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Summary

Based on result analysis of theoretical and field studies presented, following results
were obtained: As a result of the field expeditions carried out in the water
catchment basin of Mletiskhevi, the vulnerable areas of landslide formation were
observed, from which soil samples were taken and their physical mechanical,
granulometric and chemical characteristics were determined; An elevation model
of Mletishkevi terrain - DEM was built and updated data based on the
Geoinformation System (GIS) was displayed in digital format; Based on theoretical
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studies, the stability of landslide-forming mass on vulnerable areas was evaluated,
according to which it can be concluded that the studied slope is prone to
landslides, because in the case of an average tilting angle of 30°, the ground mass
with a depth of 0.61 m is enough to, under conditions of water saturation disturb
the slope balance. Since the slope of the debris flow channel is within 30°-40°, and
the thickness of the layer of the accumulated debris flow forming mass is 2-3
meters, it can be said that during the formation of heavy rainfall, it is possible to
form a debris flow in the debris flow channel. Initial data were entered into
RAMMS computer program and modeling and forecasting of expected flood in
Mleta ravine was carried out; In the case of synergistic formation of expected
erosive and landslide genesis mudslides in the Mleta ravine, the maximum speed,
height, pressure and mass volume of the mudslides, which amounted to 1,102,033
m3, were determined by computer program RAMMS modeling; The influence
zones of the expected debris flows in the Mleta ravine were determined, which
covered settlements (5 local residents), a church, a highway and a bridge. The
debris flow is expected to block the riverbed of Tetri Aragvi river and create a
danger of flooding for the population of Zemo Mleta, and it is also expected that
the solid mass that got into the riverbed of the Tetri Aragvi river will get into the
Zhinvali reservoir, and therefore can provoke limitations to water supply of Tbilisi
city; The impact of the debris flow wave expected in the debris flow channel of
Mleta ravine on the modern, anti-debris flow structure was calculated and the
effectiveness of the structure was assessed, thus, it can be said that the construction
is an effective engineering measure to combat debris flows, because the initial force
of the debris flow acting on the structure P=5962.5 kN, after passing through the
anti-debris flow structure installed in the selected section of the area, decreased by
approximately 2.3 times, which indicates the effectiveness of the construction;
Based on performed calculations, we can conclude, that stability condition of the
stucture is fulfilled, and accordingly, the anti-debris flow structure to be installed
in the debris flow channel of Mleta ravine is stable and reliable; Based on carried
out calculations to determine the anti-debris flow structure economic efficiency, it
is determined that the annual economic efficiency of the anti-debris flow structure
is 323.4 GEL/longitudinal meter, which gives implementation possibility.
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1035 0MO dMEYoL BsFSEgdom ABbMOE0gWw s J90a0: MgErogzol
3ob6md9gd0l  ©ogbs, BIMHOMdMS 9Ju3MBOE0JOOL  oBLEBOZEMS, TOobsMroL

30Wa3mGHol  3OMBoErgdol  sgg0s @O Md3  dmsz5M0s  RAMMS-om
AbOEMm©bgo 035MEMBOL IMPI0MIOS s MWZ5OEMIBOL  FoboLosMYdgEO

LOEO0YIOOL oEYPIBS.

2.4. 8gmgomolibgzdo sGYdMEo FGHgMols s 35MEMBLIEOBsGdo
©53MM300 M35MEMBRI>BMOHT0MIdJo dgsmo dslols aMsmdols
©5©3965

dgoobbgg  99Bdo  JmlboewmEbgro  g3memaoméo  Moliggdol
39bLsBEO3MOBOMZOL  LoFoMms,  obbmME0gmgdwo  boggwg  3393900L
3900 0©IbHoBogoMdwo  Fgfighwo  Lbyyeol  dydamdol
99535905, HOLMZ0LE PGPS 90RO Pom3egdo[12, 50, 65, 66]:

o  J90ydmwo  Lbbgmeosb  smgdmeo  bosogol  Lobyxgdols
W5dMMSEGHMOH00 330930l 89098900: @=23° - Jos bsbmbols 3mmbyg, ¢ =
0,25@3/0% - 8930Emds, 7 = 0,43 — gmO0s6mds, py =2,72/8% - 80bgHogols
108336039, P =1/ Hgarols Lodz3¢039.

50b0db Mo WHdMMSGHMMOMEo  dsbogdo  2odmygbgde  0dbo
3909 39HOMdHY AOMBGHOL OOl 3003030 (AmdMsmdol ©s)HYygds)
LoE®IOL  ELLOYIBs©, ,dTMOWO®  OMBBHOL  Tgdmbgzg3zsd0.  AOMZGdO
Bo@oMs 89dgabsotoco [12,37,38]:

1 C i
- S gn = Sina tan @ cosa (2.4.1),

boQo3 Z= % - 36H0bL 2MMBEGHOL OOl FoMMdoMOo Loldg, HMmIwols BOS
3965300003908 BgMEOM™OOL dzGL; @ - sGOL BIOPMOIOL sdsbgdol 3Mmby,

boeom §yeom 4ox 9090910 339HEMO0L MM 2399690s:

1 Py . Py . 1
—_— < = — =) . — —. - —_—
— < (1 Pa) (sina —tan@cosa) + 5, Sina - — (2.4.2.),
B90mo0bolbmwo  8mbs3gdgdol  gom35eolfobgdom 3090 MdM

8990097 ©23300gdMYOIRL:
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1

1 1 . 1 .
— = (1 - —) (sina — 0,42cosa) + — sina
z 2,72 2,72 1

v 0,63sina — 0,26 cosa + 0,64

sina = 1,27 sina — 0,26 cosa; (2.4.3.)
LodME MM 33946900:
% =sina —0.42cosa (2.4.3.)
% = 1.27sina — 0.26 cos a (2.4.4.)

50bodbme  BMO®IMWgddo  FJOHOMOOL  3M0GH0ZNNW  BIOEOMOOD
LoEMAYOLS @S  IBOOWMBSL  TMMOL  HTMIOIINGds  AdTMOLObYdS

99909650650 (Bob. 2.4.1):
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B6ob. 2.4.1. BgPHEOMBdOL 3G0E0340 BoMEMdOm LoMIJIBLS s Jsbmdl Beacrols
©53m3090gd0ol 3Mm83030
Bobobbg I o969 50bolbsgl BIOHMdIOL Mo dEYMIsMYMdL, b.0.
50b0dbogl BzOMwl, bmem II 3o B3sOL dods sGLYOME FJOPMOOL
9MIsMmgMBSL, 964 MM 39MHPMBO JGLodEGdI0s SOIMSL.
50b0dbmo  aMsx030L  dobgzom, GYMHEMOOL {iywoom  ogmgbomgs
5796900l 300E03w 39900l (AmAMMdOL )HYgds) s30MgdL 12°+28%-00m.
,086500“ 3G BEHOLmZzoL p = 1.5¢)/8% , 85306 a = 30°-0l 9dmbgggsdo
c

e < 0.13, boosbsg z = 1,280 - IMIM>MdS s0{ygds.
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a = 40°-m30l @ < 0.32, Lsosbsg z = 0,528, bowwm a = 50°-mz0L

; < 0.5, bsosbsg z = 0.330.

Fywom gogngbmomo gGBEHoLm3oL 8mdMsmds ©sofygds a = 30° —ol
9900bgg3580 z; = 0,618, 40°-mg30L z; = 0,408, bergwem 50°-0mg0L z; = 0,318.

B90M50b03bmwosb  godmdobstg,  B3zgb  BoghH  dggomolibgzdo
©580JLoMYBMWO  FaHEMdO BfygOLadodos, Ml FIMEMdOL 30°-0560
©obGMOL d90mbgzg35d0, 15395M0OL0s 0,61 3-0b LoMToL FMHMbEO, M ywoo
dmbal 396HO™BOL 8EYMmIOMdOL MH393d.

3bsEmaomemo  IgommEom  2obbmGmEogws  33wg3900  dewgmobbgzol
095006560 IMM300 M350 EMRBTSBMOMT0MGOE0 FsLol MO MOOL
©5039b0LsMz0U:

dgmolbg30ol M35MEMBLIEOBIOTO IYOMZOMO M35OEMRBYwo dobob
dsboliosmgdegdo: e=39° g9gMHEMO0L Jgdsagbgeo bossy-4MmbEol dos
bosbmbols 3mobg, ¢ =0,413/8* 993oMEmds,n = 0,6 RMO0bMds, py =
1,85@/8% 03503mz0L dys®o dsbol bod3z3cm039, pi =1&/3% Lombob Lod336M039.

50b0dbmEo sbogns 359m3094abgm ©35MHEMABLIOBIMT0 IRMMZOWO
©3503MBMYo  dgsmo Lol Mol 3OoG03Mwo  Lo®mdol  ILoYIbo,
»000050“  4MMBbBHOL  FsQoomDBY;  gosbaeModgds  2obbmM309ws
099909b506000(3,4]:
c

1 :
== Py sina —tan@ cosa (2.4.5),

bogss Z= % - 56MH0bL 2B EGHOL IOOL FoMMmdomo Lobdg, HmIwols BOS
0f1393L ©35OE3MBMo 3gs®o ool dgzMsl; a - s®ol BIMEOMdOL IdHobgdol

3Mombg, beerm 4w 3990bmowo 39MHE™dOL ML 3353L:

— <t = (1 —@) - (sina —tan@cosa) + 2 sina L (2.4.6.),
Z PGz, Pa Pa 1-n

B90M50b603bMwo  sdMOIGHMOOMNWwo dMmbs3gdgdol gom3zseobffobydom
3RIPI DM FgBgaL:

1 (1 - L) (sina — 0,81cosa) + L sina—- 0,46 sina — 0,37 cos o + 1,35 sina
72 1,85 1,85 0,4
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= sina — 0,81 cosax (2.4.7.),

N[ | =

Z_l = 1.81sina — 0.37 cos a (2.4.8.).
dggmolbg3zol 035MHEMBLIOBIMTO OMM30O M35M(EMFBYEO TYSMHO
dsbol  3M0EH03M@  BsOEMIO® LOPEMIGIOLS O BIOPMOOL  EIHOOEIMOSL

dm6H0b 5330090 gds 25dMoLobgds 900 368030 (bob. 2.4.2).
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Bob. 2.4.2. §goelisoobs®do s390m@omgdemo gzsGEMavEo ool 3GoG03MEo
B5MHEM300 LoE™MIYgALs s Jobmdl dmGols Es3MI0YdMEgdOL 3MIR0Z0

I 569 899L5050905 Igmolbgzol  W35MEMBLIEOBIOTO  IROMZOO
©3503MBMYo 394s6o sbob Fembolfimemen 8mdocgmdsl, B.d. d99Lsds99ds
B3O dMToMgMdL, beaerm II 30 B35GB Joeds sOLYIME BIOHMIOL
9 MToMgMdSL, 56 MM W35MEMBE0 IYsMo dobs 0dgzMOb.

D90moebodbmwo  aMog3ozol  dobggzom,  fywoom  AoxgMIOS
©3903M8LOIE0BIOTO  IROMZOWO  VZIOEMBMEo  dyseo  dsbol  EsbMob
3603039 31mbgl (dMomdOL sygds) 59306090l 28°+45%-00.

036500 gOMbEHOLMz0L @ = 40°-0l G98mbggzsdo z = 1,08 s 0fy9ds
9d65mds. & = 50° — ol 9gdmbgggzsdo  z = 0,98.
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Fymom goxg®9dM@o 39bEHOLMZOL BmMIGHMdS s0fygds a = 40° —ob
99000bg93580 z; = 0,258, a = 50° —ob §98mbggzsdo z; = 0,198.

drgoobbggdo  RabbmOEogwgdYwo  Ls3gwy  33wg3gdoL  FIEgYOE
©o0b@y, MMI  35MEMBLOIOBIOOL  ©IJobgdol  3mobg  30°-40°-0b
19650 d0o, bogom d0bs®ols Jowsdm@do QIAOHMZO0WO
039503MBIBMOI0MOJo dgs6ro dsbol Mol Lolidqg 2-3 9GO0, Ro@sMgdMwo
5bg9Mm0dol 990929006 go8mdobscrg, dgodwgds 35133650, MMI OO
0b6@G9blogmdol  30d0L 3mOIoMJOOLLL  glodrgdgEos 9d0bs6y
3gmolibg30L 35es3m@do 035MEMBOL BMOI0MYDS.

2.5. RAMMS-ols 353myggbgdoo dengomolibggzdo dmbsermobgamo
0350 E3mBoL dmEgeoMgds
dggomolbggdo  dmbogrmbgwo  ©3sGEMmEBol  dmgero®gdolsmzol
399my9gbgdmo 0dbs dergmolbgzol Mgeogxol Lodsmeromo dmgwo - 2x2 3
M9bmi00l DEM ob. bsb. 2.5.1.).

Q@ DEM - ArcMap - o X
e fdt View Bookmarks jnset Selection Geoprocessing Customize Windows Help
DaEs Bx» & - [115000 ] EEEE O e DA L Createindex
Editor~ & - | Snapping~ 2 ' Labeling» [
Terrain g+ Tersin . 1 ssing~ Attribute Tools » Network Tooks » ApUtilties~ S # o, = 2 QQ@ B ~# Help
., TableOf Contents 8 X -
28 - 5
JlacB
2 Hoon:
= [ hilishade
Q + [ DEM
e
=
wa
.
-
k
9
[}
&
x
&
-
jaoien
Drawing= - A- 0 sl 10 Bl1UA-D-2. ..
457583518 4698119.581 Meters

B6sb. 2.5.1. dgmgmolibggol MHgwogxnol Lodsweomo dmegero DEM
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dggomolbggzol  §gowloobs®do  4obbmMEogmgdmwo  Boggwg o
WHdMMOGHMOOIo 3309308 J99Ro©  J0300900:  M35MEMRBLOIObIGMTO

©OM300 3gsMo dsbol BM3IEMd, IYE3IL BIOEMIYODY SOLYOIEO
9OMB0MHGOMwo b0ssaol s d9hyeol Low®mdg, 1939 oaobs RAMMS-do

d9Logzs60 dmbs3999%0 d9L5d5d0b 0bLGHOMJi309d0 dm 3900
693396530900L dobgzom [45,77](0b. gbGowo 2.5.1).
gb®ogo 2.5.1
RAMMS-8o 89loy3s60 3565893900
9OMDBOMGOME | 035030z | AgHyOMol | 03503 | 3Mwmbol Ob- gosdofjol | H 3390000L
39HOMdBY 0bs®do Loe®dg | mxzobL 90650 | BOHdMEgbEMo $bg30L Lodomeng
3OLgdMeEo 93100690 G)] 100336 | bsbombol bobwbols 3M9803096¢ ool
Bosoy- M0 039 3M9B0G30Y | 3™IB030Y0bGEHO 0 d905LHm6
3®16E0L Bosoy- (32/0%) B@o u € (0/%9%) A 9090
Low®dg (3) 24063 0L 3600369
Low®dg () @MddS
©)
0,2 2,0 5.8 2000 0,1 120 1 0.0001

dggomobbgzol  fgomlisobs®do

50b0dbmeo dmbs3999d0 dgyzsboewo odbs RAMMS-8o s Bo@dotqs

dgLoderm  3539LEGHMMFBYWO

balosmols

©3503Mmx8oL  3m3309GgOMWo  IMPI0MYd, 3MMYMIF0MGdOL  Fmboizgdgdo

dmyzsbowos 4393000:

RAMMS::DEBRIS FLOW RAMMS OUTPUT LOGFILE

Output filename: D:\MLETA\MODEL\Model New\Model New.out.gz

Simulation stopped due to LOW FLUX!

Simulation stopped after 285.000s

Calculation time (min.): 47.12

Simulation resolution (m): 2.00

SIMULATION RESULTS

Number of cells: 708561

Number of nodes: 710623

Calculated Release Volume (m3): 1.13201e+006

Overall MAX velocity (m/s): 29.5694
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Overall MAX flowheight (m): 52.6722
Overall MAX pressure (kPa): 2142.16

RAMMS::DEBRIS FLOW 1.7.20 INPUT LOGFILE

Date: Thu Dec 26 21:45:28 2019

Input filename: D:\MLETA\MODEL\Model New\Model _New.db2
Project: Model New

Details: Erozia

DEM / REGION INFORMATION:

DEM file: D:\MLETA\MODEL\Model New\Model New_sink.xyz
DEM resolution (m): 2.00

(imported from: D:\MLETA_1\RASTER\dem_GK.tif)

DEM adaption: Release height subtracted from DEM!

Nr of nodes: 1277370

Nr of cells: 1275100

Project region extent:

E - W: 460033.66 / 457983.66

S - N:4697563.1 / 4700051.1

CALCULATION DOMAIN:

D:\MLETA\MODEL\Model New\WyalSemktebi_Auzi.dom
GENERAL SIMULATION PARAMETERS:

Simulation time (s): 1000.00

Dump interval (s): 5.00

Stopping criteria (momentum threshold) (%): 5

Constant density (kg/m3): 2000

Lambda (): 1.0

NUMERICS:

Numerical scheme: SecondOrder

H cutoff (m): 0.000100
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Curvature effects are ONI!

RELEASE:

Depth: 5.80 m Vol: 1063640.0 m3 Delay: 0.00 s Name: mewyeri.shp

Depth: 0.20 m Vol: 31888.9 m3 Delay: 0.00 s Name: erozia_2.shp

Depth: 2.00 m Vol: 6505.8 m3 Delay: 0.00 s Name: kalapot.shp

Estimated release volume: 1102033.13 m3

FRICTION MUXI:

Mu (): 0.100
Xi (m/s2): 120
COHESION:

No COHESION specified.

MAP / ORTHOPHOTO INFO:
Map file: D:\MLETA\Topo\25000\25000_Topo.tif

OrthoPhoto file: D:\Ortho_Geo\Ortho_ Geo.tif

RAMMS-0m Bs@o69drmo  9m@geo®qdol  9mbs3gdgdol  39wgyom

3960LsBE3MS  Iegmolibgzol figoslioobs®do s ©IME39w BJOHPMOYO DY

3039b30cms©

3OO MEo  ©035M3MRTIRMOI0MJOJO  505IY-3OBEOL

390930, dMboEm©bgwo 353LEGMMBMWO HILOsMOL MW3sMEMFBOL JogH

399m@bowo 8gsmo dolol Jglsderm dmLIEmds, dggmolbgzol Mgwogzol

ROEMO0MO  BooMEgado  ©s  Lo®Iggdo,

©3503Mmx8oL  doduodsgrmMo

L0309 900, BIOOMOJOOL EIHOHOW MDY, V35MOEMBOL FoglodserIHo LoBdstg

5 6935 (ob. sbMowo 2.5.2., bsb. 2.5.2.- 2.5.6.).

gbMowo 2.5.2.
RAMMS-00 356bmME09mgd9yeo 0mgemo®gdol dmbssgdgdo
BIOEMODY | 03503 RBLoEobsGTdo | gfydrmero 300m@sbogro 035M3EMR0L 03563MBOL 035M3Mm%0L
Lodmmozo | GLYdMwo 539906 YOO Lbgmeol 035MEMBIO 0ogdbodsen®o | dogdlodsevy®o | dogduodomGo
ol MM 9oty 6050@59-3M6F0L dEEmds | Bolol ImEvgEnmds LoRdsty Lodogery 5(6935>
(%0.) o ImEIEmds X (@) (6/59) (9) (30
dsbol o 39bgaeo)
3mEMmds
a3
1000 31888.9 6505.8 1063640 | 1102033.13 29.5694 52.6722 2142.16
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Bob. 2.5.2. dgmgorol bgzol Heognol BoMmd000 odomerggdo s
Low®dggdo

Max height (m)

Bsb. 2.5.3. dgmgomols bggdo Imbisgrmbgemo mgzsmEmaol dsduodsgrm@o
Lodsmeggdo
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b=

B6ob. 2.5.5. demgamol bgzdo dmbagrmbymo ngsHEmxyol dsgdlodsgrm®o
LoBgstggdo

73



214216
178513 -

B142810 -
oL

9’_‘
21071.08
¢

Q

3

8 71405
357.03

0.00

B6ob. 2.5.6. demgomol bgzdo dmbagrmobgmo ngsOEmaol dsglodsgrm®o
©3{jbg30d0
39b6bmM 309w gdmwo dmgeomgdols 3909250 5060y,

dggmolbbgzdo dqLoderm 35@LGHOMAME0 bollosmols P35OHEMABOL 493w9gbol
bmbgdo Qo Molgol bmbsdo dmbggMowo Lbbgoaolibgos
0683M5LGHOMIEGHMOM0 Mmd0YJBHYo0 (0b. bsb. 2.5.7.,2.5.8.).

RAMMS:-DEBRIS FLOW 1.7.20 - [DAMLETA EL\Mo w\Model_New.outgz o
9:

o @8 o R OMoFerm |2 ANDo¢e BVE 800 k BO He
+ 4 DEBRIS FLOW
PARAMETER: Flow height (m)
%
¢ s General Duplay Volumes Regon
E Shapefiles, MuXi-Files and Domamn-Files
- *

Flow height (m

® e B3 [

@Y Bom 8e

B65b. 2.5.7. 0mgmo®gdol bsfyolo gEs3o
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€ RAMMS:DEBRIS FLOW 1.7.20 - [DAMLETA\MODEL\Model_New\Model_New.outgz] =

Track

aemE=+ @

SIE R

% nap 86 @ &

Edit

=

t  Show Results GIS Extras Project Help

BASE o RO FJer il » W ANDoce BV OO ik O N
4 DEBRIS FLOW
PARAMETER: Flow height (m)
Fles Generasl Daplay Volumes Region

Shapefiles, MuXi-Files and Domain-Files

Time (s): 285.00

XYZcoordinates in lower right status bar X: 458546.03 Y: 4698298 67 Aktude fm): 1995.31 Flow height () 0.00

Bob. 2.5.8. Im©gEroMgdol Lsdmermm g@s3o

596095, 9ggmolbgzdo JmbowwmEbymo 35@LGHOMBMMO HBILOSMOL
0350308 Mwo  dmgzmgbgdol RAMMS-o  dm@©geo6gdolsl  ©oaobos
©35M3MBoL 3gsmol dsbol FmEEMds, HMIYEdss dgoaobs 1102 033 33, Mo
LEHOGOLEEH03MM® (36Mmdo IMbs39d90L gdmbgggs [76].

RAMMS-o00  Bos@o6gdmmwo  8m@gero®mgdolsl  slggg  ©owyoboo,
dggomolbgzdo dgloderm 35@oLEGHOMAME0 bollosmols ©35MHEMaoL 4o3w9gbol
bmbgdo, HMIgedog 990l sbobegdmwmo 3mbJ@gdo s 93wglos, boo ©s
1553GMIMBOW M Fo0LGMH0, VZ5MEFMBO 3mGHIB30M© 39G93L 3. MYNGO
565330l 30a3mAL s GHOMM3L  dggmols IMBsbegmdols bsfowrl, sbg3g
d9L5dgdq0s 8. MINOO 36MR30L 35¢33MmEHT0 53MFME0MGIMIO FYSGI0
dsbol 50b35¢ol Hgoemlissgdo dmbgg®s s MdOoLOL fgosedmdotoggdol
3903

5060360 sb 258md0byscy, sliGMHgds dergmolbggzdo dglsderm
930 MoMO0 LOBOMbY, MOL 2503 9930w 9dgE0s FJoMBgL S I0YJAML
330050 OH0  03503MRBLIY0bssMAIy™m  Ly0bgobOH™m  MMmboldogdgdo Gomo
AboEmbgwo 93mEMmy0©mo MHob3gdo Jobodw)dsdwg 0gbsls oyzsbogro.
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0530 3. ©3503mx8LsHobssmdgam 3mbLEGMWso0l ©s
©35MmE3MBeo dmgzegbgdols dsmamgols 099953905

3.1. demgomols bggols m35ME3MBLOEObsMdo sblsbmMmEogugdge

03503mg8LH0bssm3gam 3MbLEHGMI30sDg 3OEMBOL Bgdmddggdol
5 3MBLEHGWI300L 9839dGHWIOMdOL Tgg3sligds
Gogmg degmob bygol FysmBgdzmgdol sxBob, sliggy bagsGmggmmls
Lbgs dobostgoms bgmdgddo dmbocrmbgros Bbgssolbgs Loddwsgzmol s
8965b0LOL  ©35GEMRNWo  dmggBgBd0, GMIgWms  HYarIomgdOlsmZOb,
099998539005 G990  BodEmoggdologsb  dgagbowo  §s339mowo
Bobg3503m6ML0l FMGToL sboero M35MEMRBLIG0bISMII™  3MBLEGHMMIEos
(ob. bsb. 3.1.1,,3.1.2,,3.1.3,, 3.1.4.).

30BLHGMgos  dmggdnmos  mobo  gogmGom:  Bob. 311, -
30BbEGJ300b Lsghom bgo; Bob. 3.1.2.- 30BLEHGAd300l bgobgwo; Bsb.
3.1.3. - 3600 5-5 30g. 3.1.2.-Bg; Bsb. 3.1.4. - 3Howo 3-3 Bog. 3.1.2.-%g.

-

Bob. 3.1.1. 35OEMBLIFobIs®IIM 3MBLEHONIE00L LsgHomm bywo
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Bob. 3.1.2. 3563mRLFobssmdgam 3MmBLGMIs00l Byws bgwo

10
i 1

/?/,
)\

El
'.av-‘.ﬂ >
o 4s-| g

Bob. 3.1.3. 3OGowo 5-5 oy, 3.1.2.-%g
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$15m
$1,25m
$10m

Bob. 3.1.4. 3Gowo 3-8 goy. 3.1.2.-Bg

Log3gbOM396 998963900560, §o3390000 Bobgz563MbMLOL BMGIoL
©395030x8LH0bssMIgm  3MBLEGHOE0s  HoMBMoEgbl  LoGHMBL3MGOEHM
15395900l 5FMMEHO0DBOMYGOME, OL3IJO0sH (1) LodM3900Lob (2) FdYs®
bgd3ogol,  GMIgdog  09gd0b  IMOHODMOEEBIMMI©,  ©obgdol
9095000 gdol  FoMMOMOI©  49bEoggde,  sfimemomo {33900
Bobg396MH3mbMLOL  BMMOIoL  ©HY30 IO, OO BMAYIO0  35d3MEHOL
Bo30Mgdbg  Bodopa®admwo  gwgdnb@gdologsb (3).  3mbLGGwdsool
09050039690  LodEoggdo  8Mds  Bgs3oMmgdom  39MFGH035WIMS©
B05g0M90ME05 035MEMBLIOBIMOL 35esdm@GTdo bobgzMo s Fsmo v
G960 98m3zLgdmEos 0bgMHEHEo Fslocrom (4), bmwm Eolggddo doyHowo
wo™boll ©gMHIoL (5) gHMO dMEM RsBsaMYIMWOS J5s3mEHOL bsdoMdo (6),
beenm d9meg dmeEem 35es3mEoL doMdo (7) dg@Embol 3dgByg (8) s639M00 (9).
535Lmb  1Yd30gdoL  odIMOEJO0 0HBMEIdS M35OEMIBoL  (10) FmMIMSMdOL
9035MmMgdom @S  FgLodsdobs  F30MmEIds  LYdEogdol  Fgdoygbger
99996390l dmmol dsbdogro.
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©3503Mmx80L 3069303900 gbgeaool  BodOHmdol  2oblabm3z®mazL
3MbLEGOMJ300L 9egdgbEHgool BMm®Ts. 3mbLEGMWJ300l 30M39w Lagggbmby
©356M3Mmx30L 353w 9bolsl  bgds  M3smEMBol  qoM339o  Bofoerols
9d00sOmgdol  dga3zews @S 9obs®ol Jowsdm@ol 396@GGMOL
9005 gdom  dmdMsg  bs3zobg  Fobx3gbs s dodibgbs  ABEOOIL
OXHYVS, 03039 3MM39LO AMAGEYdS 3MBLEHMWJ300L F90gy LYJ30gdBIS
653 29653060Md9GOL 0350 3MBOL 30693H039M0 9bgeROoL BodMHMdL.

5bsb0dbsg0s,  MMI  ©035M3MBLHobssMIEIAM  3MBLEGM™MIE00L
b9d30900L 3069 BdgadL GOl Fsbdowro 3egdMEMdl s Jglsdsdobs,
0DMmYds  03503MRBLIY0bIsMIIY™  3MmBLEHOWJ300L  Lgd3ogdol  Loasby
03503080l 3ndMsMmd0L  80sMmMYIGI0m ©O 39B30MMdGOL MBGOM  dgd)
P oboswdgamdsl, 653 39BLOBEOZMS3L ©35030RBsHobss0I ™
3MbLEGHOWMJ305Hg 9m3Jdgo M35OEMRBoL 306930300 9BgMHRO00L BodOMdL.
©3503mx8LJ0bss0Igam  3mbLEHONJ300L  LgdEogdol  F9dsygbgero
LodMM53900L,  3953MmEHT0  39MEH039XMEMOE  BoHg3Ms®  gobmgLgds, We¥Y
Gobob dgsto dsboo Tg3Lgds s LHdYM3930L  OLZYdT0  2obm3LYdMWO
©9MdoLb  dMmEMmgdol  Bsdoa®gds  BMHOL  3MbLEHOWYJ300L  FEYMIOMBOL.
LodMM53900L  JESLBH03MOMBS  5F30MIOL  OFBHZ0MM3OL, o3 BOOL
©395030x8LH0bs50IIAM 3MBLEHMJ300L BoodgEMMBSL.

390005359900 3503MmRLF0bssWIIAM  3MmBLEGOWJ300L o3l
999990 9sboliosmgdegdo: 039O (3MRE 03503m8Bs0bsOT0
39bLmO3LgdgO 3MbLEMWJ300L L3000 Tgo393L B Foloergdls, dobsMol
03503MBLOEObsOTo  3mBLEHOWJ300lL  bgd30gdol  gobmoglgds  bgds
956030350, 90bsMOL  3oa3m@ol  Bom®Bogqgdom, dslido 96396930l o
09BHM™bol  LYFPWgdom  BoBogMgdom,  MoLlm3oLys  LoFoMms 30609
om©abmdol  dgBHMmbo, o3 LEdMWMME  SI30MGOL  FgIMMO35DYdINYP
3MbBLEHOMJ305D9 g sbsbotxqdUL.

©395030x8LH0bss0IIM  3mbLEOWJ300L Bgd3ogdol FmbsBMdOL
Log3gbOIOMOLYIMO RGOS  0dwrgzs dolbo  QobTgMmOgdom  godmygbgdols
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99L5d gAML, MY  3MBLEGHMMI300L BIORWIDTo IEgJowo  FYsEO
dsbol  @otgibzs bgds 3000  dEobsMoL  LyFMeEgdom  IMEOQO

09500 MdoLLL, GgLsdsdobosE 3MBLEMYYI305 gJu3YSESE00L 39H0MPAT0 SO
dmombM3L O 6K GOL, GOL 4o8mE Aol oshbos OO IMOMOOEGEYGHO
Lbgo Lobob 56 MYgdMB FgoMgdom.

090000535900 ©39503Mmg8LH0bssMIIY™ 3MbLEGOMJzool
19gd30900L  BMIGd0, MOMIbMOS s FobEsEGds  BEOBIMIOL  Joes3mEHdo
39008935  35M3MBoL  BoAdEEgMOL s  FEOBIMOL  BHMI3MYMIROMWO
30601969 EH ML omzseobifjobgdoom.

B39b doge 099999539090 035M3mBLH0BIs0TIAM  3MBLEHGIE00L
98399BHO™dOL  ©s©gboLlsmzol,  Bobscy  drgomobbgzol  Joesdm@ol
d9mBgmwo 33900l 9ORMI9GHM0MWwo dsboliosmgdegdol
3903500069000, BoEIMES oobysMm0d)09d0 98I0 TIOMPMEPMYO0)
[46,47,48,49,67 |:

3™bLEGMMJ305B9 W35MEMIBoL Bgdmd]Jdgo dosgol LoEOoEOL LssbGMOTM
RMEOIMEsL 993L 9890 Loby:

v V2 h it
P:I’Sy—a)V{cosa-lggo-l- ! [1 qu)ﬂ ; (3.1.1.)
g 2-H\ cosgp

booE 7 — ©39MEMAoL dmEmdomo fmbs 3p/0%
V — 0356030300 3md®omdol boBdstg 0/§d;
g — boddodol dogrols sBJoGrgds (8/$3?);
0 — 3eEbeswo 33900L gGoMmmdo 9.
ho — 38mE@doL Jgbodsdobo 993035 9bGH MO Lodsmeng;
@ — 305 bobmbols 3mmby;
H — 0356305390 65350008 bLodsmeng;
a — 35¢53mGHoL  Jobmdo.
50bsb0dbsg0s,  MMI  M390EMBMwo  bogool  3mbLEMWJ305Dg
©o3OGYIgwo  doerol Lo  P9dFMEMBIMOBMBOL  BMbdioss [8, 20],

5J0sb, 306390  ®ogado  sbaoM0bo  sbowmyomE  3mBLEMW305DY
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bmO309wgds,  G™mIwol  dobgzomss,  3MmbLAEHOVYY305Bg  BgdmIJdgo

dogrs  BeEOo:

2 _ -
P:1’5 yro-vT cos 1o+ hy, (1-sing _
g 2-H\ cose

_15-2000-20-5-(5)*
9,81

0,978-0577+ . 12991 59605 5.
2.5 0.866

LoQS(3:

30bs®moL Joemadm@Eol Logsbg B=20 (3)-U;

0390 3MRMEo bs35000L Lodowerg H=5 (9)-U;

0390 3MRoL dmdMomdol bobdstg V=5 (3/;0);

035030Ro dsbob InEMwmdomo fmbs ¥ =2000 32/0%

©356M3MGB0 450l dsLob Jobsgsbo bobmbol 3mmbyg ¢ = 300-b;

900bsm0ol Jobmdo 1=0,2.

Do@0mppgbomo  ©035M3EMRLLH0bIgAm  3mBLEGGMWMJg0s 9GOl
3903meo,  MHob  aodmE  39353wmdol  3m9n0309bGH0 056 sM0Tdgds
RMOHINWO.

_w gogjogron Gogo

Kn , (3.1.2.)

w

LSOOG Oysdgowe n Gogo - ©Z9MEFMBLOIHODSSWIYYM 3MBLEGHMMI300lL Hogdo
5OLYIMO,  BGOMBGHIWNMH  3OMYJ30500,  BoOMNINNHYEIOOL  BMOIOL
19J30gBVY  BOPIOBYPIWO  WIIOEMBYO  6535@OL  FogH  ©3ZIOIEO
ROODO;

n- 3m6LEGOWJ300L BYdEogdol Mool 6mdgHos.
03503mRLH0bss0IIAM  3MBLAEHOJ300L  BYJEogdol  W3IMEMBMEO
6535000l oeEHYIOL 9353900l 39530309630 GHME0s:
K=o nome. (3.1.3)

BOQOS( My n Gogo = MO VZ9M3MBLHOBISVIIAM 3MBLEHMMI300L Moydo

5MLgdMe FoOHN3MmMbggdol m@IoL 2 Lndaool BOMbEIWMMHO 3MMmgdiool

R9O0M0Jd0L KX 530;
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2596356008999%0 §56(8mgdL 35630 RLFobssmBrgam  3mbbGMmmdsools

3063900 GHoaolmaol

wyod3. I ®ogo — 79,25 :0 7925 62
w 100 ’ ?

39853wmMdol 3m9B030gbG0 Ki=

LOQOE Wrs83. 1 Gogo = () = Myen 1 @ogo=100-20,75=79,25 9%

o =B-H =20-5 =10002.

g6 1 Gogo= S1 1600+ S216050=10,375+10,375=20,75 32,
BOOE St 160 QOO S21 6030 - 3MOL VZ9MEFMBRLIFOBSMIIYM 3MBLEHGMI300L 1
0gdo  sMOLYdIMEo  FSMHMIMNMBIOL  BMOToL  1YJ309d0L  BOMBGHIWMGO
36097300l BoMPMdJOO.

Si1 1 ogo =a1xbi+azxba+azxbs=3,5x1,5+2,5x1,25+2,0x1,0=10,3750%

S2 1 sogo =a1xbi+azxba+azxbz=3,5x1,5+2,5x1,25+2,0x1,0=10,3753%;

oo a1, bi; az, bz a3, bs - 5Gob dgLododolo M35MHEMRLHobso0IIA™
3MBLEGHOWMJ300L 3060390 Moyl JosMm3MMbgEol BM®oL bydi0gdol Loysby
s LogMmdg.

03503mxBLIH0BIIMIIam  3MmbLEHMWJ300L 30639 Moado SOLYdEO
3oOHMZNMbgol  BmOIol  gargdgbGHgoologsb Bgopgbowo  3mBLEGH®J300L
®™039 19d30obg 9mJdgEo MW3MEMBOL  ESTIOEGHYIGEO oS FSFMOMNZLIDS
390936506M500:

Pyon1600=P - K} =5962,5 - 0,2075=1237,22 3.6;

w 46y 1 Gogo _ 20,75
w 100

©3503mx3LH0bss0IEgam  3MBLEHMJ300L I Gogol  as3wols 8999y
©35030531w0 653500l 6s®Bgbo dogrs Gmwos:
PB:@F;QBO l@oBOZP = Pg(’x;’j I 5)0'(50:5962,5—1237,22=4725,3 36,

Losg K= =0,2075.

5562500090900 GomIMqdL 3MmbLE® 00b 3969 Hoaolm30L

a3. 116 76
35053 ™doL 395303090630 K1=u = 155 =0.76 0%
bb@b(} (9593 11 Gogo = D — Myéey 11 &)0;50:100'24=76 62;
o =B-H =20-5 =10092.

Wy6) 1 1 Gogo= S11160go + S211 6050 =25,5+25,5=51 02,
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BO@OGE S1 116050 QS S2116050 = 5MOL JMBLEHOJ300L JgmErg HoATo sEOLYGdVIEO
56OLgdMwo oMM IMMbyEol MG bYdzogdol BOMBEWMEO 3GMmgdzool
ROMHNMOHO0.
Sillsogo=ai1xbi+azxba+asxbs+asxbs=2,5x1,75+2,25x1,5+2,0x1,25+1,75x1,0=12,09%
Sareogo=a1xbi+azxba+asxbs+asxba=2,5x1,75+2,25x1,5+2,0x1,25+1,75x1,0=12,09%

oo  ai, by a2, bz as by as by - oMol Jglodsdolo
©3503MRLJ0bssMIEgaM  3MBLEGHOMJgo0l FgmMg Mool  JsmmImmbgols
x3m®dol gegdnb@gdol Logsby s Log®dy.

©3503mRLYobss0Igam  3mbBLEGMmMJgool  II  Moado  s®LYdYIEo
ROMBGHIME  3MMgd30500 oMM IMObygdol FmGIolb ddmbg LgdEogdby
dmJd90 035603MmBMw0o B350l IdMEYTgEo dses 0s6356M089ds:

Pyéu 11 60g0= Posergbo 16050 * K5 =4725,3 - 0,24=1134,0 3.6;

O 11 Gogo 24
Loy Ki=—Y =—=0,24.
Q©°Q K2 w 100

©3503M5LH0bssMAEgam  3MBLEGHOMJgooL 1T Hogol as3eol 909y
035603mRME0 653500L  ©sdM@Ydgero dogns godmomagegds 399gabsoto:
Phsego 11 6op0= Pschgbo 1 dogo- Pyor11600=4725,3 -1134,0=3591,0 36;
9562560398900 HoHdMgdL 306LEHMMI300l Igbsdg Gogaolmzol

35953wmd0l 3m9n030956G0 K3=M = %’j =0,715 @,

LSOOG 383 1T Gogo = M ~ Wyexy Tl Gogo=100-28,5=71,5 9%

o =B-H =20-5 =10092.

g6z 1 Gogo= S1 1116050+ S21116050=14,25+14,25=28,5 32,
BoQS3 St 11l Gogo @O S2 111 6ogo = 9GO 3mBLEGHGMJ300l dgbsdg Hoado sOLYdEO
FoOHm3mbgol gm®dols bydEogdol BOMBEHIMMO 3Bmgdzool GsMmMdIdO.
St 11l 6ogo = a1xbi+azxba+azxbs+asxba =2,5x2,0+2,0x1,75+1,75x1,5+1,5x1,25+1,25x1,0=
=14,25 @2,
Samneogo=a1xbi+azxba+asxbs+asxbs=2,5x2,0+2,0x1,75+1,75%x1,5+1,5%1,25+1,25x1,0=

=14,25 @2,

83



UBoo@ a1, bi; a2, bz as, bs as, by as, bs - 9MoL  Igbodsdobo
©35030x3LIH0bISVIgAM  3MBLEHOJ300lL  dglsdg Mool  FsMrm3MPbgEOL
RmO®3ol bgd30900L Logsbg s LogMdy.

03503053LsH0bssMIEIam  3MBLEGHOJso0l  III  Moado  s®LYdIMEOo
09339000  65Hg356M306ML0L  BFMGToL Jmbg MmGozq LgdE0sbg Bmddgwo
035M3MBYI0 5535001 sIMEHYIGO d50s Q5TMOMZEGd.:

Pyouy 111 6050= Posegbo 1Teogo * K5 =3591,0+ 0,285=1023,4 36;

[ wyén I Gogo 28,5
Losg K3= ==

=0,285.

03503m053LsH0bssMIEIM  3MBLEHONJzo0l III Gogol gogwrol 899
©350M3MBY0 5535001 sIMEGHYIG0 d5¢0s Q5TMOMZEGd.:
Pésohgbo 111 60g0= Pshobo 11 6ogo= Pyon 111600=3591,0-1023,4 =2567,6 3b;
©35030x3LJobss0IEgam  3mBLEHMWJ300L  Loggbmmmgsb  bgd3090DY
9098900 ©035M3MRMEo 653500L oMGHYIol 893539008 391303096GHBS
©3503mBoL doge 3mbLEHOMJ300L LoggbOH™zsbo bgdE0gdol ds3wol 999y
d00gdme Bs®BIb doesll ImEolL 3538060 Fm39dmewos 8909a0 BmbJzool
Bsboo KL =1(Pssesgso n ogo), (0b. Bob. 3.1.5.).
K% =0,2075 890005393580 Pesegso 1 6og0=4725,3 3.6.;
K%=0,24 3980b393580 Pssetgso 11 6oy =3591,0 3.6.5
K% =0,285 398mbg393580 Pesergso 111 6op0 =2567,6 3.6.

\

Ka

03

0.2

01

" . Phastgio n 4uye (g6)

+ T T T T T
2000 2500 3000 3500 4000 4500 5000

Bob. 3.1.5. @35603mBLFobss0dEgam 3MBLEGHMNMIz00l LoggbmEmmgzsb
9999963 9dbg 93490 035G EMBYo Bs3zsol sMEYdol 89353900l
30953030963V ©s 035MEMBoL F0gH W35MEMBRLFObsSNTIY™
30BLEGHOMJ300L bgd3ogdol gog3eols 3999 Jomgdmer BsMBgb dsemsls ol
3533060
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09000053590 ©39503MmgBLH0bsSMIIY™ 3MbLEOMJ305%g
©35603M0x8Ywo 65350008 Bgdmddgogdol  ©oygbolomzols  Bo@otmgdyero
390mm3gd0@sb  BsblL, MMI  ©35OHEMBLIHobISMIga™  3MBLEGMMI 300
Do0m5096L 35M3EMBIOMID dOIMOL 9RIJHMO BHYIBMWMAOSL, Bro0
3MbLEGHOMJ305Dg 8mddg0 M35MEMBMYWO 535000 Lofigolo P=5962,5 36. dowy,
dgmolbgzol 3owsdm@Gdo d9mPBgwme 3390080 356mogLgdEo 3MmbLEHOYJ300L
393eols 3990092 93060©9d 2.3-x96, 653 d0m0090L
©356300x3L5H0bss0IaM 30mbLEHMYJ300L 9139dEHMOMBdSDY.

50b0dbmEol  aomgzsolfjobgdom, Tgodergds  ©ogzsL33bsm, ™A
999m 05359900 3mbLEGO30s 900l 9839JGHO0, 8obsol 3sesdm@Gdo
399603196050 530w  BolsdMbE5909wo  LsobgobGm  Mmbolidogds, Mol
39003 ©03503mxLIHobsswdgam  3MmBLEGMWMJ300L  EAMOEMdOL o
9360300 356599BHMO0L sBMLEJOOL T9dgy, Jobo ©sbgmls degomols
bg3ol  §4oedqdzmgd 99Bdo  ImLoermbgwo  M3sGEMIBOL  MgamEoMgdol
d0Bboom 39ML39EH0ME0s.

3.2. 03503 xLs{0bssmdgam 3mblGMmI300l daMsEmdols
2596956000890

©395030x8LJ0bss0IIm  3MBLEGHOMIEo0l  IPMOEMBOL  sbysmodo
AoM9ds (36mdoro dgomoom [1,6,72], H0Iol Jobgro30ma3 99(30¢0909w0s
0aM5@MdOL  30MMBOL  ©530594MBOEIYds,  96v)  WZ5OEMBLFOBSSMTYYM
3MbLEHOWMJ300L ©9FIM0 doergdo MBS SFoMDIODBID  25TogoM390
dogdb.

©395030x5LH0b>MIIY™ 3MbLEGOmJgool 593960 doengdols
LoobgIMOIME,  MW39OEMBLFOBS5WTI™  3MBLEHOYJ300L  4obogo  339000L
13m®Iol dobgzom, HMIol IOMHomwo gm®dob bgdz0900 Fgodergds
Pomdmygbon 0469l o 3MPbgOL BMEMToL Lsbom, YRObEs bgd0gd0L
LogMoM mbs s A9sgoM3930L HgdEowol dods®o dmdgb@o.
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31939,  ©3503mBLIHobsYIgaM  3MBLEHMMJ300L  goTYoMO3909e0
dogs oMy gboos 0350m3EMmRLIH0bssMIgam 3MmblEMMIisool bgdgogdol
Bgs bsfoemdo ogmm3z30eo fymom gogmgbomowo bossy-4mmb@ol dsbom,
OMIgwog  8mmeglgdeos  M35MEMBYo  dsbol  IEMMYdOL  LodMEGHYOL
9300 (ob. bob. 3.2.1.). ©35O3MAMo dsbob dmbgdmoz0 sbMoL 3Mmbg
Mol 30 4MH5MLbL.

Bsb. 3.2.1. 3sG3mgBLsFobssdgam 3mbLEMMIso0lL
300 ®500MBOL Losbys®0dm Liggds

©395030x8LJ0bssMII™  3mbLEHMJ300L  FEPMOIEMOOL  30MHMdOL
©5L5305YMBOEIGOOE  SMYEFOWYOII0s  JdTMOMZoml  bgdi0900L  Hmboo
396853069090  oY0M53980L FaMEGHowol dodsmm ©sdF Mo dmdgbdo
Moz. @5 03039 $9OGH0olb  300smm  3mbLGMmdgool bgos  bsfoendo
53M0MoMHgdMYwo  035M3MBMeo ool LBoddodom  godmfzgmo
3MbLEGHOMJ300L 2os34o6s3909e0 dmAgbE0 Muye, ®MIgois 3mbLEMWJgo0l

9963 5ES30580 JglizErols O™ MBS 53059MB0WYdEIL 30MHMASL:
M

>M, . (3.2.1)

©SIK I

9399001 3y3560¢005 JoHOMOO 3561599EHMGOOL bQ5M0T0.

86



©35030x8Lsfobssmdogam 3mblGmvdsool ©sdFgMo dsengdols Imdgb@ols
3635Mm000 - 35MmE3MBLF0bssMAgAM 3MBLGONMIE00lL Mmommgmwo Lgdsool
©53FgM0  doegdo  Am3gdos  dobo  Lbbgmerols G fmbom, MHmIgerog
Do60m50096L ol 30560 BsdEmsgol s ol VMH¥Y 3Hobdo Qobmsgligdmeo dgs®o
dsbol fmboms xsaL. g.0.

deﬁlx = Glm?) + Gggnbd +Va(fw;]6& x yg,r‘n'g]ﬁ ((8)) (322)

I bydoolom3z0L (3.2.2) ZmEOIMEOL sbgs®0d00 J03009d0:
G

1gmeL

=G, +G, V., X7, =39+224357=418

) (3.2.3)

IT bgggooLosmgzob (3.2.2) gm®dmwol s6s6MH0dom dog30090m:

G =G, +Gy +Vmsy X7, =6.6+7.2+88.5=1023 ) (3.2.4)
&

III bydzooLsM30L (3.2.2) GmEMIMEol s6ys®0dom dogowgdom:

G

33mbL

=G,, +Goy +V,p X7,y =8242.6+110=120.8 ) (3.2.5)

©395030x8LH0bs50IIAM 3mBLEHMMIE00l 9egdgbEgdo, 964 LydM939d0
Bodx o605 Fobsbfo® gombMog aMmbEHdo, 0s3gEHMmoL bobgzseBg, Mol

dobgz0ms3 3mbLEBHMMJ300L MommgmeEo bgdigool fmbs 950g9bl:

G, =G\ Vo XYy =41.84162/2%2,2=59.6 (}.); (3.2.6)
G, =Gopn Vs XV =1023+20.1/2x22=124.4 (&).); (3.2.7)
G, =Gy + Vo, X7, =120.8+25/2x22=1483 (3. (3.2.8)

©395030x8LJ0bss0IIAm  3MBLEGHOMIEo0l  gargdgb@gdol  Loddodol
390GHMOL  2M0R03MWo  FJOMEO’  ©IEJooL  F9gdAMT, ©IYIBOEos
3mbLBMYJ300L ©s8FgMH0 dMIgbEHOL Tbs®ol ooy, MMIgEol dmEgdwwo

J399mon:
A1=0.65 9;
A>=0.7 9;
As=0.75 2.
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©35030x8LY0bss0IIM  3MbLEHOWJ300L  ggdgb@gdol  sdF Mo
9m39b3H0 250540053900l FaMEHowol dodstrm 0gdbgds:

M, =G, x A, =59.6x0.65=38.8 (&.0.); (3.2.9)
M, =G, xA, =1244x0.7=868 (&.0.); (3.2.10)
M, =G, xA, =1483x0.75=1112 (#.3.). (3.2.11)

03503mx5LH0b6550Igam 3MBLEHMWIE00L §3sdgocms3zgdgEo dsengdoo
39300Hmdgdmemo  9mdgb@ol sbpe®modo - ©03sMEmxLIHobsswdpgym
3MbLEGHOWMJ300L  9gargdgbEgdol  2osdgoeogz9dgwro  doegdo  ImEgd TR0
3mbLEGOMJgool Bgs bsfowdo fywom gogmgbomowo 5309w oMmgdmwo
©3503Mx8MYwo  34s6o  bsGoboll  dmiEmemdom.  BsdmEmMgdol  3GoBIob
dEMMds 05656003905 ©35OEMBIo  Asbol  Jgdspgbgero  Boowsy-
3M6E0L obsgobo bobmbol 39mbols GgLsdsdol HHRIBY 493s35¢0 LOdOEHYOL
B9300 IM53L9dvo 3GM0BToLs s 605IY-AGMBEOL BmiEmEMmdomo {mbol
BsdGogwom. g.0.

G.. =W. s
e o X0 (O) (3.2.12)

0¥  ©5393399m,  6OHM3  3503MmRLH0BSWIVIAMIMBLEOWMJ300l
909996390l ImEol dsbdogno 15 3-05, 35906 Fomby Imgdgo 3M0BAoL Hmbos

d9L50500bo 0gbgds:
Gy =W %% =138%2,2=304 (&).); (3.2.13)
Gy =Woiy X ¥, =431x22=99,2 (3.); (3.2.14)
Gy, =W, x7,, =518x2,2=1139 (&.). (3.2.15)

©3503MRMEo dsbol 360BIoL Loddodob 396EGHMOL AoEIMYdME bggols
xL3IGOOL 39OV MMOE  ORIBg  doewol  dboGo,  gwgdgb@Hgodol
390035¢0lobgdoo 0dbgds:
B:1=0,65 9;
B2=0,70;
Bs=0,75 ;
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390053906539890 ImIgbEH0 Jglsdsdolo 04bgds:

M 150=G 156.xB1=30,4x0.65=19,8 (&.8.); (3.2.16)
M 250=G 26.xB2=99,2x0.7=69,4 (&.8.); (3.2.17)
M 3550=G 336.xB3=113,9%0,75=85,4 (¢%.9.). (3.2.18)

580039, HEN0s 30MMdds M, >M, g0 @5g 6oBbogl, ®md

©

@353 gLsfjobsedgym  3MBLEM 300l d9dswagbwy 9wgdgbdgdl  sj3c;
90M5MdOL o650, M3 259Molsbgds d98gabsoMo:

M 1/M 150 = 38,8/19,8=1,95; (3.2.19)
M 2/M 20, = 86,8/69,4=1,25; (3.2.20)
M 2/M 2. = 111,2/85,4=1,30. (3.2.21)

50b0dbMoEsb  godmdobstyg,  dgodwgds 35133600, ™A
©39503Mmx8LH0bI>WIIY™ 3bLEGHOMJE00L Gl YoM elptelell 30600
IgbOHMgdmEos s Ggbodsdobs  dwgmol  bgzol  3oesdm@do
39bLomogLgdgo B39l o9 T9IM935H9dMo  V35M3MBLOHObSVI Y™
3MbLEGHOWMJ305 5Ol FEYMSPO.
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0530 4. ©350E3MRBLFobs0IIAM 3MBLEMMIE00L g3mbmdozmeo
99%3994GH056md0l dgg35U9ds

3bmdowo  M350H3MALIHobIsMII™m  3MBLEGHMMJ309d0L  BgELMdS
396B5379MMGdM 3060:M9dT0 56 bS50 YO0s6 FPYMIPMOOM MZsMEFMBLIO
653500900l 803560, MOL godm3 begds 8500 {fYmdosb dodmligems.

©35030g8H0bss0dgam 30mbLEMWJ300l 500 9539JGHIOMDdS J00Yds
03 3d90mbgg3zsdo 09y 4530m35¢obfiobgdm  M3sOEMBMwo  Bs3o©IOOL
130D03296-8945603M6 5 06530360 Fobosliosmgdgdl.

3319399000  ©ygbowos, MMI  dINwo  M35OE3MRBOL  FMIMSMDS
Bogargdo®  99399090960s 93mbmdozm®  Tgxzolgdsl, GOl godm
03503Mmg8LH0bs0IIAM  3MBLEGHMMJgo0l  93mbmdozmemo  9539dGH0sbMdOL
5bgo®m0do  obbmM309w@s  035ME3MmBLIHobssWIga™  3mBLEGHMMIE30900L
dsbodoomgdgerg  93mbmdozmMo  356M5d9@™M9d0L  9MHMIbgmmsb  Fgatgdol
3boo.

Do 3bmdowos  Lbbgoolbgs  GHodol  0350HEMmBLsfobssmdogam
3MbLEGHOMJ30900,  OMIWgdoz  3ddM0oygbgds  3mb3MgGHMEo  58m356900L
d9LoLEOM YOS, d0bsMols 9mORMIgGHMOoMWwo dsboliosmgderols
3o0m35¢olfobgdoom.

50L560dbs309, (OIuYs) ©3503MmRBHobss0IgY™ 3MbLEMMJ3z00l
Md9gBHLmdOL  dd9bgdEMds  BHoMYds M30b5-09BHMbOL  dgzoMo  Fsbsgrgdom,
OMIJwos  HOBLEMOGH0MGdS  0lgo  Fo3oE  5EROWGOT0, MMM
800b56M0L 35¢53MmE0 o056 dbgeros.

090m0035H909w0s  godFmwo  BHodol  035MOE3MBLF0bIs0TgA™
3MbLEOWMJ305, OMIol d93ds3900L5L FogloToeMSE omZoEolobgdmwo
0465 95399G9O™d0L, IAMSOMBOL S §3bMI0MOMBOL Fobslinsmgdegdo[71].

B90mo0bodbmwo ©395030x8LH0bI>MIIY™ 3MbLEMwd3ool
9306M3039600 9539JE056Md0L ol gbs©, Fgloamgdrs, 9MBgme odbs
G®5830bols Go30b 3MbLEGHOMJE0o. A&®593@0bols Go3ol
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0395030g8LH0B50IIAM BoggdmdIBY 3930EHIWMOHO IdIBPIdJO0 TJo9bL
4051 s60/p™a.0.

3930350 505690900 B396 doge 390 0535H90v)ew
©39503Mmg8LY0bss0IIAM  3MBLEGHOMIE0sDg F950096L 1895 sMo/aMdog
d9@®bg (ob. gbGowo 4.1.).

gb®ogo 4.1.
03503mxLHobssMAEI™m 3MBLEOJE00L (3983FMmEo God0l) oMgdmmgdols
3990695003905
I vY | 5| gug %
o Y & DS © 9 9§ o U
23 5| €] 52¢@ 2y
S 3 € & 3 € € € 9
& fan) 2 'S S g &2
1 093mbo a 12 150 1801
2 56353 A 0,6 1201 721
53O GHO0BoMYOMEO
3 5033930 & 10 50 501
LodMM53900L
4 53O EGH0B0oMGOMo & 6 400 2401
om™bol ols3gdo
wom®bol wgMdo
7 2 7
5 (50 80) a 5 6,25 35
6 96396M9%0 (39O 12 200 2401
L5dYEI39030
7 dms3L9dmE0 a? 50 14 701
3g4o60 Jobs
Lo 8877
oy 18% 1599
Lo 10475
1a6d.0 1895
0O6.

5360006900 J90MEOMEMR00L Jobg30m, V35MEMBLOHobsSMIIY™
3mbLEGOMJgool  fawomdo  93mbmdozmemo  9x3gdGHMO™Mds  05bgMm0TdS
RMOIMom [74]:

Dwomeo = (K1 — K2)E, (4.1.1)
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Loosg  Ki = 3930390 ©s05bqdgdo 05Boleo 3mblEemmdsgool
989690 d530;

K2 - 393035 OH0 5056090900 390m0535H90)mo
©395030x8LH0bs50IIAM 3:MBLEHOW 300l 389690 MdsT0;

E - Bm®3s@oveo 95399d@Gwmmdol 3mgnozogb@o (E = 0,15);

Swoneo = (4050 — 1894) x 0,15 = 323,5 gro®o/ ®d. d. (4.1.2)

506035, B396  FoghH  F90Mmm935H90o  035MOEMBRLIHObISMTIY™
3MbLEGHOMJ300L Hero®mo 93mbmdozmemo 9539J@IOMds Fgogbl 323,5 wso/
30d.0., 653 Mol  3600369wm3zs60 93mbmBozmmo  9x39dBHo, oL godm
LodMIs3 M Jglodergdgeos Jobo sbgemY3s.
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- 9wgoob bg380 BaeOgdEwo bs3gwry 33wY3IB0L FJEIYIP YOTMZLIHowos
035630530 godmad()3930 db900;

. 0mflg3eoo  MB6g00sb  v©0gdIMYo  bossaol  Lssbsrobm  bodMdgdosb
5030605 39M3H9d6031M0 S JodomHo FobILOsMYOWGdO;

399Mm0bsby dggmol bgzol MHgwogxrol Lodsmwomo dmgwo - DEM-ob o
30L-do 5OBYdIMOo Sbowo dmbs(399900;

. 500 IE39w 9@POEGdTo SOLYOMEO V3IMEMBOL FoBMMT0MYOJO
dgo®o dsbol EAMIOMBS, LBY0bs3 Fgodwgds Fmdzsm, MHMI sbodbrwo
BIOEMdO 9Fyg®lododos, Hoysb BgOMdOL 30°-00m EsbGOL Fgdmbgggsdo,
153856M0L0s OMbEHOL 0,61 8-0b Low®dg, GMI fywoom 2ox9gMHgdol O
396bMM 309 gl BGOOMBOL OEMMYDS. sOLB0BBs305, OMA [yseloobsMol
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dgo®ol dsbol bolidg 2-3 9, Loosbsg Fgodwgds e3z5L33b65m, MM derog®o
300900l ML Tgodwgds BMOIOMOIL VMM O;

. RAMMS-om  Bs@otds  dgmgomobbgzdo  dmbogrm@bgwo 03sm3mgol
99 0M9ds;

. Ogool  bggdo  Lbgoslbgs  x3od@BmMgdol sdmbgglzol  dggyo©
AmboEm©bgwo  ©035603mz3ol RAMMS-000  8m@©9o®mgdolsll  ©oyobs:
039503080l Jogduodsmo bLoBdscg, Lodosmeyg, (6939, VZIOEMTMEo dsLob
AmEMEMds, Mo 8950396L 1 102 033 8%-U;

. RAMMS-om 256bm&M3090090990  3m@gero®gdolsl 2500033905  dwgomob
bg3do JgbodErm  35OEMBYo LoD  IGIOMO  DBMbYdO, OHMYIMOOEFIS
LoMLObEM BHM0EHMMH09d0, 930qL0s, Do s boo. sig3g odmo3z9gms, BT
©39503MmxRds  JgLodEgdgmos  35939GHML MMM 5M0y30L  35E3MEGH0
©OGHOMOML  Fmbobergmds, 1939  FgLodergdgEos VZIOEMBIEo Aol
AHOBL3MOEHMEIL 550b635¢0l {gobsisgdo, Mg d9BLM©IgL J. mdowrolols
0950056599053
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8. 99g3sLs Iegmolibgzol fgolioobs®do Fglodenm MzsMEMmIBol BgRs3egbs
39000535990 03503MRLIH0DbsOVTIYM 3MBLEM™MI305Dg WS J9TMO339mMs
3MBLAOYI3o0L  9B9IHNOMBs,  3gHdmE:  3MBLAHMJEool  Bgdsygbgero
19d30900L 3530l G999y W39MEMBOL doens 890300 2.3-x96M;

9. B3G90 Mm0o 9656003900l dobgzom Fgodwgds omdasl, Gmd B3zgb dog
390005359900 0¥3503MmRBLH0bssMIIR™ JMBLEHOYIE0s 9GOl BYMIO
95 93mbmdomEo.

94



3990ggbgd Yo woBIOIOYHS

L. sbA3539GHWO™Z0 5. - Lsddgbgdom dgdobogs : b3gEosE Mo 3MOLO. b5dgbos

dyMm5Mds s ©obsdogs 1 Lobgddwzsbyerm  Mdswwgbo  gdbogol
LoLHO3 Aol LRI IbEHDMZ0L. - MdoOLO, Qobsomgds, 1976. — 438

43

. 3939053300 3. - ©35MO3MBJO0 Igmol bgzol Jowsdm@do, Lsdbemgo
39339L05  (Lodo®omgzgem) s dobo  F9gx3oLgdol  Igoomgdo  (0baolvE®
965Bg).  39Lbgboll  »bogg®LoGg®o. 39bgbo,  g9®dsbos. wWww. uni-
giessen.de/zeu.

. 39390M©sdzoo @. - Jdgomol  {jdobos qoméaol  93egbool  ©oE3d
©35030m33980L5256 s Jobio 2o5b33H0dgd0L Tgmm©gdo.

. 3935053300 b. ., 39b50IMH0 0.5. - bBHodos LodsGmzgerml Lodbg®m
abob  Igmo-4oeol  LgM3sbGH0ob  dsbBg s dobo  Tgggoligds.
51996."9936096M905 ©s 39dbmrmyogdo, #7 -9, mdogrobo, 2006, 20 - 22.

. 3939Msdz0o g, - Jobstg  dwgomolbgzol  goerdqdzdgd  smBdo
9OOBoo  3gHol LsobigobOm  ggmemaommo  F9xsLgds. Lodgsgbogdm-
9960319600 306139096300 FOMAsms 3M9gdwo - Jodwzboro o. dshodols
©5050900@sb 100 ferol  s0bsbodbsgs@. Lado®mzgerml  ¢gdbogwmeo
b0o39®LoGYGH0, Mdoolo, 2007. 6 §3.

. 393995 6. ogmOHormo 99456035, mdoobols 1603960Lo@gEolL  2odm39ds,
1991

. ©053mbodg G., mg3bodg 3. s Lb3gdo. LodsGmMzgEml Lodbgwo®m aBbol
239L(36003 . MgMO 563Dy, 1982 (gdo 49300 V3IOEMABYEXO
65350900L  bo@G o IG0 53306039006  Tgga00 (b 9bsbyY).
domosbo s dmobfjobs  Hgaombgdol  dgeromGszool  Logombgdo.
LodoOmzgmb  30OmEgdbozobs s  IgromGsgool  Ladgabogm
33193000 06LEHOEHEGHOL IOMmIsms 309do, mdoErolo, 1988, o3. 127-134.

. 053mbodg O.  035MEMBEo  bsbosmol  {yowbowobsdgdbg  fywol
6535000bs s GHIMHdMgbBHIOH0 W35MEMAOL bty gool sbas@odo. bod. dgs.
535009300, bado®mzgmml  30MMm93mEmyool  0bbEHoEEGHOL dOhMmIgdo,
®00obo, 1999, 93. 33-35.

. ©053mb0dg ®.  20Mm9dmb  93mE M0G0 3OMOHINO0.  VIIMEFMBLIC0
9396990 5 Jo0 3OMAbmbo.  bod. d93. 93509dool, Lods@mzgenmls
300MMY3mma00L 0bLEHOEHEHOL IOMmTgd0, Mmdogrobo, 2005, ¢3. 24-31.

10. ©@053mbodg ®.  3sbgBHol  AMmdsEOHO  EIMIMDS O VIIMEMBIOO0.

LoJoOMZY Ml 45650 gdol s 936096930l LsdobolBH®m, LojoGmzgerml

95



Il

12,

13.

14.

15:

16.

17.

18.

19.

20.

21

30000M93M0™A00L  0BLEHOGHWGHOL  Lsdgaboghm  FGMmTsms  3M9do,
mdoobo, 2005, a3. 21-23.

©mbbsdg 2., @os3mbody 6. s Ubbgs.gMmmbBomw-  ©0350GE3MRMwOo
dmgegbgdol  33eng3s  59Mm3mbdmlmo  06g3mMIszool  godmygbgdoon.
fgocms 3999MH6gmdol 0bLEOEHMGHOL IOMmdgdo #63, mdowobo, 2007, §3. 46-
53.

33900535 B. (94ocgoxg®9dmdol 393w gbs ©035MEMBgd0L Fo®dmJdbol
306M090DY. LogoMmzgemls 393609M9dsms 535009800L do3bg. 1982.106 ¢&).,
Ne2, ag.353-356.

3993653008300 3.- M35M3MRd0L 9bgbolo s @obsdogs. Imbmy®sg30s.
Bosdm3gdm Losbwo 39460300 1boggdlodg®o, a3. 250, mdowolo
2019.

3993053003000 3. - dggomol bgzol fyoeloobs®do  dMmerygzombols
3965f0gd0ol boliosmo (Lsggeg 9Ju39M0d9630). LadsOmzgeml Hqdbolzmeo
“60390L0FHIBHOL 3. B0OELYOZL  LobgwMmdol  fgserms  FgmEBgMdOL
0bLEOGHEOL IOMToms 3MJOIeo #73. 458tmI3gdermds “MboggMlowo”., a3.
59-64. ®dowolo, 2018.

396535 @. - 35GLEHOMRMWO Yoo Mdd0, §godmzsmbgdo @
035030730 dm3wqbgdo Lods®mzgurmdo. Lads®mzgarml 99360909050
535009905, fyserms gm@Mbgmdols s Boobgobmm 93memyool 0bLEHOEGHGHO
(Logd30MHMY3MEMP0s) . IMBMYOR0s. 2odmI3gdemds ,d93609M9d%, 23.
300, ®doolo, 2004.

B93M0I3000 M. 0., 3935MSTZ0W0 . 3., BoMS05 0. JNOL B T>GEHOL
3903LAMoL  Jgagbs  99MHM3MLIMLYOHO  JgMmgdol  Qodmyqbgdoo.
(8900m@IH0 300G 9d0). MdOoLO, 1994. 48 a3.

bensrit  JI.JI. T'eonmormueckme OCHOBBI KJIACCH(HMKALMKM TPYHTOB IIPH
M3bICKAHMAX M IPOEKTHPOBAHMH THPOdHEepreTHYecKux coopyxenui. JI., M.,
T'ocanepromszar. 1954. cr. 92.

bemsrit  JI.JI.  Teopermdyeckwe  OCHOBBI  HHXEHEPHO-T€OJIOTHYECKOTO
KaprupoBanuda. M. “Hexpa“. 1964. cr. 168.

bensrit JI.JI. WmxenepHnas reonorus. M. Bercmras nrkosa. 1985. cr. 231.

bpumuuckuit A. JI. TopHble MOTOKHM, MX IPHPOJA M Mephl OOPHOBI C HHMH.
OIUBX, 1930. ct. 77.

bpunmuuckuit A. JI. Topusle motoku u Mepst 60ps0s! ¢ HuMu. W3n-so Tud.
3axoms. 1936. ct 130.

96



22,

23.

24.

25.

26.

27,

BemnkanoB M. A. KauecTBeHHBII IUHAMHWUYECKUIT aHAJIN3 CEJIEBOr0 MOTOKa. M3-

Bo. AH CCCP. Cep. reorp. u reodpus. 1945. T-9, Ne4. cc. 353-363.
Benukanos M. A. JluHaMMKa pycaoBbIX TOTOKOB, M. 1955. T-2. cT. 323.

Bunorpazos I0. B. Merogn pacuéra xapaKTepHUCTHUK MJOXKZEBBIX IIOBOZKOB.
JI.1967. cT. 12.

Bunorpazos 0. b. Hexoropsie Bonmpocs! (OpMHPOBAHUSA CEIEBBIX IIOTOKOB U
merozer ux pacuéra; Tp. Kas. HUNI u M. Bonpocsr uzyuenus ceneir. 1969.
Berm. 33, er. 5-29.

Bunorpazos 0. b. ['manuansHsle IPOPEIBHBIE IIOBOAKY U CeJeBble MOTOKH. JI.
‘“T'mppomereonsnar”. 1977. ct. 140.

Bunorpazos IO. B. Otiogsr o cenesbix nmotokax. JI. “Tuapomereonsgat®. 1980.
cT. 144.

28. I'mpporexnuyeckre coopyxeHus (CIpPaBOYHHMK ITPaeKTHPOBIIMKA). MOCKBa,

29.

30.

Sl

52,

33.

34.

35.

36.

1983, c. 542.

Mupuxynasa L. E.  DOxomoruuyeckue HapymeHus (IpefckasaHHe pHCKa
HapyIIeHud, Mepsl 10 CHIDKeHUIo onacHoctu). ['pys. HUMW. Boa. xo3aucT. HHX.
axonoruu, AH I'pysun. T6mmucu. 1993. cr. 437.

Mupuxynasa 1. E. Ouenka pucka TosBIeHMS ceneii KaTacTpOPHUIECKOTO
xapakrepa. [lok. Poccuiickoit AkaseMun celbCKOXO035AHeCTBeHHBIX HayK. 1997.
Ne6. cc. 24-26.

Muprxynasa 1. E. Metog pacuera pycen kaHanoB. “Peunoit rpancmopr. 1966.
Ne5. cr. 54-57.

Mupnxynasa L. E. HMmxenepHble MeTOABI pacuéra M IIPOTHO3a BOJHOI
sposuu. M. “Komoc”. 1970. ct. 240.

Mupuxymasa II. E. Omenka omacHBIX COCTOSSHMII Ha THAPOTEXHUYECKHUX
ob6wekrax. /K. I'maporexamyeckoe crpourenscTso, Ne3. M. 2001, cT. 28-36.

Mupuxynasa LI, E. OmeHka 4acTOTBI NMOSBIEHHS Celel KaTacTpopHIecKoro
xapakTepa. JK. ['maporexanyeckoe crpouTenscTso, No5,M., 1998, 19-26.

Mupuxynasa 1. E. O mepcnekTuBHOM MeTofe OXpaHBI IIOYB OT 3PO3UH B
CTpaHax I0)KHOTO KaBKa3a C IIOMOLIBIO BETHBEPOBBIX TOHKUX 1T0JI0CI0. M3BecTus
arpapuoit Hayku. Tommucu 2003, N°2 cr. 18-21.

Harpmeuau O. I. T'mppaBnuka Ge3sHamOpPHBIX B3BECEHECYIIUX ITOTOKOB. TwHII-
¢usa. I'pys. CXU. Téumucu. 1988. cr. 62.

97



37. Hatmmuin O. I, Tessagse B. M. — IlporHosupoBaHMe 3KOJOTHYECKHX
HapylleHu# B pycjie TOPHOTO BOZOTOKA U MEPONPUATHA IO HUX CMATYEHHIO.
COopHMK Hay4HBIX TPYZOB (DKOJIOTMYecKas YCTOMYMBOCTh, O€30MacHOCTS,
HageXHocTs). Towmmucwu, 2003, c. 111-123.

38. Harumsmmm O. I'., TeBzanze B. U. Cenessre sBinenus. “Mecuuepeba“, Téunucu,
1994, cr. 205.

39. Hatumsuiu O. I'., Teszagze B. Y. 'mapaBiuyeckuie 3aKOHOMEPHOCTH CBSI3HBIX
ceneii. “Mennnepe6a“. Towmcu. 1996. cr. 156.

40. ITantokos II.H. OcroBs! pusnyecckoit munepanoruu. acts 1, M. 1966. ct. 70.

4]. TlanrokoB II.H. OcHoBsr ¢usuuecckoit nmerporpapuu.. Yacts 2, M. 1968. ct.
106.

42. Cremmanos B.C. OcHOBHBIE XapaKTepHUCTHKM CeJleBBIX IIOTOKOB U CeJeBOM
maccel. Mertozpr usmepenwuit. Tp. Kas. Permon. HUU. “Tockomruzpomeran®.
1982. N79. ct. 137.

43. Crenanos b. C., Llykepman M.T. Ouenka majbHOCTH NPOJABHKEHHS CEIEBbIX
IIOTOKOB Ha KoHYce BerHOca. C6. “Cenenrre moroxu . M. 1984. Ne8. cr. 39-42.

44. Cynaxsenmuzge JI.A. HoBerit Tum 6appaxa-sIacTUYHBIN cee3arpafuTens. B c6.
I'pys HUWT u M, Beim. 24, Téumucu. 1966. cr. 71-76.

45. Bartelt P., Bieler C., Biihler Y., Christen M., Deubelbeiss Y., Graf Ch., McArdell
B., Salz M., Schneider M. A numerical model for debris flows in research and
practice.User Manual v1.7.0 Debris Flow, 116 (2017).

46. Chakhaia G., Kukhalashvili E., Diakonidze R., Kvashilava N., Tsulukidze L.,
Kupreishvili Sh., Supatashvili T., Khubulava I. - The Evaluation of Debris
Flows Influence on the Pass through Type Debris Flow against Construction.
American Scientific Research Journal for Engineering, Technology, and
Sciences (ASRJETS) ISSN (Print) 2313-4410, ISSN (Online) 2313-4402 © Global
Society of Scientific Research and Researchers. Vol. 20, #1, 2016, pp. 224-234.
Impact Factor 0,296, USA.

47. Chakhaia G., Kvashilava N., Diakonidze R., Tsulukidze L., Lobzhanidze Z.,
Kupreishvili Sh., Supatashvili T., Khubulava I. - Assessement of Debris Flow
Influence on the Lattice Type Debris Flow against Construction. International
Journal of Sciences: Basic and Applied Research (IJSBAR). ISSN 2307-4531
(Print & Online), Volume 29, No 2, pp.23-44
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied. Impact Factor
0,415. USA.

48. Chakhaia G., Kvashilava N., Tsulukidze L., Lobzhanidze Z., Kupreishvili Sh.,
Supatashvili T., Kvirkvelia I., Khubulava I., Gogilava S. - The Assessment of
Debris Flow Influence on the Debris Flow against Stepped Barrage.

98



49.

50.

51

a2

53.

54.

33

56.

International Journal of Sciences: World Wide Journal of Multidisciplinary
Research and Development. WWJMRD 2017; 3 (1): 1-5. www.wwjmrd.com e-
ISSN: 2454-6615. Impact Factor 4,25. India.

Chakhaia G., Kvashilava N., Tsulukidze L., Lobzhanidze Z., Kupreishvili Sh.,
Supatashvili T., Kvirkvelia I., Khubulava I., Gogilava S. - The Assessment of
the Possibility Debris Flow Influence on the Pass Through Type Debris Flow
Against Construction in the River Jokhtaniskhevis Basin. International Journal
of Sciences: World Wide Journal of Multidisciplinary Research and
Development. WWJMRD 2017; 3(1): 6-11. www.wwjmrd.com e-ISSN: 2454-
6615. Impact Factor 4,25. India.

Chakhaia G., Kvashilava N., Tsulukidze L., Lobzhanidze Z., Kupreishvili Sh.,
Supatashvili T., Kvirkvelia I., Khubulava I., Gogilava S. - The Assessment of
the Debris Flow Influence on the Debris Flow against Stepped Barrage
Containing of Semi Cylinder Shape Elements. International Journal of Sciences:
World Wide Journal of Multidisciplinary Research and Development.
WWJMRD 2017; 3(1): 12-15. www.wwjmrd.com e-ISSN: 2454-6615. Impact
Factor 4,25. India.

Daido A. On the ocurrence of mud-debris flow. Bull. Dis. Res. Inst. Kyoto
Univ. 1971. Vol. 21. part. 2. #187, November, pp.103.

Diakonidze R. Chakhaia G. Tsulukidze L. Supatashvili T. Kupreishvili Sh.
Planet Water Resources, Global Ecology Problems and Role of Human Being in
Solving These Problems. Georgia International Journal of Science and
Technology New York, v. 5, # 1/2, 2013, p. 27-33.

Diakonidze R. and ect. The Protection of Settlements from the Floods and
Debris Flow (On the example of tragedy in Tbilisi on 13-14 June of 2015).
Meteorology Hydrology and Water Manegment. Warszawa, Poland; 2017

Diakonidze R. and ect. Debris flows and protection of quality of water
resources (case study of Georgia). Debris flows: Disasters, Risk, Forecast,
Protection. Pyatigorsk, Rassia, 2008, pp. 343-346.

Diakonidze R. and etc. Empirical dependences for calculation of the maximum
discharges of water. International Symposium on Floods and Modern Methods
of Control Measures. Dedicated to the 80th anniversary of the GWMI. Thilsi,
2009, pp.99-105.

Gavardashvili G., King L, Schaefer M. Debris Flow at the River Mletis Khevi in
the Great Caucasus (Georgia) and its Assessmant Methods. Center for

International Development and Environmental Research. Iustus-Liebig
Universitet Giessen. # 32, August, 2007, 15 p. GERMANY , Gissen.

99



57.

58.

59.

60.

61.

62,

63.

64.

65.

Gavardashvili, N., Gavardashvili, A. Study and Assessment of the Natural
Disasters in the Bed of the River Mleta Gully. //Proceedings of the 5th
International conference on Contemporary Problems in Architecture and
Construction. June 24-27, Saint-Petersburg, Russia, 2013, 6.

Gavardashvili, N., Gavardashvili, A., Kasaburi I. Disaster at the serpentine site
of Mleta-Gudauri Georgian military road and its assessment. //,, Science and
Technology ”, # 7-9 Tbilisi, 2006, 20-22.

Gavardashvili N., Gavardashvili A. Integrated Granulometry Curves for Flood
Solid Extraction in the Bed of the River Mletiskhevi. 3rd International
Scientific-Technical Conference on Environment, Architecture and
Construction Modern problems. " Tbilisi Borjomi, July 29 - August 4, 2013,27-
36.

Gavardashvili G., Chakhaia G. Tsulukidze L. Assessment of erosion-debris flow
phenomena in the basins of the Tergi, Tetri Aragvi and Duruji rivers. Materials
International conference on debris flows. Novocherkassk - Pyatigorsk, 2003, 22
- 24,

Gavardashvili N., Gavardashvili A. Integrated Granulometry Curves for debris
flow Solid Extraction in the River Mletiskhevi. 3rd International Scientific-
Technical Conference on Environment, Architecture and Construction Modern
problems. Tbilisi-Borjomi, 2013, 27-36.

Gavardashvili G.V., King L., Schaifer M. — Debris Flows at the river Mletis-
khevi (Greater Caucasus Mountains, Georgia) and it's Assessment. Methods.
Justus Liebig University Giessen, Center for international Development and
Environmental Research (ZEU), Germany. Ne32, 2007, 15.
https://www.econstor.eu/bitstream/10419/21928/1/DiscPap32_DebrisFlows.pdf

Gurgenidze D., Klimiashvili L., Gvishiani Z., Bosikashvili Sh., Ramishvili I.,
Enukidze R., Chakhaia G. Development of the optimal engineering technology
against the expected flood in the Nagvarevi channel. For Participating in the
international scientific and technical conference "Problems of Engineering

Sciences" in Yerevan University of International Relations named after A.
Shirakatsi 20.05-22.05, 2022.

Gurgenidze D., Klimiashvili L., Gvishiani Z., Bosikashvili Sh., Ramishvili 1.,
Enukidze R., Chakhaia G. Khubulava I., Tsulukidze L. - Correction of the
design dependence of the continuous wave force formed during the movement
of continuous mudflow with constant flow rate. World Wide Journal of
Multidisciplinary Research and Development (June-2022). pp. 35-37.

Kvashilava N. Evaluation of the stability of the debris flow -prone slope in the
River Gldaniskhevi Valley”. J The Sci. and Techn. 2(722), 4 (2016).

100



66.

67.

68.

69.

70.

71,

72,

73.

77.

Kvashilava N., Chakhaia G., Lobzhanidze Z., Tsulukidze L., Kupreishvili S.,
Supatashvili T., Kvirkvelia I., Khubulava I., Gogilava S. The Assessment
Stability of Landslide Dangerous Slopes Existing in the Basin of River
Jokhtaniskhevi. International Journal of Sciences: World Wide Journal of
Multidisciplinary Research and Development. 2017, Reference Number: 3-2-
12, Impact Factor 4,25. India.

Kukhalashvili E., Omsarashvili G., - The calculation of attacking forcé
action on the linckage debris flow transverse construction. Georgian state
agrarian university. Vol .3, # 2 (51). Tbilisi, 2010, 70-73 pp.

Kupravishvili M. Character of distribution of the proluvion in the water-
channel of guly Mleta (field experiment) Minister of Education and Science of
Georgia Ts. Mirtskhulava Water Management Institute of Georgian Technical
University. Collected papers N°73 Tbilisi 2018 . p. 59.

Kupravishvili M. The distribution of channel formations (proluvium) along the
watercourse. Earch and Planetary Sciences. Works of GTU. N4 (514), 2019,
66-74. http://shromebi.gtu.ge/admin/uploads/7-kupravishvili-2-axali.pdf

Morgan R.P.C., Hann M. ].Shah Deniz Gas Export Project: erosion risk
assessment. Crafield University, UK, Silsoe, 2001,. 25 p.

Ramishvili I. - Evaluation of the economic efficiency of the modern anti-debris
flow structure. World Wide Journal of Multidisciplinary Research and
Development (September-2022). pp. 68-70.

Ramishvili I. - Calculation of the stability of the anti-debris flow structure.
World Wide Journal of Multidisciplinary Research and Development
(September-2022). pp. 109-111.

Spanu V., Gaprindashvili G., Keith McCall M. - Participatory Methods in the
Georgian Caucasus: Understanding Vulnerability and Response to Debrisflow
Hazards. International Journal of Geosciences. Vol.06 No.07 (2015), Article
ID:58168,8 pages .10.4236/ijg.2015.67054

. https://lektsiopedia.org/lek-65234.html

. http://conference.sens-2013.tsu.ge/uploads/51cda2db08165mcxeta-
mtianetis_regionis_reliefi_da_geodinamikuri_procesebi.pdf

https://ramms.slf.ch/fileadmin/user upload/WSL/Microsite/ RAMMS/Download
s/RAMMS DBF Manual.pdf

101



