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Beseoenue. B cBs13u ¢ MHTEHCU(DHUKAIMEH CTPOUTEIHCTBA B paifloHaX pacpOCTPaHEHHS JECCOBBIX POCATOYHBIX TPYHTOB
BOIPOCHI MPOTHO3UPOBAHUS PA3BUTHUS POIECCOB MOATOIUICHUS SBIISIOTCS aKTyaJbHOU 3a/1adyeil, T.K. MOTYT MPUBECTH K
aBapUHOMY 3aMaYMBaHHUIO, HEPABHOMEPHOMY MOJbEMY FOPH30HTA TPYHTOBBIX BOJ, M3MECHCHHIO HAMPsKEHHO-AeHOp-
MHPOBAHHOTO COCTOSIHUS TPYHTOB U, COOTBETCTBEHHO, K TIOTE€PE MPUTOAHOCTHU IKCIUTYaTAIMH 3IaHUS U COOPY KEHHUS.
JleccoBslii TpyHT 00MaaeT IPKO BHIPAKCHHON (PHIIBTPAIIOHHON aHu3oTponuei. [Ipocaska, GpuabTpamys BOAbI IPOKC-
XOJISIT B YCIIOBHSIX HEMOJIHOTO BOJIOHACKHIIIECHNUS. [10sIBIIeHE HOBBIX KOMITBIOTEPHBIX TEXHOJIOTHI MO3BOJISIET COBEPIICH-
CTBOBATh METOJBI MATEMaTHUYECKOTO MOJCIUPOBAHUS U pa3pabaThIBaTh MaTeMATHYECKHAE MOJCITH YNCICHHBIMH METO-
JlaMU, I0CTOBEPHO OTPaKAIOLUIMMH BHYTPHUIIOYBEHHBIE MTpoLecchl. HacTosmas craThsl MOCBSIIEHA COBEPLICHCTBOBAHUIO
MaTeMaTHIECKOW MOJIENIH 3aadyl BIIATOTIEPEHOCa I HEOJHOPOAHBIX (PUIIBTPAIIHOHHO-aHH30TPOITHBIX JIECCOBBIX TPYH-
TOB C YYETOM HX CTPYKTYPHBIX 0COOEHHOCTEH.

Mamepuanst u memoowi. ViccnenoBanye BKIIOYAET:

— MEXaHUKO-MaTeMaTHYeCKOe MOEIMPOBAHUE MPOLECCOB (HMIBTPAlMM U BJIAroNEepeHOca B JIECCOBBIX MPOCAJI0YHBIX
IPYHTaX, B KOTOPBIX CKOPOCTh (DMIbTPALIH OIIPEACIIIETCS COTrIacHo 3aKoHy Jlapcu; BcackiBarolee 1aBjieHue, BOAOIPO-
HHUI[AEMOCTh — 3aJIaHHbIC (DYHKIIUH HACHIIIIEHHOCTH;

— aHaM3 (PU3MKO-MEXaHUYCCKUX M CTPYKTYPHBIX XapPaKTEPUCTHUK JIECCOBBIX TPYHTOB;

— PAcCCMOTPEHUE IIOCTAaHOBOK U PELIEHUS HA4aJIbHO-KPAEeBbIX 3aJa4 10 3aMa4yUBaHUIO JIECCOBBIX TOJILI;

— YHCJICHHbIE YKCIEPUMEHTHI 110 POTHO3UPOBAHHUIO 3aMaYMBaHUs KOTJIOBaHA;

— COIIOCTaBJIEHUE PE3YJIbTATOB C JAHHBIMH SKCIIEPUMEHTOB.

Pe3ynomamul uccnedosanun. Y CTaHOBIEHO, YTO CYLIECTBYIOIINE METOIMKH pacyeTa He BCEra JOCTOBEPHO OTPAXKAIOT
mporiecc QUIbTPAIMH U BIIarONepeHOca B JIECCOBHIX rpyHTaX. C(hopMyIHpOBaHO ONpeeIsIonee YpaBHEHUE BIaromnepe-
Hoca. [Ipennoxena MaTreMaTHIecKasi MOJEIb 3a/Ia4d BIarorepeHoca B HeO THOPOIHBIX (DMITbTPAIHOHHO-aHI30TPOITHBIX
cpelax, YUMThIBaIOLasi CTPYKTYPHbIE XapaKTEpPUCTUKU JIECCOBOTO IpyHTa. PeleHne HavanbHO-KpaeBOM 3a/iayd MOIy-
YEHO UTEPAIMOHHBIMU METO/IaMH C JIMHEapr3aluel pemeHus Ha JOCTaTOYHO MaJIbIX OTpe3Kkax BpeMmeHu. JlJis mpakTude-
CKOI peaji3aliy TEOPETUIECKOT0 pellieHns pa3paboTana OJ0K-cXeMa ajJropuTMa NporpaMMbl, BKITIOYAIOIIAs BEIYHCIIe-
HUE (PU3UKO-MEXaHHMUCCKUX XaPAKTEPUCTUK KOHEUHBIX 3JICMEHTOB U T€OMETPHUYSCKHX Pa3MEPOB PacueTHOW 00JacTw,
pa3bueHue pacyeTHOH 007IaCcTH Ha y3JIBI U TPEYTOJIBHBIE AIIEMEHTEHI, OnpeieeHue Ko GUINEHTOB GUIBTPAIUN U TH(D-
¢y3un, GpopMHpPOBaHUE MAPAMETPOB ypaBHEHUs Mo cxeme Kpanka-HukoncoHa, peleHre CHCTEMBI YpaBHEHHST METOI0OM
KOMIIAKTHOTO MCKITIOYCHUS U (POpMUpPOBaHKHE BEKTOpA BIAKHOCTH. Pa3paboTaH aqropuT™M pElIeHUs] 0CECUMMETPHYHOMN
3aJjaud BIIATOTIEPEHOCA B YCJIOBHUSAX HEIMOJIHOTO BOJOHACHIINICHUS, OCOOCHHOCTRIO KOTOPOTO SIBISCTCS IPUMCHEHUE
YCTOWYUBOM CXEMBI IPSIMOI'0 MHTEIPUPOBAHUS YpaBHEHHsI BiaronepeHoca. ComnocTaBiIeHbl pe3yabTaTbl YUCIEHHOTO HKC-
[EpUMEHTAa U MOJEBOr0 UCIBITAHUS MPHU 3aMaYMBAaHUU KPYIJIOTO KOTJIOBaHA. Pe3ysbTaThl UHCIEHHBIX SKCIIEPUMEHTOB
MIpeICTaBJIeHBI B BUJE KPUBBIX PABHBIX 3HAUCHU 00bEMHOM BIQXKHOCTH B pa3HbIE IEPHOIBI BPEMEHHU. Y CTAHOBIIEHO, YTO
Pe3yNBTAThI PEIICHUS XOPOIIO COTIACYIOTCS C ONBITHBIMU TaHHBIMH.

Oébcysrcoenue u 3axniouenue. Pe3ynbTaTel TEOPETHUECKUX HCCIICIOBAHIH 3a/1a41 BIIAarOIIepeHOCa B HEHACHIIIICHHBIX JIeC-
COBBIX TPYHTaX 00OCHOBAJIM ITOCTAHOBKY ¥ KOHEYHO-3JIEMEHTHOE PEIICHHE 3aJIa4H BJIArONepPeHOca JIJIsl HEHACHIIIIEHHBIX
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Aexcuna U.JO. K sonpocy onpeo Uus us. U 671ANCHOCIMU NPU 3AMAYUEANHUU KOMJIO6ANA 6 JIECCOELIX MOUAX

cpexn 6e3 ydera HanpsKeHHO-1e(OPMHUPOBAHHOTO cocTosiHusA. Ha ocHOBE SKCIepHMEHTAIbHBIX JaHHBIX 110 3aMayvuBa-
HUIO ONBITHOTO KOTJIOBaHA BBINOJHEHA NPOBEpKa METOAUKU pacueTa, IoKa3aBIllasi COBMAJCHUE Pe3yIbTaTOB pacueTa U
9KCTIEPUMEHTA TI0 3aMaYMBAHUIO ONBITHOTO KOTJIOBaHA. lIpemaraeMyio METOIUKY pacdeTa peKOMEHIYeTCs HCIONb30-
BaTh NP pacdeTe M0 BTOPOH IPYIIIE MPEAECTbHBIX COCTOSHIHA — M0 Ae(hOpMaIsM.

KaroueBble cjioBa: J1ecCOBBIC TPYHTHI, BIAaronepeHOC, BAPHAOHHBIEC YPABHEHMS, METOA KOHEYHBIX 3JIEMEHTOB, HEHA-
CBIIIEHHBIE CPEJIBI, KPYTIIbIN KOTIOBaH

s nurupoBanus. exuna M.10. K Bompocy onpenenenns m3MeHEHHUs BIAXHOCTH IPU 3aMavyMBaHUM KOTJIIOBaHA B

neccoBbIX Tonmax. Cospementvie MeHOCHYUU 8 CMpOUmenbemee, 2padoCmpoumenscmse U NIGHUPOSKe Meppumopuil.
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About Determination of Moisture Changes during Presoaking an Excavation Pit in Loess Strata

Irina Yu. Dezhina "<
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Abstract

Introduction. Due to intensified construction in the areas of loess subsiding soils, the issue of forecasting the evolvement
of underflooding processes is becoming a relevant objective, since these processes can cause the emergency seepage,
uneven groundwater surge, change of the soil stress-strain state and, as a result, impossibility to operate the buildings or
structures. Loess soils are attributed with the distinct anisotropic permeability. Subsidence and water infiltration take
place in condition of incomplete water saturation. Emergence of the advanced computer technologies makes it possible
to improve the mathematical modeling and develop the mathematical models by means of humerical computation, which
reliably reflects the intra-soil processes. The article strives to improve a mathematical model of the moisture transfer
problem in nonhomogeneous loess soils with anisotropic permeability, taking into account their structural features.
Materials and Methods. The research includes:

— mechanical and mathematical modeling the infiltration and moisture transfer processes in loess subsiding soils, in which
the percolation rate is determined according to Darcy's law; suction pressure, water permeability are the given functions of
saturation;

— analysis of the physical and mechanical and structural properties of loess soils;

— study of the formulations and solutions of initial value and boundary value problems during presoaking the loess strata;
— numerical experiments on the forecast of excavation pit presoaking;

— comparing the results with the experimental data.

Results. It has been acknowledged that the existing calculation methodologies do not always reliably reflect the process
of infiltration and moisture transfer in loess soils. An equation determining the moisture transfer was formulated. A math-
ematical model of the moisture transfer problem in nonhomogeneous media with anisotropic permeability was proposed,
which took into account the structural properties of loess soils. The initial value and boundary value problems were solved
by the iterative methods with linearization of the solution over sufficiently small time spans. For practical implementation
of the theoretical solution, a flow chart of the program algorithm was developed, which included the calculation of the
physical and mechanical properties of finite elements and the computational domain dimensions, as well as partitioning
the computational domain into the units and triangular elements, determination of the permeability and diffusion coeffi-
cients, formation of the parameters of an equation according to the Krank-Nicholson scheme, solution of the system of
equations by the compact elimination method and constructing a vector of moisture. An algorithm for solving the ax-
isymmetric problem of moisture transfer in condition of incomplete water saturation has been developed, which is char-
acterised by stability of direct integration of the moisture transfer equation. The results of the numerical experiments and
field tests on presoaking a circular-shaped excavation pit have been compared. The results of the numerical experiments
have been presented in the curves of the volume moisture values in different periods of time. It has been found that the
results of the solution are well cohered with the experimental data.

Discussion and Conclusion. The results of the theoretical research of the problem of moisture transfer in unsaturated
loess soils have justified the formulation and the finite element solution of the problem of moisture transfer in unsaturated
media, without taking into account the stress-strain state. Based on the experimental data on test excavation pit presoaking,
the calculation methodology was verified, and showed the coherence of calculated and experimental results. The proposed
methodology is recommended for calculation of the second group of limit states — the deformations.
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BBenenue. B cBs31 ¢ ”HTEHCUDHKAIMEH CTPOUTEIECTBA B PAOHAX PaCIPOCTPAHEHHS JIECCOBBIX MPOCAIOYHBIX TPYH-
TOB B YCIJIOBUSIX BO3MOXKHOTO 3aMa4YMBaHUs B PE3YJIbTaTe XO3SMMCTBEHHOHN JEATEIBHOCTH YeJIOBEKA BOIIPOCH MPOTHO3HU-
POBaHMs HAIPSHKEHHO-e(OPMUPOBAHHOTO COCTOSIHUSI B OCHOBaHHH IIPHOOPETAIOT CYIECTBEHHOE 3HaueHue. JleccoBbie
MPOCa0YHbIe IPYHTHl — MbUIEBATO-TJIMHUCTHIE MaKpOIIOPHCTHIE IpyHTHI, pazmep yacturl 0,05-0,005 mm. [Ipu 3amaun-
BaHUM OHM JAIOT MPOCAJKY, CTENCHb BIaxkHOCTH Sr < 0,8, mopuctocTh N = 44-53 %, MIOTHOCTH CKeJeTa MPOCagOIHOTO
rpyHTa pg = 1,2-1,6 7/M>. JleccoBbIE IPYHTHI Pa3IHYAOTCS 10 MUHEPAIOTHYECKOMY COCTaBY, 10 CTPYKTYPHBIM XapaKTe-
PHCTHKaM, HIMEIOT Pa3INYHBIN COJICBOI COCTaB, BEIMYNHY OTHOCHTEIBHOM ITPOCATOYHOCTH.

HedhopmaloHHbIe ¥ MPOYHOCTHBIE XAPAKTEPUCTUKH 3aBUCST OT BIAKHOCTH. OCOOEHHOCTHIO JIECCOBBIX TPYHTOB SIB-
JSIeTCsI OSIBJICHHE ITPOCAT0YHBIX AeopMaryii mpu o0BogHeHNH. [Ipr 3TOM CHIKAIOTCS IPOYHOCTHBIE U 1e(hOpPMAIOH-
HBIC XapaKTEPUCTHKH I'PYHTA, BO3HUKAIOT HEPaBHOMEPHBIE AedopManny 31aHUH U COOPYKEHUH (TIOBBIIICHHUE BIIAXKHO-
CTH B CBSI3M C HApyIICHUEM yCIOBHH HOPMaJIbHOM a’palnyl 3aCTPOCHHBIX TEPPUTOPHH, YTEUKOH BOJIBI M3 BOAOHECYIINX
KOMMYHUKaIWH, KoJeOaHUSIMH TOPU30HTA TPYHTOBBIX BOJ).

W3yyeHune BiausHUS OOBOJAHEHMS] Ha M3MEHEHUE (DU3UKO-MEXaHUUECKHX U CTPYKTYPHBIX XapaKTEPUCTHUK JIECCOBBIX
OCHOBaHMH M HaIpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE B OCHOBaHUM (hYHIAMEHTOB SIBILICTCS aKTyaJIbHOM 3a1aue.
HccremoBaHUIO MPOLIECCOB (PHIIBTPALIUMK JIECCOBBIX MPOCATOYHBIX TPYHTOB MOCBsieHbl paboter LiY., ShiW., Au-
din A. [1], Koponeea B.A. [2], CurnukoBa A.B. [4], lopxuesa A.A. [6], Yeproro B.U. [11], Maxuesa X.H. [12] u ap.

B cooTBeTcTBHM C IEHCTBYIOIIMMH HOPMAaTHBHBIMH JOKYMEHTaMH OIPEAEICHHE MPOCaJKh OT cOOCTBEHHOTO Beca
WJIN TOTIONTHUTENHHON HArpy3KH OT COOPYXEHUS PACCUNUTHIBAIOT, HCXO/S U3 TIOJHOTO BOJOHACKHIIIEHUS rpyHTa. OIHaKO
IIpocajika HaunHAeTCs 3HAYNTEIBHO paHbire. CKOpOCTh HapacTaHus JedopManuii TakKe HMEeT CYIIeCTBEHHOE 3HAUCHHUE
1 3aBHCHT OT NPOIIECCa BIAromnepeHoca, GHiIbTPalHOHHBIX 0COOEHHOCTEH IpyHTA.

Marepuanabl 1 MeTOABI. ABTOPOM IIpEZCTaBICHbl OCHOBHBIE pa3pelIaloliie ypaBHEHHs HeCTallMOHApHOH 3a/auu
GbuIbTpaLUK B IPYHTaX IIPH HEMOJIHOM BOAOHAcKIIeHnH [5]. JlaBneHue, KoaQPpUIUEHT BOAOIPOHHLIAEMOCTH, KO3((hu-
uueHT 1uddy3un NIPUHUMAIOTCS 3aBUCSIIMMH OT HACBHIIIIEHHOCTH.

IIpu BBIBOZIE ypaBHEHMS JBMKEHUS BIaru ucxoaum u3 ypasHeHus [lomy6apunoBoii-Kounnoi I1.4. anst HemonHoTro
BOJIOHACKIIIEHUsI, 3aKoHa [lapcu u popmyibl ABepbsiHoBa [3]:

WeW 3.56
Kw) =K, | —2| @
m—w,

rae Ki — ko3 ¢uumeHT GuiabTpaluy npy moJHOM BOJIOHACHIIEHUH; M — MOPUCTOCTh IPYHTA; Wo — KOJMYECTBO CBSI-
3aHHO BOJIbI B €IMHHIIE 00beMa rpyHTa (00bEMHAs BIa)KHOCTh CBS3aHHOI BOJIBI).

Ry === @)

rae Po — nmaBieHne mpu BIaXKHOCTH Wo CBSI3aHHOUM BOJIBI; Wy — BJIQXKHOCTb ITOJTHOTO BOJIOHACHIIIICHHS.
3HayeHne BIAXHOCTH CBI3aHHOMN BOIBI Wo!

W, =W, +W,, 3

re Wys COOTBETCTBYET BIIAXXHOCTH BO3JYIIHO-CYXOTO (KOJMYECTBY BIIard B oOpasle MpH OTHOCHTEIHFHOW BIAXKHO-
ctu 55 % u Temnepatype 19-20 °C).

HUcnonp3oBanue BMecto Gpopmyn ABepbsiHoBa C.D. sMIHpHUECKON 3aBHCUMOCTH JIJIsl BCACHIBAIOIIETO JaBJICHUS [6]
I03BOJIsIET O0JIee TIOJTHO YYECTh CBOMCTBA JIECCOBBIX IPYHTOB.

HavanbHo-kpaeBast 3a1a4ya BiiarornepeHoca UMeeT BU/I;

—B"kJ -B"DBw+W =0, ev;
-B{kJ —B{DBw-V, =0, €S,;
w—wg =0; €S,
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w—w, =0; eV,S,t=0, 4
rne B — matpuna oneparuii qmuddepenumposanust; D — marpuna kosddunmentos audpdysuu; V — ckopocTbh Guib-
Tpauu; W — CKOPOCTh M3MEHEHUS COJIep KaHHMsI BIIArH.

[Tpu HenoMHOM BOJOHACHIILIEHUN UMEET MECTO 3aKkoH Jlapcu:

V =-DBw-kJ, ev. (5)

Kosdpdunmentsr punsrparmu K u naBnenne sxuakoctr P onpenensiice o hopmynam (1) u (2).

JI7Ist TIONTyYeHUS PETICHUS TOCIIEIOBATENIFHO Ha JTOCTATOYHO MANBIX OTpe3kax T € [0, Af] cunraeM, 4To KO3 HHIIHEHT
muddys3un Ha [0, At] mocTosHeH u paBeH D", koTopsIit BeramcisieTcs mo W" B Hadasie BpeMeHHoro 3tamna. Crucrema ypas-
HeHn# (3) Ha MPON3BOJIFHOM HHTEpBae IHHeapu3yeTcs. Mcrmomp3yeM BapHaiioHHOE ypaBHEHHE B CBEPTKax [8] 1 MeTox
KOHEYHBIX SJIEMEHTOB /IS TOCTPOEHNS PEIeHus Ha TIPOM3BOIBHOM BPEMEHHOM HHTEPBAJIE.

Ompepensroniee ypaBHEHHE BIIaronepeHoca B MaTpuuHoil popmMe Ha BpeMEHHOM HHTepBalie ¢ UMeeT BU:

(6-4t-K"-3-C)-q"" +[(3-0)-4t-K"=3-C]-q" +[ P"-(3-0)+0-P"* | =0, (6)

3
rae 60— napaMeTp YCTOMYUBOCTHU BBIYUCINUTCIIBHOU CXEMBbI (HpI/IHHTO 0= E 10 CXEME KpaHKa'HI/IKOJ'ICOHa).

Martpwuia BOIOTIPOHUIIAEMOCTH:

K"=[@ D"@dV . )
\
ManI/II.Ia BJIaronepeHoca:
C :jqo-gonV. (8)
v
Bekrop y31moBoii ckopocTH (GHITBTPAIUH
P=[@"K"ldV + [ gV dS, ©)
\ \

rae Vs — CKOpocTh QHIIBTPAIni.

Jnst osTydeHHsl YCTOMYMBBIX CXEM NMPSIMOTO MHTETPUPOBAHMS YPaBHEHHUI BIaronepeHoca MCIoJb30BaH METOJ TO-
YeyHOro coxpaHeHHs MHBapuaHToB (mamee — MTCH) [9]. IIpouecc perieHuss HETUHEWHBIX YPaBHEHUH C TOMOIIBIO
CXEMBI MIPSIMOT0 WHTETPUPOBAHHS COCTOUT B TIOCJIEAOBATEIFHOM IPOIBUKESHUH T10 [IaraM BJIOJIb BPEMEHHOH OCH.

Jlis KOHCEepBATUBHBIX 33/1a4 BJIATOIEPEHOCA COXPAHAEMON BEITMYMHOM SBJISIETCS CyMMapHast BIaXKHOCTh B paccMat-
puBaeMoM o0beMe opHcToi cpenbl. KoHcepBaTUBHOCTH 3a1aun 00yCIOBIEHA OTCYTCTBUEM Y3JIOBBIX HCTOYHHUKOB U CTO-
KOB BJIaT'H B KOHEYHO-3JIEMEHTHOH MOJEIIH.

g-(Kg+Cq)=0. (10)
IpencraBum pemnienne ypasuenus (10) va (N+1) BpeMEHHOM OTpe3Ke B BUIIE CyMMbI KOHCEPBATHBHON M HEKOHCEP-
BAaTUBHOM YaCTEN:

n+l

=0,

n+1

q +0;" (11)

[MpubmmxenHoe penienue OyieM NoIydyaTh MPH MOMOIIH cxeMbl Kpanka-HukosicoHa, 371eMEHTBI KOTOPO#t orpeaes-
I0TCS 110 3HAYCHHSIM y3JI0BO# BiaxkHocTd W' (t = t"):
KoHcepBaTnBHas 4acTb pelIeHHS:

2C\ . 2C
n,ev Ml ey o2 n_2 n. 12
(K2 o (ke 22 a2 (12

HeKOHcepBaTI/IBHaﬂ 9acTh pCUICHUA:
n 2C n n n+l .
[K + JQQ :_2P2_2P2 l’ (13)
At
P;=[®"K"ldV ; (14)
\

1 Jeremic B. Nonlinear Finite Element Methods for Realistic Modeling and Simulation of Earthquakes and/or Soils and/or Structures and their
Interaction. Davis, CA, USA: University of California; 2024. 16 p. URL: http://sokocalo.engr.ucdavis.edu/~jeremic/LectureNotes/ (zara oGpareHust:
29.03.2024).
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Pi=[pvsds. (15)
S

n+l Io (1)1/131/1qec1<0My CMBICITY COOTBCTCTBYCT ABUIKCHHIO BJIard B oobeme V HOpI/ICTOﬁ Cpcabl C BOOOHE-

Pemenue q
MIPOHULAEMBIMU I'PaHUIIAMH.

HHH KOHEYHO-2JICMSHTHOW MOJICIN CymMMapHas BJIa)KHOCTbB!:

W = i [ W, dV, =const, (16)
r=1 (v1)
rae Vr — o0beM KoHewHOTO 3neMenTa I'; Wy — (yHKIHS pacipeieneHns BiIaru B I KOHEYHOM 3JeMeHTe; M — oOriee
YHCIIO JIEMEHTOB TUCKPETHON MOJICITH.
Bripakenue (16) ucnonb3yeM a1t HOCTPOSHHST YCTOHYMBOM CXEMBI IIPSIMOTO UHTETPUPOBAHUSI.
[NocnenoBarensHOCTD pemteHus ¢ npuMeHerneM Metoga MTCH ans pemenns 3agad BiIaronepeHoca ciexyromas. 13

ypasHenus (11) onpenensem g . IIposepsiem yciosue:

~n+l sat
Go <G <05 - a7
Ecnu ycnosue (17) BBIMONHSETCS, TO BBIYHUCIISIEM BEKTOP BIAKHOCTH JUISl CIEAYIOIIETO BPEMEHHOTO MHTEPBaa I10
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JlocTOBEpHOCTH IPOTHO3MPOBAHHMS IIPOIIECCa BIaroNepeHoca aBTOPOM MPOBEPSIIACh ITyTEM COIIOCTaBICHUS PE3yIib-
TaTOB YHCJIEHHOTO SKCIIEPUMEHTA C pe3yIbTaTaMH KPYITHOMACIITA0OHBIX TOJIEBBIX UCTIBITAHWH C 3aMadMBaHIEM OCHOBA-
HUS TT0 CXeMaM «OJHO KpHUBO#» U ABYX KpUBBIX B T. I'poszHom [10, 11]. AHanmu3 momy4eHHBIX pe3yIbTaTOB MOKAa3bIBALT,
YTO YCTOWYHBOCTH CXEMBI PSIMOTO MHTETPHUPOBAHHS, KpOME ITapaMeTpa 6, 3aBHCUT OT BpeMEHHOT0 HHTepBana At, Bpe-
MEHH 3aMaqMBaHKs, 00beMa BBEJICHHOH B TPYHT BOJBI, (PU3NKO-MEXaHUIECKUX XapaKTEPHCTHK IPYHTA.

PaccMmoTpeHa KOHEYHO-3JIEMEHTHAs TUCKPETH3AIN OCECUMMETPHYHON 3a/1a4H B BUE TPEYTOJIbHBIX JIEMEHTOB.

Mogenb rpyHTa NpeCTaBIsIeTCs Kak HeOJHOPOIHAs, (PHIbTPAIMOHHO-aHU30TPOIIHASL CPE/ia B YCIIOBUSX HETIOIHOTO
BOJIOHACKIIIICHUS.

WcX0HBIMU TaHHBIMU SIBISIFOTCS CIIEIYIOIINE BEIMYMHBL: KO3(GHUIUEHTH! (QUIBTPALMH B TOPU3OHTAIBHOM HaIpaB-
JIEHUH k¢ M BEPTHKAILHOM HANPABICHUM k! ; BIAYKHOCTh IIPH HOJHOM BOJOHACBHILECHHH Wsat; KOO()(QUIHEHT IOPHUCTO-

CTH €; Ha4YaJIbHasi BIAXXHOCTh West; 00beMHasl BIQYKHOCTh CBSI3aHHOM BOJIBI Wo; IaBJICHHE BJIAYKHOCTH CBSI3aHHOW BOJIBI Po;
BpEeMEHHOW MHTepBan At; mapamerpbl pacuyeTHON 00JlacTH. AJITOPUTM pelleHHUs peaycMaTpuBaeT GpopmupoBanue Gu-
3MKO-MEXaHNYECKMX XapaKTEPUCTUK KOHEYHBIX 3JIEMEHTOB M I'€OMETPUUECKHX Pa3MEpOB pacueTHOW obmactu, pazoue-
HHUE pacueTHOH 00JIACTH Ha y3JIbI M TPEYTOJIbHBIE AJIEMEHTHI, onpeseneHue Ko3hhuirenTos GuasTpanuu u auddysuu,
(dbopMupoBaHue napaMeTpoB ypaBHeHus 1o cxeme Kpanka-HukosicoHa, pelieHne cucreMbl YpaBHEHHUsST METOJIOM KOM-
MTAKTHOT'O MCKIIIOYEHUS U (POPMUPOBAHKE BEKTOPA BIa)KHOCTH.

Pe3yabrarsl uccaenoBanus. Tpebyercs onpeneanTs N3MEHEHHE BIAKHOCTH B IIpeJiesiax IIPOCa0YHOTO CIIOs TPH
3aMavYHMBaHUM OTIBITHOTO KPYTJIOTO KOTIIOBaHa quamerpoM 10 M, riry6unoit 0,4 M B 1. ['po3nom (Tabmwmma 1).

Tabmuma 1
OM3HKO-MEXaHIMYECKUE XapaKTSPUCTHKH IPyHTA B T. [ po3HOM
— p W e Sr Ps WL Wp
West 1,53 0,08 0,93 0,26 2,7 0,226 0,168
Weat 1,88 0,33 0,93 0,97 2,7 0,226 0,1686

OnbITHasE TJIOLIA/IKA CIIOKEHA JIETKUMHU JIECCOBUAHBIMU CYTJIMHKaMHU, MEPEXOsIUMH B cyneck. [IpocanouHas Tomima
HUMEET MOIIHOCTH 8—9 M H moacTrHIaeTes citoeM necka. OTHOCHTEbHAS TPOCaI0YHOCTh rpyHTa pu aasiaeauu 0,2—0,3 MITa
nmocturaet BenmuuuHbl & = 0,11-0,12, 9To SBIIsIeTCS OYEHb BRICOKUM 3HAYCHHUEM, CBUICTEIbCTBYIOIINAM O IPAKTHYCCKH ITOJI-
HOM pa3pyIICHUU CTPYKTYPHI TPYHTA MIPU YBIIA)KHCHHU.

Jns pemeHus 3a1a4d METoJJOM KOHEYHBIX JIEMEHTOB MACCHB TPYHTA pajitycoM 16 M U TIyOHMHOU 8 M JIeIUTCs Ha Tpe-
YroJbHBIE 37eMeHTHL. [1o pesympTaTam pacdera MOCTPOEHBI W30IMHHUN BIAXKHOCTH (pHC. 1) B pa3iWdHbIe IPOMEXYTKH Bpe-

menn (0,2-5 cyrok) (tabnmua 2). B pacuere npunsito Wo = 0,1; ki =0,7 m/cyr.; Kk =0,538 m/cyr.; w =0,126; w3 =0,48.
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Tabiuua 2
I'my6uHa mpoMaYrBaHUs JICCCOBO TOJIIU B pa3IMYHBIC TPOMEKYTKH BPEMEHH (OT JJHA KOTJIOBAHA)

T, nau DKCIIEPUMEHT, M Pacuer, m
0,40 — 1,25
1,00 2,00 2,40
2,00 4,00 4,10
3,00 6,00 5,65
4,00 7,50 7,10
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Puc. 1. [TonosxeHne H30JIMHUH BIQXKHOCTH (OT MIOBEPXHOCTH I'PYHTA, MM) 4epe3 2 U 4 CyTOK 3aMauynBaHus (KOTIOBaH B I. ['po3HOM);
At =0,005 cyr.

PacueroM moaTBep K IAIOTCS BEIBOJBI O TOM, YTO IIPH JOCTATOYHO OOJIBIION IUTOMIAAN 3€pKajla BOABI B BEICOKOIOPH-
CTBIX TPYHTaX U OTCYTCTBHH BOJIOYIIOpA Ha IYTH JIBMXKEHUS (PUITbTPAIIMOHHOTO MOTOKA PPOHT MHOUIBTPALUH U3 KOTIIO-
BaHa [IEPEMELIACTCS] BHU3 IIPAKTUYECKHU IUIOCKOIAPAUIEIbHO, U PACTEKAHUE BOJIbI B CTOPOHBI HEBEIMKO.

Obcysxknenne u 3aka04eHne. PaspabotaHa MaTeMaTH4ecKas MOJIENb 33/1a4H BJIArornepeHoca [UIsl HEHACBIILCHHO-HAChI-
IIEHHBIX HEOAHOPOIHBIX (DM TPAIMOHHO-aHU30TPOIHBIX JIECCOBBIX TOJIII C YIE€TOM CTPYKTYPHBIX XapaKTePUCTHK IPYHTA.
Pa3paboTaHn anroputm pacuera u penieHa OCeCHMMETPUYHAs 3a/1a4a BJIaronepeHoca B yCIOBUIX HETIOJIHOTO BOJIOHACHIIIIE-
Hust. ComoCcTaBIeHbl PE3yIbTaThl YUCICHHBIX SKCIIEPUMEHTOB U MOJIEBOTO UCTBITAHMs IPU 3aMaYMBaHUU KPYTJIOTO KOTJIO-
BaHa. Y CTAHOBIICHO, YTO PE3YJIBTAThI PELICHUS XOPOIIO COITIACYIOTCS C ONBITHBIMU JaHHBIMU. [IpeaoxKeHHyI0 METOJUKY
PEKOMEHTyeTCsI HCIIONB30BaTh B pacyeTax 10 BTOPOH IpyIiIe NpeaebHbIX COCTOSHUI — M0 JiehopMarysim.
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