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HYDRO-TECHNICAL CONSTRUCTIONS AND PUMP STATIONS
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UCCNEOOBAHUE YCTAHOBUBLLUMUXCA KONEBAHUA
MPYHTOBbIX COOPYXXEHUW

LI.O. XyodauHasapoe - k.m.H., douenm, B.LU.FOndawes - cm. npenodasamens,
B.X.YpuHoe - cm. npenodaeamens, X.A.5Ipawoe - dokmopanm PhD, 3.C.Towmamoe - accucmeHm
TawkeHmMcKul uHCMUMYmM UHXeHepoe UppuU2ayuU U MeXaHU3ayuu cenbCKo20 xo3siicmea

AHHOTauus

B cratbe npusoasTca metoauka, anroputMm pelleHns 3agad 06 yCTaHOBUBLLIMXCS BbIHY)XEHHbIX KonebaHusax rpyHToBbIX
MAOTUH C y4ETOM JIMHENHO BA3KOYNPYr1X CBOWCTB rPYHTa, AN UX ONWUCAHMA UCMONb3OBaHaA HACMeACTBEHHas Teopusi BA3KO-
ynpyroctu BonbumaHa-BonbTeppa. PaccmatpuBaemas 3agaya pelueHa MeToaoM pasnoxeHusi No cobcTBeHHOW hopme Ko-
ne6aHuin ynpyron 3agaun. MpoBeaeHsbl uccnenoBaHus HanpsKeHHO-Ae(OPMUPOBAHHOIO COCTOSIHUA HypEeKCKoi rpyHTOBOIA
NNOTUHBI, C Y4ETOM JIMHENHO BSI3KOYNPYruX CBOWCTB rPYHTa 1 HEOAHOPOAHOM OCOBEHHOCTI KOHCTPYKLIUW B PE3OHAHCHBIX pe-
XMUMax konebaHui Npu NepuoanYEcknx KMHeMaTU4ecknx BO3AenCcTBIUSIX. YCTaHOBIIEHO, YTO Hanuuve B COOPY>KEHUU MITOTHOIO
cnekTpa COBCTBEHHbIX YaCTOT B PE30HAHCHbBIX PeXuMax KonebaHuin NPUBOAUT K BO3HUKHOBEHUIO HaNBomMbLLEi pe30oHaHCHoOM
amnamuTyabl KonebaHnin COOpYXXeHUs, a y4eT BA3KOYNPYrx CBOMCTBA rPyHTa NPUBOANT K yMEPEHHOMY 3aTyxaHuio konebaHui,
KoTopoe cnabo 3aBUCUT OT YacTOThl.

KnioueBble cnosa: rpyHTOBasi NnoTuHa, cobcTBeHHas opma konebaHuii, BAA3KOYMPYrocTb, HanpshXeHHo-AehopMUpoBaH-
HO€ COCTOsIHMe, AnCCMNaTUBHbIE CBOVICTBA, 3aTyXaHue konebaHuil, KUIHeMaTU4eckue BO3AENCTBUSA, aMNNUTYAHO-4aCTOTHbIE Xa-
PaKTEPUCTUKU, PE30HAHCHbIV PEXUM.

FPYHTIIU UHLWWOOTNAPHUHT TYPFYH TEBPAHULLNAPUHU
TEKWWNPULL

L1.O. XydaiiHa3apoe, B.LU. FOndawes, 5.X. YpuHoe
X.A. Slpawoe, 3.C. Towmamos
AHHOTauunA

Makonaaa rpyHTHUHI YM3MKNN KOBYLLIKOK-3MACTUKINK XyCyCUSITUHIM Xucobra onraH xonaa TPYHTAIN TYFOHMAPHUHT Maxby-
PUI TypFyH TeBpaHULLNapuHU TEKWMPULL yHyH MacanacuHu eYull MeToauKacy Ba anroputMu uwnabd Ynkunrad. FPYHTHUHT
KOBYLUKOK-ONacTUKIMK XyCyCuATUHM xucobra onuwpaa Bonbuman-Bonktepp HasapusicupaH coripananunra. Kypunaérrad
MacanaHuHr e4umMu 3MacTUK MHLIOOTHUHT Xycycui TebpaHuw dopmanapu 6yinya énvw ycynu épaamuaa  uwnaé umkun-
raH. Hypek rpyHT TYFOHUHUHI KyunaHuLL-aedopMaLmsnaHmiL XonaTi rpyHTHUHT KOBYLLKOK-3MacTUKIMK XYCYCUSITU Ba UHLLIOOT
KOHCTPYKUMACUHUHT BUP KUHCCU3NUIMHM abTUGOpra onraH Xonaa TeKWWpUraH, AaBpui KUHEMAaTUK Tabcupnap HaTwkacuaa
WHLLOOTHUHI PE30HAHC XonaTu xam kypub YnkunraH. MHWOOTHUHT Xycycuil YacToTanapu 6up-6upura skuH xoinaluran 6ynca,
pesoHaHc pexumnaa TebpaHnw amnnutyaa 6oluka pesoHaHe amnuTyaanapuaa 6up Heva Hapobap katta 6ynagu. MpYHTHUHT
KOBYLLKOK-31aCTUKIUK XyCYyCUSTUHW nHoBaTra onui TebpaHnLHu acTa-CekuHnMK 6unax cyHuwira onué kenaau.

TasH4 cy3nap: MPyHTNN TYFOH, XyCycuit TeGpaHuLL hopMach, KOBYLLKOK-3MaCTUKITHK, Ky4naHraHnuk-gegopmMaumsanaHui
Xonatu, AuccunaTuBe Xycycustnap, TeGpaHULLHUHI CYHULIW, KUHeMaTUK Tabeupnap, aMmnnuTyaa-4yactoTani XxapakTepucTuka-
nap, pe3oHaHC pexumMu.

INVESTIGATION OF STEADY-STATE VIBRATIONS OF EARTH
STRUCTURES

Sh.O. Khudainazarov, B.Sh. Yuldashev, B.Kh. Urinov
J.A. Yarashov, E.S.Toshmatov
Abstract

A method, an algorithm for solving problems on steady forced vibrations of soil dams is given in the paper, taking into
account linear viscoelastic properties of soil. To describe viscoelastic properties, the Boltzmann-Volterra hereditary theory of
viscoelasticity is used. Solution of the problem under consideration is sought by the method of solution expansion in terms of
eigenmode of vibrations of elastic problem. Investigations of stress-strain state of the Nurek earth dam have been conducted
with account of linear viscoelastic properties of soil and heterogeneous structural features in resonance modes of vibrations
under periodic kinematic influences. It is established, that the presence of a dense spectrum of natural frequencies in resonance
modes of structure oscillation leads to the appearance of the largest resonance amplitude of structure oscillations, and an
account of viscoelastic properties of soil leads to a moderate attenuation of oscillations, which slightly depends on the frequency.

Key words: earth dam, eigenmode of vibrations, viscoelasticity, stress-strain state, dissipative properties, damping,
kinematic influences, amplitude-frequency characteristics, resonance regime.
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rMAPOTEXHUKA UHLLOOTIIAPU BA HACOC CTAHLIANAP

Bee.qerme. OueHka MpPOYHOCTU TFPYHTOBbLIX MMOTUH
NPy pasnuyHbIX AUHAMUYECKUX BO3AEUCTBUAX C y4e-
TOM peanbHbIX 0COBEHHOCTEN KOHCTPYKUUM U auccunatme-
==X CBOWCTB MaTepuarna COOpYXeHWs npeacraBnsieT npak-
Tw=eckMi MHTepec. [oaToMy ANs OUEHKM AUHaAMUYEeCcKoro
=ENDFKEHHO-Ae(POPMUPOBAHHOIO  COCTOSIHUSA  FPYHTOBbIX
mmoTH BONU3KM pe30HAHCHbIX PEXUMOB, B NEPBYI0 odepeab,
==00x0AMMO pacCMOTPETb YCTAHOBUBLUMECS BbIHYXXOEHHbIE
won=baHus COOPYXXEHUSA C y4eTOM AUCCUMAaTUBHbIX CBOWCTB
w=Tepuana.

OB8bIYHO YyCTaHOBMBLUMECH BbIHYXAEHHblEe KkonebaHus
COODYKEHUA NPOUCXOAAT NPU HanMyuu BHELLHUX nepuoau-
“=CaMx BO3[ENCTBUN, NPU 3TOM HayarbHble YCIOBUS HE y4u-
T==a07cA. B 9TOM cnyyae guccunaTtuBHbIE CBOWCTBaA COO-
DymEHUS NPOSIBMSIOTCS, rMaBHbIM 06pas3oM, B pe30HaHCHbIX
oesmax. B kayecTBe KONMYECTBEHHOM OLIEHKU MHTEHCUBHO-
CT¥ AMCCUNaTUBHBIX MPOLIECCOB UCMOMb3YHOT 3HAYEeHUs peso-
=2HCHBIX aMNNUTYA NepeMeLLEHUA U HanpsKeHUI.

B nocnegHee Bpems onybnukosaH psig pabor, rae yuu-
T=E3eTCA NPOosIBNEHWE YNpPYrux, BA3KOYNPYrnX JMHENHbIX
» HenWHEeWHbIX, a Takke Ynpyro-BA3KOnmacTu4eckux u ap.
CE0NCTB FPYHTA, KOTOPblE HapsiAy C Bbille yKa3aHHbIMU CBOW-
CTEaMM ONUCHLIBAIOT U gUCCUNauuio B matepuane npu guHa-
wirseckux BosgencTeusix. KpaTtkoe cogep)kaHue HeKoTopbIX
¥OX HUX.

ViccnepoBaHa AnHamMuyeckas peakuusi rpyHTOBbIX MIlo-
TWH C YYETOM HESMMHENHbIX U BA3KOYNPYrnx CBONCTB rpyHTa,
"Oe yCTaHOBEeHa 3aBUCUMOCTb BEMUYUHbI BO3HUKAKOLWMX AN-
H2MMYECKUX peakuni OT Harpy3km U MexaHU4ecKux CBOMCTB
rpyHTa [1].

OuHamuyeckoe noBedeHue rpyHTOBbLIX MAOTUH C y4ETOM
=enuHenHbIX CBONCTB MaTtepuana paccmoTtpeHo B [2]. Uccne-
Z083Hbl NepexofHble AnHamuyeckue npoueccbl n addeKTbl
TON3Y4eCTU NPU LUMKINYECKNX BO3AEUCTBUAX, 3a4a4un pelle-
==1 meTooM Hblomapka.

B paborte [3] ¢ ucnonb3oBaHMeM HENUHENHO peoriornye-
csMx Moernen uccrneaoBaHO HanpsKeHHoe COCTOsiHWE Mio-
TwHbl. BO3MOXHOCTB UCMONb30BaHUsS 3TOW MoAenwu npoae-
MOHCTPMpOBaHa CONOCTaBNEHNEM YUCTIEHHbIX PE3YNbTaToB C
pesynsTatamu nabopaTtopHbIX UCMbITAHUMNA.

MpeanoxeHa mogens [4] n Habop onpeagensilOLMX CO-
OTHOLUEHUA ANS PeoriorM4eckor MOoAEenu MSArkux rpyHTOB.
S03MOXHOCTb UCMONb30BaHWUs 3TOW MOAENW NoaTBepXaeHa
DROOM 3KCNEPUMEHTOB PEONOrMYEeCKom KOHConMaauum ¢ pas-
HOM CKOPOCTbIO 3arpy3Ku.

B pabote [5] uccnenyotcsi cBOMCTBA KPYMNHO3EPHUCTbIX
marepuanosB KaMeHHO-HabpPOCHOW NNOTUHBI C UCMONb30BaHU-
M peonoruyeckux mogenein. NokasaHo, YTo AnNs MOAenuMpo-
saHusa gedopmanymm HeobxoaMMOo eauHoe onucaHne B3anmo-
OencTBusa pasnuyHblx haktopos. lMonyyeHHble pesynbraThbl
“MCIIEHHOMO MOAENUPOBAaHUS CPaBHUBAIOTCS C UMEIOLLMMUCS
3KCnepuMeHTanbHbiIMW AAHHBIMW ANS KaMeHHO-HabpOCHbIX
COOPYXEHUN.

[Ons onucaHua guccunaTtuBHbIX CBOWCTB TPyHTa, B MO-
crnefHee Bpemsi, BCe Yalle M Yalle MCnonb3yeTcs Hacneg-
CTBEHHas Teopus BA3Koynpyroctu bonbumaHa-Bonbreppa
[6,7,8,9,10,15,16,17] .

[NoBefeHMe KOHKPETHbIX COOPYXXEHWUW C UCMONb3oBaHU-
M HacneAcTBEHHOW Teopuu BA3KOYNPYroctTu B YCMOBUAX
OMHAMUYECKUX Harpy>XeHun uccrnefoBaHO He [OCTaToOuHO.
Mpu aTOM noaaensioLwee Yucno nydnukauui, cBA3aHHbIX C
OvHaMU4yeckuMu 3agadyamMu HacneacTBeHHON TEOpUN BS3KO-
YyNpYyrocTu, NOCBALLEHO pacyeTy TOHKOCTEHHbIX KOHCTPYKLUUIA

e —=

— 6anok, nnactuH 1 o6onovek [11,12,13,14,18,19,20,22].

Cxema pelueHus AMHaMUYeckux 3agay BA3KOYNpPyrocTu
ANA TOHKOCTEHHbIX KOHCTPYKUWA AOCTaTOYHO CTaHAapTHa.
Mogbupaa koopauHaTHYK (YHKUUIO, YAOBETBOPSIOLLYHO
rPaHNYHbIM YCNOBUSAM, UCXOOHYIO 3afavy MOXHO CBECTU K
3apade o konebaHuAX cUCTEeMbl C KOHEYHbBIM YMCIOM cTene-
Hen cBoboabl, T.e. K CUCTEME JTMHEWHBLIX UMW HENUHEeMHbIX
NHTEerpo-anddepeHLUmanbHbiX ypaBHEHUA C OA4HOW Hesa-
BMCUMOW NnepemMeHHOW BpemeHu. Kak npasuno, npu 31oM B
KayecTBe KOOPAMHATHbIX (PYHKLUMIA MPUMEHSIOTCA TPUTOHO-
mMeTpuyeckue, nmbo 6anoyHble pyHKUuuK. Takon BbIGOp KOop-
AWHaTHbIX YHKUMIA OrpaHnYmMBaeT Krnacc pellaembix 3agad
KOHCTPYKLMAMU NPOCTENLLUNX KOHUrypaumi — 6ankamm noc-
TOSIHHbIX Ce4YEeHUI, NPSAMOYTONbHOW NNACTUHOW, UMnuHapuYe-
ckon o6onoukon [13,14,20].

AsTopbl pabot [13,14,20], gonyckas psii HETOYHOCTEW
npu noabope KoopAvHaTHbLIX PYHKLMIA, CTapatoTcs NOBLICUTL
TOYHOCTb PeLUeHUss CUCTEMbI UHTErpo-anddepeHumanbHbIX
ypaBHeHui. OaHako Anst KOHCTPYKUUIA C peanbHOon reoMeTpu-
el HeBO3MOXHO nogobpatb aHanUTUYecKne KoopauHaTHble
dyHKUMK, YOOBNETBOPSAIOLLME TPAHUYHBIM YCITOBUSIM 3a[a4uu.

[MoaToMy AN KOHCTPYKUWMW CIOXHOW reoMeTpun B Ka-
YecTBe KOOPAWHATHLIX PYHKUWUIA, XenaTenbHO WUCMonb30-
BaTb COBCTBEHHble (opMbl konebaHwii, KoTopble NpuUcy-
WY UM U y4uTbiBalOT BCE OCOBEHHOCTU paccmatpuBaemMou
KOHCTPYKLMW.

Bnepsble pasnoxeHuwe pelleHus No co6cTBeHHbIM hop-
MaM konebaHuin npu pelleHUn KOHKPETHbIX 3agady 6Gbino
ucnonb3oBaHo B pabote [21]. 3aTtem cobcTBEHHbIE hOpMbI
KonebaHun AnNa pasnoXeHus pelueHust NPy BbiHYXXAEHHbIX
KonebaHusix peanbHbIX KOHCTPYKUWUIA U CROXHbLIX BA3KOYNpY-
rmx obonoyek ncnonb3oBanuck B paborax [11,12,22,23]. Ha-
psay € 9TUM pasnoxeHuem no cobcTBeHHbIM hopmam Kone-
6aHun Bbina peleHa 3agaya o konebaHuax TpeXMepHbIX Ter
C npucoeauHeHHbIMU Maccamu B pabore [24].

MpuBeaeHHbIM 0630p M3BECTHLIX paboT nokasbiBaeT He-
06X0AMMOCTb  OLEHKW  HanpshXeHHO-AeOopMUPOBaHHOIO
COCTOSIHUSA U AUHAMWYECKOro NoBeAeHUs1 FPYHTOBLIX COOpY-
XXEHWUI He TONMbKO C y4eTOM BSI3KOYNPYrnx CBOWCTB MPyHTa, a
TaKke HeoAHOPOAHON OCOBEHHOCTU KOHCTPYKUMU U peanb-
HOW reomeTpun.

Metoauka u o6beKT uccnepgoBaHui. Paccmatpusa-
eTcs rpyHTOoBOE coopyxeHue (puc.1), 3aHumatowee obbem
V=V +V +V , lNpegnonaraetcs, NoAoLiBa COOPYXEHUS HAaxo-
AWUTCS Ha )XECTKOM OCHOBaHWU X , rae NpunoXeHo KuHematu-
yeckoe BosaencTeme i, (¥,r) . Ha noBepxHocTu X, nevicteyet
rugpocratudeckoe gaenenue P (x,,x, ). OcransHas yacTtb no-
BEpXHOCTU (X, X )-cBOGOAHA OT HanpshxeHuin. Matepuan pas-
HbIX YacTen (V,V,, V) NNOTUHbI CHUTAETCS NIMHENHO YNpyrum
UNU NUHENHO BA3KOYMNPYrvUM.

3apgaya cocTouT B onpeaeneHun nonen nepemMeLleHnin n
Hanps»XeHU, BO3HMKAKOLMX B COOPYXXEHUN NPy AENCTBUN Ha
Hee MaccoBbIX CUI f, AaBMEHUs! BOAbl P 1 KUHEMATUYECKOro
BO3[eNCTBUS B OCHOBaHun i, (¥,7).

[ina noctaHoOBKKM 3aa@4v UCNONb3YETCsi NMPUHLIMIM BO3MOX-
HbIX NepemelyeHun [15,16,17].

Mpu peweHun nuHenHbIX 3agad usmyeckne CBOKCTBA
mMarepuarna Tefia onucbiBalOTCA COOTHOLLUEHUSMU MeXay Ha-
NpsbkeHuaMn o ;1u aeopmaumamm &, snaa [25]:

o7 =)T,,skk8,:,+2ﬁ,,a,.j (1)

B cnyyae, korga martepuan _n-0ro anemeHTa (1.e.V,V,V))
CUCTEMbI YNPYruin, BenuumuHbl A, U 1, SBNSAIOTCA KOHCTaHTa-
Mu Jlame, ecnu martepuan obnagaer BA3KOYNpYrumMu CBOW-
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HYDRO-TECHNICAL CONSTRUCTIONS AND PUMP STATIONS
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Puc.1. Modenb 2pyHMo8o20 coopyxeHusi

cTBamu, TO A, U H, SBNAIOTCA UHTErparnbHLIMKU onepaTopamm
Bonbteppa 1 umetot Bug [25]:

~

M@=\, o) | I

A

n

| I, e
*f (2)
}Tn(p =Hpn (P(f)___[.orpn (g 1374

rae A,.n, - KOHCTaHThl Jlame; 7.7, - sgpa penakcauuu;
¢(t) - nponaBonbHas PyHKUUSI BPEMEHW.

Cenasb TeH3opa aechopmaulnn ; C KOMMOHEHTaMU BEKTO-
pai= {1.,112} nepemeLLeHnin ONNCbLIBAeTCs NMMHENHBIMU COOT-

HoweHuamn Koww [25, 28]. ila, B
2 u .
gy e L L
2 ox; ox

3apatotcs Takke KMHemaTu4eckue yCroBusi B OCHOBaHUM
XeX,:uy(X,0)=vy (1) (4)

rae v - 3ajaHHas (yHKUMS BPEMEHM.
MpubnuxeHHoe pelleHWe paccMaTpyBaeMon 3afayun Ha-
XOAMUTCA B BUAE Pa3noxeHusi no cobcTBeHHbIM hopMam Korne-
6anun [10,11,12,16,22,24], ynpyroro coopyxeHnus (puc.1) T.e.:

12 (3)

N N
d(%,0)=ii, (5,04 Y iy (F)y, (0); i =Y i, (¥)y,(t) ()
k=1 k=1

rae: i,(¥,t) - ussectHas dyHKUMS (4), ynoBneTBOpsioLLAs
KpaeBbIM YCMOBUAM 3apauu; i,(¥) - cobecTBeHHble (HopMbl
konebaHun ynpyroro CoopyXeHust; v, (¢) - uckomble yHKLUM
BPEMEHW; dy, (¢) - NPOU3BOMbHbIE KOHCTaHTbI; N - KONUYeCTBO
coBCTBEHHbIX (hOpM, yAepX1BaeMblx B pasnoxeHum (5).

Mpn ucnonb3oBaHWM JaHHOrO MOAXoAa OCHOBHAs TPYA-
HOCTb COCTOUT B BblGOpe KOOpAUHATHBIX (YHKUWIA i, (X), KO-
TOpble [OCTaTOMHO MPOCThI B Cryyae Ten npocToi ¢hopMbl
M ycnosun 3akpennenus. [Ana Tten crnoXxHon opMbl BbiGop
KOOpAUHATHBLIX (DYHKUWIA i, (¥), CBOAALMX paccmarpusae-
Myl0 3aady K CUCTEME paspeluatolyX YPaBHEHUIA C KOHeY-
HbIM YMCNOM CcTeneHen cBoboabl, NpeacTaBnseT [OCTaTo4MHO
TpyAHyto 3apady. Mcnonb3oBaHue e cobCTBEHHbIX hopm
KonebaHuin No3BONSIET TOYHO ONMcaTb pearibHyl reoMEeTPUIO
M pasnuyHble 0COBEHHOCTU Ten CrOXHOW (hopMbl Mpu pas-

NUYHbIX Bo3fencTBusiX. IMeHHo aTum obbscHseTcs Bbibop B
KayecTBe KoopAuHAaTHbIX (OyHKUMIA COBCTBEHHbIX hopM Korne-
HaHuir. MMoatomy B faHHOW paboTe, cHayana C y4eToMm BCex
0COBEHHOCTEN COOpPYXXEHUS! U MaTepuarna METOAOM KOHEUYHbIX
anemeHToB (MK3) onpegensitotcss cobcTBEHHbIE hOPMbI KO-
nebaHuin CoopyXeHUs B NMMHENHOW ynpyroi noctaHoske. [a-
nee pelleHue 3aayvmn o BblHYXAEHHbIX konebaHusx cuctemsi
C YYEeTOM BA3KOYNpYyrux CBOWNCTB MaTepuana BedéTcs B BuAe
pasnoxeHus no HanaeHHbIM cobcTBEHHBIM hopmam Koneba-
HWA ynpyron 3agauu (5).

[na ycTaHOBMBLUMXCS BbIHY>AEHHbIX KonebaHui npu aei-
CTBUW MEpUOANYECKUX KMHEMaTUYECKUX BO3OENCTBUIN C yye-
TOM NIUHENHO BA3KOYNPYrx CBOWMCTB Matepuana Coopy>XeHus
paccmarpuBaemas 3afgada nocne nofacTaHoBku (5) B ucxogHoe
BapuaLMOHHOE ypaBHEHWE CBOAUTCS K PELLEHUNIO CUCTEMbI NU-
HelHbIX NHTerpo-auddepeHUmanbHbIX ypaBHEHU BUaa

t

M, (’ )+ Ky, (t)‘ Cy Jr (’ -1 )."A (T )it = _(/;l‘l).l (’ )+ ./‘::‘4.’.1(’ )) (6)

=1 25000, N k=120, N

Mopspok cuctembl (6) paBeH konuyecTBy N yaepXKaHHbIX
B pasnoxeHun (5) cobcTBeHHbIX hopM konebaHuit yrnpyroro
coopyxeHus. Npu uccnenoBaHUM YCTaHOBUBLUMXCS BbIHYXK-
AeHHbIX konebaHWin HUXKHAS rpaHuLLa UHTErpana B BbipaXKeHun
(2) npuHnumaetcst oT MUHyC BeckoHeuHoCTM Ao t. [Mpu 3TOM Ha-
YarbHble YCOBUS HE YYUTLIBAIOTCS.

Cucrema uHTerpo-auddepeHumanbHbix ypaBHeHuin (6)
onucbiBaeT AvHamMu4yeckoe MOBEAEHUE FPYHTOBbLIX MMOTUH C
Yy4eTOM BSI3KOYMPYrMx CBOWCTB rPyHTa Mpu Nepuoamnyeckmx
KWHEMaTU4YeCcKnx Bo3aencTBusax. 1o NO3BOMSIET UCCNeaoBaTb
AVHaMu4yeckoe noeeAeHue rpyHTOBbIX MIOTUH NPY pasnnyHbIX
YacTtoTax BHELUHero BO3AENCTBUSA, BKIOYAsi BapuaHTbl, Korga
YacToTa BO3eNCTBUA paBHa COGCTBEHHOW YacTOTe COOpYXe-
HUA (PE30HAHCHBI PEXUM).

Koadpcbuumenrsl £, 1,0, F,, M, K ;,C,,CACTEMBI  UHTETPO-
AvdbdepeHumanbHbIX ypaBHeHuid (6) onpeaensitotcs yepes
cobCTBEHHbIE (hOpMbl  Kone6aHuil i, () nyTemM WHTerpupo-
BaHWsi UX No obbemy paccmaTpvBaemon MnoTUHLI. 3Aech
Jiis s O F [ (1) - CyMMapHas BHELUHAS Harpy3ka OT Macco-
BbIX CUI1, TMAPOCTaTUYECKOro AaBneHns, a Takke oT KuHema-
TUYECKOro BO3[ENCTBUS, U3MEHSIOLLErocsi No BpeMeHu. Ypas-
HeHue (6), peLuanock MeToaamu U3NoXeHHbIMK B [22,26].
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[ns npoBepky AOCTOBEPHOCTU pa3paboTaHHOro anropuT-
W= » nporpammbl Ha OBM 6bInNo peleHo NUHenHoe UHTe-
o-anddepeHymnansHoe ypasHeHue [20]. PesynstaThl nony-
=X YUCTIEHHBIX peLleHnn BbInNn conocTaBneHbl C TOYHbIM
Dewesnem [28].

PeayneTtaThl uccnepgoBaHui. [pusBogaTca pesynbraTthl
WCCOE00BaHUA YCTAHOBUBLUMECS BbIHYXXAEHHbIX KonebaHui
~WDES¥CKOW [PYHTOBOW MNMNOTWMHBLI C MOMOLWbIO paspaboTaH-
=00 METOOVKWU, anropuTmMa v nporpammbl pacyeta Ha SBM.
—yoesckas NNoTUHA WMeeT crneaylline reoMeTpuyeckue
Z=3mepsl: BbicoTa H=296 M, WMpuHa rpebHs bWé:ZO.O M, 3a-
TomEsMe OTKOCOB m =2.25 (BepXxoBow) U m,=2.2 (HU30BOW).
W=sasmyecKkne XxapakTepucTuku MaTtepmanos NioTUHbI cre-
Iysowme: Aapo— y=0.00195 ke c/cm’, v =0.35, G=8663 ke c/cm’;
TEpexoaHble 30Hbl —  y =0.00235 k2 c/cm?, v=0.30, G=13654 k2
o ow - YNOPHbIE NPpU3Mbl— y =0.00220 k2 c/cm?, v=0.28, G=11984 ke
© ow . npurpyska otkoca — y=0.00185 ke c/cm’, v=0.24, G=12370
w o ow. [Ina onucaHus BA3KOYNPYrMx CBOWCTB rpyHTa WUC-
TOm=308anMch TpexnapameTpudeckue sapa penakcauun A.P.
“wa-wusiHa [27] ¢ napameTpamu siapa penakcauuu, npuse-
Z====au B [8]. Moe G - coBuroBon mMoaynb, y - 06beMHbIN
== v -x03uumenT NyaccoHa.

S xa4yecTBe BHELIHWX BO3AEWUCTBUIA UCMNOMb30BaNuUCh
ISy xXOMMOHEHTHbIE NEepuoanYeckne KuHemaTuyeckune BO3-
Z=CTENRA, NPUNOXEHHbIE B OCHOBaHUWN COOPYXEHWUS, T.e.:

; Uy o(1)=Bexp(—i€t)

€20 “Uy, (1)=Cexp(—iC1) "

me B,C — amnnuTtyda, a Q — 4acTtota KMHeMaTu4eckoro
SOENSHCTBUA.

1= OUeHKU AuHamuyeckoro noseaeHust Hypekckon rpyH-
TOE0W NNOTUHBI NPU BO3AencTBusiX (7). cHavana pellanvcb
=024 0 cOBCTBEHHbIX KonebaHusAX NNOTUHbI C Y4ETOM ynpy-
TWi CBOWCTB PYHTa NMOTUHBLI U ONPeaensanucbL COBCTBEHHbIE
“=cToTsl 1 opMbl KonebaHui pacCMOTPEHHOTO COOPYXKEHUS.
Z=n=e HauaeHHble hopmbl konebaHui COOpYKEHUsI UCNONb-
I0E2NWCH B Ka4YecTBe KOOpAMHATHbIX pyHKumn B (5) npu pe-
L= 33034 O BbIHY)XXAEHHbIX YCTAHOBUBLUMXCS KonebaHusx
TMOTMHBL C YYETOM pearbHbIX OCOBEeHHOCTEeN pacCMOTpeH-
=% COODYXXEHUI 1 BA3KOYNPYrMX CBOWCTB rPyHTA.

SPeaynsTaToOM pacyeTa SIBUNOCb MOCTPOeHWe Ans psaa
SE0aTEDHBIX TOYEK NMOTUH aMnUTYAHO-4YacTOTHbLIX Xapak-
T=owcTrk (AYX) nepemelueHnit (u, u,) v HanpsKeHW: Hop-
WEMsHBIX §,,,0,, KacaTenbHbIX - G,,, MaBHbIX - 6,6 ,, MaKcu-
WENsHBIX KacaTefbHbIX - T, U UHTEHCUBHOCTU HanpsiXXeHui
T TDW D@3MUYHBIX YacToTax « Q» KMHEeMaTU4YecKoro Bo3aewn-
c7=w= (7) B AvanasoHe ot 1.0 Ao 20.0 pag/cek. B okpecTHOCTU
ToeanonaraeMoro BA3KOYNPYroro pe3oHaHca wwar ans 4yacro-
T= <)+ yMeHbluancs B 2-3 pasa, COOTHOLUEHWEe amnnuTyq
TowsseManochb B/C=2.0 (B=0.01m).

Tlow  NepuoamuyvecKkux BO3AENCTBUSAX aMnnuUTyaHO-yva-
TToTHEsie xapakTepuctukm (AYX) SBNSOTCS OCHOBHBLIM NOKa-
I=TENSM OUEHKU W NPorHo3a AMHaMUKWM U HanpsKeHHo-Ae-
SOOMMDOBEHHOMO COCTOSHUSI COOPYXXEHUS B LIENOM, TaK Kak
TONE3nIBAK0T OTKIUMK KaXKAOW TOYKM COOPYXEHUSA Ha 4acToTbl
soansucTenA. OTO NO3BOMSIET MPOrHO3MpoOBaTb U3MEHEeHUe
TECSMELLEHUI U HANPSHKEHUI NPU pasnUyYHbIX YacToTax «Q»
S=SUHEero BO3AenCTBUA.

=2 puc. 2 nokasaHbl AYX nepemelleHun (u, u,) xapak-
TECesix Todek Hypekckow nnoTtuHbl: D (x,=-10.0 m, x,=296.0
w % E (x=-135.0 m, x,=129.5 m), NOMy4EHHbIE AN NUHENHO
wmoywToro rpyHTa 6e3 yyeta maccoBbiX cun. XapakTtepHow
2C00eHHOCTBI0 3TUX pesynbTaToB SIBMSIETCA HacTynneHve

yrpyroro pe3oHaHca npu cosnageHun 4acToTbl BO3AENCTBUS
«Q» € Nobon 13 yactot cobCTBEHHbIX KoneGaHuin NNOTUHBI:
w,=0.807 pad/cex; w,=1.248 pad/cex; w,=1.474 pad/cex; w =1.662
pad/cex; w,=1.793 pad/cex; w,=1.901 pad/cex; w,=2.126 pad/cex.
XapakTepHblii OTKNUK cuctemsl (puc.1) npu coBnageHuu va-
CTOT BHELUHWX BO3AENCTBUMN C COBCTBEHHbIMM YacToTamu
COOPY>XEHUIN NOATBEPXAAET AOCTOBEPHOCTb pasdpaboTaHHOM
MEeTOAMUKN NPU UCCReaoBaHUN YCTAHOBUBLLUXCSA BbIHYXOEH-
HbIX KonebaHui.

Ui} |u,| a)
10 -

0.8
s — 1

04

1.0

PR %
paa/c
2 4 6 8 10 12 14

1.0

|ug)|u,| 6)

0.8

0.6

0.4

0.2

N, L 2

2 e 6 8 10 12 14

Puc.2. AMnnumyd9Ho - YyacmomHbie XxapakmepucmuKu
nepemeuweHuu
(lu,l, lu,|) movek D(x,=-10.0 m, x,=296.0 M) — (a) u E (x,=-135.0 m,
x,=129.5 m) - (6) Hypekckol nnomuHsl, nony4eHHsle 8 ynpyaoli
rnocma+oseke 6e3 yyema Macco8biX CUM: ____ 20pU30HMarsibHbIe
nepemeweHusi (u,); ------ 8epMuKasibHble rnepemeweHus (u,).

Ha puc. 3a. nokasaHbl BosHukawwwme AYX rnasBHO-
ro HanpskeHwsi - o, B Touke F(x, =79,4m, x,=104,8m) N Ha
purc.36-A4X UHTEHCUMBHOCTbL HanpsXKeHUst - G,B TOYKEe Qx,=
-162,6m, x,=141,8m) HypeKcKoW NNOTUHbLI C Y4ETOM BSI3KOYNpY-
rmx CBOWCTB Matepuana u 6e3 yyeta MaccoBbIX Cun.
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HYDRO-TECHNICAL CONSTRUCTIONS AND PUMP STATIONS

o} Mna a)

3.0

20

b A i A

Q
0 pap/c
2 4 3 8 10 12 14

o Mra 6)

1.5

1.0

05 \ %I

; | 2

paa/c
2 4 6 8 10 12 14

Puc.3. AMnnumydHo-yacmomHbie xapakmepucmuKu
2/1a8HO20 HanpsHKeHUs1
(|o.]) 8 mouke F( x,= 79,4 m, x, =104,8 m) u uHmeHcugHoCmb
Hanpsikerus (©;) € moyke Q( = x, -162,6 m, x,=141,8 m) Hypek-
CKOU M/I0OMUHbI MOYy4YeHHbIE C Y4emom 6s3Koynpyaux ceolicmes
Mamepuana.

MonyyeHHble pesynbTaThl yKasbiBalOT Ha MpPEeBbILLIEHUE
amMnNnnTya ropu3oHTasbHBIX NepeMeLleHnini No CPpaBHEHUIO C
BEepTUKanbHbIMU Npu NepBor pe3oHaHCHON YactoTe. Ha BTO-
pOM pes3oHaHce, HaobopOT—BepTUKanbHbIE aMNNUTYAbl Npe-
BOCXOAAT ropu3oHTarnbHble. JTO 0OBLSICHSETCA XapaKTepoMm
cobcTBEeHHbIX hopm konebGaHWi NNOTUHBLI MPY COOTBETCTBYIO-
LUMX YacToTax: Ha NepBON - CABUT LIEeHTPanbHOro ceYeHus, Ha
BTOPOW — BepTuKanbHasa agedopmauus 1 T.4.

B obnactu nnoTtHoro criektpa cobCTBEHHbLIX YacToT (w,,
W, W MNN w,, @,) aMNAUTYAbl FOPU3OHTAnNbHbBIX KonebaHum
CO34al0T e[IMHbIN NUK ¢ 6oNbLIOK aMNNUTYA0N.

AHanua A4YX HanpsbkeHuit (puc.3a 1 puc. 36) nokasbl-
BaeT, YTO Haubonblume amMnnUTyabl HaNPSHKEHUA B TOYKaX
NNOTUHbLI BO3HWUKAKOT NPWU COBMNaAeHUN YacToTbl BO3AEeNCTBUSA
Q ¢ nepBon COBCTBEHHOW YacTOTOM U C YacTOTamu NIIOTHOTO
CnekTpa B ManasoHe Mexay o +w, Unn w,, @, . 3To obbsc-
HAeTCA koppensauuen cobcTBeHHbIX hopM KonebaHuii coopy-
KEHUs ¢ BnNu3KMMK YactoTamu, CO34aloWMMKU eAUHBIN MUK C
GonbLio amMnnuTyaoi. MoaToMy Anst 3TOi NAOTUHBI ONACHBLIM
ABNAETCA BO3AENCTBUE C 4ACTOTON Q = w, U C YaCTOTOM, HaxXo-
AsLLeics B AnanasoHe Mexay YactoTamu w, U w, .

Ha puc. 4 nokasaHbl n3onuHUM pacnpeaeneHusi koadhu-
uueHTa 3anaca npo4yHocTu K B cedeHun Hypekckon nnoTuHbl
C Y4ETOM MacCOBbIX CUN 1 BA3KOYNPYrUX CBOMUCTB rpyHTa rnpu
PEe30HaHCHbIX YacToTax BosaencTeus (7 ): T.e., npu Q=w, = 7,3
pad/cex.

Mpy kKMHemaT4eckom Bo3aencTBum (7) Npu BTOPO peso-
HaHCHOWM 4acToTe B HEKOTOPbIX 30Hax HypeKcKoW MroTuHbI,
HapyLliaeTcsi NPOYHOCTb COOPYXEHUS, T.e. Ha y4acTKe Bepx-
Heln ynopHou nNpuambl B6GNMau rpebHsa nnotuHsbl, roe K<1, o3-
HavaLWwmnm HeobecneyeHHy NPOYHOCTb.

Takum obpasom, uccnegoBaHWe HanpsiKeHHOro cocTos-
HWUSI Y4acTKOB MIOTUHbBI, AN KOTOPbIX K<I MOKasbIiBaeT, YTo
BO3HMKalOLWMEe B PE30HAHCHOM pexume KonebaHui pacTs-
rmBaloLLMe HanpsHkeHUss NpeBbIAlOT HanNpPsXKeHUsl, BO3HU-
KawlMe npu craTuyeckom BO3AEWCTBUMM (Noa AencTBuem
MaccoBbIX cun), Aaxe npu HebonbLIOW amnnUTyae KuHema-
TUYECKOro Bo3aemncTeus (B=0.01m).

BuiBogbl. MpoBeaeHHbIMU UCCIIEA0BaHUSIMIA YCTAHOBUB-
Lmnxca KonebaHWn rpyHTOBLIX MAOTUH MPU NEepUoaUYEcKUX
KMHEMaTUYEeCKNX BO3AENCTBUAX CAenaHbl creaylouime Bbi-
BOAbI:

1. MNpeanoxeHa MeToauka U anropuTM peLleHns 3agaym
06 yCTaHOBUBLUMXCS BbIHY>XAEHHbLIX KONebGaHusiX rpyHTOBbIX
NNOTUH C YY4ETOM JNIMHENHO BA3KOYMNPYrMX CBOWCTB rpyHTa C
NMOMOLLbIO Pa3NOXEHUs peLleHns No cobCTBEHHbIM hopmam
KonebaHusa coopyxeHus.

2. Vicrnonb3oBaHue cobeTBeHHbIX (hopM konebaHwit coopy-

Puc. 4. U3onuHuu koaghhuyuenma 3anaca npoyHocmu K e ceveHuu Hypekckoli ninomuHbi npu emMoOpPoOM pe3oHaHce,
C y4yemom MaccoebIx Cusl U 8s13Koyrnpyaux ceolicme 2pyHma
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®E=u1s MDY PELUeHUN 3a4a4mM 06 YCTaHOBUBLUMXCS BbIHY)XXAEH-  BO3HUKHOBEHWIO HanBonbluel pe3oHaHCHOW amnnuTyabl Ko-

~=x wonebaHuaxX No3BOMUMO TOYHO OnucaTh AMHaMuyeckue  nebaHuii COOPYKEHUS.

TDOwEccsl NTPOUCXOASLLME B COOPYXKEHUM, YTO MOATBEPXKAEHO 4. Y4yeT BSI3KOYMNpYrux CBOWCTB rPyHTa MO3BOSSIET aaek-

DEI0H3HCHBIMU ABMEHUAMU B YNPYroM cryyae. BaTHO onucaTb AWHaMWKY COOPYXEHWUS! B PE30HAHCHbLIX pe-
3. Hanuune B COOPYXeHUW MIOTHOrO CrekTpa COBCTBEH-  KUMax konebaHwii v NPUBOAUT K YMEPEHHOMY 3aTyxaHuio,

== “2CT0T B Ppe30HaHCHbIX peXXumax konebaHui npuBOAUT K KoTtopoe cnabo 3aBUCUT OT YacTOTbl kKonebaHuiA.
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