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AHoTamisi. Y cTaTTi HaBeNEeHO KpHUTEpid HEOOXIMHOCTI BpaxyBaHHS TiJPOJMHAMIYHHMX CHJ BiJ
HEYCTaJIICHOTO (DIIBTPAIiHOTO MOTOKY Y TPYHTOBHX BOJIOHACHYEHHMX YKOCaX MPH 3HW)KEHHI PIBHS BOAM Y
BOJIOMMHUIIIAX 3 Pi3HOIO IHTCHCUBHICTIO. OTPUMaHO 3aJIeKHICTD JIJIsl BCTAHOBIICHHS JICTIPECiitHOT MOBEpXHi B
Tl BOJOHACHYEHUX OJHOPIIHUX YKOCIB Ha OyJb-SIKMIi MOMEHT Yacy CIIOPOKHEHHS BOJIOWMHUINA, PYyX
TPYHTOBUX BOJ| y SIKMX BiOYBa€ThCs 13 HECKIHYEHHOCTi 31 CTOPOHH TPYHTOBOTO MacuBy. BcTaHOBIIGHHI
3aKOHOMIPHOCTI TUHAMIKH JIEMTPECIHHOI MOBEPXHi y BOAOHACHYCHUX IPYHTOBUX YKOCAaX il 4ac 3HIKEHHS
PiBHS BOJIM Y BOJAOHMHUINAX JUIS JIBOX BUJIIB 328 BOJOIPOHUKHICTIO OCHOB.

KurouoBi ciioBa: BoJjoHAaCHYEHI TPYHTOBI YKOCH, BOJIOMMHUIIIA, IENpeCiifHa TOBEPXHSI, T'IpOAMHAMIUHI
cwid, GiNbTpamiiftHAN MOTIK.

Beryn. AHami3 craHy BOJOHAaCHYCHHX TPYHTOBHX YKOCIB CIIOpYJ MOKa3aB, 10 BHOIp iHKEHEPHHX
3aX0JIiB 3 IMOKpAIICHHS IX po00TH y 0ararhb0X BHITQJKaX 3aJICKUTh BiJ| PEKUMY 1 IHTCHCUBHOCTI 3MIiHHU
TiIpOTEONOTIYHUX YMOB Ta Jii TeXHOTeHHuX (aktopis [1,2].

[Ipu excruryarariii TpyHTOBHX CIIOPYJl B yMOBax 3MIHHOT'O PiBHS BOJIW y BOJOWMUIII HA HAMiIHHICTB,
JIOBI'OBIYHICTh 1 Oe3mepeObiiiHy eKcIuTyaTallilo 37aTHI BIUIMBATH HACTYIHI OCHOBHI (hakTopu [3]: MIBHIKICTH
3HW)KEHHS PiBHSA BOJAW y BOAOHMMIII, TiAPOAMHAMIYHI CHJIM BiJ HEyCTaJIEHOro (iNbTpauifHOro MOTOKY,
TEOMETPUYHI TMapaMeTpd CIopyad, (igpTpauiiHi BIACTHBOCTI TPYHTY, 3MiHa (i3UKO-MEXaHIYHHX
BJIACTUBOCTEH TPYHTY TiJIa i OCHOBH CHIOPY/IM Y HACKIJIOK HOTO BOJIOHACHYECHHS 1 OCYIIEHHS TOIIIO.

3HaYHUM CHJIOBUM (aKTOpOM, LIO BHUHHMKAE B MeEXaX MOTCHLIHHO-HECTIMKOi MpU3MH 3CYBY, €
HeycTaneHui (inbTpaniiiHuii moTiK, 1o 06yMOBNEHHI 3MiHOI YMOB Ha Mexi oGmacti dinbrpauii. Horo
HasBHICTh NPU3BOIUTH 10 BUHUKHEHHS TiApOJIMHAMIYHUX CHJI, IO 3HAYHO BIUIMBAIOTH HA HANPYKEHUH cTaH
B CKEJICTI IPYHTY.
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Metoau aocaigxenb. KpurepieM HeoOXiTHOCTI BpaXyBaHHS T1APOIWHAMIYHUX CHJI Bl HEYCTAIEHOTO
(iTBbTpalifHOTrO MOTOKY MpPH 3HIKEHHI PiBHA BOJIU Y BOAOHMHMILI 3TiHO 13 JOCTIKeHHSIM MoxeBiTiHOBa A.
JI. i Cyneiimanoga 1. A [4]e:

a=—, @

ne k — koedimienT ¢inpTpanii rpyHTY TijIa CHIOPYIH;
V — MIBUJIKICTh 3HWKCHHS PIBHS BOJH Y BOJIOMMHMIIL;
A, M — BIINOB1IHO, KOE(IMIEHT BOAOBIAAAaY1 TPYHTY Tijla CIIOPYAH 1 3aKJIaJaHHs YKOCY.

[Tpu upoMy, KpUTEPii ¢/ TOBUHEH 3HAXOJUTUCH Y MEXKaX:
0,05<a <5,0 2)

[Ipu & < 0,05, MO’KHA BBXKATH, IO ACTIPECiiTHA TOBEPXHSA B TiJIi 1 B YKOCIB CIIOPYAH HE 3MIHIOETHCS 32
Yac 3HWKEHHS PiBHSA BOAM y Bopoimmuii. s MaHOTO BHIIAAKY, PO3PaXyHKH CTIHKOCTI YKOCIB HEOOXimTHO
BECTH, SIK ISl MUTTEBOTO 3HIDKEHHS PIBHS BOJIU Y BOAOHMHIIII.

[Ipu & > 5,0, MOXXHa BBa)KaTH, IO JIETIPECiifHa TTOBEPXHS OTPHMYE HE3HAYHE BiJICTABAHHS Bil PiBHS
BOIM, IO TMOHWXKYETbCA y Bomoimuiii. [ns maHOro BHNAAKy, MOXKHA MAOIMYCTHUTH, ILIO PO3MIIIEHHS
JIeTPeCciHOT TOBEPXHI B TiJIl YKOCY BiJIMOBIIa€ PiBHIO BOJIU Y BOJAOWMMUIIII Ha TIEBHUM Yac HOT0 CIIOPOXKHEHHS.

Po3mimenns aenpeciiiHoi moBEpxHi B TiMi 1 YKOCI IPYHTOBOT CIOPYAH HA Oy 1b-SIKHIi MOMEHT 3HUKCHHS
PiBHS BOAM Y BOJOWMHUIIII MOXXKHA BCTAHOBUTH €KCIIEPUMEHTAIbHO, Hanpukiaa merongoM ELIJIA, icHyrounMu
AQHATITHYHUMU a00 YMCEIIbHUMU PO3B’ I3KAMHU.

JIJis TpPYyHTOBUX CHOPYJ, IO BJIAIITOBaHI 3 OAHOPIMHOTO TPyHTY (pHc. 1), pO3MIllleHHS ACMPECiiHOT
MOBEepXHI B iX T 1 yKoci Ha Oyap SKMH MOMEHTY Yacy 3HIDKEHHsS PiBHS BOJAHM Y BOJOWMHII MOKHA
BCTAHOBWTH 3 BUKOpHUCTaHHsIM 3anexxHocTi B. U. lllecrakosa [5]:

I

iy

hyo y
e = '—__—___T'{ 4 A \
hy

e [/

L

hl(ﬂi

“ X
S X
7777777777777 77 777777777777 A777 777777777 777877,/ 777777 /7

L >
I i

Pucynox I — PozpaxyHKoBa cxeMa 3 BU3HAYEHHS JISTPECiifHOT MOBEPXHi B TiJIi TpeOIIi MU MOHIKEH]
PiBHS BOAM Y BOJOWMMUILI
Figure 1 — Schematic diagram illustrating the determination of the depression surface within the dam
body when the water level in the reservoir is lowered

HayxkoBuii xxypHan « ABTOMOBUIbHI JOPOI'Y I JOPOXHE BYIIBHULITBO», 2026. Bumyck 119.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), https://arrcjournal.org.
Scientific journal «kKAUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2026. Issue 119.

224


https://arrcjournal.org/

G19 BYIIBHUIITBO TA IUBLILHA THXKEHEPISI / G19 CONSTRUCTION AND CIVIL ENGINEERING

m, hlZO _h220 :
hg_v.t h1(0)+hl+w .
h(x,t)= (3)
-{F(A,n)-%ﬂzun)}

Jie V — cepeHs MBUAKICTh 3HIKEHHS PIBHS BOJU Y BOJIOUMMUIILL;
h = hl(o) — vt - TTMOMHA BOJIU Y BOJOMMHMII i/l YaC 3HWKCHHS PIBHS BOJIY;

F(A.n);F(4.,n) — dyHKii, 0 BU3HAYAKOTHCS 3 MOHOrpaM (pHc. 2).
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Pucynoxk 2 — MoHorpamu 1151 BU3HauUeHHs QyHKUin F (/1, n); F (ﬂ.l_, n)
Figure 2 — Monograms for identifying functions F(4,n);F(4_,n)

ABtopoM [6] oTpuMaHO 3aJIeXKHICTh Ui BCTAHOBJICHHSI ICTIPECiiHOT OBEpXHI Ha OYy/Ib-KHil MOMEHT
4acy CIOpPOKHEHHS BOJOWMHINA IS OJHOPITHUX YKOCIB ab0 CcXWiiB (imbTpamifHUM TOTIK Yy SKHX
BiJI0OYBA€THCS 13 HECKIHUEHHOCTI 31 CTOPOHU TPYHTOBOIO MacuBy (puc. 3).

3 METO CHPOIIEHHS 3ajJa4i TOHWKCHHS PIBHS BOJM y BOJOWMHMIII OyJie BigOyBaTHCS 3a JIIHIHHUM
3aKOHOM

h=V-t, (4)

h, M /

{5 Y ——— h

X, M

Pucynox 3 — PozpaxyHKOBa cxeMa 3 BU3HAUEHHS JETIPECiiiHOl MOBEPXHI B TPYHTOBOMY MAacHBi IpH
TIOHW>KEH1 PiBHS BOAM Y BOJOWMHUIIL
Figure 3 — Schematic diagram illustrating the determination of the depression surface in the soil mass
when the water level in the reservoir is lowered
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[lin uac 3HIWKEHHS pIBHA BOMW Yy BOJOWMHINI B TPYHTOBOMY MAacWBi BHHHKAa€ HEyCTaJCHUI
¢GinpTpauiiHui MOTIK, IKUA AJI BUNIAJKy OJHOBUMIPHOTO MOTOKY 3 IOCTATHBHOIO TOYHICTIO MOKHA OIHCATH
PIBHSHHSIM

k-ho?H  oH(xt)
u ot

()

ne k — xoedimient ¢inpTpariii;
h — moTyHicTh (UIBTPaILIHOTO TOTOKY;
4 - KOe(iLieHT BOOBiAaYi.

I'pannyni yMOBH AJii TPYHTOBOTO YKOCY, MPHTIK BOAU y SIKOMY BiIOYBA€ThCS 13 HECKIHUEHHOCTI,
3aIMIIYTHCS Y BUTIISI:

H(x,0)=H,; 0<X<00; nput=t,=o;

H(x,0)=H,-V-t=h; o<t <oo; (6)

8H(+oo,t)
OX

Po3B's30k maHO1 3a7adi € aHAIOTIYHUM pillleHHSIM 3 Teopil TermronpoBigHocti. lle mo3Bommiio
BUKOpUCTATH psa Gopmyn 3 manoi Teopii. Toai po3B’a30k piBHAHHS (5) 3 ypaXyBaHHSAM TPaHUYHUX YMOB (6)
OTPUMAEMO Y BHTIISII:

X

H,=Ho =V -t+(V - t)erf

(xt) )
e
Y7

ne Ho — rmuOuHa BOU Y BOAOHMHMII IO IOYATKY CITOPOXKHEHHS,

t — Oyab-sIKWi Yyac CIOPOKHEHHS PiBHS BOJH Y BOJAONMHUIIII;

X — TOPU30HTAJIbHA KOOPMHATA JCSIKOT TOUKH, 1110 XapaKTePU3y€e PO3MIIIICHHS KPUBOT JICTIPECii;
V — MIBUKICTH TOHMKEHHS PiBHS BOJIU Y BOJIONMMUIII.

MeTo10 poGOTH € BCTAHOBJICHHS 3aKOHOMIPHOCTEH TUHAMIKH JIETIPECiHHOT ITOBEPXHI Y BOJIOHACHYEHHIX
YKOCax IPyHTOBUX CIOPYAaX ITiJ] Yac 3HKEHHS PiBHS BOIHU Y BOJIOWMHMIIII.

Buxian ocHoBHoro marepianay. /i nocsrHeHHs mocrtaBieHOi MeTH OyjiM BHKOHAHI TEOPETHYHI
JIOCII/PKEHHSI 3 BUKOPUCTaHHAM 3anexHocTi (7). [Ipu poMy, HOCITiKEHHsT BAKOHYBAJIHUCh JIJIsl TapaMeTpiB

IPYHTOBMX CIIOPY/I i IIBHIKOCTI MOHIKEHHS PiBHsA Boau y Bojoivumi B Mexax kpurepito 0,05<a <5,0,

0 BU3HAYa€ HEOOXiHICTh YpaxyBaHHS HEYCTaJIIEHOTO (DibTPaIlifHOrO IOTOKY B OIIHIII CTIMKOCTI YKOCIB.
KpiMm Toro, B mpo1ieci T0C/iPKEHb PO3IIISIHYTO /1Ba BUIU OCHOB: 1 — 3 100pe BOAONPOHUKIMBUMH IPYHTaAMH
ky>0,75 M/n00y; 2 — 3 Masio BOAONPOHUKIMBIMU rpyHTaMu K3<0,05 M/mo0y.

3BHUYatHO, MAJIO BOIOTIPOHKKHA OCHOBA 3 K;<0,05 M/1100y npuifHsATa 3 TOMYIIEHHSM, TaK, SIK IIBUIKICTH
¢inpTpalii B JOHOMY BHIIA/IKy HE3HAYHA Y TIOPIiBHSHHI 31 IIBUIKICTIO 3HIKEHHS PiBHS BOAM y BOJIOMMMUIIL.

Po3paxyHku BHKOHYBaIWCH IJIsi HacTynmHuX 3HadeHs o: 0,05; 0,1; 0,5; 1,0; 2,0; 5,0, mo m103BONIIIO
ypaxyBaTH NPAaKTHYHO OCHOBHI BHIAJKH, SIKi 3yCTpiUarOTbCs il Yac eKcIUlyaralii rpyHTOBHX CIIOpY. B
YMOBaX 3HW)KEHHS PiBHS BOAU Y BOJOWMHUILI.

3a pe3yibTaTaMyd TPOBEICHUX JOCHI/DKEHb JUIS OJHOPIIHUX TPYHTOBUX CHOPYA TpareneinaibHOro
nepepizy po3TalloBaHUX Ha Majio BOJIOMPOHUKIMBUAX OCHOBaX, o0y moBaHi rpadiku 3aiexHocTi (puc. 4 ):
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Pucynox 4 — Jlunamika KpuBoi aenpecii y Tii yKocy AaMOM pU MOHMKEHHI PiBHS BOAO Y
BOJIOMMHMIII, III0 PO3MIiIlIeHa Ha MaJI0 BOJONPOHUKINBUX IPYHTaX OCHOBH

Oh t
Po[i) K

ne Ah=h; — po3mireHns genpeciiiHol MOBEPXHI B MACHBI CIIOPY/AX Ha JESKHi yac t;;
h — mouatkoBe po3MiIlIeHHS AETPECIHHOT MOBEPXHI B TiJIi YKOCY;
t. — KiHIIEBUI MOMEHT 4Yacy SIKHi BiJIIIOBIJIA€ IIJIKOBUTOMY 3HM)KEHHIO PiBHS BOJIU.

Ha ocHOBI onepxaHuX po3paxyHKOBHX JAHUX IiATBEPIKEHO, IO MPH JAHUX yMOBaX OyIiBHUIITBA i
eKCIUTyaTallii FpyHTOBUX CIIOPY/I JACTPECiiiHa TOBEPXHS MA€ 3HAYHE BiJICTaBaHHS BiJl 3HWKCHHS PIBHS BOIU Y

BonoiimMui. Hanpukman, mpu a=>5,0 BiicTaBaHHs AeTpeciiHOl MOBEPXHi HA MOMEHT Yacy (t—'] =1, CTaHOBUTH
t
0,25h, a s ¢=0,05 cxaamae 0,92h. Kpim Toro, B mporeci J0CIiKEHb BCTAHOBIIECHO, 10 IIBUAKICTD Ta i HHS
JleTpeciiiHoi MoBepXHi 10 BUCOTI yKOCY 3MiHIOEThCS. [i 3HAUEHHS B MOYATKOBUI MOMEHT Yacy 3pOCTae, IOTiM
3MEHIIY€TECA, a NPU HE3HAYHOMY CIIBBIAHOINEHHI (| MaJiHHA JIENPECIHHOI MOBEPXHI NMPAKTHYHO HE
)

BiJI0OyBa€ThCS.

AHanoriuno OynM BHWKOHAHI IOCTI/DKEHHS I BWITAIKy, KOIW CIOpYyJa pO3TallioBaHi Ha 1o0pe
BOJIOTIPOHUKIIMBUX TPYHTaX OCHOBH. Pe3ynbTaTu H0CTiIKeHb HaBeJICHi Ha pucC. 5.

Ah
S ————
~ ] T ——— | =005
0,6 =05
\.\\\‘m_\;
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0,2 N =5.0
t.
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Pucynox 5 — Jlunamika kpuBOi agempecii y Timi ykocy namMOM NpH TOHMXKEHHI DPiBHA BOIU Y
BOJIOVMMUIIII, 1[0 PO3MillieHa Ha JI0Ope BOJOIPOHHUKIUBIX TPYHTAX OCHOBH

Figure 5 — Variation in the depression curve within the dam slope body as the water level in the
reservoir decreases, where the dam is situated on highly permeable foundation soils
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BucHoBku

Ha ocHoBi poBeeHNX AOCTiIKEHb YCTaHOBIICHO, 1110 32 IPUHHATUX YMOB OYJiBHHUIITBA i €KCILTyaTamii
TPYHTOBHX CIIOpY/l BiJICTaBaHHS JENPECiiHOT MOBEPXHI BiJ piBHA Boau npu o=5,0 ckiagae Bcworo 0,05h, a
npu 0=0,05 BoHo piBre 0,88h. Kpim Toro, Ha BiaMiHy BiJ pO3paxyHKOBOi CXEMH 3 Majo BOJOIMPOHUKHUMH
TPYHTaMH OCHOBH, T {IHHS IEMPECIHHOI MOBEPXHI B Tilll YKOCY 3MIHIOETHCS HE3HAYHO. J{JIs JAHOTO BUMAIKY
Ha AMHAMIKY JlenpeciiiHol MOBEpXHi B TiIi YKOCY 3HAUHO BIUIMBAE ApEHYI0Ya 3AaTHICTb TPYHTY OCHOBH, IO
3a0e3redye pyx (QUIBTpPamiiHOTO TMOTOKY y BEpPTHKAIbHOMY HampsMKy. [lpm 1mpoMy rpamieHT Hamopy
TOPIBHIOE OJMHII, a TaJIiHHS JEeNpeciiiHOi MOBEPXHI B TLT YKOCY BiIOYBa€ThCS MPAKTHYHO 3 OJTHAKOBOIO
MIBUIKICTIO.
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DYNAMICS OF THE PHREATIC SURFACE IN THE BODY OF EARTH STRUCTURES
DURING DRAWDOWN OF WATER LEVEL IN A RESERVOIR
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Avdeev Maksym O., postgraduate student, Road Construction and Property Management Department
of National Transport  University, e-mail: crystalmpg@gmail.com, tel. +380674286515,
https://orcid.org/0009-0007-2961-5526

Summary. The article analyzes the condition of water-saturated earth slopes of structures under
conditions of fluctuating water levels in reservoirs. A criterion has been substantiated for the necessity of
considering hydrodynamic forces arising from unsteady seepage flow in water-saturated earth slopes during
water level drawdown in reservoirs with different intensities. The relationship has been obtained for
determining the phreatic surface within homogeneous water-saturated slopes at any moment during reservoir
emptying, where groundwater flow occurs from infinity on the side of the soil mass.

Regularities in the dynamics of the phreatic surface in water-saturated earth slopes during water level
drawdown in reservoirs have been established for two types of foundations differing in permeability.

Based on the research results, graphical relationships describing the dynamics of the phreatic surface in
water-saturated slopes during water level drawdown in reservoirs have been constructed for homogeneous
earth structures with a trapezoidal cross-section located on low-permeability and permeable foundations. It has
been established that under certain construction and operation conditions of earth structures, the phreatic
surface significantly lags behind the decrease in the reservoir water level. In addition, the study shows that the
rate of decline of the phreatic surface along the slope height varies, which may significantly affect the intensity
of reservoir drawdown.
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