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00300900:
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Shtga

C = (d — ctga)eat=stga), 8)

09 (8) 308mbsbwargdsls 9930@ 6, (7)-80, 939d-
bqdo:

Stga(h-y)
x = ctga + (d — ctga)ead-stga), 9)

09 (9) 3obGHMEgdsl s8mgblbbom ¥ -0l dodstom,

9030090m

__a(1-Stga)

d-ctg |

|+ h.
x—ctg

(10)

Stga

(10) os®ob M(d; h) FaodGowDY 450935000 ©3-
Mabools 8GOl AobGHMMmgds. 3boos, ©gdMglools
oMol sboggds@ LoFoMmms olibg dgdatyg dobodwmad
300093 MO0 960Gl 3MMmME0bsEJool 4sblsb®a-
6. 58 §9OGH0Wwgds© 9935MBoMmm 25dmbzeol M, s
990 M; Hod@Gowgdo (ob. L. 2).

896003b6s. d9lzeol M (d; h) FgOGHowol d sdbEobs
23960LsBW3MGds BIOEML 29MT9EHOOMO 350539@)-
6900l s 3MMBEOL obslnsmgdgdols bsdwswg-
dom. 390dm, d = Htgf +1. 5§ H sGol gghoml
Lodoeg, ¢ — 139MEML bgos 85dsbby 3GoHBIol 9g-
Loderm Bsdmbymg3zol Logsby, 9.0. BgMml mbgdol A
Gomd06 3mOHoBMbGHsmGo AB dsbdowwo (be. 2),
6H0Igeos 99900930 BnOINoo dmoEgds:

2H[1—ctgﬁ~tg‘6:—¢ —2Hgg

l

el D2
boog Hog = %ctg (45c - %), 09O ©SIMI0-
9090000 3360LsBM3MYds ¢ 3 dsbdowby dghyg®-
Bo0mMbod3030L 390039 Mo  LodMEYoL Lodomery
[6,7] , K = 8930mmds, b/Ld% @ — Jobgdols dogs
bsbbol 3mmby; Y- aObEHOL 3G fmbs, 6/L33 , f-

3IOOML  30H0DBM6EH0Ls©T0 IHBOHOL JMmby. Mo
dggbgds M(d; h) GgdGowolb 7 mMobs@ol, oyo
39bLsboz9wo HMOL BMmIYHEHOLEMZOL Qobolsbe3-
6905 FodmM@owol d9d3gmdom, Mmameg Bgdmom
0ym s0fgHowo (ob. by6. 1).

53999350, OHMI gsdmbgwol M, {ad@owol 3m-
MOE0BsGHYV0s: X =aS s Yy =a (L. 2), 85306 (x,y)
3MmmO0b653 900 §yzocol (10) gob@Emergdsdo Bsl-

doom 30300900 99999 M 3I0IOIYEgdsl:

_ a(1-Stga)

d-ctga |

+ h.

(11)

Stga aS—ctgal

p(a)=0 (11) sb6BHM@9dol a-l BodsGom Sdm-
Loblbgws LoFoMmms godmgoygbmo Mogbgzomo dg-
0MEO. 5doLsmMz0L 3mOEobsGms LobEgdol g96-
G039 s 3mOHODMbEIMG 0gMdgdby, TgLo-
0590L5Q, 393BMIMm a/h @s d/h Looggdo. o -b
060036900930 356339990 BOXOM SMIOME0S AE
[0,20°] 06&9M3500@6. BgOEML 3gmBgEHOomo
396539BHMO0L S 3M6EOL Fobolosmgdgerms bbgs-
b3 8608369wmdoLbm30L (11) obEmegdol Goib-
30000 gm0 5dmbLBoL J9gagd0  Msx303900L
Lobom dmEqdmeros 89-3,5 LYH S BY.

dogomm, Omd M; 81 §9OHEH0wOL 3nmOEobs-
39%0 GHMoo: x=§(as +d) ©s y = b, 35006 (10)
396 M@gdsdo (x, ¥) 3MMME0bsGJool fygowol Rol-
dom, 80300900:

b= a(1-Stg )(1 d-ctga )+ I
Stga E(as+d)—ctga

(12)
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by6. 3. 5. 3odmbigeol FatBomgdol goblisBrgHol 3Ms803300; d. 845 FaMEowol gsblisbEaGol 3Mmexozgdo

(Go@Ebggdo 3Gmgdby donmomydl dMEgdMog0 EsbMOL o 3Mobggdl obEMasenwsb)

abas (12) 496¢megdol b-l dodoton 58mbLbolsl
dbg39wmdsdo dogowmm, MM a-b 360dzbgarmdgdo
9009090 (11) 256EHMEgd0©sb, Mogbgzomo dgomm-
o 53mblbol d9gagd0 dmygzsbowos gMsxgo3zgdol
Loboo 99-3, 3 LGBy, 53H0Ys©, 0v) 339d3L ©I3-
Maboro B30l bsdo FadGHowo, 39Mdme Lof-
94obo, 9995 o godmbigerol, 8s80b 53 FgHEHowgdol bo-
03M3dz9wbHg 990w gds godmgbsbmm oMo, MmIgwogs
©9309bool Mmoo IOM©o 0dbgds. MoYB
©3MLo0L BodBHMdG030 MO MbEs ogml Bgws
Jobmdol 39M39603MwWstrwo ©s §390s Jobmdol
dbgdo, mgMOH0o FoMo Mbos 4935@ MM 53 Lo-
LsHO3OHM 30HMBJOOL dglsdsdobo [3].
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9936086mm, HMI »v) ggHmb Loyhgbo 1mdy
3mOH0DMb G0, 9.0. a=0, 35906 B39 doge dmdog-
3o 9L 3osFY39G° WoGBIHOMTo dmyzsbown
8909390b 9Bobggs.

d9-2 L®-by 658396900 ggMML as6oz0 339m0olL
5 39-3,9, 0 LBLMYOBY FM(390WO ZMIB03IJOOL Yo-
9yg9bgdol oliBGoMgds godergds 999ga0 Ggb-
GO0 T59WODOm.

0535e00000. bggdol dobgzom ©3MIZsm, O™
d=12008 s h=463 (LoE. 2). 39-3, > S B LYOH>MYODY
0my35600 40953039000 303m3mm M; ©s M, Jo-
bsl050gdgo FgHEHOWGdOL 3MMMEO0bsEYdO.
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90 3998w9omdob JgLadedobs, 339d3L d/h=2.6. 8g-3,5
LyBaool dobgzom, Mmas S=1.5, d/h=2,6 ©> a =6.7°,
3303wmd» a/h=0.29; bmeoem, ovy S=2, 35806 a/h=0,46.
500996 LodwsEm Jobmdo 1.75-0b Fmenos, d0300gd0:
a/h=(0.29+0.46)/2=0.38 56v9 a =17.4 8. 93-3,d LY@ by
939090 365530308 dobgz0m, GMEs S=1.5, 33my-
@wmdo b/h=0.73. beagom, Gmgs S=2, 95906 b/h=0.77,
s0o@md  b/h=(0.73+0.77)/2=0.75 b b=345 9. g.o0.
53500900900 M; @5 M; {96GH0owgdol 30mMobs-
900, 35806 M M; 5 M, 9@ owgdBg 3o@s0900wo
o0 ©g3M9L0oL HBgEs30MHOL MMM IMOMEOS.

0936095090 FoMHob Aoblabrzmol 99dwgy d9c-
3MgO0m 5300 d00wHg3s BIOEML TEYMIM-
05D7 4o9b56MH08gds.

309963 0L  Hyagdol  s®LYdIMdOL  Fgdmbggzsdo
3gOOML  dEYMOMdOL  9bsEobolsmzgol  gobgbo-
WM BIOEML HBJI30ODY 30MHMBOMIP SVJOIEO
JOMIMwo  ImEwmdol  aMmbEol  bafoes 3ol
900aM5Md0L 30O MBS (Lv®. 4).

b6.4. B9M©EMb 3aMomdol ligyds

BOWGHM30vIE0 dorgdol sMLYdMds 9649 fgwob
300MHME0b5d03MMo 6935 595M9LgAL yMMBEOL To-
bogol JEYMOEMBL, ASBLINMPOYOOM  FoMbOOMO

L538omgdol  HoMmdmgdolsl.  30OME0bsdozM®o
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693> 8:ddggdL  OIBGHYY, GmBgwdog  fgswo
080WEHMIds ©s 030 Fywol ImnEMEmdomo mbobs
5 9399 §9OHGH0Wdo 3000653w03MM0 FMo09b-
Aob bsdMmogeol Gmeos, 9.0. w=)g 1. 36mdow0y,
Omd 8bzogmo Jobgdol BgMEML sbGOL Jmomby
09000305, 0 0L {40 56 560l go70gbNO0. Mvy
39MMbY 3JdsMHg 3ObEHOL bsffoszbg bLoddodol
ool 50y 9mddggdl fywol xzow@®mogoeo
o003, 35906 30MHM©Oobsdozm® (69390bgs o-
93000900 BgOHEML EobEOOL 3Mmbob 33ogds.
653 MBROM ©IMY30s BgHm, dom IgEo 0gbgds,
3OMBFOL  Fyawgdol mogobgor bgsdomby yo-
9b3olsl, 30MO303MM0 3Mo0gbGo. Tgbsds-
3oL, BOWEHMOE0Y do¢gdl MBM™ g0 493wgbs
9d690> RIOEML BEAMIEMBSDY. 3M9JGH0IMNWO yo-
3625609900L5L 300MHMPObsT03MGO §593980L F0To®-
00905l 50mb39396 BIOEML Jobmdol dodstrorvy-
@gdsL. LYo NMLEMsE0ME  doB30bowMmom FoMEHogz0
dsgocmomo [7,10].

0550000. BIOEMDBY IEIdIOg JONIM™mgsbo
I3M@mdol 3OHMBE0L 3gst bsffowszbg dmddggdl
08dodols P dos, 30OME0bsdogm®o w {6935 ©s
bobmbols dogms. gobgLoBOZMHM™m JoMHMds, MHMIwol
OMBs3 boffowszo 009mazzgds LEGSEG03OO Fmbalfm-
MH™dOL dEYMToMIMdST0.

©5399935m, M 30EOHME0bsdozMo w {Bgzol
0005OmMgds gdmbggzs Jobmdol Bodo®Mmmergdsls
(bm6. 4). 85806 bofows3z by 08mgdgadl sddzmgwro
Y P 5 ©503960 N F; dsegdo. Loddodol P dsews
©5305e0mm M6 dgbgmo (L. 4): P=T+N, LOS3
T=Psina ©sN = P cos a. 30006Hm©0bsd03m60 jbg3s

23900M0m3w9ds GnMINom: W = ¥, nl,bssg B 6ol
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3OMBEOL gOHMgMEmgsbo dmEmemdol bsfowszdo
3Od0L INEMWMBY; Y. — fYwol ImEmewmdomno
§mbos; I — 3000653100399600 3M0096E0. BgMOmb bg-
300D  dodmygmgow  bsfowszbg dmddgo ©o
9936090 dsens 0469ds:

P, =Psina+y, -n-I.

556  3Mmbg, OMIWOMI3 FoWEHMIGOO
0940l 653500 298m©ol BgMmb Bgsdomby, bo3-
05m@© 005 (SbErmbos BgMHEML ©sbMol o 3m-
balmsb), s90@™I 30M3E03MM0 I AMe0gbEHOL
(05(6930L 96535030 BMOMDS BOEIEMSF00L 4o3-
o 2ol Loa®Mdgbosb) tga -b Gmeow dohbyzs
93005605, sbgo Jgdmbggz980 Fgodrgds ©s3I3sm,
Omd [ = AH/I =sina.

058550509,

Y.P,=Psina+y, n-sina. (13)

BIOOML  BgEs3060DY 9gdMY  obLsbogrggw
3OMBFOL  9wgdgbBHbg 9mddgo ©sdFIMHO  doews
0gbgdo:

YF,=F,=fN=Pcosa-tgo.

3356056, P = ¥ser - 1, bo0G Vg 99HO3G0300)-

@0 3MHMBEOL FEMIOMO [mbss. Jodobosdy,
LF =Yseecosa-tgo, (14)

Losg f =tgp Mol LMool bosbrmbol 3mggo-
309530; @ — 366EH0L dogs babmbol 3mmby.

g9homby gdsmg  bsfowszol  LEGsGoIMOOo
900aMoMdol dgdmbgggzsdo dolby dmddgwo ddzmg-
o doegdolb xsd0 »bs 89509969l ©sdFgMHo do-
@900l Kxodol Mo0d9 Bofowl. 5dobosdy, Boogdzsdols
bogydzgebg, (13) ©o (14) ©8m300IRIWYdOEH
339d69%0:
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. . 1
Yo - SN +y, -n-sina= K—Zv(ySet - cos o - tgd),
Lo0sbsgs

Yger - COS Q- tg0

KZ =
\% . .
ySet sinx + yW n-sin«

369y

YSet'tgd)
(Yset Yy MtEX

(15)

v =
Losg Kz, 9O0b 40mBE0L boffoszol 8a®momdols
3M9B030IBGO ©EIOYODY.

0 Kz, > 1, 8506 gghom 046935 8a6o0; 0
Kz, =1 235J3b b036mwo §mbslifm®mdols dym-
056900,

sl 3365
39HOMYOOL
36H01mbgdom, H™I, gMvbEHOL ywgdol sOLYdMBdOL

90aM5MdoL  ooboeoBgdom

306MHMd9ddo, dobo MbEHOL Bmbbbo 0dymeygds Bow-
AM530vo 6535000L ddogo bgdmddggdol J399,
63L53, 39MEgdM03, ™Mb b3l BYMEML IbYM3s
(B95gg®-B58mbsg3930)-

890goc-PaBmbag3oz9d0L 8Ms3glimds yadmfi3gv-
W05 BOWEGHOMH30YI? Imddggdoms 890099, sdo@mad
BOWGHM5300 §yugdol dmdmsmdol dgbfagwrs s
8oL Lagdggwby LeodgEM FMBLAHOYIgOYW M-
Bolidogdsms  gom3z5¢olfiobgds gMo-gMmo ImNsz56m0
L53000b0s ©29AT9MJOOL EOHMU.

39O©EML  IMMdsBY 2osbysMm0dgdoLl LoFo-
OMS  FodMH0ogdol  39039Md00  39MAS®  ©IB0T-
LoMIL AOMBEOL §gergdol Loe®mdg s Josoo mbol
09MYggmds. 58 doBbom g3gbool mgmGomo Fomol
2b5 905 B0PGOMWO ABEMWIds s TBToMYg M-
3303900 B8v5¢gdsl 0deg35 9O FodIMHLOEol d9d-
39MB00 5353Mm ©J3MJBOOL FMMEO, 3MINZY Job-
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3LsBOZMMM 300MHMEO0bsTo3MOmo (1693900. BgMML  gdolL, boddodol dool dbgdo  dgbgeol s
33659 9MoMdOL 3mg3030g6EOL AobLEBPZMOLIL  30MMEObsdZMGmo 593900l 4oblsBE3MOLLL smEo-

3IOEML 30OHMB0MO® 390 G0 6533900MHgds©  gdgwos Hobslfa 303m©m ©g3gliool oMol dg-
94m9396. 58 O™ b533900MHBYg dmgdgoo 3dgzMgeo ds-  BMGMBY.
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Abstract. The underground waters move in the slope massif of a homogeneous mountain rocks. It is demonstra-
ted that the filtration forces are the main cause for the decreased soil strength and slope deformation that further
causes landslides.

It was found that calculating the variability of groundwater levels and the location of the depressive curve plays
an important role in the slope sustainability analysis. To solve this problem, the movement of the filtration water
flow is considered within the slope of a homogeneous soil, which relies on the water-permeable cliffy bed sloping at
an angle a to the horizon. A common differential equation for the motion of the filtration water flow is deduced
and reduced to the first-order linear equation, which is satisfied by the equation of the depression line. The method
to draft a theoretical depression curve by using the solution of the differential equation is discussed. Based on this
method, several typical points on the depression curve were selected. By using different values of geometrical
parameters and ground characteristics of the slope, the coordinates of the typical points were determined.

Auxiliary graphs were construed based on the results obtained by the numerical method to determine the
coordinates of the outcrop of the depression curve on the slope surface and midpoint. The solution of a test example
is given for illustration purposes.

As the filtration water moves through the ground of the mountain rock slope, the impact of filtration forces or
hydrodynamic pressure on the reduction of the slope ground stability is substantiated. Additional shear forces are
taken into account in the calculation of the slope stability: hydrostatic and hydrodynamic pressures. The impact of
the sums of these two forces results in the decreased ground mass strength, landslides and avalanches. For the slope
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stability analysis, the condition of the stability of the unit volume of the ground particle on the slope surface is
considered. The formula to calculate the shear strength coefficient is deduced.

Keywords: depression curve; filtering; gradient; ground; reserve coefficient; slope; stability.

UDC 624.137.2.046.3

SCOPUS CODE 2301
https://doi.org/10.36073/1512-0996-2022-1-217-230
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Amunoramusa. IlogzeMHbIe BOABI TEKYT B CKIOHOBOM MAacCHBE OJHOPOAHBIX TOPHBIX mopog. Chibl GUIbTpamuy
SBJIAIOTCA OCHOBHBIM YCJIOBUEM IIOTEpPH IIPOYHOCTH TPYHTa U Je(OpMaIlMy OTKOCOB, YTO CTAHOBUTCS OCHOBOH MJif
OIIOJI3HEMH.

[l mpoBeleHNA aHAIM3a YCTOMYNBOCTH OTKOCOB BaYKHO OIIPe/leSIUTh U3MEeHUYHNBOCTD YPOBHEI IPYHTOBBIX BOJ, 1
PacIIoJIoKeHHe JAeIIPeCCHOHHOM KPUBOM. JIJI1 peleHusa IOCTaBIeHHOM 3aja4y U3yJaeTCs JBIKeHHe (DIBTPAIlHOH-
HOTO BOZHOTO IIOTOKA, COCTOAIIETO M3 OJHOPOJHOTO TPYHTA, IO CKJIOHY, ONMPAaoUleMyCs Ha BOZOIPOHUILAEMOe
CKaJbHOE OCHOBaHWE, HAKJIOHEHHOe II0J, YIJIOM & K ropu3oHTy. CocraBieHo o6bruHOe nubdepeHIuaibHoe ypas-
HeHWe JIBIDKeHUsS GUIBTPAILMOHHOTO IIOTOKA BOJBI, CBeleHHOE K JIMHEHHOMY ypaBHEHUIO IIEPBOTO IOPAJKA, KOTO-
POMy YZOBIETBOpPsIET YpaBHEHHE OKPY>KHOCTHU Aernpeccur. ONIICHIBAET METOZ, IOCTPOEHUS TEOPETHYECKOH KPUBOH

Zelpeccuy IyTeM pellieHus auddepeHINaTIbHOrO ypaBHeHH. Ilo 3TOMy MeTOZy BBIOMPAOT HECKOJIBKO XapaK-
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TepHBIX TOYeK Ha OKPY>KHOCTH Jlenipeccuy. KoopinHATHI XapaKTepHEIX TOYeK OIpesie II0TCA PasHbIMU 3HaUeHUAMU
reoMeTpUYeCKUX IIapaMeTPOB YKJIOHA M XapaKTePUCTUK IPYyHTA.

ITocTpoensr BcromorarensHble TpaduKy AjIa pacdeTa HAKJIOHA KPUBOH JeNPeCCHH Ha IIOBEPXHOCTH U OIIpe-
JleJIeHHs KOOPAWHAT CpefHell TOYKY YHCIeHHBIMU MeTogaMu. [IpuBeieH mpumMep TeCTOBOTO pelleHus.

Binsaaue GuUIbTPAaMOHHBIX CIJI WIM THAPOSUHAMUYECKOTO JaBJIeHN Ha ABIDKeHHe GUIBTPALIIOHHOHN BOJEI B
CKJIOHOBOM TPyHTe TOPHBIX IIOPOZ OOOCHOBBIBA€T YXyZIIeHHEe YCTONYMBOCTH CKJIOHOBOTO IpyHTa. IIpm pacuere
YCTOMYMBOCTH OTKOCOB YYMTBIBAIOTCS [IOTIOJIHUTEIBHbIE CIUJIBL: THPOCTAaTHYECKOe M THAPOZMHAMUYEeCcKoe JaBie-
HYA. B 3HaUMTeNIBHOM CTeIIeHN MO, el CTBUeM CyMMBI 3TUX JABYX CHJI HapyIIaeTCs IIPOYHOCTh TPYHTOBOTO MAacCHBa
Y BO3HUKAIOT OIIOJI3HU. /I/I aHaIM3a yCTOMYUBOCTH OTKOCOB OOCYKaeTCA YCTOHYMBOCTD € JUHULIBI 00beMa yCIOBHO
IIPUHATOH eIUHUIBI 06BbeMa Ha IIOBEPXHOCTH OTKOca. [lomyuena dopmyra aig pacuera koadduirieHTa IpOYHOCTU

Ha CIIBUT.

KitoueBble C/I0Ba: rpyHT; LeNpeCcCHOHHBIE OBEPXHOCTH; KO3(GHUIUEHT 3amaca; OTKOC; IIOBEPXHOCTD CKOJIb-

JK@HWS; YCTOMIHUBOCTb.
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