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AHHoOTauus

Ywby makonaga rpyHTHVHI HamnaHULWHK Xucobra onraH xonga rpyHTNN TYFOHMaPHUHE KyYraHraHnuk xonatnapuHm 6a-
LopaT Knnuw y4yH AedopMaumsnaHuLL XapaéHnapuHy Mogennawtmpu éputunrad. TyFOH TaHacuaa HaMvMKHU Tapkanviim
HaTwXkacmaa rpyHTNIN TYFOHMaPHWHT KydnaHraHnvk — gegopmaums xonatnapuHy yarapuwnHm 6axonallHuHr matemaTuk Mo-
aenu, xucobnaw ycynu, anroputvm Ba 9XM gactypu nwnab uikunub, macanaHu KyWunuwy Ba yHU eqnl ydyH JlarpaHxHuHr
BapuaLuoH TEHINaMacu Ba YeKnu aneMeHTnap ycynuaan dongananunrad. Nwnab ymkunrad mogennap, ycynnap, anroputm
Ba A4acTypnap xamaa OfMHraH HaTvKanapHUHT XakkOHUANUIM Gup KaTop TeCT MacacnanapHu edumLl opkany ncbotnaHraH. Tect
Macananapv KypvHuwnaa cyB oMOOPVHUHT BakTnap 6ynuya Typnu catxnapga TYNAMpUnvLLIM HaTvxacuaa rpyHTnn TyFoHnap-
HWHT TaHacuaa Hamnuk, Kanunnap 60cum Ba Xxocun 6ynyBYM KyunaHULLNIapHU TaKCUMTaHWLLW KENTUPUITTaH.

Abstract

This paper presents the modeling of deformation process of earth dams for the prediction of the stress state with taking
into account the soil moisture. There were created the mathematical model, the method, algorithm and computer program for
calculating the evaluation of transformation of stress strain state of subsurface dams because of the spread of water in the
dam body. For the solution of the problem statement there were used variations of “Lagrange” equation and finite element
techniques method. For the reliability of the developed models, methods, algorithms, computer programs and the results which
are obtained were confirmed the decision of test problems. In example solution of test problems showed the distribution of
moisture, pore pressure and there is tension in the body of groundwater construction at different points in time at different filling
of the reservoir.

AHHoOTauus

B paHHom paboTe n3naraercss MogenupoBaHmne npoLeccoB AeopMpoBaHMS FPYHTOBBLIX MAOTUH AN MPOrHo3a Ux Hanps-
YKEHHOrO COCTOSIHUSA C YYETOM YBINaXXHEHHOCTM rpyHTa. Pa3paboTtaHbl MaTemaTnyeckas moaernb, MeTo, anropuTm 1 nporpamma
OBM ans pacyeta oueHku TpaHchopmMaumm HanpsXKeHHO-AedOpMUPOBaHHOIO COCTOSIHUSA TPYHTOBOW MMOTWHLI B pesynsrare
pacnpocTpaHeHns Briarv B Tene nnoTuHbl. [ns NOCTaHOBKM U peLUeHns 3a4a4un NCMonb30BaHO BapuaLMoHHOe ypaBHeHue Jla-
rpaHxa u MeTof, KOHEYHbIX ArieMeHTOB. [JoCTOBEPHOCTbL pa3paboTaHHbIX MOAeNeln, MeToauK, anroputMoB, nporpammel Ha BM
N MONyYeHHbIX pe3yrnbTaToB NOATBEPXAEHbI PELLEHMEM TECTOBbIX 3adadv. Ha npvmepe pelueHus TeCTOBbIX 3afay nokasaHo
pacnpefeneHne BnaXXHOCTN, MOPOBOro AaBMEHNS Y BO3HMKAIOLLMX HAMPSPKEHUI B TENe rPYHTOBBLIX COOPY>KEHWI B pa3nuyHbIie

MOMEHTbI BpeMeHU npu pasrivd4yHoOM 3arosiHeHUn BOAOXpaHUuLia.

CTpOVITeJ'IbCTBO TPYHTOBbIX COOPYXXeHun Tpebyet
onpeneneHns HanpshkeHHO-0eOPMUMPOBAHHOIO CO-
CTOSIHUS B rPyHTax kak B Aechopmupyembix cpegax. [pu atom
B FPYHTax B 3aBUCUMOCTU OT YPOBHSI NMPUMOXEHHOW Harpy3Kku
BO3HMKAIOT ynpyrue, nnactuyeckme gedopmaumm, a Takke
NPOSIBNSATCSA HE TOMNbKO NMMHENHbIE, HO Y HENTMHEHbIE CBOW-
cTBa cpefbl.

HanpspkeHHO-OeopMUpoOBaHHOE COCTOSIHUE TPYHTOBbIX
MacCuBOB MOXeT ObITb OnpefeneHo 3KCNeprMeHTarnbHO Wt
TeopeTnyecku. M ecrniv nepBbIn NyTb CTPOro MHOUBUAYANEH U
TpebyeT CyLeCTBEHHbIX MaTepuarnbHbIX 3aTpaTt, TO BTOPON
nyTb NpeacTaBnAeTCcs yHMBEpPCcanbHbIM U NEerko NnepeHocuTcs
Ha pasnunyHble CriyYam rpyHTOBbIX COOPYXXEHWUIA, OCHOBaHWUI U
pasHOBUAHOCTW Harpy3ok.

B HacTtoswen pabote npu npoBegeHWM McCnenoBaHWUi
noBefeHnNsi FPYHTOBOW MAOTUHbBI UCMONb3yeTcsl Modenb Ae-
(hOopMMPOBaHUSA NPOCAAOYHbIX FPYHTOB MpU yBRaxHeHun [1].
Vcnonb3oBaHne 3To MOAENn He AaeT BO3MOXHOCTU MOny-
YNTb aHaNUTUYEeCKMe peLLeHnsi, NO3TOMY 34eCb UCMOSb3YeT-
cs yncneHHbin metog (MK3) ¢ npyBneyeHnem matematmyec-
KOro annapata MeXaHWKU TPYHTOB M MEXaHWKN ChIOLIHOWN
cpeabl.

B HacToflee BpemMs B Hay4yHOW nuTepaTtype umeroTcd
MHOFOYMCIIEHHbIE pe3ynbTaTbl AKCNEPUMEHTarbHbIX MUcche-
O0BaHWI MO N3MEHEHNI0 (PU3NKO-MEXaHNYECKNX XapaKTepuc-

TUK NIECCOBbIX FPYHTOB U MX NPOCaA0OYHOCTM NpY pasfnyHon
CTeneHn Mx yBnaxHeHHocTu [1-4]. B aTux uccrnepoBaHMsAx
rnokKasaHo, YTO MpW YBMaXHEHUW Mog OeWCTBMeM cTaTude-
CKMX HarpysoK, IeccOBbl€ TPYHTbl MNpeTepneBalT WHTEH-
CMBHOE CTPYKTYpHOE M3MeHeHue. B pesynbTaTe meHsoTCS
3HayeHUss Bcex PU3NKO-MEXaHNYeCKnx napaMeTpoB rpyHTa,
TaKMX Kak NnoTHOCTb, koadduumeHTbl [NMyaccoHa n 6okoBoro
pacwmpeHus, mogynu gedopmauuii, npegensl NPOYHOCTU U
T.4. CnepoBaTtenbHO, B 3TUX IPYHTax C yBraXHeHWeM nponc-
XOAMUT M TpaHcdhopMaumsa HanpsKeHHo-4edPOPMUPOBAHHOIO
coctosiHms (HOC). HecmoTpsa Ha MHOTOYMCHEHHbBIE 3KCMEpU-
MeHTanbHble mMatepuarbl, NPaKTUYECKn OTCYTCTBYIOT Moae-
nv geopMmnpoBaHns, yYUTbIBaOLWME BIIUSIHUE BMAXHOCTU
Ha HanpsXKeHHO-AedOpMUPOBaHHOE COCTOsIHME rpyHTOB. Of-
HaKo Takme ypaBHEHUS HeobXOo4UMbl MPU MPOrHO3MPOBaHUN
HOC rpyHTOBbIX COOPY>XEHWUI 1 NPOCafKu IPYHTOBBLIX OCHO-
BaHW, OCOBEHHO eCnu 3TO rMOPOTEXHUYECKNE COOPYXKEHWS.

[MpoBeneHHbIe aKCNepUMeHTarnbHble UCCNeaoBaHns B [2-
4] no NpocafoYHOCTM NECCOBbLIX MPYHTOB MPU YBNa)XHEHWUN
noKasbIBaloT, YTO C YBENMMYEHNEM BNaXHOCTW HauMHalT Oc-
nabesaTb CTPYKTYPHbIE CBA3W MeXAY TBEPAbIMUA MUHEparb-
HbIMW YacTuuaMmn rpyHTa, ocobeHHO necca, Kak creacTsue
pacTBOpeHUs B BOAE 3aroSHAWMX MOpbl FPyHTa MUHe-
panbHbIX conen. B pesynbTate CTpykTypa rpyHTa, T.e. ero
TBEpAbIV CKeneT kak Obl HauYMHaeT «paspyaTbcsa». OgHako
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Mexay paspyLllueHWem ckeneTa rpyHTa, ero CTPyKTypbl, Noj
OeNCTBMEM PasnMYHbIX Harpy3ok npu 6onblumx gedopmany-
AX N «paspyLlieHnemM» (M3MEHEHMEM) CTPYKTYpbl FpyHTa nojg
OeNCTBMEM BriarM UMeeTcs CyllecTBeHHoe pasnuuve. Ecnu
B NEpPBOM Cry4ae 3T0 MexaHU4ecKuii NpoLecc, TO BO BTOPOM
- 9TO ckopee PU3MKO-XMMUYECKUI. TeM He MeHee, B 060MX
cryyasx CTPyKTypa rpyHTa U3MEHSeTCs, Npu 3TOM U3MEHS-
I0TCSl ero MexaHU4ecKkre XapaKTepUCTUKM U yMeHbLUATCH
NMPOYHOCTHbIE CBOMCTBA.

M3BecTHO, 4TO AedhopmmpoBaHve rpyHTOB B npegenax
Harpy3ok o 0,5 MlMa nmeeT noytu obpaTumblii Xapaktep.
PesynbTaTbl onbiToB [5,6] Nokasanu, YTO MNpu yBRAaXXHEHUU
3TOT NPeAen yMeHbLIaeTCs, T.e. YBNaXHEeHne rpyHTOB Mpu
OLVHaKOBbIX 3HAYEHUSIX HAMNPSHKEHWUsI NPUBOAMT K yBenuye-
HUO AedbopMaLnii N CHDKEHWIO MPOYHOCTU FPyHTa.

Mo AaHHBIM 3KCnepuMeHTOB [6] BbISBNEHO, YTO napame-
TPbl NPOYHOCTU JIECCOBLIX IPYHTOB SIBMAIOTCA OOHO3HAYHbI-
MU DYHKUMSIMU OT BIAXHOCTU, MpUYeM yHKLMOHamNbHbIE
3aBMCUMOCTM OOBEMHOrO CxXaTus 1 CABUra, CUrbl CLEMMeHns
N koadhduLMeHTa yrna BHyTPEHHEro TPEHUS yMeEHbLIATCS
MO 3KCMOHEHLUMANbHOMY 3aKOHY C YBENUYEHMEM BIaXHOCTU

xg(y)

22

HUS MPU UCCNEA0BaHUN HaMPSKEHHO - AePOPMUPOBAHHOIO
COCTOSIHUSI FPYHTOBbIX MacCMBOB, KOHTaKTUPYOLLUX C BOOHON
cpenow, OOMKHA y4nTbiBaTb NMEPEMEHHOCTb MEXaHWYeCKUx
XapaKTepUCTUK FPYHTOB B 3aBMCMMOCTU OT CTEMNEHU YBrax-
HEHHOCTHU.

Cnepnys [7-9], raoe pa3paboTaHbl HENMHEHbIE 3aKOHbI Ae-
(HOPMUPOBAHUS C YHETOM CTPYKTYPHbIX Pa3pyLUEeHU rpyHTa
npu o6bemMHOM OedOpMUPOBAHUM U OCHOBLIBAsICb Ha pe-
3ynbTatax uccrniegoBaHun [5, 6], mogens o6bemHoro aedop-
MVPOBaHUA rPyHTa C Y4€TOM BNAXHOCTM MOXHO Hanucatb B
Buae 3asucumoctu [1]:

dP do

= KOw®yexpa =)~ (2)
OCHOBY KOTOPOW NpeAcTaBnsieT ypaBHEHWE COCTOSHUS yrpy-
rov cpefbl. 34ecb MCMNoOmnb3ylTca crnepylowme obosHave-
Hus: P=(c,+c, +0,)/3 —nonHoe AasnexHue; 0 =¢_ +te, te,
— nonHasa gedopmaums; I =1, +1g ,1, - napaMeTp, xapakrte-
PU3YIOLLMIA CTPYKTYPHOE U3MEHEHUE TPyHTa Mo AENCTBUEM
Bnaru, a I - npy gencTBMM CXUMALOLLIEN HarpysKu.

Cnenys[1], npuHumaem  1,=0/0" (3)

roe: 0” - 3HayeHne oGbeMHol gedbopmaLmn, Npy KOTOPOiA

v x] Oj) _
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Puc.1. Modenb 2pyHmoeol niomuHbl ¢ 3ano/IHeHHbIM 8000XpaHuiuWem

rpyHTa [1]:

K(l,)=K,, exp(aK(1-1,));

cl,)=cy exp(BA-1,));

G(,)=G,, expaG(1-1,)); ;
u(l,) = p, exp(yK(1-1,))
rneK ,G ,c

> G_,» €_,» M - COOTBETCTBEHHO MOAYITN 06bEMHO-
ro cXaTusi U cOBUra, cuna cuenneHus u koaduUUmUeHT yrna
BHYTPEHHEro TPeHUs MOMHOCTbLI0 YBIAXHEHHOTOo rpyHTa; K, G,
B,Y- amnupunyeckve GespasmepHbie KOIPULMEHTbI, Xapak-
Tepusytolne CTeNeH U3MEHeHUs! COOTBETCTBYHOLLUX MeXa-
HUYECKX  XapaKTEPUCTVK MPOCAAOYHOTO FPYHTa:; I= ww,,
— napameTp, XapakTepusylLmii CTeneHb YBMaXHEHHOCTU
rPyHTa; w - TeKyLlast BNaXHOCTb IPYHTa; w_ - BNI&XHOCTb, CO-
OTBETCTBYIOLLAsA NMOJTHOMY 3aMOMHEHMIO MOP FPyHTa BOZOW.
Takum obpasom, BbiGMpaemasi Moferb AedopMMpoBa-
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CTPYKTypa rpyHTa NoriHOCTbIO MPEeTEepreBatoT N3MeHeHue;
Iy =w/w 4)

W'~ 3HaueHWe BNAXHOCTU, npy KOTOPOW CKEMNeT rpyHTa non-
HOCTbIO TEPSIET MPOYHOCTb.

30ecb HeOBXOAUMO OTMETUTL, YTO 3HadYeHus I v I, Me-
HATCs B npegenax ot 0 oo 1. CnepoBaTenbHO, 3HayYeHve
I MOXeT B npefensHoM crnyyvae gocturatb 2. OgHako B pac-
yeTax 3HaveHve I < 1.

PacuyeTHble 3Ha4YeHnsa napaMeTpoB MOAENN rPyHTa BbIOU-
panuck cornacHo [1]: K*= 10 MIla, a=2,5; 0*=0.3.

KoHe4yHo-anemeHTHasA guUcKpeTU3aums U maTtemartmyec-
Kasi MOCTaHOBKa NJI0CKOM 3aAaum o hunbTpaumm XXUaKocTu
Yyepes Teno MMOTUHBI.

Mpouecc cdunbTpauun BriarM CKBO3b FPYHTOBYKO cpeny
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OMUCbIBAETCS KBa3UrapMOHUYECKM YpaBHEHNEM
Q(kxa—wj e 20240 -u 2 =0 (5)
Ox Ox oy oy ot

roe w(t,x,y) - Hem3BecTHasi o4HO3Ha4YHas B paccMaTpuBae-
MoV 06nacTn MYHKUMS YBNaXHEHUS; k, ky - U3BECTHblE (PYHK-
UMM KOOpPAMHAT - Ko3achduumneHTbl unbTpaumm (B crnydvae
k # ky - @HM30TPOMHOro rPYHTOBOro Maccuea); Q* - n3aBecTHas
YHKLMS KOOPAUHAT 1 BPEMeHM (B 3agavax, paccmaTpusae-
MbIX HMXe 3Ta PyHKUMS nNpeacTaBneHa yBnaXHEHNeM Bep-
XOBOrO OTKOCa, HaXxo4sALErocs HUXe YPOBHS BOAbI).

Ona pelueHns nnockow 3agayv O pacrnpedeneHnn yBs-
NaxHeHUs cpenpbl B rPYHTOBOW NIOTMHE paccmaTpuBaeTcs
TpanewuevganbHoOe cedeHre HaxoadaLwencs B nnocko-gedop-
Mupyemom coctosiHum (puc.1). BepxHsas n ogHa 6okoBas cTo-
POHbI €ro CBOOOAHbI OT HAMPAXKEHWS, @ HYXKHSAS YaCTb KECTKO
3alemnena.

[na nocTaHoBKM 3agayv MCMonb3yeTcs BapuaLMoHHOe
ypaBHeHve Jlarpanxa, KuHemaTudeckne rpaHuyHble yCro-
BUS, cooTHoweHns Kowm n 3akoH Nyka [10]. Ons pelweHuns
MOCTaBMEHHOW 3a4a4vn UCMOoSb3yeTCs MeTon KOHEYHbIX ane-
meHToB (MK3) [11].

paHn4YHbIE YCrOBUSA HA NOBEPXHOCTW, rAe NpoucCXoauT
MOCTOSIHHOE 3amadvBaHue (Ha YacTu BepXOBOro OTKoca, Ha-
XOASALLENCH HKe YPOBHA BOAbI), 3a4at0TCH MakCMMarbHbIM
3Ha4YeHneM YHKUNN YBRaxHEHHOCTN w [12]:

w=wg+w, =0.38 (6)

Ha octanbHom 4yactu rpaHuubl BbINOJTHAETCA ycnoBue
Hoca Bnaru - w ow -

y k,—I +k,—1 +aw=0 7

Ox oy
rae [, ly - HarnpasnsoLMe KOCUHYCbl BHELLHEN HOpManu

K rPaHNYHO NMOBEPXHOCTU;0W- NOTeps Braru nyTeM KOHBEK-
umn. Mpn a=0 1 ycrnosue (7) cBOAMTCS K U3BECTHOMY YCIIO-

BUIO HEMPOHMNLAEMOCTU rpaHnLbl

ow
M_o (8)
on

B Hawmx nccnegoeaHusix GOKOBbIE rpaHuLbl npeanonara-

I0TCS MPOHML@EMBIMW, @8 OCHOBaHME — HEMPOHMLAEMbIM, Ha
KOTOPOM CKannvMBaeTCs XWUAKOCTb, MO3TOMY YBMaXHEHHOCTb
30€eCb CO BpEMeHeM Bo3pacTaeT A0 MaKCUManbHOrO YPOBHSA

w =0.38 9)

YpaBHeHue (5) BMecTe ¢ rpaHuyHbiMm (6)-(9) 1 Havanb-
HbIMM Ans dyHkumn w =w(t=0) ycrosusM1 OfHO3HAYHO
onpegenseT peLleHne 3afayn Ha onpeaeneHHoOM nHTepaane
BPEMEHM.

B HekoTOpbIV (hUKCMPOBaHHBI MOMEHT BPEMEHMN MPOU3-
BOAHbIE OT W MO BPEMEHN U BCe KO3DPULMEHTBI MOTyT pac-
cMaTpMBaTbCs Kak 3adaHHble (OyHKUMM KoopAuHaT W Toraa
3ajaya aHanornyHa KBasuMcTaTU4ecKOW MpWu YCrOBWUM, YTO
Bblpa)KeHue B nocrnegHeM craraeMoMm B (5) TpakTyeTcs Kak
HesaBucAWas OT BpeMeHu yHKUMA koopauHaT Q(x.y). B
3TOM criyyae ypaBHeHue (5) akBMBaneHTHO TpeboBaHWIO Mu-
HUMU3aummn dyHkumoHana [12]

2
o L2 2
o1 2 Ox oy

no Bcen obnactu npn TexX Xe rpaHn4HbIX yCnoBuUAX O5a W.

2

-0Ow dv+Iqwds (10)
N

3necb O = - —; S — NoBepXHOCTL 06MacTy, Ha KOTOPOI 3a
ot

AaloTcs rpaHnyHble ycrnosus (6) - (9).
KoHeyHo-anemeHTHas AuckpeTusauus paccMmaTpusae-
MOW 3a4auyu nonyyaeTcs B pesynbrate pasbueHus paccma-

TprBaemon 0obnactu Ha KOHEeYHble 3NEeMEHTbI Tpeyroanon

OPMBL, ¢ npHeitHoil annpokcumaLmen yHKLUK yBRaxHe-
HWUS1 BHYTPW SM1eMeHTa a+bx+cy
W=—- (11)
2s
B pe3ynbTaTe KOHEYHO-3NIEMEHTHOW AUCKPETM3aLMK, ANs
HecTauMOoHapHOW 3aJayn O pacnpegernieHun Bnarv no Bcen
obnactu B pesynbTtaTe MakCUMarnbHOIO yBRaXHEHUs YacTu
cBoOOaHON MOBEPXHOCTU NonyyaeTcs criegytoLlas paspeLla-
loLasa cuctema anddpepeHumanbHbIX YpaBHEHUI

[C]a{w}Jr[H]{w}:O (12)

roe matpuua [H] nonyyaeTtcs B pe3ynbrate oobeanHe-
HWSA aNeMeHTapHbIX MaTpuy [h]° Buga

k bibi bibj btbm c,’C,’ cicj Cicm
[h] :Z; bb, bb, +—’; ce; ¢, |(13)
bmbm cmcm
a maTpuua [C] - B pesynbTaTe obbeanHeHust matpuy, [c/e:
2 1 1
[e] =231 2 1 (14)
12
11 2

PelweHne nonyyeHHon cucteMbl AvddepeHumnanbHbIX
ypaBHeHun (12) gaeT oTBET Ha NOCTaBIEHHYIO 3a4ady O pac-
npefeneHnn HecTaLuMOHapHOro NMomns yBraxHeHust obnacTu
B 3aBMCUMOCTM OT BpeMeHU. [N ee peLueHns ncnonb3yeTcs
anroputM, OCHOBaHHbIV Ha MeToae Hbtomapka ¢ pa3noxeHu-
eM YHKLMIN w(z, +t) Wt +1) B pAAbl MO CTENEHAM T- Lwara
WHTErpMpoBaHuns, MPUBOAALMM K paspeluarolieit cucteme
anrebpanyecknx ypaBHEHNN OTHOCUTENBHO YHKLUN YBIaX-

HERA Wi [4Jw.. }=1B.. (15)

[Al= [HH[C]B/(at); (16)

2.} =[C]{B{Wf}+[ﬁ—1j{w,»}+‘[ﬁ—2j{wf}} (17)
ot o 2\a

{w},{w,}{w,} - HalOeHHble Ha NpeablayLiEM Liare no Bpe-
MeHW hYHKLMS YBMAXKHEHUS 1 €€ NPOU3BOAHbIE.

Ha nepBom Lware Ans opmMypoBaHusa cuctembl anrebpa-
NYECKMNX YPaBHEHUI NCMOMb3YIOTCA HaYarnbHble YCroBus npu
t=0: w=w,; W=W, . Cuctema anreGpamyeckux ypaBHeHuit
(15) pewaetcsa metomoMm laycca. [lonyyeHHble pelleHus
W, W, McnonbayloTca Ans JOpMUPOBaHNS U PELLEHUS CU-
CTeMbl ypaBHEHMI Ha BTOPOM Liare. [lanee npouecc nosTo-
psieTca TpebyeMoe YMCIOo LWaroB No BPeMEHM.

OnuncaHHbIV anropuTM MPUMEHEH K peLlleHunio 3agady o
pacnpocTpaHeHn Bnary no Teny rPyHTOBOW MMAOTWHBLI MO
BPEMEHW NpuW 3anofiHEHUN BOSOXPaHUMNMLLA A0 onpeaeneH-
HOrO YPOBHS.

TecToBas 3apavya o pacnpeperneH n NOpoBOro Aas-
neHus B NMUHUCTOM siApe rPYHTOBOW NNoTuHbI. [opoBoe
AaBneHne KOHCONMMAauuM BO3HUKAET B MMUMHUCTbIX FPyHTax
OCHOBaHUS 1 Tene 3eMINSHbIX NNOTWMH B NpoLecce Ux ynnoT-
HeHVs nop AencreMeM cobCTBEHHOro Beca BbllLenexallero
rPyHTa, rmapocTaTM4eckoro AaBreHust ¥ YBNaXXHEHUs] BEPXO-
BOro OTKOCa.

PacyeT nopoBoro gaBneHuns Npov3BOAMTCS, €CU TPYHT
BOJOHACbILLEH CO CTEMEHbI0 BAAXHOCTU w> 0,85 N koadhdu-
umeHToM cpunbTpaumm ky <(5-10)10°cm/c (=~ 10m/cym).

B pa6ote [13] npvBeeHO cpaBHEHME HaTypHbIX 3aMepoB
B sape nnoTuHbl Cep-MNMoHCOH 1 pesynbTaTbl pacyeToB Mo-
pPOBOro AaBfeHus, BbIMOMIHEHHbIE MO yKa3aHHbIM B paboTe

roe
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dopMynam, KoTopble CBUAETENLCTBY-
I0T O XOPOLLUEM COOTBETCTBUMN pacyeT-
HbIX JAHHbIX JENCTBUTENBbHON KapTUHE
pacnpeaeneHusi NOpoBOro AaBrieHus B
TOHKMX siApax.

Hamu BbINOMHEHbI aHanornyHble
pac4yeTbl. PaspaboTaHHas aBTopamu
MeToAMKa pacyeTa, 3aKnovaeTcs B Bbl-
NMOSTHEHUN CNEeayHLLMX LIaroB:

1 - onpenensieTcs none pacnpege-
NEHUs YBNaXXHEHUSA rPYHTOBOIO 06bek-
Ta B pa3nnmyHble MOMEHTbI BPEMEHM;

2 — KOpPPEKTMPYHOTCS NapameTpbl yB-

NaXHEeHHOro rpyHTa (ero yaenbHbIN Bec
C Y4ETOM HaCbILLEHNS XUAKOCTbIO) [13].

3 — pellaeTcs cTaTMyeckas 3a-
Java onpefeneHus  HanpspkeHHOro
COCTOSIHMSA Mccrnegyemon obnactu (sApa nnoTuHbl) € yde-
TOM COBCTBEHHOrO Beca, MMApOCTaTUYECKOro AaBneHns 1
HEeOOHOPOAHOCTM rPyHTa (3a cHeT pas3nuU4HOW YBNaXXHEHHOC
TW y4acTKOB NMOTKHbI) B Pa3fnyHble MOMEHTbI BPEMEHU OT
Hayana 3anonHeHns BodoxpaHunuiwia. [opoBoe AaBneHue
npeacraensetT cobow cpegHeapudMeTUHeckoe 3HayYeHue
HOpMarnbHbIX HANPsXKeHUN, OeNCTBYIOLMX BO B3aUMHO-MNep-
NeHAVKYNAPHbIX HanpaBneHnsX.

Mpn pacuyete GbINMM MCMONbL30BaHbLI Criedylolne napa-
MeTpbl:  KOIPMUUMEHTbI  unbTpaumMn: Mo  ropusoHTanm
k =0,1 m/cyTkun, no sepTukanu ky:0,001 m/cyTku. 'eomeTpus
nccrnegyeMoro CoopyKeHus: Bbicota 16,8m, koaddulmen-
Tbl oTKocoB 0,4; WwmnprHa rpebHs 2m. YpoBeHb 3anofiHeHus
BOAOXPaHUMMLLA y4nTbiBancs B ABYX BapuaHTax: 4O ypoB-
HA 0,75H 1 makcumanbHbIi ypoBEHb 3anonHeHust. [py aTom
npu KaXaoM YpOBHE 3anofiHeHUs BOAOXPaHUNMLLLA NopoBoe
AaBreHne Oonpeaensnocb Npu pasfM4yHOM YBRaXHEHUN —
Npy yBNAXXHEHWN TONbKO NIEBON YacTu SApa U Mpy NOTHOM
yBriaxHeHun. o nony4YeHHOMy yBRaKHEHWIO Onpeaensncs
YAEnNbHbI BEC YBMa)XHEHHOTO PyHTa, yBENMYMBAIOLLMINCS Ha
BENMYMHY NPOHMKAIOLLEN B HEFO XNOKOCTU:

y=y,(1+w) (18)

3aTeM HaxoaunmUCb KOMMOHEHTbI HaMpshKeHU B Hepas-

HOMEPHO YBMaXXHEHHOM COOPY>KEHWUW NOA, BO3AENCTBMEM M-

APOCTaTUYECKOro AaBleHNs Ha BEPXHUA OTKOC U C Y4eTOM
MONy4eHHOro Beca yBNaXHEHHOro rpyHTa.

Takvm o6pasom, nocTaBreHHas 3agaya Bkroyana B cebs
pelleHune ABYX 3a4ay: 3afa4m BnaronepeHoca 1 ctaTmyeckom
3afayun Teopum ynpyrocTtu.

Mpy pelleHnn TecToBOW 3adauun, Kak CkasaHo Bbllle,
CHavyana pellanacb 3afjada BriaronepeHoca: T.e. onpege-
nAnocb pacnpegeneHve M30NUHUIA  YBIaXHEHHOCTU rpyHTa
Npy YBN2XKHEHWUWN NEBOWM YacTu s4pa, rpaHnyallen ¢ Bepxo-
BbIM OTKOCOM. Ha puc.2 nokasaHo pacnpegeneHne nsonvHui
YBMN@XKHEHHOCTU TPYHTOBOTO COOPYXEHWS, HaxoAsLuerocs
B BOAoeMe, 3anofiHeHHoM Ha 0,75H. lMpuyem puc.2a coot-
BETCTBYET Cryyato, Korga npoLecc BrnaronepeHoca 3aTpoHyn
TOMBKO MOSOBUHY (4O OCYM CMMMETpWUM) fapa, a Ha puc.26
noKasaHo pacnpefeneHnin NNHUIA YBNaXKHEHHOCTU N0 BCEMY
Teny agpa. [pu 9ToM BpeMeHHON MHTepBan oT Havana npo-
Lecca B nepBoM crnyyae coctasnsn 50 cyTok, a BO BTOPOM
— okono 100 cyTok.

XapakTtep nornyYeHHbIX U30NNHUIA COOTBETCTBYET Xapak-

Puc.2. PacnpedeneHue u3onuHull yenaxHeHHocmu 8 siope niomuHbl rnocse
ycmaHoeKu ypoeHsi 600bl Ha ebicome 0,75H yepe3 50 cymok - a) u

yepe3 100 cymok — 6)

Tepy pacnpefeneHvns yBraXHEeHWs B NMAOTUHE C TeYeHueMm
BpeMeHN: obnacTb YBNaXXHEHUsl, pacrnpoCTPaHsIIOLLErocs ¢
3aaHHON ckopocTblo k =0,1 M/CyTKM OT MOBEPXHOCTU OTKO-
ca, rpaHuyaiwen ¢ Bofon. lNMapannensHO pacnpocTpaHsio-
Lasics Bnara NpoxXoauT Yepes3 NoBEPXHOCTb OCHOBaHWA Aa-
nee B IPyHT, B TO BPeMS Kak Ha HEernpoHMKalLen rpaHule
(puc.2a,6) coxpaHsiemasi Bnara Cny>uT UCTOYHUKOM pacnpo-
CTpaHeHus Bnarv BAOMb OCHOBaHUS.

Mo nony4yeHHOMY B KOHKpETHOE BPEMS YBIaXXHEHWIO MO
dopmyrne (16) onpeaensancs yaenbHbIV BEC rPyHTa COOpyXe-
HMS 1 peluanack ctatudeckas 3agada ynpyroctu Ans Haxox-
[EeHUs NOpoBOro AaBfneHus B COOTBETCTBYHOLLEE BpeMs npu
yyeTe rmapocTaTMyecKkoro AaBrneHunsi, CobCcTBeHHOro Beca u
HEepaBHOMEPHOIO YBMaXHEHUs1 rpyHTa. Mpn 3TOM ypOBEHb
rMAPOCTaTUYECKOro AaBneHus, kak Obino yka3aHo, paccma-
TpuBancs B ByX BapuaHTax: npu 3anornHeHnn BOAOXPaHUN-
wa go Bbicotbl 0,75H 1 npy NOAHOM 3anOfNHEHNN.

[ns Gonee TOYHOrO KONMMYECTBEHHOTO CpPaBHEHUS C pe-
3ynbTatamu, npuseaeHHsiMn B [13], y aBTOPOB HacCTosLLEro
nccnefoBaHns OTCyTCTBOBaNM HeobxoayMble AaHHblE OTHOCK-
TEnbHO reoMeTpum obnact n KoaprLUMEHTOB dunbTPaLmm
no ropusoHtanu (k =0,1 m/cyTkn) 1 no BepTuKanu (ky=0,001 m/
cyTkun).TeM He MeHee, Norny4eHHble Mo NpeararaeMon MeToau-
Ke pesynbTaTbl OTPaXKaOT KAPTUHY pacnpeaeneHns AaBneHns,
aHarnornyHy Ton, YTo npvBeaeHa B pabote [13].

Ha puc.3 nokasaHbl
M30MMHUM  BepTMKasb-
HbIX  HanmpsPkeHun B
a0pe nog AercTBueM
TOMbKO ~ COBCTBEHHO-
ro Beca. [lonyyeHHas
KapTvHa pacnpegene-
HUSA BEpPTUKanbHOro
[aBneHuss cosnagaet
C NpuBEAEHHON Ha pu-
CyHke B pabote [13]
KapTVHOW pacnpepene-
HVUSA OaBreHus B Tene
a0pa, MOoSlyYeHHOM Mo AT
pacyeTy U B npouecce i SN '\\‘\f-..\ \)
3aMepoB [0 3arorHe- Bl e T
HUA  BOAOXpaHUNMLLa,
TOmNbKO NoA AeCTBUEM
cobcTBEeHHOrO  Beca.

Puc.3. BepmukanbHble HanpsikeHusi
(Mfa) e sidpe nod delicmeuem
mosbKo cob6cmeeHHO20 8eca
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r’MAPOTEXHUKA WHLLOOTNAPU BA HACOC CTAHLIUANAP

Takoe COOTBETCTBME PE3YNLTATOB TAKKE MOXET CNyXWUTb [0- B Tene sapa npu pasnvMyHon NpoAoIKUTENbHOCTY yBNax-
Ka3aTenbCTBOM CMPaBeAIMBOCTU NOMYyYaeMblX PeLLUEHWN. HEeHUs N pa3NMYHOM YpPOBHE BOAbl HA BEPXOBOM OTKOCE.
Ha puc.4 nokasaHo pacnpepeneHne nopoBOro AaBrieHUsi 3HayeHunsa gaBneHus Ha U30NUHUSX, OOUHAKOBbIE UHOEK-

a) He [OJIHOE YBJIXKHEHUE SIpa [IPH 6) monHoe yBnaxHeHue sapanpy  Cbl B KOTOPOW COOTBETCTBYIOT OAAMHAKOBbLIM 3HaYe-

Hu3KoM ypoBHe BoasI (0,75H) HU3KOM ypoBHe BozsI (0,75H) HUSM [aBneHus Ha Bcex yepTexax. MosicHeHus oT-
HOCUTENbHO YPOBHS 3aNOfHEHUs BOAOXPaHUNuMLLa
(nonHoe unu Ha ypoBHe 0,75H) 1 npogomkuTenb-
HOCTM npouecca yBnaxHeHus (YBNakHeHWe 4acTu
Unn BCEro s4pa) AaHbl TakKe Ha PUCYHKE.

PesynbTatel pokasbiBaloT, 4TO Haubonbliee
nopoBOe AaBreHne A0CTUraeTcsi BHU3y BEPXOBOro
OTKOCa Npu MakCumaribHOM 3amnosfiHeHun BOOOXpa-
Hunuwa (puc.4B,r). Co BpemeHeM nopoBoe AaBs-
NeHne paBHOMEPHO pacnpocTpaHseTcs Mno BCew
obnactn agpa, HO ero MakcumanbHas BenuyMHa
B) HE ITIOJIHOC YBJIQXKHECHHUE s/ipa IIpU F) TIOJIHOEC Y BJIQXKHEHU € AZIpa IIpHU BHVI3y BerOBOI'O OTKOCa oCcTaeTcd HeMSMeHHOVI.

BBICOKOM yposHe BObI BBICOKOM yposﬂe BOJIbI 3aK]'II'O'-IeH|/|e.

PelweHne npegcraBneHHoOM TeCTOBOW 3agayum 1
COrnacoBaHHOCTb MNOMTyYEHHbIX pe3ynbTaToB C AaH-
HbiMM paboTbl [13], aABnNseTca AOokasaTenbCTBOM
cnpaBeAnMBOCTU pa3paboTaHHOW MeToOuKM pac-
yeTa FPYHTOBbLIX TMAPOTEXHUYECKNX COOPYXKEHUN,
yunTbiBawLwen GunbTpaumio XngkocTn, HeonHO-
POAHOCTb YBMAXHEHUS TPyHTa npu unbTpayunu,
pasnuyHbIN YPOBEHb HAMOMHEHWSI BOOAOXPaHWMMLLA.

PaspaboTaHHaa MeToaMKa OCHOBaHa Ha 4YuUcC-
NEHHOM MeToJe KOHEYHbIX 3NIeMEHTOB M nocne-

1)-0.13,2) -0.14, 3)-0.097, 4)-0.081, 5) -0.065, [oBaTeNlbHOM pelleHuM STUM MeToOM 3adauu
6)-0.048, 7) -0.032, 8)-0.016 BriaronepeHoca (unbTpaLus XUOKOCTH) U cTaTh-
Puc.4. U3onuHuu nopoeozo daeneHusi, MfMa, e s0pe nnomunbl  YECKON 3apaqu Teopuu ynpyroctu (onpepernexue
@ 3aeUCUMOCMU OM yPOGHS 3anosIHeHUs1 80d0XpaHuUIuWa HOC 1 nopoBoro faBneHns B yBNaxHEHHOM rpyHTe
U 8pemMeHU npouyecca coopyxeHus).
g )
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