManvi 4 ynpyroro noJynpocTpaHcTBa

[Ipu ompeneneHUU KOHTAKTHBIX HAMpPSKEHUU BaXXHYIO POJIb UTPAET BBHIOOP
pacueTHON MOJIETIM OCHOBAHUSI M METO/1a PEIlICHHs] KOHTAKTHOM 3a1aun. Haubosnbiiee
pacnupoCTpaHEHHE B HMHXKCHEPHOM MPAKTHKE TMOJYYWIM CICAYIOIIHAE MOJIEIH
OCHOBAHUS:

- MOJIeJIb yIpyrux Aehopmaliuii;
- MOJEJb YIIPYroro moJaynpoCTPAHCTBA.

a p 0) !p
=)

Puc. 3.1. JIledopmanuu moBEpXHOCTA OCHOBAHUS:
a — TI0 MOJIETT MECTHBIX YIPYTuX Aedopmanuii;
6 — 110 MOJIENIN YIIPYTOro MOJIYIPOCTPAHCTBA

Mooenb mecmuwvix ynpyeux deghopmayuii.

CormacHo »2TOW MOJENIH, PEAKTUBHOE HANPSDKEHHE B KaXJAOW TOUKE
MOBEPXHOCTU KOHTAKTA MPSIMO MPOTOPIIUOHAIBHO OCAIKE MMOBEPXHOCTH OCHOBAHUS B
TOM K€ TOYKe, a OCaJKW IOBEPXHOCTH OCHOBAHUS 3a TMpeneramMu TadapuToB
dbyHmamenTa oTcyTcTBYIOT (puc. 3.1.a.):

P(X) =kw(x) (3.2)
rie k — kodhdUIMEHT MNPONOPLUUOHAIBHOCTH, 4YacTO Ha3bIBaeMbIN
kodpdunmrentom nocrenu, [Ta/m.

Mooenv ynpyeozo noaynpocmpancmea.

B sToM ciyuae TOBEpPXHOCTh TpyHTa OCeIaeT Kak B Mpejenax IIOMmaan
3arpy3kd, Tak © 3a €€ TmpenenaMu, MNPUYEM KpHUBU3HA NpPOruda 3aBHCUT OT
MEXaHUYECKUX CBOMCTB TPYHTOB W MOIIHOCTHA CXKMMaeMOW TOJIIM B OCHOBAaHUU

(puc. 3.1.6.):
w(x) =%In(x—§)+D, (3.3)

- K03 (PHUITUEHT KECTKOCTH OCHOBAaHMS, X — KOOpJAWHATA TOYKHU

E
rue C=1 5

IOBCPXHOCTH, B KOTOpOﬁ OIIPEACIACTCA OCaJKa, & - KOOpJAuHaTa TOUYKHU IMPUITOKCHUA
cuibl P; D— nocTodHHAsA HHTCTPUPOBAHMA.
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3.1.3. BuiuaHuMe KeCTKOCTH ¢yHJaMeHTOB Ha pacnpejejieHde KOHTAKTHBIX
HaIPsHKEeHUH.

TeopeTnuecku 3mopa KOHTAKTHBIX HAMPSHKEHUH MOJ )KECTKUM (PyHIaMEHTOM
UMEET CeNI000pa3HbIil B ¢ OECKOHEYHO OOJBIIMMHU 3HAYECHUSIMHU HANpsHKEHUI 10
kpasM.  OpHako  BCJEACTBHE  IUIACTHUECKMX  JAedopManuii  rpyHTa B
NEHUCTBUTEILHOCTH KOHTAKTHBIE HAIPSDKEHUS XapakTepusyercs Oosee IMOoJorou
KpUBOU U y Kpasi pyHIaMEHTa JTOCTUraeT 3HAUYEHUI, COOTBETCTBYIOIIUX MPEIEIbHON
Hecylell cnocoOHOCTH IpyHTa (IIyHKTHpHAs KpUBas Ha puc. 3.2.a.)

Prc.3.2. Dmiopbl KOHTAKTHBIX HATIPSKCHUM:
a — 10 )KECTKUM KPYTJIBIM IITaMIIOM; 0— o4 IJIOCKHUM
(yHIaMEHTOM IIpH pa3IMYHOM IOKa3aTese THOKOCTH

N3menenue mokasaresnsi THOKOCTH CYIIECTBEHHO CKa3bIBA€TCS HA M3MEHEHUU
XapakTepa dMI0pbl KOHTAKTHBIX Hampspbkenuit. Ha puc. 3.2.6. mpuBeneHbl KOHTaKTHBIC
SMIOPHI JUISl clydas TJIOCKOW 3a/Jaud TpU M3MEHEHWHU Tokasarens ruOkoctu t ot 0
(a0COIOTHO XKEeCTKUM (PyHIaMEHT) 10 5.

3.2. Pacnpeaeﬂe}me HaHpﬂ)KEHI/Iﬁ B TPYHTOBbIX OCHOBAHHUAX OT COOCTBEHHOI0 Beca
TrPpYHTA.
BeprukanbHble HanpspkeHHs OT COOCTBEHHOTO Beca IpyHTa Ha IiyOuHE Z OT
MOBEPXHOCTH OIpeaesatoTcss GopMyIIoit:
o, =11, (3.4)
a JMIopa MPUPOIHBIX HAMPSHKEHUN OyJIeT UMETh BUJT TpeyroJibHUKa (puc. 3.3.a)
[Ipy HEOMHOPOAHOM HAMJIACTOBAHMU C TOPWU3OHTAIBHBIM 3aJIETAHHEM CJIOEB
3Ta 3Mopa OyJeT yKe OTpaHMYUBATHCS TOMaHOH nHuel OadB, TJie HAKJIOH KaXK0TO
OTpe3Ka B TpejesaXx MOIIHOCTU cJiofh, ONpeaesiseTcss 3HadyeHueM YAeJIbHOTO Beca

rpyHTa 3TOTO cJost y,(puc. 3.3.0).

AN =
e TS V)
0z=91
i Hwhz I A
Gy = yH Gl gl sy 3 s Gl dsvahatdula t3hs \ 15

. ¥ R

Puc.3.3. Xapakrtep pacrnpenaeacHus HaIpsHKeHUH 1o ocu (hyHIaMeHTa B



HeoaHopoIHOCTh HAMIaCTOBAaHUS MOKET BBI3BIBATHCS HE TOJIBKO HAIWYUEM
CJIOEB C Pa3HbIMU XapaKTEPUCTUKAMH, HO M HAJIIMYUMEM B MIpejesiax TOJIIIHM PyHTa
ypoBHs mnoa3zeMmHbix Bona (WL nHa puc. 3.3.8B). B 3roM ciywae cinenyer ydecTb
YMEHBUIEHUE YAEIBHOIO BECA TPYHTA 3a CUET B3BEIIMBAIOLIEIO JECHCTBUS BOJbI HA
MUHEpaIbHbIE YACTHUIIBI:

Voo = (7 — 7)1+ €), (3.5)

IZIE€ 7, - YACIbHBIA BEC TPYHTA BO B3BELIEHHOM COCTOSIHUM; y, - YIEIbHBIN BEC

YacCTHUIl TPYHTA; y, - YIAEIbHBIA BEC BOJBI, IPUHUMAEMbId paBHbIM 10 kH/M>; e —
K02 (PUIIMEHT MOPUCTOCTU TPYHTA.

JIleknus 4.

3. 3. OnpejesieHre HANPSKEHUH B TPYHTOBOM MacCCHBE OT AE€MCTBUA MEeCTHOM Harpy3kKu
Ha ero NOBEpPXHOCTH.

Pacnipenenenuie HanpshkeHUH B OCHOBAHHMH 3aBUCUT OT (HopMbI hyHIaMEHTa B
wiaHe. B cTpoutenscTBe HauOosblliee PacHpoOCTpaHEHUE TONYYMIIM JICHTOYHBIE,
MPSIMOYTOJIbHBIE U KpyTJible pyHaaMeHThl. Takum 06pa3omM, OCHOBHOE MPAKTHUECKOE
3HAYCHUE MUMEET pacUeT HAIPSHKEHUU U1 CIy4daeB IUIOCKOM, IMPOCTPAHCTBEHHOW U
OCECUMMETPUYHOM 3a]1a4.

Hanpsikenuss B OCHOBaHHMM ONPEAECTAECTCS METOAAMHU TEOPUU YIPYTOCTH.
OcHOBaHME TIpU H3TOM PACCMATPUBAETCA KaK YNOPYroe MOJyIpPOCTPAHCTBO,
OCCKOHEUHO MPOCTHUPAIOIICECS BO BCE CTOPOHBI OT TOPU3OHTAIBHOW MOBEPXHOCTH
3arpyKeHHUSL.

3.3.1. 3agaya o AeMCTBUM BEePpTUKAJIbHOMU COCPEeA0TOYEHHOM CUJIBI.

Pemrenne 3amaun 0 JAEUCTBUM BEPTUKAIBHOW COCPENOTOYEHHOM CHIIBL,
MIPUJIOKEHHOM K MOBEPXHOCTH YIPYrOTrO MOJYIPOCTPAHCTBA MOJy4eHHOE B 1885 T.
7K. byccrHeckoM, TMO3BOJSET ONPEACIUTh BCE KOMIIOHEHTHl HAIPSXKECHUW W

nedopmaruii B J1r000i TOYKE MOJYIPOCTpaHCTBA M OT JelCTBUA cuibl P (puc.
3.4.a).

M 2

Puc. 3.4. PacuerHble cXeMbl OCHOBHBIX 3a1a4:
a —3anaya byccuHecka; 6 — 3amaya o JeCTBUM HECKOJBKUX CUIT; 6 — 3agaya Pramana
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BepTtukanbHble HAIPsHKEHUS ONPEIEIISIIOTCS TTO (popMyIie:

GZ=£2P, rIe Kzi- 1 TR (3.6)
z 27 [1+(r/z)7]

Hcnonb3yss OpuUHLMI — CYNEPIO3UUMUA  MOKHO  ONPEACIUTh  3HAYECHUE
BEPTHUKAJIBHOIO CKMMAIOLIErO0 HANPSUKEHUS B TOYKE M IIPU JNEUCTBUHM HECKOJIBKHX
COCPENOTOYECHHBIX CUJI, IPUIIOKEHHBIX HA IIOBEPXHOCTH (puc. 3.4.0):

K n
= TERS R = KGR (37)

B 1892 r. ®naman nony4yus pemieHue Uil BEPTHKAIbHOM COCPEI0TOYEHHON

CUJIbI P B YCIOBHUSIX IJIOCKOM 3a7auu (puc. 3.4.B):
3 2 2
Z=27P-:—4;0X=27P-%;1X2:27P~X:—4,me r’=x*+z2° (3.8)
3Hasl 3aKOH paclpeleeHUsl Harpy3kd Ha IOBEPXHOCTH B Ipeleiax KOHTypa
3arpyeHusi, MOXHO, MHTErpupys BbIpakeHue (3.6) B mpezaenax 3TOro KOHTYpa,
ONpENEIUTh 3HAUCHUS HANpsOKEHUM B J000M TOUKE OCHOBaHUS IJs Clydas
OCECUMMETPUYHON W MPOCTPAHCTBEHHOM Harpy3ku (puc. 3.5.), a HHTErpupys
BbIpaxkeHue (3.8) — s cirydasi III0CKON Harpy3KH.

Pl‘l

K
o, =— P +—FP,+..+

o

a
/ b= 2a 0) b=2a
Pl
A P 77 N (B e L;{ 77 p/ 77 >

‘ I X 77)(-) x

1 | H

I X | i i

1 A bl 7
Z ! ! ! /

| ! Lo Y
i ! ' !
i | P Gz
! ] ™ i Txa

1 4 ]
! 15D EH\N e

) Ox
~ / X
— ;‘. y z
> AN
X M
Yy
Puc. 3.5. Cxema K npuOIMKCHHOMY Puc.3.6. Cxema 1j1st pacuera HaNpsHKEHUH B CiTydae TIOCKOH 3amaun
pacyeTy HarpsHKEHH B JIIOO0M TOUKe (@); pacmonoxeHue 3JUTUIICOB HAMIPSHKEHUI B OCHOBaHUU (6)

3.3.2. [Inockas 3apayva. [leicTBre paBHOMEPHO pacnpejae/ieHHONH Harpy3Ku.

Cxema 115 pacuera HanpsHDKEHUH B OCHOBAaHUU B CiIy4ae IJIOCKOM 3aJ1ayul MpH
JIEVCTBUM PABHOMEPHO pACHPEACICHHONW HATPY3KU MHTEHCUBHOCTBIO p IIOKAa3aHa Ha

puc. 3.6.a.
TouHble BbIpaKEHUS HJII ONPENETICHUS KOMIIOHEHT HAINpsHKEHUW B JIHO0OM
TOUYKE YIpyroro nojynpocrpaHctsa Obuin noiyuyensl I'. B. KonocoBsiM B Bufe:
o,=K,p;0,=K,p;7,=K,p, (3.9)
rne K,, K,, K,,- ko3 (puuneHTsl BIusHUSA, 3aBUCAILIUE OT O€3pa3MEpPHBIX apaMeTPOB
% u % ; X u Z - KOOPAUHATHBIEC TOYKHU, B KOTOPOH ONPENEIAIOTCS HANPSLKEHU; b = 2a
— IIMPHUHA TIOJIOCHI 3arpyKEHUSI.
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Ha puc. 3.7. a-B noka3aHo B BUJIE U30JMHUN paclpe/iesieHne HaApIPSHKEHUH o, ,
o, U 7, B MACCUBE IPYHTE JJIA CITy4das IUIOCKOM 3a/1auu.

0y Ox
a) o ) b 4
v o TIAR'Y - s m
3 P < »eNE
L N47 V| o102 \
/7 y \\-0,5 0" // \\ o b
/ |» — '

0,2 b

0; -15b -b TieYy b 150
‘ | /70/% (XN ¥
N ajssiiveint
) wil A i
\‘0,’ 20

z

Puc.3.7. I3onuHuy HanpsHDKEHUN )15 CTydasl INIOCKOM 3a/1auy U DII0pa
BEPTUKAIBHBIX CKUMAIOIINX HAMPSHKEHUH M0 OCH MOJIOCHI 3aTPyKeHHS

B HEKOTOpBIX CiydasX MpW aHAIN3€ HAMPSHKEHHOTO COCTOSHUS OCHOBAHMS
OKa3bIBaeTCs yA0OHEe IMOJIb30BaThCS TJIABHBIMHU HaIPsDKCHUSMU. Torja 3HauyeHUs
TVIABHBIX HAIMPSOKCHUH B JII0OOH TOYKE YIIPYTOro MOJIYMPOCTPAHCTBA IO ICHCTBUEM
MOJIOCOBOM PAaBHOMEPHO pacIpe/eIeHHON Harpy3Kd MOXKHO OIPEICIUTh I10
dbopmynam 1. X. Mutuemna:

O3 =E(a t+sina), (3.10)

T
re a - YroJ BUIUMOCTH, OOpa30BaHHBIM JTy4aMH, BBIXOAAIIMMHU U3 JAHHOU
TOYKH K KpasM 3arpy>KeHHOU 1osockl (puc.3.6.0).

3.3.3. [IpocTpaHcTBEeHHas 3aja4a. /lelicTBUe paBHOMEPHO pacnpeae/leHHON Harpy3Ku.
B 1935 r. A. JIsBoM ObUIM MOJTYYEHBI 3HAYEHHSI BEPTUKAJIBHBIX CKUMAIOIIMX
HaIpsHKEHUH o, B JIF0OOW TOYKE OCHOBAHUS OT JEHUCTBUSA HArpy3kd UHTEHCUBHOCTBIO
P , PABHOMEPHO PACIIPEAEICHHOM 110 TUIOIIAN PSMOYTOJIBHUKA pasMepoM | xb.
[IpakTHuecknii HMHTEpPEC MPEACTABIAIOT KOMIIOHEHTHl HAaNpsDKEHUH o, ,
OTHOCAIIMECS K BEPTUKAIW, IPOBEACHHOW Yepe3 YIVIOBYHO TOYKy C 3TOro
IPSAMOYTOJIbHUKA, U 0,,, AEUCTBYIOIIHUE 10 BEPTUKAIM, IPOXOAALIEH Yepe3 €ro LEeHTP

(puc. 3.8

tryye§P vyef 7 (HTTEITTT ’
l—.l‘_‘l _}
P I
<5 J§ T |
4 +—————<LM -—M—;m | _ﬂ v
1 S| oo T 4
| \J' % "H I =
Gzo £
y z
Puc.3.8. Cxxumaronye HanpsKeHHs 10 LEHTPOM U 1of yriioM  Puc.3.9. Cxema 11 pacyera HanpsKeHU 18

MPSIMOYTOJILHIKA C PABHOMEPHO PacIpeIelICHHON Harpy3Koi METOOOM VYIJIOBBIX TOUCK



Hcnonp3ys kodhGUIMEHTH! BAUSHUAS MOKHO 3aITHCaTh:
O-zc:chp; O :Kzop’ (311)
rae - K,, U K,, - COOTBETCTBEHHO KOA((DUIIMEHTHI BIUSHUS JIJIsl YTJIOBBIX U

LEHTPAJIbHBIX HANPSDKEHUN, 3aBUCAIIAE OT COOTHOIIEHHS CTOPOH 3arpy’KEHHOIO
OpSIMOYTOJIBHUKA U OTHOCHUTENIbHOM TJIyOMHBI TOYKH, B KOTOPOW OIpPEAESIOTCS
HaIpsKECHUS.

Mexy 3HaYEHUSIMU o, U 0,, UIMEETCS ONPEIEICHHOE COOTHOIICHHE.

0,0 =40,,.. (3.12)

Torma oxaspiBaeTcsi yaoOHBIM BbIpa3uTh ¢opmynsl (3.11) uepe3 oOmumit
KO3((PUILIMEHT BIUSIHUS o W 3alIUCaTh UX B BUJIE:
1
UZC:ZW?; Oy =0p. (313)
Kosdpduuuent « 3aBucut oT Oe3pa3MepHBIX MapaMeTpoB m U n: n=I1/b,
m=z/b (Ipu ONpeaCICHUN YIIIOBOTO HANPSHKCHUS o, ), M= 2z/b (pu onpeneieHnn

HANPSHKCHUS TI0]] IICHTPOM MPSIMOYTOJILHUKA o, ).

3.3.4. MeTO/ yrj10BbIX TOYEK.

Metona yrioBbIX TOYEK MO3BOJISIOT OMPEACNIUTh CKUMAIOIIME HAIPSKEHUS B
OCHOBAaHHMHM TIO BEPTHUKAIM, NPOXOJAIIEH dYepe3 0y TOUYKY IOBEPXHOCTH.
Bo3MoykHBI Tpu BapuaHTa pemienus (puc.3.9.).

[IycTs BepTUKalb MNPOXOAUT UYEpe3 TOUYKYy M, JeXallylo Ha KOHType
npsMOYTroJibHUKA. Pa3fenuB ATOT TpsIMOYrOJBHUK Ha JiBa TaK, 4TOObI Touka M
SBJISIIACH YTIIOBOM JJIST KaKJIOTO M3 HUX, MOKHO TIPEICTABUTh HAMPSIKCHUS o, Kak

CyMMYy yTJIOBBIX HanpsbkeHui I u I mpssMOyronsHUKOB, T.€.
c, =0, +oh. (3.13)
Ecnmu Touka M JE€XUT BHYTPU KOHTYpa MNPSIMOYTOJbHUKA, TO €ro CIEAYET
pa3AeIUTh Ha YEThIPE YACTHU TaK, YTOOBI ATa TOYKA SBJSUIACH YTJIOBOM ISl KaXKJIOTO
COCTaBJISIIOIIETO MPsIMOYTOJIbHUKA. Toraa:
o, =0 +oL+on +ol. (3.14)
Hakonen, ecimm TOuka M JIEKMT BHE KOHTypa  3arpyEHHOTO
MPSIMOYTOJILHUKA, TO €r0 HY>KHO JOCTPOUTH TakK, YTOOBI 3Ta TOUYKAa BHOBH OKa3aJlach
YTJIOBOM.

| 1l {1 \Y)
Oy =036t 07¢=03c =0y » (3 15)

3.3.5. BiussHue popmbl U IIoa U pyHjaMeHTa B IJIaHe.
Ha pwuc. 3.10. moctpoeHbl »3OIOpbl HOPMalbHBIX HANPSHKEHUW o, IO

BEPTUKAIBHON OCH, MPOXOSIIEH Yepe3 MEeHTpP KBaApaTHOro ¢yHaameHrta mpu | =b
(kpuBast 1), meHTouHoro QynaameHta |>10b (kpuBas 2), U TOXe, MIHUPUHOH 2b
(xkpuBas 3).
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Puc. 3.10. Xapaxrep pacnpeleneHus HAIPHKEHUH O, 10 OCH

(yHIaMEHTa B 3aBUCUMOCTH OT (DOPMBI U IIOMIATU €rO HOOIIBBI

B cnydae mpoctpaHcTBeHHOM 3ajmauu (kpuBasi 1) HampspKeHHs C TIyOMHOM
3aTyXaloT 3HAYUTEIBHO OBICTpEe, YeM IS TUIOCKOM 3a1aun (KpuBas 2). YBeIUUeHUe
IIUPUHBI, a, CIEAO0BATENIbHO, U IUIOMAAU QyHIaMeHTa (KpuBasi 3) MPUBOAMT K €I
0oJiee MEIJIEHHOMY 3aTyXaHUIO HAMPSHKEHUN ¢ TITyOUHOM.

Jlekuua 5

4. [IpoYHOCTb U YCTOHYMBOCTh TPYHTOBBIX MaCCUBOB. /laB/ieHH e ITPYHTOB
Ha OrpakAeHHus.

[Ipu omnpeneneHHbIX YCIOBUAX MOXET MPOUCXOIUTH MOTEPS yCTOWYHUBOCTHU
YacTH TPYHTOBOTO MaccuBa, COMPOBOXKIAIOIIASICS pa3pylieHHeM
B3aMMOJICUCTBYIOIIUX C HEH COOpyX’EHUH. ITO CBSA3aHO C (POPMHUPOBAHUEM B
MacCHUBE HEKOTOpPbIX OO0JacTeil, TI/€ COOTHOIIEHHE MEXAYy JeHCTBYIOLIUMU
HalpsOKEHUSIMA ~ CTAHOBUTCS TaKMM, YTO TPOYHOCTh TpPyHTa OKa3bIBaeTCs
VCUEPIIAHHOM.

OneHka yCTOMYMBOCTM MacCHBa TPYHTOB OCHOBBIBA€TCSI Ha AHAIU3E
HANpsDKEHUHM, BO3HUKAIOIIUMX B HUX OT COOCTBEHHOIO Beca U IMPOEKTHPYEMOIO
COOPY’KEHUS, U COMIOCTABIIEHUI C TPEIEIbHBIMU UX 3HAUECHUSIMH.

VYcaoBue NpenenbHOro  paBHOBECHMS B TOYKE TPYHTOBOIO — MAacCHBa,
XapaKTEPU3YIOTCS CIEAYIOIUMH BBIPAKEHUSMU TEOPUH MTPEAEIBHOIO PABHOBECHUS:

O4 —O.
- Ui IecKa —+—3 =sing (4.1)
o, +O.
173
91793 i
- JUTS TJIMHACTOTO TPYyHTA =sing 4.2

0'1+0'3+2c-ctg¢

Ot BBIPAXKCHUA IMO3BOJIAIOT AAaTh OLCHKY HAIIPAKCHHOI'O COCTOSHHA I'PYHTA,
T.C. YCTAHOBHUTDL, HAXOAUTCS JIM I'PYHT B JOIIPCACIbHOM HJIM IIPEACIbHOM COCTOSAHHUMU,
a, CJICA0BATCIIbHO, HA CKOJIBKO YCTOI\/'I‘II/IB MaCCHB.
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[IpenensHOE COCTOSHME TPYHTA COOTBETCTBYET TOUKe B pHcC. 4.1a, rie ocanka
S yXxoauT B 6€CKOHEUHOCTD, T.0. TEOPUS MPEAETHHOTO PABHOBECHS UCCIIEAYET TOJIBKO
HANpsHKEHHOE COCTOSIHUE MAacCHBa TPYHTOB M HE Jae€T BO3MOXKHOCTH ONPEACIHUTH

Pa3BUBAIOIIUCCA B HCM I[G(l)OpMaHI/II/I.

a)
Gst. R'R
0 str /;rmu%/f, £

9 P1 < P2 < Puavnp
0 Pn 2 Pn-17 P vayxp t

P }ds/dt*u
P2

S J Pn Pn-1
ds/dt =
Puc.4.1. 3aBUCcHMMOCTb KOHEYHOM OCaaKU OT
Harpy3ku (a) ¥ pa3BUTHE OCAJIKH BO BPEMEHH TIPH
pa3IMYHBIX 3HAUCHUSX P (0)

4.1. KpuTnyeckue Harpy3Ky Ha rpyHTHI
ocHOBaHus. ®a3bl HaAIIPpAXKE€HHOI'0 COCTOAHUA
TPYHTOBBIX OCHOBaHUM

Paccmotpum  rpaduk  3aBUCUMOCTH
s= f(p) na puc. 4.1, a.

Jns  CcBA3HOrO TrpyHTa  HayaJabHBIA
yyacTok rpapuka Oa  OyAeT  NOYTH
TOPU30HTAIBHBIM,  MPOTSHKEHHOCTh  3TOTO

ydacTKa  ONPENENUTCA  BEIMYMHOM Oy,

CTPYKTYpHOI IPOYHOCTHU IPYHT, a
aehopMaIis UMEET YIPYTHid XapakTep.

[lpu yBemuueHuH gaBieHUs (y4acTOK
ab) ocajKka BO3pacTacT, Pa3BHBAETCS IPOIECC
YILTOTHEHHS 33 CYET YMEHBIICHHS TIOPUCTOCTH
rpyHta. 3aBucuMocth S= f(p) Onm3ka K

JIMHEWHOM, OCAJIKh CTPEMSTCS K IMOCTOSHHOU
BenuunHe (4.1, 6). Hu B oxmHOW TOuUKe
OCHOBaHUS HE GoOpMHUPYETCS IPEACIbHOE
COCTOSIHHE. HauGomnbmee HanpsKeHUeE,

OTrpaHUYMBAIOLIEE 3TOT YYACTOK, HA3BIBACTCS HAUYAILHOU KPUMUYECKOU HA2PY3KOU
Pras xp, @ W3MEHEHHE HArpy3Kd OT O 1O Puay «p. XAPAKTEPUBYET hasy yniomueHus

epyHma.

ITpn n3MeHeHnH NaBiIeHHS NOJ NOAOIWBOK (QyHAaMeHTa OT 0 10 Puay p. HA B
OJIHOM TOYKE OCHOBAHUS HE BO3HUKAET MPEACIBHOE COCTOSHHUE, T.€. MPOUCXOIAUT
TOJILKO YIUIOTHEHUE TPYHTA, YTO aOCOMIOTHO 0€30MacHO JiJisi OCHOBAHMSI.

ab<1/2 1/2<d/b<2
b b

Puc.4.2. ®opmupoBanus odacTeil mpeesibHOro
PaBHOBECHS B OCHOBAHWH TP Pa3IHIHOMN
OTHOCHUTEJILHOH TITyOuHe 3aJI0KeHHs (PyHIaMEHTa!

1 - ynnoTtHeHOE A7p0; 2 — 00JIaCTh IPEIeIHEHOTO PAaBHOBECHS;
3 — BaJIbl BHITUPAHUS

Konmy »stoit (assl cooTrBeTcTBYET

ITpu NaJIbHENUIIIEM YBEJIUYCHUU
Harpy3ku (y4acTok 66 puc.4.1, a) B Toukax,
PaCIoJIOKEHHBIX TOJ KpasiMu (yHIaMEHTa,
KacaTeJbHbIE HAMpPSKEHUSI IO HEKOTOPHIM
IJIOIIAJIKaM  CTAHOBSITCSI  PaBHBIMU — HX
npeAenbHbIM  3HaueHusaMm. Ilo  mepe
BO3pAaCTaHUsl  Harpy3ku  O3TH  TOYKH
00BEIMHSIOTCSI B 30HBI, pa3Mepbl KOTOPBIX
yBEIUYUBAIOTCSI. BO3HHMKAIOT CHABUTOBBIE
neopManuu, HMEIOUIME  IJIACTUYECKUI
xapaktep. 'padpuk 3aBucumoctu S= f(p)

BCcE OONBIIE OTKJIOHAETCS OT JIMHEWHOTO.
YyacTok 66 Ha3BIBAIOT ha30l COBU208.
pu» Ha3bIBa€Mas NPEACIBHOW KPUTHYECKOU
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HArpy3Kkoil, MpH KOTOpPOMl B OCHOBAaHHMU OOpa3ylOTCS 3aMKHYTble 00JacTu
MPENEIbHOTO PABHOBECHUS, M TMPOUCXOJUT MOTEPS YCTOMYMBOCTH TPYHTOB, T.€.
MOJIHOE MCYEpIIaHKe HECYIe CIoCOOHOCTH.
B 3aBrcHMOCTH OT TiTyOHMHBI 3a105KeHMsI TOI0IIBhI (hyHmamenTa d/b odepranus
oOnacTeil mpeeIbHOr0 paBHOBECHUS UMEIOT pa3IuyHbINA XapakTep (puc. 4.2).
Harpyskn, COOTBETCTBYIOIIME Pray «p. H P, HA3BIBAIOT KPUTHYECKUMHU
Harpy3kKamu, UX ONpeesisiioT METOJaMu TEOPUH IPEIeTbHOTO PABHOBECHSI.

4.1.1. HayanbHaga KpUTUYECKaA HarpyskKa

HavanbHast KpuTHYecKass Harpy3ka COOTBETCTBYET CIlydaro, Korjga B
OCHOBAaHUM TMOJ TMOAOMIBOM (hyHIaMEHTa B EIWHCTBEHHOW TOYKE TOJ TPaHbIO
(dyHIaMeHTa BO3HUKAET MPEeAEIbHOE COCTOSHUE.

Bribepem B ocHoBaHuM TOuky M (puc. 4.3) ¥ onpenennuM Takoe KOHTAaKTHOE
HaIpsHDKEHUE p, IPU KOTOPOM B 3TOM TOYKE BO3HUKHET IMPEAEIbHOE HANpPsHKEHHOE
COCTOSIHHE.

B Mozenu nuneltHO-IedopMupyeMoil cpenibl MOJIHbIE HANPSKEHUs! B Touke M
OIIPEIENIATCS KaK

d (a+sina)+y'd+z;
e (4.3)
(a—sina)+y'd+jz,

Ul = Jl,p—q +O—l,g =

_ _p
917 F1pq T 919 =

i€ 0. — yTrOJI BUTUMOCTH.
[IpenenbHOE HAMpsSHKEHHOE COCTOSSHME B TOYke M peanmusyeTcs MpH
cobmoaenuu ycious (4.2). [loacraBus (4.3) B (4.2) noay4um:
r-yd
T

sina—sin¢(p_7/da+;/'d+yz]:ccos$. (4.4)
T

3anuiieM COOTHOLIEHUE JJIs MIyOMHBI CaMOM HUKHEN TOYKH, B KOTOPOU
BO3MOKHO TPEJEIIBHOE COCTOSIHUE OT IMOIOMIBBI (DyH/IaMEHTA.

P—y»'d 7)) C 14
z = cgp+p—— |——- ctgp——-d.
max =, (gco @ 2) S G9e=> (4.5)

Pemrast 3To ypaBHeHHE OTHOCHUTENBHO :
B ﬁ(}flmax +y'd +C-Ctg¢1)
Py = p-
Ctgp+o— >

. (4.6)

ITo onpenenenuro Npy Puauip Zmax=0. Toraa B €eIMHCTBEHHON TOUYKE OCHOBAHUS
1o rpaHbio pyHIaMeHTa OYJIeT BBITIOIHATHCS YCIOBUE MPEICTLHOTO PABHOBECHS .

_aly'd+c-ctgp)
pHau.Kp. N

o 7'd - popmyma ITy3sipeBcKoro (4.7)
gpto—-

DyHIaMEHT, COPOCKTUPOBAHHBIN TaK, UTO HAIPSKEHUE IO €r0 IMOJOLIBOM HE
IPEBBINIAECT HAYAJIBHON KPUTHUYECKOM HArpy3kd (P<Puauxp), OYAET HAXONUTHCA B
COBEpLICHHO 0Oe3omacHoM cocTosiHuu. OpHako, Kak IOKas3aja MPaKTHKA, T'PYHTHI
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OCHOBaHMsI TpPHU 3TOM OyayT o0Jagarh 3HAYUTEIBHBIM pPE3epPBOM HECYIIeh
CITOCOOHOCTH.

4.1.2. HopmaTUBHOE CONNPOTHUBJIEHHE U pacyeTHOe JAaBJIeHHe
Ecnu pomyctuth moj TMOAOMIBOM IHIEHTPAJIBHO HArpyXKeHHOTO (yHIaMEHTa
HIMPUHOM D pa3BuTHE 30H IpPEAEIHPHOrO PAaBHOBECHS Ha TIIIYOMHY Zex :1/4b, TO

HecyIlasi CIOCOOHOCTh OCHOBaHHS OcTaercs obecrieueHHOU. Ilpu 3TOM ocamku BO
BPEMCHHM 3aTyXalOT U CTPEMSATCS K TIOCTOSIHHOW BEJIMYWHE, a 3aBUCUMOCTh S = f ()

OKa3bIBa€TCs JOCTATOUHO OJM3KOM K JMHEWHOH. Clie10BaTeNbHO, IPU 3TUX YCIOBUAX
Ui pacuéToB AeQopMalMi OCHOBAaHUS MOXHO HCHOJIb30BaTh (HOPMYJIbl TEOPHUU
JMHEUHOTO AeQOPMUPOBAHUS TPYHTOB.

Hopmamuenoe conpomuenenue epynma ocHoéanusi R"  cooTBeTCTByeT
HanOOJIbLIEMY CPEIHEMY CHKMMAIOLIEMY HAIPSKEHUIO MOJ MOJOMIBOM (PyHIaMEHTA
IpyU KOTOPOM M0 MOAOWIBE (YyHAAMEHTa  JOMYCKAaeTcs  pa3BUTUS oOiacten
IPEICIIbHOTO COCTOSTHUS Ha NIyOHHY paBHYIO 0/4.

ﬂ(yb—i-}/'d +c-Ctg(pj
R" = 4

p- +y'd (48)
Ctgng—go—E

OnHUM U3 OCHOBHBIX YCIIOBUM OIpe/iesieHus pa3MepoB (GyHIaMEHTOB SIBJISIETCS
tpeboBanue p < R", rae p — pacdeTrHoe AaBICHHE MO MOAOIIBOM (PyHIaAMEHTA.
Bripaxkenue (4.8) yacto npeACTaBIAIOT B BUAE TPEXUIECHHON (hOPMYIIBIL:

R*=M b +Myy'd+Mcc, (4.9)

3neck M,, My, M — HEKoTOpBIE (DyHKIIMU OT yTiia @.

M= i My=— 41 M =P

/4
4(Ctg¢+¢>—@ Ctg¢+¢—% Ctg<o+<o—% (4.10)

3nauenus 3tux ko3¢ unuentos npuseneHsl B CHull 2.02.01-83*.

JlanpHelIlue  UCCIEAOBaHUSA  MO3BOJWIM  €HIE  Jajblle€  OTOJABUHYTH
MPAKTUYECKUN TIPECSl CPEAHETO HAMPSHKEHUS TM07 MOI0MBON (GyHIaAMEHTa, TIe TaK
e JOMYCTUM pacyeT 0CaJ0K C y4eTOM JIMHEHHOU fAedopMaliiy TPYHTOB OCHOBAHHM.
Ota BenuuuHa, coracHo CHull 2.02.01-83%*, mosyuyuna Ha3BaHHE pacuemuo2o
conpomuenenus cpynma R (4.11).

B stom ciyuae dopmyna (4.9) uMeeT HECKOIBKO OoJiee CIOXKHBIA BUJ (y4eT
MOABAJbHBIX TOMEIIEHUM, Y4YeT HEOJHOPOJHOCTH TpyHTAa U T.M.) U OyHer
paccMmoTtpeHa B Kypce «OcHoBaHUS ¥ yHIAAMEHTBI.

_Ya7c2 ' ‘
R=—E-"EEIM -k, b7y + Mg -dy -y, +(Mq—1)db-7/” +M_ - (4.11)
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4.1.3. [IpeaenbHasa KpuTU4YecKas HarpyskKa
IIpenenbHass KpUTHYECKass Harpyska p, COOTBETCTBYET HANPSIKCHHUIO IO
NOJOIBOM  (yHAAMEHTa, NPU KOTOPOM MPOUCXOAUT HCUEpIAHHE HECyIlen
CIIOCOOHOCTH TPYHTOB OCHOBaHHUs (puc. 4.1), YTO IPUBOJUT K BHIABIMBAHHUIO TPYHTA
u3 mnoa ¢yHIaMeHTa W ero orpomueimeii ocanke (puc. 4.2). Harpyska,
COOTBETCTBYIOIIAS p, MPUBOJMUT K MOJHOM MOTEPE YCTOMYUBOCTHU I'PyHTa OCHOBaHUS
U SIBJISIETCS a0COJIFOTHO HEJOIYCTUMOM JJIsl IPOEKTUPYEMOI'O COOPYKEHHUS.
Pemennem o3toii  3amaum  3aHuManmuch JI.  Ilpanmans, K. Tepuoaun,
B. B. Cokomosckuii, M. B. ManpImes.
Ha puc. 4.3. npeacrasnena oana (JieBast) 001acTh NPEJEIbHOIO PAaBHOBECHUS U
JIBA «CEMEICTBa» JIMHUI CKOJIbKEHUHU, KOTOpbIE 00pa3yloT pOMOBbI CKOJIBKEHHUS C
OINPEIEICHHBIMU YTJIAMU HAKJIOHA JIMHUM.
b Haubonee mnonHoe pemieHne 3TOM  3agauu
nonyyeHo B 1952 rony B.B.CokosioBcKkuM.
Py =N, 7 X+Ng-q+N¢-c;

(4.12)
Py =p, 190,
Piic.4.3. Jlusinit cromkeris rpi rae Ny, Ng, N = f(p, J) — 3arabynupoBaHHbIC
peaACIbHOU TOJIOCOBON HAIPY3KE LA
HeBecoMmoro ocHoBaHus ( ) =0) 663p33MCpHBIC KOB(I)(bI/IHI/IGHTBI.

[IpuBeneHHbIE BbIIIE PEMICHUS CIPABEIIMBBI TP OTHOCHTEIBHO HEOOJBIINX
IyOMHaX 3aJ10XKeHus (PyHIaMEHTOB U OJHOPOJHOM CTPOEHHUU OCHOBAHUS, IO3TOMY
B MPAKTUYECKUX pacueTax OOBIYHO MCHOJB3YIOT MHKEHEPHBIE CIIOCOObI, B TOW WA
WHOW MEpE€ YUYMUTBIBAIOIINE CTPOTHE PEIIECHUS TEOPUH NIPEAEIBHOTO PABHOBECHS.

4.2. [IpakTU4ecKue Cocoobl pacyeTa HeCcyleid CHOCOOHOCTH U YCTOMYUBOCTHU
OCHOBAHUM.

[TpuHnMIBl pacuera ocHOBaHUM (yHIAaMEHTOB MO | mpeneabHOMY COCTOSIHUIO
(10 MPOYHOCTH U HECYIIIEW CIOCOOHOCTU IPYHTOB).

Cornacao CHull 2.02.01-83* Hecymas cmocoOHOCTh OCHOBAHHUS CUHUTACTCS
o0ecTicYeHHOM TIPH BBITIOJIHCHUH YCIIOBHS.

FS7cFu/7n (413)

rjae:

F — paBHOAeicTBYyIOIIAas pacyeTHOM CHIIbI (Harpy3ku), NPHIOKEHHOW K
OCHOBAHHUIO;

F, — cuia npenenbHOro COMPOTUBIIEHUS (PaBHOACHCTBYIOMIAS MPEAEIbHON
Harpy3Kkn);

Ye — KO3(PGUIMEHT YCIOBHUM paOOThI, 3aBUCSIINI OT BUA TPYHTA.

Yn — KO3 PUITMEHT HAJIC)KHOCTHU 110 Ha3HAYEHUIO COOPYKEHUS.
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JIeKnusa 6

4.3. YCTOMYUBOCTH OTKOCOB 1 CK/IOHOB

OTtkocom Ha3bIBaeTCS HCKYCCTBEHHO co3JIaHHas MTOBEPXHOCTD,
OTrpaHUYMBAIOIAsl TPUPOJHBIA TPYHTOBBIM MAacCCHB, BBIEMKY WJIM HAacChIlb. OTKOCHI
oOpa3yloTcss TIpU BO3BEJACHUU PA3IMYHOTO poJa Hachimed (1amObl, 3eMIISTHBIC
IJIOTUHBI U T.A.) U BBIEMOK (KOTJOBaHbI, TpaHIIEH, KaHaibl U T.I.). CKIOHOM
Ha3bIBAETCA OTKOC, 00pa30BaHHbBIA MPUPOAHBIM MYTEM U OTPAHUYMBAIOIIMNA MAaCCHB
TPYHTA €CTECTBEHHOTO CJIOKEHHSI.

OCHOBHBIMM TMPUYMHAMH TIOTEPU YCTOMYMBOCTU OTKOCOB M CKIIOHOB
SIBJISIFOTCSI:

- YCTPOMCTBO HEIOMYCTHMO KPYTOIo OTKOCAa WM TOApe3Ka CKJIOHA,
HaXOJIAIIETOCS B COCTOSIHUH, OJIM3KOM K IIPEACIbHOMY;

- YBEJIMYCHUE BHEITHEH HArpy3Ku (BO3BEIICHHE COOPYKEHUM, CKIaTUPOBAHUC
MaTepuajioB Ha OTKOC UJIK BOJIM3HM €ro OPOBKH);

- W3MEHEHHME BHYTPEHHHMX CHJ (M3MEHEHHE YACIBHOTO Beca TPyHTa IIPH
HW3MEHEHUH €T0 BJIAYKHOCTH);

- HEMpaBWIbHOE HAa3HAYEHUE PACUYETHBIX XAPAKTEPUCTUK MPOYHOCTH T'PYHTA
WU CHUXKEHUE €r0 COMPOTHUBIICHUS CABUTY 3a CUET IMOBBIIMIECHUS BJIAXKHOCTH U JP.
MIPUYNH;

- TPOSIBICHUE THUAPOJUHAMHYECKOIO JAaBICHHUS, CEUCMHYECKUX  CHII,
pPa3IMYHOrO0 pojJa JWHAMUYECKUX BO3JCUCTBUN (ABMIKEHHE TpaHCIOpTa, 3a0MBKa
CBaif U T.I1.).

4.3.1. llonaTue o ko3P PunueHTe 3anaca yCroi4MBOCTH OTKOCOB U CKJIOHOB.
KoadduimenT ycTtoiunBoCTH 4aCcTO MPUHUMAETCS B BUJIE:

_tge_c
am2-L, (4.13)

A€ ¢, ¢ — pacyeTHbIC 3HAYEHUS XapPaKTEPUCTUK COMPOTUBJICHUS CIABUTY TPYHTA,
MPUHATHIE B MPOEKTE; ¢, ¢’ — TO K€, COOTBETCTBYIOIIUE MPEAETLHOMY COCTOSHUIO
OTKOCA WJIM CKJIOHA.

VYcTolunBOCTh OTKOCA WJIM CKJIOHA CUMTAaeTCs oOecrnedyeHHou, eciu, k >k

st —

rae kg =1,1...1,3 - HopMaTuBHBIN KO3 (PUIIHEHT YCTONUNBOCTH.

['pynnbel METOIOB HMCHOJB3YEMBIX [UISl PACUETOB YCTOMYMBOCTH CKJIOHOB U
OTKOCOB:

- 3JIeMEHTapHbIE PEIICHMUS;

- CTPOTHE PEILCHHUS;

- NH)KEHEPHBIE METOBL;

- YUCJICHHBIE METO/IBI.

IIpu 3TOM aHaIU3UPYIOTCS JBa TUIA 33]a4:

1). OueHka ycTOMYMBOCTHA OTKOCA WJIA CKJIOHA 33JJaHHON KPYTHU3HBI

2). OnpezeneHne ONTUMAIbHOM KPYTU3HBI OTKOCA WJIM CKJIOHA NP 33JaHHOM
K

st "
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4.4. IIpocTeiilive MeTOAbI pPACYETOB YCTOMYMBOCTH

4.4.1. YCTOMYUBOCTb OTKOCOB B H/j€a/IbHO ChINy4MX rpyHTax (¢ #0; c=0)

Nmeercst OoTKOC € YIJIOM 3ajJOKEHUS o, NpU 3aJaHHOM @ JJId TIecKa,
cmaratomero otkoc (puc.4.4, a). PaccMoTpum paBHOBecHE YaCTHIIBI, CBOOOIHO
JeXalled Ha MOBEPXHOCTHM OTKOCA: T.K. TPYHT OOJAZaeT TOJIbKO BHYTPEHHHM
TpEHHUEeM, TO  YCTOMYMBOCTH  OyaeT
oOecriedeHa, ecnu T<T’.

3a1aBIIMCh BECOM 4YacTUIbI P u

YUUTHIBAS, YTO KOA(pUITUEHT
BHYTPEHHETO TPCHHMs TPyHTOB | =99
HOJTyYUM;

T=P-sina,

T'=N-tgp=P-cosa-tge

4 I T<T', otkyga 9*<9Q yyy <@

IpU a=¢ B HACAIBHO CBHIIYYUX
Puc.4.4. CxeMsl K pacdeTy yCTOMYHMBOCTH OTKOCOB:

a — N7ealbHO CHIITy4ero rpyHTa; 6 — TO JKe, IIPH IeHCTBUI I'PyHTax yroa €CTCCTBCHHOI'0 OTKOCa — A
(UIBTPAIMOHHBIX CHJI; 6 — HICAIBHO CBSI3HOTO TPYHTA PaBEH yrily BHYTPCHHEI O TPCHHUA I'PYHTA.

OKOHYATEIBHO k ¢ _lg¢
U tgar

pu k, >k’ oTKoc 00J1ajaeT HEOOXOIMMBIM 3aI1aCOM YCTOMYUBOCTH.
B cnyuae, ecniu TpebyeTcss OonpeesuTh yroi 3aj10kKeHUs] OyIyLIero oTkoca ¢

3a1r1acom YCTOﬁHHBOCTH, TO 0. COOTBCTCTBCHHO OIIPCACINUTBHCA KaK:
t
“- tg(gj

st

4.4.2. Y4yeT BIUMAHUA QUIBTPALUOHHBIX CUJI

Ecnu ypoBeHb OA3EMHBIX BOJ HAXOAMTCS BBILIE ITOJAOIIBEI OTKOCA, BO3HUKAET
(UIBTPALIMOHHBIA TIOTOK, BBIXOJSALIMHA HA €ro MHOBEPXHOCTb, YTO MPUBOIUT K
CHIDKEHHIO YCTOMYMBOCTH OTKOCA.

B »sTOoM cnydyae mpu pacCMOTPEHMHM pPABHOBECUS YACTULIBI HEOOXOIUMO
J00aBUTH TUIPOIMHAMUYECKYIO COCTABISIONIYIO D.

I'mapaBanyeckuil rpaJueHT B TOYKE BBIXOJA TOTOKA PABEH:

i=sina  a rugpapnauueckas cocTaBAIONIAs B €MHULIE 0ObeMa IPyHTA paBHa:

D=y, -n-i=y, n-sina

Yw — YZAEIJIBbHBIN BEC BOBI;

N — HOPUCTOCTb.

VYuuTteiBas, 4To Bec eAMHUIIBI 00beMa rpyHTa P=yV, roe V=1.

YpaBHEHUE NPEAECTBHOTO COCTOSIHUS 3aIMIIETCS KaK:

rJnsina+yy sina —y, cosatge'=0

T.K.tg@'=tgep/k, , mocie mpeodpa3zoBaHus MOTYIUM

. = 7sbtg(p
Gg=——
(7wn+7/sb)tga
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VYron 3amoxkeHUss OTKOcCAa TMPHU 3aJaHHOM HOPMATHUBHOM KO3(PQUIEHTE
YCTOMYMBOCTH:
Ysot99

a =arctg—-0=2
(7w + 7sp)Kst

4.4.3. YCTOMYMBOCTb BEPTUKAJIBHOTO OTKOCA B B/ ea/IbHO CBA3HbIX rpyHTax (¢=0; c£0)
Ecimu BbICOTA OTKOCA, CIIO)KEHHOTO CBSI3HBIMM TPYHTAMH, HE MPEBBIIIACT
NpeeIbHOTO 3HAYeHUS hg, TO CBSI3HBIN TPYHT MOXKET JiepKaTh BEPTUKATIBHBIN OTKOC.
Haunbonee nebmaronpusaTHOE HAMPSHKEHHOE COCTOSTHAE BO3HUKACT Y MOOIIBHI
otkoca B T.A (puc.4.l1, B) MmenHo 3mech HaumHaeT (OPMHUPOBATHCA COCTOSHUE
IIpeaeIEHOIO paBHOBECHS.
MaxkcuManbHOE TJIIaBHOE HANPSIKEHUE B 3TOW TOYKE PABHO MPUPOJHOMY, T.€.
o, =h,. I1OoCKOJIbKy OTKOC OTpaHMY€H CBOOOJHOW BEPTHUKAIBHOM MOBEPXHOCTHIO,

MHUHHUMAaJIbHOE TJIABHOE HANPSIKEHUE B T.A paBHO HYJIIO, T.€. o, =0.
VYcaoBue npeaeabHOoro paBHOBECHUSI UMEET BU:

0103
oy +03+2C-Ctge
VYuuTtsiBas, uro 31eck @=0 (110 yCIOBHUIO 337]a4H), & TAK)KE MOACTABIISIA CIOJa G1
U O3, IIOCJIE MpeoOpa3oBaHus OyaeM umMeTh: h, =2c/y .

sing =

KoabduiimenT ycTORYUBOCTH BEpTHUKAIBHOTO 0TKOca mpu h<hy:

ks = 2¢/hy

BricoTa BepTHKAIBHOTO OTKOCA B MJICATBHO CBS3HBIX TPYHTAX, OTBEYAIOIIETO
3aJIaHHOMY 3aIacy YCTONYHBOCTH:

h=2¢/(ks)

4.4.4. YCTOMYUBOCTb BEPTUKAJILHOI0 OTKOCA B TPYHTAaX, 06/1aJal0MX TPEeHUEeM U
cuemienueM (¢ #0; cz0)
IIpn o, =jh, 1 o, =0, UCTIOJIB3YsI OJIHOE BBIPAXKEHUE YCIOBUS MPEAEITBHOIO

PaBHOBCCHS IIOJTYYUM:
2c-cos @
ho = 7. .\
y(i-=sing)
HerpynHo 3amMeTuTh, 4TO y4€T BHYTPEHHETO TPEHHUS TPyHTA MPUBOAUT K
HCKOTOPOMY YBCIIMYCHUTIO HpeHeHBHOﬁ BBICOTBI BCPTHUKAJIBHOT'O OTKOCA.

4.5. UH)KeHepHbIe MeTOAbl PACY€Ta YCTOMYMBOCTH OTKOCOB U CKJIOHOB

B npoexkTHON NpaKTHUKE MPUMEHSIOTCS WH)KEHEPHBIE METOJBI, COAEpIKAIIUE
pa3MyHbIC YIPOUICHUSI.

4.5.1. MeToA KpYyr/IOLUJIMHAPUYECKUX IOBEPXHOCTEHN CKOJIBXKEHUS
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[Ipenmonaraercsi, 4Yro NOTEpsi YCTOMYMBOCTU OTKOCAa (CKJIIOHA) MOXKET
MPOU3OUTH B pe3yJibTaTe€ BpAILEHUS OTCEKAa TPYHTOBOI'O MAacCHMBa OTHOCUTEIHHO
HekoToporo 1eHtpa O (puc.
4.5, a).

CyTb METOIa
3aKII0YaeTCs B aHanu3e
YCTOWYMBOCTU CKJIOHA MPOTHUB
CABUra MO PSAIY BO3MOMKHBIX
MMOBEPXHOCTEN  CKOJIBXKEHUS,
IIPEICTAaBICHHBIX IyTrou
OKPYKHOCTH C paguycoM I u
HeHTpoM B T. O.

Otcek IPYHTOBOTO
MaccHBa, OTpaHUYCHHBIN
CBOOOJTHOM TMOBEPXHOCTHIO U
IIOBEPXHOCTBIO  CKOJIBXKEHUS,
pa3OuBaeTCsi BEPTUKAIbHBIMU

a)

Puc.4.5. Cxema K pacdeTy yCTOHIHBOCTH OTKOCOB METOJIOM
KPYTIOLMIMHAPHIECCKUI TOBEPXHOCTEH CKOJIBKCHHUS: JUHUSAMHA  Ha N__3JIEMEHTOB

1,2, ... - HOMEpa JICMCHTOB TaKUM 00pa3oM, 4TOOBI MOXKHO
OBLJIO  MPUHATH  OCHOBAHHE

KQ)KJIOTO OTCEKa IVIOCKUM, a IPOYHOCTHBIE XapAKTEPUCTUKU OCTOSHHBIMHU.
CMmelaromuiicss MacCUB paccMaTpUBaeTcsl Kak Heae(hopMUpyeMbIil OTCEK, BCe
TOYKH KOTOPOTO YYaCTBYIOT B OOIIEM JIBH>KEHHH.
KoadduimenT ycroitunBocTH NpUHUMAETCS B BUJIE:
ke =M, /M, tie Mg u Mg; — MOMEHTBI OTHOCUTEIBHO LIEHTpa BpamieHus O

BCEX CHJI, COOTBETCTBEHHO YJAEPKUBAIOIINX U CMENIAIOIINX OTCEK.
[TopsiiOK BBIYHUCIIEHHI:

1. I'pyHTOBBIII MacCUB pa30MBAETCS HA OT/CIIbHBIC DJIEMCHTHI.

2. BBIYHCIISIOTCS BEPTUKANBHBIC CHIIBI, JCUCTBYIOIIME HA KaKIBIA DJICMEHT:
COOCTBEHHBIM BeC TIpyHTaPy M paBHONEHCTBYIOIas HArpy3KHm Ha €ro
TIOBEPXHOCTH Pg;.

3. PaBHogelicTByromas cuil Pgi+Pg packnmageiBaeTcd Ha HopManbHyrO N; u
KacaTeJIbHYIO |jCOCTABILSIIONINE. N, =(Pyi+P,)oos e ; Ty = (PyitPy Jsing .

sa ?

4. Haxomum C u | — nmuny nyru.

MoMEHT chJI, BpalllatolIuX OTCEK BOKPYT T. 0, OMPEACIINTCA KaK:
n n
M, = rZ“Ti = rZ:(Pgi + Pqi)sinai .
i=l i=
N — YHUCJIO 3JICMCHTOB B OTCCKE.
YACPKHUBAIOIIUE CHJIbI O6yCJIaBJII/IBaIOTC$I COIIPOTUBJIICHUEM CABHUI'Y 3a CUCT
BHYTPCHHETO TPCHUA U CLECIUICHUA I'PYHTA.

Cuna TpeHnus:
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[Ipy Hanuuuu BHENTHUX BEPTUKAIBHBIX HATrPy30K OHU BKJIIOYAIOTCS B
BEJIMUMHY Beca 0J10Ka (MIPU3MBI).

Pi = Pg + Pa
0L — YTOJl MEKTy HOPMaJIbI0 K OCHOBAHHIO 1-T'O JIEMEHTa U BEPTUKAIIBIO.

l= ey - AJMHA OCHOBAHUS i-TO DIIEMEHTa, i b; — IMpHHa i-To OTCeKa.

@) i U C j — pacYCTHBIC 3HAYCHHUS XAPAKTEPUCTHK IIPOYHOCTH IPYHTA B Ipenaeiax
OCHOBAHMS 1-TO DJIEMEHTA.

Mu =T Zn:Pi-COSm-tg(/HZn:c.-l.
i=1 i=1

Zn:Pi-coswtgga+Zn:Ci-|i
i=1

COOTHOCHUTENBHO: ky=-=L -
Z Pi-sinai
i=1

IIpu Ky > Ky ycTOMYMBOCTH OTKOCA OTHOCUTEILHO BBIOPAHHOIO LIEHTPA
BpamieHus T.0 obecrneyeHa.

- OCHOBHasl CJIIO)KHOCTD IPHU MPAKTUYECKUX pacueTax 3aKII0uaeTcs B TOM, YTO
noJjio’)keHue I1eHTpa BpameHuss O u BeIOOp paauyca I, COOTHOCSIIKME Haubosee
OIMaCHOMY CJIy4ar0, HEU3BECTHBI.

- OOBIYHO TIPOBOJUTCS CEPUsl TAKHX PACUETOB MPU PA3IUYHBIX IOJIOKEHUSIX
IICHTPOB BPAIICHUS ¥ 3HAYCHUSX T.

- Yame Bcero Hambosee omacHas MOBEPXHOCTb CKOJBKEHHS TPOXOAHUT uepe3
HIKHIOIO TOUKY OTKOca (CkiIoHa). KpoMe cnabbix TpyHTOB ¢ MUHMMAJIBHBIMU @ U C.

4.5.2. MepOHpI/ISITI/IH IIO ITOBBINNIEHUIO YCTOﬁ‘lI/IBOCTH OTKOCOB 1 CK/IOHOB

Omuum n3 Hambosee A(PEKTUBHBIX CIOCOOOB IMOBBIIMICHHUS YCTOMYMBOCTH
OTKOCOB U CKJIOHOB SIBJISIETCS WX BBINOJAXKUBAHUE WJIM CO3[aHHUE YCTYIYaTOIo
npoduiis ¢ 00pa3oBaHUEM TOPU3OHTAIBHBIX IUIONIAIOK (O€pM) IO BBICOTE OTKOCA.

[Ipu oTHOCHUTENHEHO HEOOJBION BBICOTE OTKOca 3(P¢dEeKTHBHA MPUTPY3KA
MOAOIIBBI B €r0 HU30BOM 4YacTM WJIM YCTPOWCTBO TMOANOPHOW CTEHKH,
MOAJACPKUBAIOIIEH OTKOC. 3aKperyieHue TMOBEPXHOCTU OTKOCAa MOXET OBbITh
OCYIIIECTBJICHO MOILIEHHEM KaMHEM, OJICPHOBKOH, YKJIaKOW OETOHHBIX ILUIUT.

BaxknelmM mMeponpusiTUEM SBISETCS PETYJIMPOBaHUE THIPOTe0I0THUECKOTo
peXrMa OTKOCa WM CKJIOHA. YCTpPOMCTBO KaHaB Il IEepeXBaThIBaHUS
MMOBEPXHOCTHBIX BOJI, OTBOJ BOJBI C O€PM, YCTPOMUCTBO JIpeHaXka.

KoHCTpyKTHUBHBIE ~ MEpONpUATUS  TUNA  OpOpe3aHuss  MNOTEHIUAJIbHO
HEYCTOWYMBOTO MAaCCHMBAa TPYHTOB CHCTEMOW 3a0MBHBIX WM HAOWBHBIX CBai,
AHKEPHOE 3aKpEIUICHHE BO B3aMMOJCUCTBUM C TMOANOPHBIMM CTEHKAMH WIH
CBAHBIMU KOHCTPYKLHSIMHU.

Jlekuusa 7

4.6. [loHATHSA O B3aUMOAEHMCTBUU 'PYHTOB C OTPAXKAANILUMU KOHCTPYKIMAMU
(AaBJIeHMe NIOKOS, aKTUBHOE U IACCUBHOE JiaBJ/IeHue).
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Orpaxparomue KOHCTPYKUMU TMpeIHA3HAYEHbl [l  YACPKUBAHUS — OT
oOpyllIeHUsT HAXOASIIMXCS 32 HUMH TPYHTOBBIX MacCHMBOB. K TakMM KOHCTPYKIUSM
OTHOCHUTCS MOJANOpHAsi CTEHKA, a TAaK)Ke CTEHbI MOJBAJIOB M 3aryyOJICHHBIX YacTen
3aHMsI, CTEHBl TMOJ3EMHBIX COOpPYKE€HHMH U T.nm. PaznuuyaroT MaccuBHble (WM
I'paBUTAIIMOHHBIE) U TOHKOCTEHHBIE MOANOpHbIe cTeHku (puc. 4.6). Ilo xapakrepy

paboThI OJIPA3ACIAIOTCA Ha KECTKUE U TMOKUE (IIIIMTYHTOBBIE CTEHKH).
Q) 9 9

Y CTONYMBOCTh MAacCCUBHBIX CTEHOK Ha
CABUT W OIPOKHUABIBAHUE OO0ECIeunBaeTCs
MPEXIE BCEr0 HMX COOCTBEHHBIM BECOM.
Y CTOMYMBOCTh TOHKOCTEHHBIX KOHCTPYKIIUHI

Puc.4.6. [IpuMepbl KOHCTPYKLMH MOAIOPHBIX — COOCTBCHHBIM BECOM CTCHKH H IpyHTa,

CTEHOK: BOBJICYEHHOTO B COBMECTHYIO padoTy, Ju00

a — MacCHBHOM; 6 — TOHKOCTEHHOH; 8 — TO )Ke, 3ameMIeHuEeM HUDKHEM 4YacTH CTEHKA B
OCHOBAHUE.

PaBHOAenCTBYIOIIAs NaBIEHU IPYHTA HA CTEHKY E 3aBHCUT OT HallpaBJICHMUS,
BEJIMYMHBI U XapakTepa €€ CMEILECHMUS.

JlaBneHue, peanu3yemMoe B YCJIOBHUSX OTCYTCTBUSI TOPU3OHTAJIBLHOTO CMEIICHHS MPHU
U=0 (puc. 4.7, 6) Ha3BIBAIOT Oasrenuem nokos Ej.

h2
Ey=¢r—-,
° 2
1%
rae &= 1 - k02¢. 6oKoBOTO HaBieHus; v — ko3¢. Ilyaccona.

[Ipu cMeleHun CTEHKH NOJ IEWCTBHEM JABJICHUS B CTOPOHY OT 3aCHIIKH Ha
BEMYUHY U, (puc.4.7, a) B TpyHTE 3achIIKU (QopMHUpYyeTCsl 00JacTh OOpYIIECHUS
IPyHTa, TPaHUIA KOTOPO Ha3bIBAETCS MOBEPXHOCTHIO CKOJILXKEHUS, a cama 00J1acThb
— npu3Moil oOpyweHus. JlaBiaeHue, nepegaBaemMoe Npu3Mol OOpyIIEHHS Ha T'PaHb
CTEHKH, HA3bIBAOT AKMUBHBIM OAB8IeHUEM, & €T0 PE3yJIbTUPYIONIYI0 0003HaYaloT E,.

[Ipu cMmenieHNH CTEHKU B CTOPOHY T'PYHTa MOJ ACMCTBHEM KAaKUX-THOO CHII B
3aChIIIKE TaKXe 00pa3yroTcs MOBEPXHOCTU CKOJIBbKEHHUS, NPU BEJIUYHUHE CMEIICHUS
+U, dopmupyercs mpusma Beimupanus rpyHTa (puc.4.7, B). Ilpu 3TOM peaxius
IPyHTa JIOCTUIa€T MAaKCHUMAJIbHOIO 3HAYEHUS M COOTBETCTBYET IACCUBHOMY
JaBJICHUIO (OTIOPY) TPYHTA, PE3YNbTUPYIONLYI0 KOTOPOro 0003HaYatoT £,.

4.6.1. OnpejesieHNe aKTUBHOTO JJaBJIeHUS HA BEPTUKaJ/IbHYIO I'PaHb CTeHKH JJIs1
ChINIyYero rpyHTa v CBA3HOIO IPYHTA, YYET NPUTPY3KU HA MOBEPXHOCTH 3aChINKH.

—t Tperne TpyHTa O CTEHKY OTCYTCTBYET

foi OB (15=0). MakcuManbHOE TJIaBHOE HAaIpsDHKEHUE,

o . N ACACTBYIONICE HA TOPUOHTAILHYIO MIOMIATKY

NN = B TOYKE KOHTaKTa TpyHTa CO CTEHKOW Ha

WSS ELiomEa” ri1yOuHE Z OT MOBEPXHOCTH 3aChlIKU Oy = YZ, Y
7 —

— VIIENIBHBINA BeC HTA.
Puc.4.8. Cxema st onpe/ieICHUs] aKTHBHOTO YA Py

JaBJIEHHUs CBHITY4Ero IPyHTa Ha [IAIKYIO
CTEHKY 30



I'pyar B mpepenax mnpusMmbel oOpymenuss OAB (puc. 4.8) Haxoautcs B
COCTOSIHUM IPENEIbHOIO pPaBHOBECUS. MMHHHMAaJIbHOE TJABHOE HANPSKEHUE O,
paBHOE aKTUBHOMY JABJIEHUIO G,, CBSI3aHO C MAKCUMAaJIbHBIM IJIABHBIM HalpPsKEHUEM

YCJIOBHUCM IIPCACIIBbHOI'O paBHOBCCHA:

1-sing 2, 4o
O, =0 =oqt9°(45° —/2).
3 11+Sin(p 1tg“ ( ?/2)

0y =03 =12ig* (45" ~0/2) .
Omnopa akTUBHOTO JAaBJIEHUS HMMEET BHJ TpeyrojbHUKAa. MakcumalibHas

OpJMHATA JIMIOPHI AKTUBHOTO JTABJICHUS
o™ = htg® (45"~ /2) .
PaBHOIENCTBYIOIAS aKTUBHOTO NABJICHUS £, ONpeAeIseTcs Kak II0aAb JI0PLL O,

2
g2 - 0/2),

U Oynet npuiokeHa K cTeHke Ha pacctostHud 1/3h ot e€ momomBeI.
[TnockocTh ckonbxkeHus AB Oyner HaklioHEHAa K BEpPTHUKAIU MOJ yriioM m/4-¢/2.
IupuHa mpu3Mbl 0OPYIICHHUS 10 TOBEPXHOCTH 3achiku 1=htg(45°- ¢/2).

Ea

4.6.2. Y4E€T IpUrpy3KH Ha NOBEPXHOCTH 3aCBINKH.
[Ipy HaMMUMM HAa TOBEPXHOCTH CIUIOIIHOM PABHOMEPHO PaCIpPEICICHHON
Harpy3Ku HUHTCHCUBHOCTBIO (. o, =32+q.

0a =03 = (Z+ 0" (45" ~/2) |
B, =+ g (45 ~0/2)

Onropa aKTUBHOTO JIaBJIICHUS MPU HAJTUYUU MPUTPY3KU HA TOBEPXHOCTH UMEET
BUJI Tpamenuu. Touka MPUIIOKEHUS paBHOACHCTByomeH E, Oyaer Haxomutbes B
LEHTPE TSHKECTH IUIOMIAAN TPAIICLIUU.

4.6.3. Y4éT cuenieHus rpyHra.
JI71s1 CBSI3HOTO TPYHTa, 001a1a10IET0 BHYTPEHHUM TPEHUEM U CLICTUUICHUEM:
o5 = oytg” (45° — p/2) — 2¢ - 1g(45° — @/ 2).
0, = 12tg% (45° — /2) — 2 - 1g(45° — p/2).
CBsi3HBIM TPYHT 00Ja7aeT CHOCOOHOCTBIO JAEpP)KaTh BEPTUKAIBHBIM OTKOC

BBICOTOM hy
2c

hy=—————.
H9(45° —p/2)
B npenenax riyOunbl Ny OT CBOOOIHOM MOBEPXHOCTH 3aCHIITKU CBS3HBIN TPYHT
He OylIeT oOKa3biBaTh JABJICHHUS HA CTEHKY. MakcuMmalibHas OpAuHaTa JMIOPHI
AKTHUBHOI'O JAaBJICHUA CBA3HOI'O prHTaI
o™ = htg? (45" —/2) — 2c - 1g(45° — 9/ 2).
Y‘-ICT CLCIIJIICHUSA FpYHTa IIPpUBOAUT K yMeHBHIeHI/I}O AKTUBHOI'O JABJICHUA.

4.6.4. OnpeaeneHre NacCCUBHOIO AaBJIEHUA
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0 5 ITaccuBHOE JaBJICHUC BO3HHUKACT IIPU

a) //// NIEpeMEIICHINN CTEHKH B CTOPOHY TpYyHTa
‘. /¥ s
?// i 3aceiiku  (puc. 4.9). Ilpu aBUXKeHUU
ok \ o o
,/{/é/;-/, N\ BEePTHKAIBHON TJQJKOW CTEHKM Ha TPYHT
AP LSy K
, . ,7/74%7/2- A Eg rIIaBHBIE HAMPSDKEHHUS MEHSIOTCS. Temnephb
A
R //// YK€ Oy=01= Oy SIBJIISICTCS MaKCHUMAaJIbHBIM, a
QL P Tifh /2, // 77 °r/t. r/y_\
= 0,=03=yZ TpWU OTCYTCTBUU TMPHUTPY3KH Ha

; Gmx ,‘\‘
il .

0)

ITIOBEPXHOCTH 3aCBINKA cleBa —
MUHHUMAQJIBHBIM ~ TJIaBHBIM  HAIpPSKEHUEM
(puc. 4.9, 0). VYciuoBue mpeaCIHLHOTO
PaBHOBECHUS UMEET BU:
- TS CBIITY4YUX TPYHTOB
Puc.4.9. Cxema nelicTBUSI aKTUBHOTO U TACCHBHOTO 9= 03t92(45° +0/2)
JIaBJICHMSI HA CTCHKY - IJIA CBA3HBIX I'PYHTOB!
01 = 03tg” (45° +¢/2) + 2c- 1g(45° + ¢/ 2).
3HaueHHs] OPJIMHATHI MMACCHUBHOIO JABJIEHUS HAa IIyOMHE Z OT MOBEPXHOCTH
3aCBINKHU [IPY Havaje KoopauHaT B Touke 0’:
- IS CBIITyYHUX TPYHTOB
o, =2y’ (45" + 9/ 2);
- IS CBSI3HBIX TPYHTOB:
o, = 12t9? (45" +/2) +2¢ - 1g(45° + @/ 2).
IIpu onHOM M TOW e TIIyOMHE OT MOBEPXHOCTU 3ACHIIKH OPAMHATA SIIOPHI
MACCUBHOTO JABJICHUS CYUIECTBEHHO OOJIbIlIE, YE€M OpJMHATA S3IIOPbl AKTUBHOIO
nasyienus. [llupuna npusmel Bermupanust | '=htg(45°+ ¢/2).

Jlekuusa 8

5. lepopmManiuu rpyHTOB U pacyeT 0CaA0K OCHOBAaHUM COOPYKEeHUU

5.1. TeopeTH4yecKkue OCHOBBI pacyeTa CTaOM/IM3HUPOBaAHHBIX AedopManyiii OCHOBAHUM.

5.1.1. IlocTaHOBKa 3aJa4H.
PacuetHbie cxembl K 3a7ade OMNpeeSieHUs] KOHEUHOM CTaOWIIM3UPOBAHHOMN
OCaJIKu OCHOBAaHUS OT JEWCTBUS HArpy3Kd, IIEPEJaBacéMOM Ha TPYHThHI 4Yepe3

MOJOIIBY dbyHIaMeHTa,
IpEACTABIICHBI Ha puc. S5.1.
pix)-q Ocanky TMOBEPXHOCTHU

OCHOBaHHsI B YPOBHE IOOIIBEI
W ¢GyHmameHTa OyIeT BBI3BIBATH
‘ He TOoMHOEe mdaBienue p(x),
BO3HUKIIIEE ocie
CTPOUTENBLCTBA, A MPHUPAIEHUE

NaBlieHus, paBHOe p(x)-(. 'ne

Puc.5.1. Cxema pyHmamenTa (@), pacueTHas cxema repenadn qzyd — NPUPOJHOE JABJICHHE
Harpy3oK Ha OCHOBaHHME (6) ¥ pa3IMYHbIE BHBI SITIOD

JIOTIOJIHUTEILHOTO TABICHHS (6-0)

p(x)-q
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Ha TITyOnHEe 3an0XeHus: QyHIaMeHTa.

[Iporu6 moBepXHOCTH OCHOBaHUS OYyJIET UMETh KPUBOJWHEHHOE OYEpTaHUE,
KOTOpO€ 3aBHCHT OT JKecTKocTh (yHmamenTta. Jlns aOCOJMIOTHO JKECTKUX
(GbyHIaMEHTOB XapakTep 0CaJIOK MOBEPXHOCTU OYJET COOTBETCTBOBATh MYHKTUPHBIM
JUHUAM Ha puc.S.1

[Ipu npakTHYecKux pacuérax MpUOEraroT K YIPOIICHUIO 33/1a4u.

JIist 1IeHTpalibHO HArpy>XeHHBIX (DYHIAMEHTOB OMpEIEseTCs MaKCcUMallbHas
ocajJka S 1Mo OcH Z, KOTopas MPUHHUMAETCSl KaK BEJIMYMHA COBMECTHOM nedopmanuu
OCHOBaHUS U PyHIaMEHTA.

Jlis BHEIEHTPEHHO HArpyXeHHbIX (YHIaMEHTOB OIPEACISACTCS BEITUYMHA
CpeIHel 0caJKu U KpeHa MOJOMIBbI PyHIaMeHTa.

PaznuyaroT nBe rpynmbl METOIOB pacyéra OCaJ0K: OCHOBAHHBIE HA CTPOTHX
pPEIICHUAX W JOMOJHUTEIBHBIX YIPOIIAIOIMINX MPEANOChUTKAaX (MPHOIMKEHHBIC
perieHus).

5.1.2. OnpeaesieHUe 0CaJA0K JIMHEHHO-AePOpMUPYEMOro MOJIyIPOCTPAHCTBA UJIH CJIOS
rPyHTa OrpaHU4Y€HHOW MOLIHOCTH.

Hcnonp3yloTcss CTPOTHE PpEIICHUST O paclpeleleHUd HanpsHKeHUH B
OJTHOPOJHOM H30TPOITHOM MAaCCHUBE TPYHTOB OT HArpy30K, MPHJIOKEHHBIX Ha €ro
TIOBEPXHOCTH. 3aBHCUMOCTh MEXIY OCAJIKOH TOJOIIBBI IIEHTPATBHO-HATPYKEHHOTO
dyngamenra S, miomanelo ¢yHnamenta A=bl, u cpemnum 3HaueHHWEeM
JOTIOJTHUTEIILHOTO IaBJICHUS Po=P-yd UMEET BUJI:

s=apob—v?)/E, (1)

rae ® — Kodd., 3aBUCUT OT (HOPMBI IJIOIIAIN U KECTKOCTU PyHIIaMeHTa, V, £ — k03d.
[Tyaccona u Moaymnb AedopMaliviv TPyHTa OCHOBAHUSI.

JlanHOE pEIIeHNE MPUMEHUMO TOJBKO JUISI OJHOPOJHOTO HAaIlJIaCTOBAHUS
TPYHTOB Ha 3HAYUTEIHHYIO TIyOWHY HIDKE TOJONIBE (pyHmamenTa. He yunuteiBaeTcs
W3MEHEHHUE TTPUPOTHOTO HANIPSHKEHHOTO COCTOSIHUS TPYHTOB OCHOBAHHUS C TITyOWMHOM,
Ipy  3HAYUTEIBHBIX pa3Mepax (QyHIaMEHTOB pacUETHBIE 3HAYCHUS OCAJIOK
3aBBINICHHBIC. Perenne ucnonb3yercss mpu HEOOIBIUX pa3mMepax (PyHIaMEHTOB Ha
OJTHOPOJHBIX OCHOBAHMSAX W JUISI ONpPEAeNeHUs MOAYJSA aAepopManuyd IO JTaHHBIM
OTIBITOB C MPOOHOM HArpy3KOH.

5.1.3. OcHOBHBbIE NpeANOChIIKA IPHUOGJIMKEHHbIX METOA0B pacyéTa 0CaJ oK.

Ocanka rpyHTa MPOUCXOJUT TOJIBKO B Mpejenax TiTyOuHbI CKMMAEMOM TOJIIU
H.. Ocagka OCHOBaHHUS NPOMCXOIUT TOJBKO 3a CYET CXKaThs cToyida TpyHTa,
HETMOCPEICTBEHHO HAXOJISIIETOCs Mo MoAoIBoi GyHaamenTa (puc. 5.2, a). Cxarue
KOKJIOTO  3JEMEHTAapHOIO CJOs MOIIHOCTBIO AZ  BBI3BIBAETCA PaBHOMEPHO
pacupeneseHHOW Ha €ro IOBEPXHOCTM HArpy3kol paBHOM MaKCUMAJIbHOMY
3HAYCHUIO Gy, ICUCTBYIOIIEMY TI0 OCH Z.

OnpenenuB BEIUYMHY CXKAaTHA KaXIOTO JJIEMEHTAPHOIO CJIOST TPYHTa B
npefenax CKUMaeMOM TOJIIIA OCHOBAHMA U IPOCYMMHUPOBAB JTU BEIUYHUHBI,
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MOJIyYrM OOIIYI0 OCaaKy OCHOBaHUS (yHAameHTa. TakoWl MOAXOJ K PEHICHUIO
3a/1a4d Ha3bIBAIOT METOJIOM TOCIOMHOTO (3JIEMEHTAPHOT0) CYMMHUPOBaHHUS.
B03MOXHEBI osa
PACUEMHBIX  CAy4as. CHKaTHE
3JIEMEHTApHOTO  cllosl  0e3

OOKOBOTO paciIupeHus: (puc.
5.2, 0); c)KaThe
AJIEMEHTAPHOTO clmost ¢
BO3MOKHOCTBIO OOKOBOTO

paciuupenus (puc. 5.2, B).
B nepeom cnyuae:

Puc.5.2. PacueTHBIE cXeMBI K 000CHOBAHHUIO IPUOIIKEHHBIX METOI0B &= 8)’:0'
oTpeieTIeHuUsI 0CaIoK (a, 6, 6) U KOMIIPECCUOHHAS KpUBasi TPYHTA (2)
1%
GX:UY:GZE' (52)
OTtHocuTenbHas neopmanus 3MEMEHTAPHOTO CIHOS:
2
o, 2v o,
g, =—"2|1-—— |=—=p.
‘ E( 1—1/} e’ (5.3)
&, =NAs/Az ;
C>xaTure 3JIEMEHTApHOTO CIOs
As=o,hB/E; (5.4)
As = o ,hm, . (5.5)

Jist onipenenenus 1eopMaImOHHBIX XapaKTEPUCTUK TPYHTOB UCTIOIB3YIOTCS
KOMITPECCUOHHBIE UCTIBITAHUA.
Bo emopom cayuae:

&= &y#0.

O, — O O
5= nCn, (5.6)

rae G — monynb ciBura, K — moayinb 00beMHOM nedopmaliuy rpyHTa.
C>kature IeMEeHTapHOTO CJI0S JIJIsl IPOCTPAHCTBEHHOM 3a1auH:

0,-0pn O
As= h[ZZ—Ger?mj. (5.7)
JIist TUTOCKOM 3a1a4uM CpeiHee HapshKEHHE onpeessercs mo Gopmysie:
Cm :1/3(0'X +0'yX1+v) . (58)

Jiist TouHoTO OonpeneneHus 1ehopMaIMOHHBIX XapaKTePUCTUK TpeOyeTcs
MIPOBE/ICHHUE CIIEMATILHBIX ONBITOB B MPUOOPAX TPEXOCHOTO CHKATHS.
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5.2. [IpakTHyecKHre MeToAbl pacyeTa KOHeYHbIX AedopManuii OCHOBAHUM
dxHaaMeHTOB.

5.2.1. PacyéT 0cag0K MeTO00M MOCJA0MHOro CYMMHUPOBaHMA.
Merton nocnoitHoro cymmupoBanus (06e3

yuéTa BO3MOKHOCTH OOKOBOTO PACIIUPEHUS oL

rpyHTa) pekomenioBan CHull 2.02.01-83*. T
Ha puc. 5.3. npeacrasnena pacuétHas e

cXema MeTo/Ia. =
AJITOpUTM pacuéTa: e |

[IpousBoauTcs mpuBsizka (PyHIaMEHTa K

WHKEHEPHO-T€O0JIOTNYECKON CUTYallNH A

OCHOBAHMs, T.€. COBMEIICHHE €r0 OCH C g -

JIMTOJIOTUYECKOW KOJIOHKON TPYHTOB. ;lBZC 0265062 ,I =
Onpenenserca cpegHee NaBICHHE HA )

OCHOBAaHME 110 No1o1IBe (PyHAAMEHTA p. z

CTpOI/ITCH SMIOpa MPUPOTHOTO JABJICHUS Puc.5.3. JIutonornyeckasi KOJIOHKa U pacueTHas
cXeMa J7Isl ONpeieIeHHsI 0CaZ0K METOA0M

ng 110 O0CH CI)YHI[aMCHTa. MIOCJIOMHOT'O0 CYMMHPOBAHHUS:
O DL — ormerka mmannpoBky; NL — otmeTka
NpEACIACTCA JAOIIOJIHUTEIPHOC MMOBEPXHOCTH IpUpOoIHOTo penbeda; FL — otmeTka

BepTI/IKa JIBHOE HaHp SKEHUE B ILIOCKOCTH nonouBsl pyraamenTa; WL — ypoBeHb OA3EMHBIX
BojI; B.C. — HIXKHSS TpaHUIla COKUMAEMOM TOJIIN
ITIOJOIIIBEI (I)YHI[aMeHTaI Po =0 2p0= P=0g0> rac

O 4,0 - IPUPOJIHOE ABJICHUE B yPOBHE IOOIIBLI (DYHIAMEHTA.,
Crpoutcsd smropa JONOJHUTENBHBIX HANPSHKEHUN 0,705, gct .
Crpoutcs BcrioMorarelibHas 31opa npupoaHoro gasyienus 0,2 o, .
Omnpenensror HUKHIOK IPAHUILY CKMMAaeMOU TOIIKU U3 yciioBus 0,2 0,,= o, .
CxxuMaeMyl0 TOJIIy OCHOBAaHMS pPa30MBAIOT Ha JJIEMEHTapHbIE CIIOU
TOJIIUHOM hj Tak, 4ToOBI B Mpejenax KaxKJOoro CIos IPYHT ObUT OJHOPOIHBIM, h

npuHuUMaroT He Oosee 0,4D.
3Hast IOMOJHUTEIBHOE HAMIPSDKCHHUE B CEPEIMHE KAKI0TO 3JIEMEHTAPHOTO CII0S

O 1p.i » OIPENETAIOT CIKATUE ITOTO CIIOSL.

O6mrast ocaaka ¢pyHIaMEHTa HAXOJUTCA KaK CyMMa BEJTUYHMH CKATHUS KaxX70TOo
AJIEMEHTAPHOTIO CJIOS B Mpeeax COKMMaeMOM TOJIIIIH:
N o h n
S:ﬂz% I/IHI/IS:ﬂz:o-zp,ihimv,i ' (59)
i=1 i i=1
rae N — gucio cinoée; h; — TommuHa i-ro ciost; £ u M, — MoayJib geopMariiu
1 K03(. OTHOCUTEIILHOMN CKUMAEMOCTH i-TO CJIOSt COOTBETCTBEHHO; 3=0,8.

5.2.2. PacyeT 0ca0K MeTOA0M 3KBUBAJIEHTHOI'O CJI051

DKBHUBAJCHTHBIA CIIOW — 3TO CJIOW IPyHTa TOJIIMHOM h,, ocamka KoToporo mpu
CIUIONITHOW Harpy3ke Ha TOBEPXHOCTU po OyIeT paBHa OCaJKe TPYHTOBOTO
MOJyIIPOCTPAHCTBA O] BO3AECHCTBUEM MECTHOM HArpy3Ky TOW K€ HHTEHCUBHOCTH.
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Ocanky ciosi TpyHTa TOJNIIMHONW N, mpW CIUIOMIHONW Harpy3ke MOXHO
ONPENEIUTh U3 YCIOBUS OAHOMEPHOIO €ro CKaTusi 0e3 BO3MOXKHOCTH OOKOBOTO
pacumpenus. Torna ocaika BCEro Ciost

2
s =p°—“{1—2LJ (5.10)

E 1-v
Wn, ucnoms3yst OTHOCHTEIIBHBIN KO3 (UIIMEHT C)KUMAaeMOCTH TPYHTOB
S= pOhamv (511)

OcaJika TOBEPXHOCTH TPYHTOBOTO IOIYIIPOCTPAHCTBA MO IEHCTBUEM
MECTHOM Harpy3ku OyeT paBHa:

s = apobll—v2 ) E . (5.12)
[Tpupasuusas (10) u (11), moxydum
n, = a-v2)a-20 o (5.13)
Wnu, 0603Ha9uB [1-v2)/1-2v)= 4, OKOHYATEILHO
h, = Aab (5.14)

TouirHa SKBUBAJICHTHOTO CJIOS TPyHTa 3aBUCUT OT Kodddunnenta Ilyaccona
v, ko3 dunrenTa GopMbl IUIOMAIN B KECTKOCTH (PYHIAMEHTa ® M €ro MIUPHHEI D.
CoueraHue 4o Ha3biBaeTCAd KOIDMUIIMEHTOM SKBHUBAJICHTHOTO CJIOS, 3HAYCHUS
KOTOPOTO JJIsl pa3HbIX TPYHTOB MPUBOAATCS B TaOJIUIIAX.

JI71s1 OMTHOPOAHOTO OCHOBAHUSA Ocajika omnpesensercs no gopmyse (10)

JIJis MHOTOCJIOMHBIX OCHOBaHUM TpeOyeTCs OMpeNeuTh CPEIHEB3BEIICHHbIE
XapaKTEPUCTHKHU AeHOPMUPYEMOCTH TPYHTOB B MPECIIax IKBUBAICHTHOTO CJIOS.

3HavyeHue CPEIHEB3BEILICHHOTO OTHOCHUTEJIBHOTO kodpdunrenta
C)KMMAEMOCTH CIIOMCTOTO OCHOBAHUS:
n
m, :Zhimvizi /(Zhoz) (5.15)

i=1
Ocam{a MHOTOCJIOMHOTO OCHOBAHUS:

s = poh,m, (5 16)

Jlekuusa 9.

5.3. [IpakTUYecKue MeTo bl pacyéTa 0CaJ 0K OCHOBaHMH PyHaMEHTOB BO BPEMEHM.

Ecin B ocHOBaHuu (yHIAaMEHTOB 3aJIeTalOT BOJOHACHIIIEHHBIC TIWHUCTHIC
TPYHTBI, OCaJKa MOXET pPa3BUBATHCS B TECUEHUU JJIMTEIHHOTO MEPUOAA BPEMEHHU.
BpemMenno#i mporiecc pa3BUTHsI OCAJOK CBSI3aH C MaJIO CKOPOCTHIO (PHIIbTpanuu
BOJIbl B TJIMHUCTBIX TPYHTaX M OOYCIOBJICHHBIM 3TUM MEJJICHHBIM YIUIOTHEHHUEM
BOJIOHACHIIIEHHBIX TPYHTOB.

Mertoabl nporso3a pa3BuTus aegopMaindii TpyHTOB BO BpEMEHU OCHOBAHbI Ha
TeOpUH PUIBTPALMOHHON KOHCOMUIAIMHU, B OCHOBY KOTOPOU MOJIOKEHBI CIIETYIOIINE
MPEANOCHUIKH:
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- CKeJIET TIpYyHTa pacCcMaTpHUBAEeTCs Kak YIpyrasg IOpUCTas Cpena, IEUCTBYET

KOMITPECCHOHHBIN 3aKOH YILIOTHECHHS Az =m, Ac |

- MOpOBast Boja aOCOIIOTHO HEC)KUMaeMas;

- OTXKaTHe BOJbI U3 IOP IPYHTa MOJYMHSACTCS 3aKOHY JIAMHHAPHOW (HIBTpaInu
Hapcu v =Ki;

- BHEIIHSS HArpy3Ka ypaBHOBEIIMBACTCS CYMMONH HANPSDKCHHI B CKeJIETe I'PYHTa

(3¢ bexTBHOE HANIPSKEHUE) O, U B IOPOBOM BOAE U, , T.€. p=o(z,t)+u,(z1).

OcHoBHBIE pacu€THblEe ciydau (puc. S. ) 3 p
) a

Cnyuait 0 — ogHOMEPHOE YIUIOTHEHUE
CIIOSI TpPYHTa TMOJA JCWCTBUEM CIUIOIIHOW = { ' § \ < }
Harpy3KHu. __\3

Cinydan 1 — cxxumaromue HanpsKeHUsS T, T
YBEJIMYMBAIOTCA € TAyOMHOM [0 3aKOHY Lo | Loagman | | 0=po
TPEYTOJIbHUKA. Cnyuan COOTBETCTBYET e S —
YIIJIIOTHCHHIO CBCXKCOTCBIIIAHHOT O CJ104 HanpspKeHuit i cirydae: a—0; 6 — 1; B — 2.

BOJOHACHIIIEHHOTO TPyHTa NOJA JACHCTBUEM
COOCTBEHHOTO Beca.

Crnyuaii 2 - CKUMarOIIMe HAMpsHKEHUS YMEHBIIAIOTCS C TIIYOMHOW MO 3aKOHY
TpeyrojapHuka. Ciiydail COOTBETCTBYET BUAY SIIOPHI JOMOJIHHUTEIBHBIX HAMPSKEHUI
1o ocu (pyHAaMEHTa, MPUHATON B METOJI€ SKBUBAJICHTHOTO CJIOS.
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