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50300, SbgMO FMAMIMBOL ESHBILOIMGds Tgodwgds ¢ = @(x,y,z,t)
LoRJoM0Ol  3mEHIB305w0ol  JgamMgdom. 930609 933E0EHWEOSBO  Bow®gdols
09008 0obsbo vy FoMdmJdbowro FHowmgdol Tglsdsdolo 330 s
n =n(x,y,2z,t) HoEbmd®ogzsw 30095 bbgs 993530l Joboliosmgdergdmsb, 0oy,
ool LogMdglmsb 56 Lo m LoW®MALMLb hy, 85806 N-U Ho@BMgdMEgdo
o5 8500 65305390 FoMdmoaqbgb slg39g gmeg Mool dzocMg LoOWYJdL
MY MAE3909WYMAs 256EME09ddo dglodegdgeros (bob.1).

y nx.y,t)
/

o y = 0

-h(xy) 4

Bob.1. 93069 59300560 GHomMIdoL MgMmEMOools gsdmyggbgdom
9990L5BO3OHME 569D BHoMMMO LsdYs6BMmBomgd0sbo (3D) s3mizsbols
d9LFogrol LosbyoModm lgdqds.

bgdmo  50bodbeo 533900056 309306569 MdL, 6Hmd
3069353031600 ©d  ©0bs303mm0  306MHMdJd0 30RO  DBYs30MHDY
99230005 a9630bomm 99N Inmmgdgwo  0930LBIO  BYs30MHOL
LOdMEYGHY. 530EHM™I 0300900 4535MEH03909 LOELODBEOIOM 5B (35b5Ls:

P93I B0b 3sbHeaergds

> 9% 02
= 2.1
<6x2 + 3y7 + az2> o(x,y,z,t)=0 (2.1)

206905903960 bsbs bzt 3o068s

=v,(x,y,2,t) (2.2)
z=-h

d
%(P(X, Y, Z, t)
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0530b29%5¢70 Bgs30MH0L 30(HMBs

L pyat| =2 oty 23
7PV nt| =T ameteyz . (2.3)

bspgobo 3060285
(p(x’ Yz t)|t=0 = (Po(X, Y, Z) (24)

@ 53bJ300oL Lsdmsegdom JglodErgdge0s 2obolsBLzMMU:

03O IS
n(xy,t) = — li<p(x. Y, 2,t) (2.5)
got z=0
boBAst9980
0 0 0
u=a<p, vzago, WZE(,D (2.6)
3000000b580329%0 (6935
1 0
P2t =—g7 =30y 20) (2.7)

dogo Moo 8936096900l sBMHom 30095930 GWOsbo Fow®gdols
09MOHOo0L  459mygbgds, dobgszs  Bgdmo  s©bodbmwo  ©I399900Ly,
99L5dgdMASL  0dEg3s  39PY39BHOWO 0465l BoobgobGmMm  53M3569d0L
ROOMM 5MJO0O.

09000920 005bermgdss ©3d35m, MMA 39MEH035wOHO  LobdsMgqdo
3OH0DMbE MO LoRJs9gdmMsb J0dsMmgdsdo Ls3doM0oLs© I306M90 w K u, v
5 3O0DBMbEWMOHO LoBJsMYIO0 3M5JGH0INIMOE 96 MOV ITMIOWIIWO
3903035 NH  3MmOEobsGHbg u = u(x,y,t),v = v(x,y,t). ©0953Jd0m 0¥
Bogmgzerom HmI F 394G™M0L 3900350 M0 daqbgwros dbmermeo boddodols
doeol  Gmeddgo  fi, = —pg, bom  3mOHOBMbEHImMOo  dygbgrrgdos
dbmmn  bsbmbols  doewgdo, OMIgdog  dBY3g 9GS IMIOYIIO
396030356 300mME0bsGDY, 9590b bs3ool  IMIMOMds  FgladergdgEos
39630bomm XoY Lod®m@Eygby (bsb.2).
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z=7Z(xy)+H(xy,t)
y N
Y a0 Una \
\ /
Una v IV
\ N L
- ‘\ A ’ ? II ™
|74
v (Zy
vn,3
0 e a -
Uu X -

65b.2. BsmBbo §igerol mgm®ool gs9mygbgdom meysbbmdomgdosbo (2D)
O GYgero slisbrgmm 53m3sbol Aglfsgemols Lasbys@odm lidgds.

350E030 2505736930 303009000 1196-396560L MGYEBMI0Egd0s60

(2D) 256¢™mgdsms LobEgdol gHmgMo GmEmIsls:
ds6Bbo fgerols @356 Dm80¢n980560 (2D) 3569¢n9ds00 bolbihgos:

9 9 (u? d
—u+—|—+gH +v—u+g(5f,x_5g.X)=0

Jt dx \ 2 dy
9] 0 d (v?
av+u&v+@<7+gH>+g(5f_y—5g,y)—O (2.8)
9] 9] 9]
bs@op
6 (Sf,x> _m yurtv? ()
Ny AR oH W (2.9)
Sg.x
Sg = <Sg,y) = —grad (Z)
bsbs bez6cr 3068980 bgger bs g5y
Up = UO(xl Y, t) (210)

H = Hy(x,y,t)
bsbs bg600 306028980 dystr bs bmzs6 by
v, =0 (2.11)
900900 49bGHMMgdsms  LoLEGHYTs  Fglodrgdgros  odmgz0Yygbmo

Lo 296096 {gomliogoggdls o  dobsMol  oGdMmMo  bgmdgddo
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d99bg0s 30060  igoamlisoggdls s dmol dobsdggdl a3  bdoMo

3654303590 3530m0g4gbgds 9M0g6BMI0gd0s60 3MEDs.
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LoBYSMOTM B9d900 MM03g 99dmbggz0LsmzoL (Bob.3).

Z? k A ‘ _
1 w
Nk X,
Oi k+1 k+] (a
1 2 -
Ind =5 pR== <t
: k-1 k-1
I i+1 i-1 )i |i+l
i z=-h
| —>
] o _ Ni
W1 k4
zh Kt - Nk \ | o
- o, 1w + ARG
-—t-—- -—
o -E -Qz a‘( 22}
i aﬂaz . . &
- i-1 1 +1
| - k1
] -
H i+1 v ’
]
:Zz—b a, R i
T d >
I — 1 oq, Ni Nk

Bob.3. 8g3mlisbegtme 3sMmm3Mmbs s GMs3g3ool (Lsdzmombgols) gm®adols
oEbz30m d300)BY BHOWLIHO MMYEBMT0MYd0sbo (2D) sdm3s6ol glifsgerols
L55635M0dm Ldgdgdo

6HoEbz0m0

5dmbobligbols

23005@JuMdsS

3933m@E0b

99dq00b9a35M0@  DBMBEO  53MMJLoTo305, FogMsd  Bs3dsMOLs  BMLEGHO
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dosbm3zggds 5O gdL 5dMEsbol sdmbLbsl. B3ab Asbgzobosgo doymadsls
OMAol  obsbTooz  Tgbodegdgaros  godmmM3EomMo  SMOL  IYMRS
o0mgb0dg TFoMEH03 FoOmMIMObgOL, LsI3MYPbIEOL  5b/©s  BHM3gEo0L
13m0l §395609©. 0300MGMNo BmOIoLIMZ0L A560LIBOIMGds Moibgzomo
0509, 969900l ddol LoloDBPZMM 30MMdGO0 s T9dEamd do0MYds F500
9OOMd030  MHoEgbzomo  sdMboblgbo, o3  2o3owgdom 5856 EH0390L
399mm3ol 3OHMm3EgLL.

50bodbmmo 360630390000  ©s3MFs3900s  Lodom  gofitm
09oliv3ogdo  ©0356M3Mma3MEo  bs3ool aMdogzo s gobogo Fg0m©obgdols
Mogbgzomo ImEgegdo, mGmo (2D) s bodysbBmdowgdosbo (3D) LobiGvyen
b35md0mM0 58MbsbLYboL M39MoGHMOO BmGOTom:

Ap—f =0 (3.1)

53mblbo0s 990990 (M0 s BsddM0s60) 0FIMI(30E0 FJMPO:

§@¢Wﬂ—ﬂ.k=m

yn=12,.. (3.2)

o
§m¢““—fl 0<k<N,

bosg 0<0,6<2 s 7>0 5606 0FIME0MWO 3565993 M9gd0,
LO3ME00 S POMOL FobgE300m s FoIWOMOLIMZOL oMM ZNMbS BMOIOL
B5dgo6DMI0gd056 56019Bg M39MGHMMYOL 59300 990 Loby:

A=—-0E+14
f=1fr+9(=20" 1 4+ "2 — (1= 20)r" 1 —7r"2
Ap — f 52<1+1+1) 9 2 5=9+16
r=Ap—7, = —+—=+—=, = —, = T
AZ A7 AZ A,A?
XY,z X,¥,Z
A=Y Ag f=) f
3 3
(2 _,
( 3 — ~ V& m=20
Ta e m=0 Ag (3.3)
0, € (O, N,
—v; =N,, ¢+
L—A—(pg, m:Nm Agvf m mf d
¢

\0 m=N,,,{ =z
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1 1
Pg = i, (Omi1 — Pm); @z = A, (@m — Pm-1)

1
Pze = P(‘pm+1 —2¢0m + Pm-1)

3
§=x92 ¢on=0En)
0, E=xy
Emzfo‘l‘mAE; EO:{—h():—Nk*AE, E=z

J399m0  9m3gdMeos  Fogoomol boboom  dsbboweo  Losbys®odm
1J939%0 s F0EYdMo 9900 (b5b.4, Bob.5).

Z AZ =7 7
TR T |
i e a JIIL |
z=0 M\ | X LT i
— - ] ] m
o ~ AU G 90, N )
90 Vcell i w Z <-2 | I I
(4 > H il
chf a i o) u Un’ 2 Weenl?)
zZ = —ho v f a‘Qh D _IX:
n.h

B5b.4. sbGmowo glizgMols 3dmbg Lsdom gofiem fgsanlissgdo m3sMEMBYMO
6535000l 99806980l LosbasModm dgds s MoEb3omo doY LsliGMvym
b350130000 3goMmEOL (B5MMNIMbs 53OMJ0Ts30s) Lagmadggewby.

nix.y,t)

u
’__p
5—-*
(A
o e
\\u
= W 8t
[ T (A}
oc oo

ty

Bob.5. Bsg0LEMoEYM bomsb sbermls goeEomdol MMl EIGHBIMMOE
G9H0GMM05BY 350EMEBMm0/dg)ygirmo 653500l dgeobgdols
Us996BmAogdosbo (3D) Lssbasmodm liggds, Mogbzomo dswy, 356030, Mdoz0
©5 063968909630 Mmo MHYg3900Ls s dMx OBy Bgdmddggdol saLsbggmo
36MMB0EYd0.
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4. 0g5ebs35390 035M3MBMo 6535000l 399mEobgdols 3s0gds@EHolz®o
3mgEoMgds, 33009 533¢odMosbo Gsmmgdols mgmemools
656DM80¢g80560 (2D) 356EHMmgdols 565¢n0BrMo s9mbobligbols
353mygbgdoo

396bo0s  39ME035WMMs© dOGHYJO MOREDMI0wgdosbo (2D)
3m3H9b30MH0  58m3560L  3.2390gb0sbol  Boge  BoEgdMwo  HBsoBYGO
53mbobligbols godmygbgds Fyswlbogszdo m3sMEMBwo bs3sol 999mobydols
33030 5 256030 ©Yg3900L 3OIMPBMBoMYGOOLsMZ0L (65b.6, 65b.7).

40

L=2500m, H=50m, n(m)
Se=650m, Dc=5m, Uec=6m/s 36

z! L

1,=128.55(s)

1,=31.57(s) £,=6440(s) £,=96.98 (s) 4

a2 o & @ ©
Amplitude

sggssggggessea8ggess8ee888

65b.6. LEHMBHOBOFMYOYO M35MEMROL Hysmliszsgdo 8g8m@obgdols s dols
}L3gHBY 3mdMsmdoL 999y Fomdmddbowo sMliGegombstvmo Gswmw®o
36m3gLoL oMM Iiggds s domgdwIEmo Fggagdo

303¢n0d 90l 359mls030m90cm0 BeaBIrems

Nm
10 =700 + ) 16,0

2
MO =T (Belo(0), () =7 (a— Em(xﬂm(t))

E _ Cos(amx) _ Dcuc
e K )
t ;0<t<t
lo(®) = {tc ite <t (4.1)
1 = €08 bn = Dim(®) + sin(om) Jom(®

2 _ 42
Cm dm
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jl,m(t) =Cn COS(dmt) +

{—cm cos(ct) 0<t<t,
A sin(cpte) sin(d,At) — ¢y, cos(cpt.) cos(dyp,At) t. <t

]Z,m(t) = _dm Sin(dmt) +

{cm sin(c,,t) 0<t<t,
dy cos(cpt,) sin(d,At) + ¢, sin(c,t.) cos(d,,At) t. <t
T
Ay = Zm, b,, = a,B., Cm = AU
dm =+ gamth(a,H), At =t —t, N,, - ©
Left Side Right Side

Amplitude (Undimension)
o
8
o]

Amplitude (Undimension)

Time (Undimension) ) Time (Undimension) 5

Lup Treangle
Rectangle

le:t

Amplitude (Undimension)

0.000
og =60° Length (Undimension) )
€}

B5b.7. 3560mbols Bo3ol {fgoeliozsgol gsb603339080 sGMLEsEoMbsMvmmo
&9 9d0L (o0mgddbols bosbgsmodm lsdgds BgMEMdgdOL bgsslibgs sb®mols
3ombols ysmzgseolifjobgdom

dgbPogwoos BsOm3zmmbgols s  L¥I3MMbgol  BMEIOL
1d935EGH0DBOMYPIMWO B0 BNHO  STMBILLYOOL  A5TMYgbgdol  sMgoo o
390560909005 dqlsdsdols ®oEbgzom s3mbabligbmsb.

bsgzoobgool aea®8ob 569
* * vik * C * * : * gx
160, Nzt zy = 55| +2 ) i cos(ad) sin(bint) 42)
m=1
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¢y, cos(ay,8) %

UI *
* ] P _— + t
(0, ]er>e; o 42 X sin (b* )cos (b* (t ——O>)

2
0€0,f]; B=n—2a

bs@op

ds4093900b9@0L B300GHIol 569

*

Lt 42 z Cp cos(amx™) sin(b;*nt*)]

* * * u
(", t)ose <ty =

Cm cos(amx ) X

uj . (4.3)
* R * * = — t
O e L* t°+4z ><sm b — cos(bfn<t*——20)>
x* €10,L]
bs@ss

T th(a;,
i = i by = T R s i = )

A b

{ g g Uy n L X
t"=t =ty =ty |=; Ul = nN=—;L'=—; x"=—
H H f gH H H H
- 0 01 o =400 0.1 105
=60 4 - L4000 g
/ 0.8 0% —
w Analitical o .|, S
u Numerical g &
oo |G 08 K078
B0
0.02 g I \
. Vg \‘0,655
06
002 | 0%
05 -
00t ® ®) (1) (®) ) ®
L'=10, to*=2.5, D'=0.2 iy
\

69b.8. 95gdlodsgrmEo 533e0EHMEOl BIMEOMBOL EIBOOL JMmbbg

0593000504980l 3M5x8030: a) 300gdMEo s65¢OBMMO s MoEbzomo
590BbLBOL 99900000 3BMGBOMYB0; b) 5B¢EOBLYMO s MOEb3oMO
50806551960l GsHEMBOMO F3IbMOL 398030
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Domdmagboo 24053303990 BmfAMdL, MHMI SbosEroBmMo Fgomom
Ao 09gd0L 255635608900l LoBMLEY 30193030 MZoBsBOHOLOM Loglgdoo
©5053059MmBOIOI05, MG BIOMBIIOL ©EbGOL JMmby a =T /3.
bom  dosbwmgdom  dgxslgool  dobbom 58 FgomEom  LaMygO™Mds
39L53dgdY0s 5309039 /e < a < /3 (65b.8).

5. 338baenby 9s0so 9H g0 Goeol 39506980l dsbalinsmgdengdols
396LsBM3MOL Ggommoo

80090905 30639000 JogdL0ToEMEO GO ol 35dbseBg A9o0b7d0L
3565393900l 458N 3OOl 350bomsb sam®m9doL 356939 S SgMEMGOOL
25035¢0{obgdom (65H.9, Bob.10).

65b.9. 35bseBY 2900306980l 53MMJUB0T>305 LObMLMOO’ W 90 3ObYdOL
A50ob Loa®Adol gsblsBE3MOL LosbasModm Iidgds Gsemols 353bsecsb
53900l 356M93g.

max

Na

MAx|

TIOV

L

65b.10. ©3503MGBom 359mf3919E0 GOl 3sTbaEmsb dmlgerolss s
290050006930l bsbgMAE0gmdOL 1sssbasMm08M Isdgds Gowrmols 3s8bsemsh
53900 25035¢00ls{i0bgd00m.
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390bom9b Imlemo 9HggHIemo Gow ol sd3wod s Logy®mdols s
OMoL dobgg00 890dwgds 536MHMJLodoMmGdo 0gbsl LobMLMmosEMHO

max
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Abstract

As is known in a number of cases a debris flow, when it is propagating on a
dry channel, causes an environmental catastrophe in mountain and sub-mountain
regions. The same type of catastrophic consequences happen as a result of debris
flow large masses influx into the reservoir and moving in it that leads to the extreme
wave generation on the surface of the reservoir. These waves, which may be called
debris flow - genic (or impulse) waves are similar to tsunami waves.

In case a dam is built from natural materials (earth, rock fill or boulder dam)
the water flow arising owing to the dam overtopping by extreme waves may cause
complete or partial scour of the dam that leads to the destructive debris flow
propagation at downstream and catastrophic consequences: victims, destruction of
buildings, structures, traffic and irrigation systems, flooding of territories, etc. The
same event may take place in case of the explosion of a small part of dam during the
war or as a result of a terrorist act.

It should be noted that at present almost 70 hydroelectric and irrigation
project are in operation in mountain and sub-mountain regions of Georgia, and
many of them are earth and boulder dams. 90-100 meter high dims are among them.
So the abovementioned catastrophic hydrodynamic (wave) influence risk
prevention is very important or at least reduction of its intensity and it is necessary
to secure hydro points environment protection.

So the ultimate goal of the project is developing the new refined technique
based on mathematical modeling for the explicit description of whole processes of
high (extreme) waves motion caused by a debris flow in mountain reservoirs
including the reliable prediction of environmental impact and hydrodynamic loads
on dams exerted by that waves, in order to prevent or eliminate potential hazards to
adjacent regions, as well as to ensure adequate secure conditions for hydraulic
projects operation.

Mathematic modeling results discussed in the thesis, as the result of

computer calculation, enable us to quickly describe the whole process of extreme
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wave movement in dams, wave formation, transformation-dispersion, reflection
from dam superposition and the rest. The degree of their influence on environment
is also defined. The above mentioned methods are superior to other methods
because they take into consideration a number of factors that are characteristic both
for hydrodynamic and debris flow processes. Calculation procedure is comparatively
economic and quick and their results are exact in wide range of calculation
parameters considerable changes.

Methodologically the research on the project chosen to reach the objectives
will be developed involving modern technologies in solving boundary value
problems on unsteady impulse wave motion by analytic and numerical methods.
Accordingly, the finite integral transformation and finite difference methods will be
used.

The above mentioned methods application is also perspective in other fields
of hydrotechnic constructions, in particular in fields of new type seaside and river

banks protection effective constructions testing.
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